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tert-Butyl diazoacetate is widely utilized Q
- i i Nzyj\
for cyclopropane synthesis. High enantio- o
selectivities have been achieved by utiliz-
ing chiral catalysts such as Co(lll)-salen complexes or
bisoxazolines.*?

(1) Fukuda, T.; Katsuki, T. Tetrahedron 1997, 53, 7201. (2) Bedekar, A.V. et al.
J. Org. Chem. 1997, 62, 2518.

48,075-4 tert-Butyl diazoacetate

Bqulng bloc_ks for y- CO,CH,Ph CO,H
keto-a-amino acids,* and
lactendiynes.? N, N
(1) Baldwin, J. E. et al. Tetrahedron o H O H

1995, 51, 4733. (2) Banfi, L. etal.
ibid. 1997, 53, 3249.

46,897-5 Benzyl ( S)-(—)-4-oxo-2-azetidinecarboxylate, 97%

47,327-8 (S)-(—)-4-Oxo-2-azetidinecarboxylic acid, 98%

The polyether antibiotic monen- 0 0
sin,* an A-ring synthon for vitamin D, \OH OH
analogs,? and pesticides have been Q : Q
prepared from these hydroxybutyro-

lactones.®

(1) Collum, D.B. et al. J. Am. Chem. Soc. 1980, 102, 2118. (2) Dauben, W.G.;
Lewis, T.A. Synlett 1995, 857. (3) Buser, H.P. et al. Tetrahedron 1991, 47,
5709.

44,423-5 (S)-(-)-a-Hydroxy- y-butyrolactone, 97% (98% ee/

GLC)
44,428-6 (R)-(+)-a-Hydroxy- y-butyrolactone, 97% (98% ee/
GLC)
Compound 1 is often used as an eth- ofsfo 8:\5/:8

ylene oxide equivalent.}? Compound2 Q@ ©O

also undergoes ring opening through f e
nucleophilic attack at carbon. These 1 2
compounds have been utilized in the preparation of 3-(2'-
hydroxyethyl)azetidin-2-ones® and glycol sulfonate surfactants.*

(1) Lohray, B.B. Synthesis 1992, 1035. (2) Angelaud, R. et al. Tetrahedron Lett.
1995, 36, 3861. (3) Baldwin, J.E. et al. Tetrahedron 1995, 51, 5169. (4) Gautun,
O.R. Acta Chem. Scand. 1996, 50, 170.

47,169-0 1,3,2-Dioxathiolane 2,2-dioxide, 98%

46,416-3 1,3-Propanediol cyclic sulfate, 98%

A number of compounds with potential 0

pharmacological activity have been prepared
from this indanone. Examples include anti- Br
oxidants containing indoline chromophores,*

and antiulcer agents derived from indeno[1,2-d]thiazoles.?

(1) Brown, D.W. et al. Tetrahedron 1991, 47, 4383. (2) Inoue, H. et al. Yakugaku
Zasshi 1994, 114, 523.

46,350-7 2-Bromo-1-indanone, 90%

This aza-Wittig reagent has been used PhaP=NTMS
to prepare N-Cbz-protected B-sulfinylenamines,* cyanine dyes,?
and phosphorane iminato complexes of a variety of elements
including sulfur, aluminum, boron, and titanium.**®

(1) Arnone, A. et al. J. Org. Chem. 1996, 61, 3375. (2) Mazieres, M.R. et al.

Tetrahedron 1995, 51, 1405. (3) Folkerts, H. et al. Z. Anorg. Allg. Chem. 1994,

620, 1986. (4) Heshmatpour, F. et al. ibid. 1995, 621, 443. (5) Moehlen, M. et

al. ibid. 1996, 622, 1692. (6) Ruebenstahl, T. et al. ibid. 1995, 621, 953.

47,225-5 1,1,1-Trimethyl- N-(triphenylphosphoranylidene)-
silanamine, 97%

7-Substituted indoles'? and in-
dole alkaloids?® are prepared from N
these heterocycles via palladium N
coupling or via the dianion. gr H

(1) Dobson, D. R. et al. Synlett 1992, 79.
(2) Hutchings, R.H.; Meyers, A.l. J. Org. Chem. 1996, 61, 1004. (3) Banwell,
M.G. et al. J. Chem. Soc., Chem. Commun. 1995, 2551.

47,372-3 7-Bromoindole, 97%
47,373-1 7-Chloroindole, 97%

A\
N
c H

Potential high-affinity serotonin 5-HT, , OCHs

receptor ligands,* antibacterials,? and inhibi-
tors of phosphodiesterases® have been pre-
pared from this piperazine. N/\

(1) Kuipers, W. etal. J. Med. Chem. 1995, 38, 1942. (2)
Gadre, J. N. et al. Indian J. Heterocycl. Chem. 1994, 3,
289. (3) Monge, A. et al. Arch. Pharm. (Weinheim, Ger.) 1993, 326, 879.

47,168-2 1-(3-Methoxyphenyl)piperazine, 95%
jog
O
synthesized using the Grignard reagent Q/

prepared from this compound.?

(1) Mery, S.J. et al. Macromolecules 1995, 28, 5440. (2) Ruenitz, P.C. et al. J.
Med. Chem. 1996, 39, 4853.

47,781-8 2-(4-Bromophenoxy)tetrahydro-2  H-pyran, 98%

This protected bromophenol has been
used to prepare p-ethynylphenol via a pal-
ladium coupling reaction.* A number of
other p-substituted phenols have been

Valuable reagent for the prepa-
ration of symmetrical disubstituted j\ H
hydrazines, pyrazolidines, and <~>o N'N\n/o+
phthalazines.t? 4 o

(1) Meissner, R.etal. J. Am. Chem. Soc. 1997,
119, 77. (2) Narukawa, Y. et al. Tetrahedron 1997, 53, 539.

14,046-5 Di-tert-butyl hydrazodiformate, 97%

Organic thin-film electrolumines-
cent materials have been prepared

from zinc quinolate.* Q Zn*?
(1) Hopkins, T.A. et al. Chem. Mater. 1996, 8, N

344. (2) Wang, G.M. et al. Gaodeng Xuexiao _

Huaxue Xuebao 1995, 16, 230; Chem. Abstr. o 2

1996, 124, 215861w. (3) Huang, Z. et al.
Gongneng Cailiao 1995, 26, 362; Chem. Abstr. 1996, 124, 40857v.

47,175-5 8-Hydroxyquinoline, zinc salt , 99%
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About our Cover

he Dancing Coupléoil on canvas, 40-
3/8 x56-1/8in.), by the Dutch artist Jan

Steen (1625/26 — 1679), appears to repre-
sent a group of merrymakers. Under avine-
covered arbor outside atavernthey converse,
drink, smoke, and watch a country bumpkin
try to get a shy young woman to dance.
Trying to play the dandy, the young peasant
wears a jaunty cap adorned with cock feath-
ers and an oversized white collar which is
inappropriate for the rest of his costume.
The crowds by the tents in the distance
indicate thatwe are at a village faikermis
Steen's great empathy for the variety of
characters of different ages and social classes
who appear in his paintings is obvious, and
extends to including himself in the picture.
He is the man seated at the table stroking his
companion affectionately under the chin.

More subtle meanings would have been
recognized in the painting by the artist's
contemporaries. The pair of figures which
includes the artist himself, the old couple at
the end of the table, and the loving mother
holding her child in her lap all show an
enduring love which contrasts with the tran-
sitory misalliance of the pair at the center of
the picture. The broken eggs, the cut flow-
ers spilled on the ground, and the boy
blowing bubbles are all symbols of the
transience of life and life's pleasures which
would have been well understood in seven-
teenth century Holland.

This painting is part of the Widener
Collection at the National Gallery of Art.
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terms and conditions of sale.
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=< |_ab Notes

Improving the Production of Diazomethane by
Generating It below Its Boiling Point

Ithough reactions with diazomethane are very rugged,* its preparation from MNNG has
literally been quite volatile until we used cooling, as shown in Figure 1. We used the
polished clear-seal-joint glass generator (Aldrich Cat. No. Z10,159-1) exclusively to rule out any
contamination by the O-ring (Aldrich Cat. No.
Z10,100-1). However, by using this appara-
tus, the chance of getting a usable
diazomethane-ether solution was only slightly
better than 50:50 because the gas was lost
mainly through the glass joint. In contrast, a
much more strongly colored ether solution is
obtained when the following method is used.
Theinnertube of the generator is charged
with 1g MNNG and 1mL of water as recom-
mended,? closed with two septa (the upper
septum used in a previous run), placed into
the outer vessel which contains about 6mL of
ether (the ether should not touch the inner
tube so as not to facilitate freezing of the
aqueous solution in the inner tube), and the
apparatus is held together with the clamp
provided. The assembled generator is at-
tached to a ring stand with an appropriate
clamp and lowered into the bromobenzene
melt (-31 °C), the depth of insertion being
adjusted to give an optimum between pre- .
venting the reagents from freezing (which i
would stop the generation of diazomethane)
and having a large condensing (cold) area. Hrmpetunirme roell —p 2% | ||
The melt is produced by pouring liquid nitro- )
gen into bromobenzene until most (not all) of
it solidifies. Here it is done in a beaker
insulated with Styrofoam®; a small Dewar
would probably be advantageous. After a few minutes of cooling, 1.5mL of 5 M NaOH is added
over 1-2 min? (much faster addition than without this cooling). The buildup of pressure can be
felt and monitored via the plunger of the syringe containing the NaOH solution. The reaction is
allowed to continue for 30 min with occasional slight shaking of the generator, and liquid N, is
added if needed to maintain the melt. The generator (still assembled) is then removed from the
melt to allow it to warm up. Just before reaching room temperature the ether-diazomethane
solution can be pipetted (positive displacement pipettes) as needed. For example, 100uL of an
aqueous oxalic acid solution (can be an HPLC fraction; mobile phase: aqueous TFA; here
usually below 30 mg/L oxalic), in a 5mL vial with a threaded Teflon® inlay cap, is titrated by
shaking with the diazomethane solution in 100-500uL portions until the yellow color persists.
After discarding the aqueous layer and evaporating the larger part of the ether layer with a micro
refluxer,® which retains the diester, conventional MS can be used to obtain excellent mass
spectra of the oxalic acid dimethyl ester. We have used this generator hundreds of times without
cooling and about twenty times with the cooling described here without ever experiencing a
safety-related incident.
References: (1) Diazomethane as a Highly Selective Fatty Acid Methylating Reagent for Use in Gas
Chromatographic Analysis: Mueller, H.W. J. Chromatogr., B 1996, 679, 208. (2) The Preparation and
Reactions of Diazomethane: Black, T.H. Aldrichimica Acta 1983, 16, 3. (3) Microliter Techniques in the
Formation of New Derivatives for Gas Chromatographic Analysis: Diinges, W. Anal. Chem. 1973, 45, 963.
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Hans W. Mueller, Ph.D.
Biotechnology Center, Justus Liebig University
Leihgestener Weg 217, D-35392 Giessen

Editor's Note : The reader should evaluate the suitability of a given experimental procedure for his/her
purposes, and should exercise due caution in using any such procedure, especially for the first time. Anyone
working with diazomethane must wear the proper protective attire and conduct all manipulations in a well-
ventilated hood equipped with a safety shield. In addition to the references cited above, the reader is urged
to consult other writeups and safety warnings about diazomethane generation and properties such as Moore,
J.A;;Reed, D.E. Org. Synth.1973, Coll. Col. V, 351; or the Aldrich Catalog Handbook of Fine Chemicals, 1996-
1997 ed., pp T218-220.

Styrofoam is a registered trademark of Dow Chemical Co. Teflon is a registered trademark of E.I. Du Pont de Nemours & Co., Inc.

“Please
Bother
Us.”

by
G %a.e__

Jai Nagarkatti, President

Professor Ph—N 0

David Morris of \\N

the University of

Glasgow kindly Cl
suggested that we offer 4-(phenylazo)-
benzoyl chloride. This compound has
been used to prepare reversible photo-

regulatable enzyme inhibitors! and
photoresponsive peptides.?

(1) Westmark, P.R. et al. J. Am. Chem. Soc. 1993,

115, 3416. (2) Yamamoto, H. et al. Int. J. Biol.

Macromol. 1990, 12, 257

17,345-2  4-(Phenylazo)benzoyl
chloride, 97%

Naturally, we made this useful com-
pound. It was no bother at all, just a
pleasure to be able to help.

Do you have an innovative shortcut or
unique laboratory hint you'd like to
share  with —
your fellow
chemists? If
so, please
send it to Al-
drich (attn: Lab
Notes, Aldrichi-
mica Acta). For submitting your idea, you
will receive a complimentary, laminated pe-
riodic table poster (Cat. No. Z15,000-2). If
we publish your Lab Note, you will also re-
ceive an Aldrich periodic table turbo mouse
pad (Cat. No. Z24,409-0). It is Teflon®-
coated, 8Y2 x 11in., with a full-color periodic
table on the front. We reserve the right to
retain all entries for future consideration.

In addition to being covered in ISI®'s
SciSearch®, Research Alert®, and Chem-
istry Citation Index®, the Aldrichimica Acta
is now covered in the Science Citation
Index® and Current Contents®/Physical,
Chemical, and Earth Sciences.

ISI, SciSearch, Research Alert, Chemistry Citation Index,

Science Citation Index, and Current Contents are regis-
tered trademarks of the Institute for Scientific Information.
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Applications of cis-1-Amino-2-indanol in
Asymmetric Synthesis

This Review Is Dedicated to Professor Carl R. Johnson on the Occasion of His 60th Birthday

Chris H. Senanayake
Director of Chemical Process Research
Chemical Research and Development
Sepracor, Inc., 111 Locke Drive
Marlborough, MA 01752, USA

QOutline are versatile reagents for the generation of
enantiopure materials. The rigid
1. Introduction benzocycloalk-1-ene-derived vicinal cis®
2. The Importance dfis-1-Amino-2-indanol amino alcoholgepresent a chemically and
in Biological Systems biologically appealing subclass of these aming

3. Synthesis of Chiralis-1-Amino-2-indanol alcohols. It has been revealed in the literatu
3.1. Jacobsen's Asymmetric Epoxidationthat the constrained aminoindanol platfor
of Indene plays a crucial role in biological systems an(

3.2. Ritter-Type Technology faris-1- in the field of asymmetric synthesiSagheme
Amino-2-indanol Synthesis 1). This review focuses on the importance an

4. Applications otis-1-Amino-2-indanol as general applicability afis-1-amino-2-indanol

a Chiral Auxiliary as a chiral template in organic synthesis.
4.1. Oxazolidinones Derived fronis-1-
Amino-2-indanol 2. The Importance of cis-1-
4.2. Aminoindanol Acetonide as a Ch"a'Amino-Z-indanol in Biological
Auxiliary
4.3. cis-1-p-Tolylsulfonamido-2- Systems
indanol as a Chiral Auxiliary The significance of HIV protease inhibi-
5.cis-1-Amino-2-indanol in Asymmetric torsin the treatment of the acquired immuno-
Catalysis deficiency syndrome (AIDS) is now well 1-amino-2-indanol as an important subunitin

5.1. Catalytic Asymmetric Diels-Alder documented. In the early 1990s, the Merck drug design, the emphasis on this chiral motif
Reaction of Constrained Phenylglycinolgroup developed a series of novel HIV-PRas increased not only in drug design but also

Surrogates transition-state isosteres that contained thiea the asymmetric synthesis of several bio-
5.2. Asymmetric Reduction Catalyzed byconstrainedis-1-amino-2-indanol unit.Af-  logically active moleculesHgure 1).
Oxazaborolidines ter several structural modifications, Merck’s
6. cis-1-Amino-2-indanol as a Chiral orally active HIV protease inhibitor, Crixivan 3. Synthesis of Chiral cis-1-
Resolvmg Agent (Indinavir §u|fate), was developed and is on mino-2-indanol
7. Conclusion ofthe leading drugs for the treatment of AID
8. References and Notes to date> The single enantiomeric Crixivan While a great deal of emphasis has been
has five stereogenic centers, and, interegplaced onthe synthesis of rigid benzocycloalk-
1. Introduction ingly, four stereocenters are controlled by th@-ene-derivedis-1-amino-2-alcohol8strik-

indane backbongSince the discovery ofs-  ingly practical syntheses have remained
The world hasrealized, and scientists have
documented, that, in general, enantiomers are

recognized differently by enzymes, recep- Biologically Important Systems
tors, and other binding sites in biological
systems. Many studies have shown that two U

enantiomers of a chiral drug usually display
different biological activities, and one enan-
tiomer is sometimes detrimental. In the past
ten years, the chemical community has real-
ized that the preparation of enantiopure mate- Chiral Resolving Agent
rials is critically important to mankind, and

many research groups have devoted a consid-

erable amount of time to the development of

new asymmetric synthesis methoddow-

ever finding generally useful chiral building

blocks for asymmetric synthesis is still a Asymmetric Catalysis
significant challengé. In many cases, it has
been recognized that chiral amino alcohols

=
I
Ny

.WOH C—>  Chira Auxiliary

[
- @

Scheme 1. The importance of cis-1-amino-2-indanol.
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elusive until recently. Chiral 1,2-

epoxides and 1,2-diols derived from | SN

benzocycloalkanes have become 7

ava!lable by either asymmetric epoxi- N/\ on PhH on

dation (AE) or asymmetric N\)\/Q(N oH i o H
dihydroxylation (AD) of the corre- I r=_3 /Q)\/ \(\O\ ‘)k‘/'\COOH
sponding prochiral olefirk® These e’ o +H,504 HO OCH;, O O
oxygenated adducts have served as H NHCHO

excellent precursors dfis-amino

alcohols2 in appropriately chosen

selective amination reactions 9

(Scheme 28911 Q o
The recent literature has revealed

that the Merckc and Sepracor "5 A}

groups$® have independently devel- ©

oped two practical processes for the

preparation of ($)-amino-(R)-

indanol. These two groups have dem-

onstrated the power of Jacobsen’s gi Lilly'sPKCinhibitor Ghosh's (+)-Sinefungin’ Ghosh's (-)-Hepalosin™

epoxidation by using the comple-

mentary Mn-(salen) catalysts Fi 1. Rel f cis-1-amino-2-indanol to bi . lecul
(MnLCI, 7)ie0i2 for indene igure 1. Relevance of cis-1-amino-2-indanol to bioactive molecules.

Merck's Crixivan® Sepracor's (R,R )-Formoterol ™ Sepracor's (S )-Ketoprofen®

epoxidation, followed by either a C-
1 or C-2 chiral transfer process of the

C-O bond of indene oxide4 resulting in
enantiopure ($)-amino-(R)-indanol

(Scheme 3.
As illustrated inScheme 3the Sepracor Biological or chermica 4 Biological or chemical
group demonstrated thatR12S)-indene ox- AE AD
ide could be prepared in 83% yield and 84%
enantiomeric excess from readily available -

indene in the presence of 1.5 mol%Rf,R- \\@
MnLCl and 13% NaOCI in dichloromethane. ©i> —_— )"""OH
The optically active indene oxide was then In !

subjected to nucleophilic opening with am-
monia to providérans-aminoindanol, which

was transformed without isolation into its Selective Amination Selsive AmlEE
benzamide in 84% ee by using the Schotten- Dbz

Baumann conditions; following crystalliza- '"

tion the benzamide was isolated in >99.5% ©\</\>);"'"°H

ee. The optically puteansbenzamidoindane 2

was then converted to the optically pure
benzoxazoling simply by exposing it to 80% Scheme 2. Synthetic approaches to cis-1-amino-2-indanol.

Q1) NH3/ MeOH N NH:
RR)-MnLCI (R,R-7 5/ Me S : y ¢
(RARMNLC (RRT). DUHINES T o .
NaOCl / CH,Cl 2) Phc(o)Cl
2z NaOH
AL (1R, 2514  3)80% H,SO, 5 15,2006

C-1 chirality transfer
— process

3

Sepracor Process

1) Oleum / CHsCN Lk

W R
(S,5)-MnLCI (S,5-7) / PhCl ‘\ 2) H,0 on
NaOCl / P3NO 3) Tartaric Acid

88% ee

(1S, 2R)-4 C-2 chirality transfer (1S, 2R)-6
via Ritter-process

Merck Process P3NO = 4-(3-Phenylpropyl)pyridine N-oxide

Scheme 3: Practical preparations of (1S)-amino-(2R)-indanol via Jacobsen’s epoxidation.
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Scheme 4. Mechanism of indene epoxidation.

H,SO,; addition of water resulted icis-1-
amino-2-indanol 1S,2R-6.°¢ The overall
yield of optically pure1S,2R-6 from indene

is 40%, and the preparation has been carried
out on a multikilogram scale.

A complementary approach to the synthe-
sis of (LS,2R-6 has been developed by
Senanayake et al. by utilizing§,§-MnLCl as
catalyst in a hypochlorite medium to provide
(1S,2R-indene oxide. Without isolation, the
oxide is converted teis-aminoindanol ste-
reo- and regioselectively using the Ritter tech-
nology Scheme 3.

Several key issues have been addressed
and resolved in both Jacobsen’s%sdnd the
Ritter technologi€®in the process of devel-

i :-‘;\0 H,S0,

&
0 -0
COOH COOH
o
I
N,
N

Lowering the pH of NaOCI

v NaOCl HOCI o
S N f N
Q i @ +  NaOH (residual) ( ‘: " eq 4
CCo COOH COONa COONa
Commercial Preparation of NaOCI
Cl, +NaOH (excess) —— NaOCl + NaOH (residual) + NaCl eq5

Scheme 5. Secondary oxidation-hypochlorite decomposition

phenomena.
0SOH
1I0H
11
H 4 0SO5
\N%r
cis-55 \ &
+ favored CQ .
N=C— .
CH3CN major path 14
10 13
Sees, SED H,_+ 0503
trans-55 "~ N%(
disfavored .0

-

oping a reproducible and practical synthesis 12
of chiralcis-aminoindanol.
Scheme 6. Thermodynamically driven equilibration process for cis-oxazoline 14.
3.1.Jacobsen’s Asymmetric
Epoxidation of Indene
epoxidation resulted. Furthermore, the cata- ometry. They also observed a secondary

Jacobseli*? and KatsukP" have shown lystloading was reduced to <0.4 mol%. Sevexidation process, which provided isonicotinic
the importance of chiral manganese-saleeral kinetic studies indicated that the activacid and benzoic acid via benzylic oxidation
complexes in the catalytic asymmetriccatalyst was Mfioxo species3,* and hy- of PNO (Scheme 5% The decomposition
epoxidation of unfunctionalized olefins. Inpochlorous acid (HOCI) was the true oxi-was due to an insufficient amount of hydrox-
these salen systems, the addition of appropidant®* In addition, the Merck group indicatedide in the hypochlorite. They demonstrated
ateN-oxides activates and stabilizes the catahat the slow step in the epoxidation procesthat, based on the equilibrium equations for
lyst systemd? Recently, Senanayake and cowas the oxidation of Mh specie® to Mn’-  the dissociation of HOCI and water and by
workers illustrated this point with the addi-oxo8(Scheme 4.** During the development evaluating several kinetic studies, HOCl was
tion of an axial ligand, 4-(3-phenylpropyl)- of the epoxidation of indene, the Merck teaninvolved in the rate-determining step of the
pyridine N-oxide (ENO), % to the Jacobsen observed that NaOCI decomposed througlepoxidation and its concentration was in-
(S,9-MnLCI-NaOCI-PhCl system. A highly out the course of the reaction, giving rise t@ersely proportional to the hydroxide ion con-
activated and stabilized catalyst for inden@roblems with reagent stability and stoichicentration €q 3).* Furthermore, the
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hydroxide ion concentration was lowered in

the NaOCI by the carboxylic acid generated e ——.

from the secondary oxidation ofNfO (eq 4 ~°  chien O~ é HO~ s\ -
and 5). This, in turn, increased the HOCI " —soyEse E>:>“O ~\\0 = WMOSOsH __ 73 qp
concentration in the organic layer and led to -401025°C

its decomposition in the presence of the man-

ganese catalyst. With proper adjustment of Scheme 7. Sulfur trioxide catalyzed Ritter process.

the hydroxide ion concentration of commer-

cial 2 M NaOCI from 0.03-0.18 to 0.3 M, the

hypochlorite can be stabilized and the sec- L 1) 97% H;S04/ CHCN 3

ondary oxidation minimizedeqy 5. This CQM\OH R —— el &b
reagent mixture has been utilized on a L

multikilogram scale to prepare$2R)-indene

oxide in 89% yield and 88% ée.

o
) 97% H,S0,/ CchN ° ~°
3.2. Ritter-Type Technology for @\i} +
cis-1-Amino-2-indanol Synthesis n n
=Ll

Styrene oxide gave poor yields of regio-
isomeric oxazolines when exposed to the condi-

JHe

m(o

tions of the Ritter reactio® Recently,

Senanayake et al. demonstrated that when in- E— :“"‘<O

dene oxide was subjected to the Ritter reaction QO\ e ©i) &8
conditions (acetonitrile/97% JSO,), methyl >07% syn-selectivity

oxazolinel4was formed as the major product

in moderate yiel®# Several factors were Scheme 8. Ritter process applied to cis-1,2-diols.

pointed out by a low-temperature NMR study
of this Ritter process. As depicteddoheme

6, the epoxide formed a 1:1 mixture of methyl-
oxazoline and sulfatél at -40 °C. While
warming the reaction to 22 °C, the sulfate ester

Table 1. syn-Selective amination process for diols.

was simply converted to the corresponding Diol (% e9) Adid Anﬁ'r%rAalnc%hol Z’Sfmi(ﬁfﬂzﬁ%&f
oxazoline sulfate. The proposed mechanism oH

for syn-selective oxazoline formation is an ©:>‘..0H (>99) | TfOH >08:2 >99(87)
acid-induced ring opening of indene oxide to 97% H,S0, >97:3 >99(81)
produce carbonium idkD, which is converted

to nitrilium speciedl3 on the way to theis- OH

5,5-ring-derived oxazoline. In this fascinating wum (85 [ TfOH 98:2 85(78)

Ritter process, two roadblocks for product
formation were identified: (a) polymerization

via the carbonium ion, and (b) hydrogen shift S TIOH 99:1 >99(80)
from the initial carbonium ion to form 2- @© NG

indanone (>12%). Senanayake et al. demon-
strated that the byproduct-forming processes OH
were suppressed by stabilizing the carbonium @O el (©9)
ion with a catalytic amount of sulfur trioxide

added to the Ritter mixture. As depicted in
Scheme 7 sulfur trioxide captured the ep- :  OH
oxide to form sulfate intermediafes, which @(D
eventually led to produdt4. In addition, the

chirality of the epoxide was effectively trans-
ferred from the C-2 to the C-1 position of the HO o
amino alcohol. By utilizing the Ritter acid as § (90)
anoleum (21% SEH,SO)), ahighly practical
and cost-effective process was developed for
the conversion of chiral indene oxide to chiral
cis-1-amino-2-indanol (>80% yieldy:

97% H,S0, 98:2 >99(75)

TfOH 97:3 99(71)

TfOH 86:14 -(63)

TfOH 85:15 90(62)

Senanayake and co-workers have shown
that chiral indan-1,2-diots®>*also undergo from those of epoxides and can be explaineakide, poor oxazoline regio- and stereo-
Ritter-type reactions leading tis-1-amino- simply by examining larger-ring analogs ofselectivity resulteddq 7). However, diols
2-indanol; however, SOs not necessary to indane, such as tetralin and subarane. Whei tetralin provided extremely interesting
obtain high yields $cheme 8, eq ) The the Ritter methodology was applied to largerresults €q 8). Asillustrated imrable 1, cis-
issues associated with diols are quite differeming analogs, such as tetralin oxide or subaramg trans-tetralin-1,2-diol provided the
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Scheme 10. Highly selective syn-aldol approach to the C,,-C,. segment of tylosin.

(0] (0] o) o) o]

A~ POP PSP

~
O/
18

>=
>=o

e

N
Z

S

O

17

0 ‘|’ @
/\J\N)ko /@\“\ N//)kzg LiOOH 16 ( high recovery) o
isoprene —\ > / /@\\\U\
—_— OH

-15 9C/ 1.4 eq, EAIC]
CH,Cl,

17 20
93% de; 30:1 endo: exo

Scheme 11. The effect of conformational rigidity of the chiral auxiliary on diastereoselectivity.

corresponding oxazoline in high yield and
>97% syn-selectivity. Since the stereochem-
istry at the C-1 position of the diols is irrel-
evant to the resultant stereochemistry of the
amino alcohol, the chiral epoxide was con-
verted under acidic conditions to a mixture of
cis and trans diols, which were then subjected
to Ritter-type conditions (TfOH-CJEN) to
provide > 97% syn-selectivityscheme 9.
These valuable findings have allowed the
preparation of constrained, larger-ring cis
amino alcohols that are chemically and bio-
logically important.

4. Applications of cis-1-
Amino-2-indanol as a Chiral
Auxiliary

Rigid cis-aminoindanol and its
derivatives have become useful and

1) Etcocl R)\)‘\ )J\O _ e ©
2) BUBOTHTEA. Y, §E% R)\‘)I\OH effective chiral auxiliaries in sev-

eral asymmetric synthetic processes
because of their availability, ease
of recovery, and the high degree of
asymmetric induction that results.
It is important to note that both
enantiomers ofcis-aminoindanol
are readily available from commer-
cial suppliers? This section fo-
cuses on the utility of aminoindanol
as a chiral auxiliary in asymmetric
synthesis.

4.1. Oxazolidinones

Derived from cis-1-

Amino-2-indanol

Optically pure oxazolidinones

are an extremely important and ex-

tensively studied class of chiral aux-

iliaries!®* Evans and others have

demonstrated the value of the asym-

metric aldol reaction by applying it

to the synthesis of complex natural
products and biologically important
targets'® Many chiral amino alcohols
have served as backbones of oxazolidin-
ones; however, conformationally con-
strained oxazolidinones are still needed.
In 1992, Ghosh and co-workers provided
the first example of the utility of rigidis-
1-amino-2-indanol-derived, oxazolidinone
16 as a chiral auxiliary in the asymmetric
syn-aldol reactior¢**” As illustrated in
Scheme 1(xthe boron enolate of constrained
N-acyl oxazolidinone underwent essentially
complete diastereofacial selectivity in the
aldol condensation with various aldehydes.
The removal of the auxiliary with LiOH
was mild and highly effective, and led to a
good recovery of the chiral auxiliary. An
aldol condensation of oxazolidinori&’
has been utilized in the synthesis of the
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cl H o
2) cat. MeSOsH e
Ph Ph
G BOCNA

o
T

.

21 Ph/ 2
HIV-1 protease inhibitor

IPAC = Isopropy! acetate >98% de, >90%

Scheme 12a. Aminoindanol acetonide as a chiral auxiliary in the diastereoselective synthesis of HIV-1 protease inhibitor.

C,.-C,. segment of the macrolide antibiotic
tyllijsilr?.” /\)J\ ><§’ N /\/(I(N‘?<S | EE vk/q( ><

Recently, the Merck group has demon- & LiHMDS 0(9 o
strated the viability of the chiral auxiliafys e
as a phenylglycinol equivalent in the metal- >95 % de &
mediated asymmetric Diels-Alder reactién.
Evans has shown that, by using oxazolidinone
18, very high levels of diastereofacial selec-

tivity are accessible in the Diels-Alder reac- M ><O @

tion of isoprene (88% de). In contrast, much NaOMe

lower levels of selectivity are obtained with ® \ - N/\\M‘/
! ;

N\E-T
"o
I

phenylglycinol derivativd9(35% de)-® The : X
Merck group has postulated that the low level /\ 0(9
of selectivity in the case df9 is due to the o

rotationally labile phenyl moiety that can be

less sterically demanding in some of its con-
formations. Owing to the conformational Scheme 12b. Diastereoselective allylation—epoxide formation process for Crixivan®.
rigidity of the tricyclic core of the

aminoindanol auxiliary, high levels of asym-

metric induction had been expected in the
Diels-Alder reaction. Indeed, this turned out /\)'\ >< D N /\/g‘/ ><O +N><O
= 3eq. I, 'z F
o

to be the case: the rationally designed tricy- — SEha
LIHMDS (9 THF/ H,0 N
-15°C \I

Crixivan®

[e]

clic auxiliary provided 93% de in the case of
isoprengScheme 1).18

Qo

4.2. Aminoindanol Acetonide as a 21 23 24
Chiral Auxiliary
Askin and co-workers have demonstrated Ph wy @F
that the rigid tricyclic aminoindanol acetonide H20 Z_F
can be utilized as a chiral platform for the Ego +
diastereoselective alkylation of tAdithium —" o
enolate of amid21 with amino epoxid@2to 25
give a >98% de during the synthesis of HIV-1
protease inhibitqiScheme 1232 This alky- Scheme 13. Asymmetric synthesis of anti-2,4-disubstituted-y-butyrolactones.

lation strategy has been utilized in the highly

diastereoselective (>95% de) synthesis of th
orall . ( ° _)_y . 5 gree of diastereoselectivity (97:3) byled to epoxide28. syn2,4-Disubsitituted¢
y active HIV protease inhibitor Crixivén
gactlng itwith lithium hexamethyldisilazide/ butyrolactone29 was then obtained via acid-
which belongs to one of the important classe vl bromid 230 °C. Olefi3 h diated | 51210
of new drugs for the treatment of AIDSai; ronal e?(t hid e('j Wa/slt_”:e/n mel late actonlzatloTI lated
(Scheme 12ps2 Askin's technology has setSU jecte .tq oshi a’'s con |t!onszm n a conceptually re at.e system,
: e O) providing anti lacton@5 in a >95% Armstrong and co-workers indicated that the
the stage for the identification of a ne 2| ity P V25 d el hili S f lithi id
aminoindanol acetonide, which has become?ie ect|V|t|y.. drgsq(rjna@;f washggnelrat.e eecltrop ilic harlw'ukr]].atlonbo I|'t\l|um Iam| e
very important chiral auxiliary in many asym- rom cyclic iodoimi at' upon hydrolysis. enolates with lit |gmt- utyl-N-tosyloxy-
metric s Interestingly, pro-(3) diastereomel6 was carbamate [TsON(Li)Boc]does nottake place
yntheses. N . . :
prepared in high yield and excellent diastereas expected; however, the corresponding
The Askin methodology was extended taselectivity by reversal of the order of introduc-amide cuprate proved to be an excellent chiral
the asymmetric synthesis afyn- and tion of the benzyl and allyl groups. Exposuremination unitin the synthesis of chiralamino
anti-2,4-disubstitutedr~butyrolactones tothe buffered iodohydrin conditions resultedacids Scheme 152
(Schemes 13 and )4 Amide 21 was in formation of the 2,4yn-adduct27 with In contrast to Armstrong’s work, Kress
allylated in excellent yield and with a highhigh selectivity (97% de). In basic medil2id, and co-workers achieved a nice entry into
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Scheme 15. Electrophilic amination of amide cuprates for the synthesis of amino acids.

2) CUCN, -78100°C
3) TSON(Li)Boc, -78°C
>08 % ee

>99 % de

cyclic and acyclic amino acids using the [2,3]
Wittig rearrangement of aminoindanol-de-
rived lithium amide enolates. They demon-
strated that high levels of stereocontrol can be
achieved in the Wittig rearrangement via a
rigid tricyclic aminoindanol platforr¥ The
scope of this methodology was established
using a variety ofrans-disubstituted olefins
that underwent the sigmapic rearrange-
ment to produce excellent syn selectivity in
the adductssynAdduct30was converted

to the anti-configured chiral proline deriva-
tive 31 using routine manipulations
(Scheme 1%.

Recently, the Merck group has elabo-
rated on this methodology by using the
conformationally constrained amide enolate
32 in a homoaldol proces8. Their ap-
proach to the synthesis of highly
functionalized chiradyn2,4-disubstituted-
y-butyrolactones is unique and elegant and
involves a tandem [1,2] migration/homo-
aldol protocol. As illustrated ischeme
17, enolate32is reacted first with bis(iodo-
methyl)zinc, followed by exposure to
lithium phenylmethoxide. The resulting
intermediate undergoes a [1,2] migration to
alkoxy zincate34. The stereoselectivity of

i >
/\/\/O\)j\ N><O _ \/\-)j\ N o o RN
2 5 LIHMDS/THF = z_ 3 12 N HCI/ MeOH 5 1) MsCI/TEA
w -HCl
: OMe

HMPA/-78 to - 10 °C = g glaNBa '_/| DTI\'/I_éO N CO,Me

2BH, |

> 87:13 selectivity then HCI H

Cy,BH = Dicyclohexylborane 31

30
67 %, 94:6 selectivity

Scheme 16. [2,3] Wittig rearrangement of aminoindanol-derived lithium amide enolates.

I-i ,OBn
.+ OBn
LX 2 I X N4
.Zn=
N/, Q A )”\:)I\N/ o K/LKN, e
z 1 H Z 3 igrati H Z 3
(ICH)2Zn | Bn ) [1,2] Migration Bn
—— B —
BnOLi /-70°C
32 33 34
>98 % de
Bn o >< Bn
1) CI3Ti(iOPr) BocN ¢ N o TsOH/ toluene . /'/a,, (o} o
—_— H En 2 H = ocN
-80 t0-20°C Oul g
Bn I’/’Bn
HaN* 150"
Boc—N/\CHO RN

H 35 @"IIOH 36

Homoaldol process >99% de

Scheme 17. Tandem [1,2] migration/homoaldol protocol for the synthesis of optically
pure y-lactones.

the [1,2] migration is outstanding, producing
a >98% de. Zinc homoenola8 is then
transmetalated withiRrO)TiCl, and reacted
with N-(tert-butoxycarbonyl)phenylalaninal
to provide the homoaldol addug5 in 59%
yield and a >99% de. Treatment pf
hydroxyamide85with p-toluenesulfonic acid
generated lacton86 in good yield. It is
important to note that purel$, 2R-cis-
aminoindanol crystallizes out of the reaction
mixture as the-toluenesulfonate salt and is
recovered by filtration.

4.3. cis-1-p-Tolylsulfonamido-2-
indanol as a Chiral Auxiliary

Interestingly, all the examples discussed
thus far took advantage of the C-1 amine
moiety of aminoindanol as a handle in a wide
variety of known reactions to produce impor-
tant chiral intermediates. It is known that
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amide-derived chiral auxiliaries sometimes re
quireharsh conditions in order to remove them
and have a limited synthetic applicability. Or
the other hand, ester-derived chiral auxiliarie
can be removed under much milder condition
and have proved to be very useful chiral aux
iliaries in certain asymmetric syntheses.
Veryrecently, Ghosh and co-workers havi
brilliantly demonstrated that, not only the C-1
amine, but also the C-2 hydroxyl moiety of
the aminoindanol, can be effectively utilizec
in several asymmetric synthetic processe
because the rigid aminoindanol backbone
has a highly defined chiral environmeRor
example, enantiomerically pureis-1-p-
tolylsulfonamido-2-indanol37) is converted
to ester38 in high yield. EsteB8 is then
conveniently transformed into the titanium
enolatewith TiCl ~iPrNEt. The titanium

enolate reacts with aldehydes, precomplexed

with TiCl,, and leads tanti-aldol estergQin
excellentdiastereoselectivities. Hydroly-
sis of40 affordsanti-aldol acid41in high
enantiomeric puritie§Scheme 1825 This
resultis in contrast to that obtained with the
boron enolate derived from amide, as
shown inScheme 1067

With the development of the new chiral
auxiliary, cis-1-p-tolylsulfonamido-2-
indanol, Ghosh found that it can be used
highly diastereoselectively in the titanium-
promoted Diels-Alder reaction leading to
complete endo adductS¢heme 192

In addition, the chelation-controlled
Selectrid@ reduction ofu-keto estergl2
affordeda-hydroxy esterd4in highyields
and excellent diastereoselectivitfiédt is
important to note that-keto ester reduc-
tion byL-Selectrid@ most likely proceeds
through the locked sis conformatio3
due to metal chelation. Mild hydrolysis of
44 provided essentially optically puce
hydroxy acids45. In this process, the
recovery of the auxiliary is quantitative
(Scheme 2D

5. cis-1-Amino-2-indanol in
Asymmetric Catalysis

One of the most economical ways of genk
erating single enantiomers is by utilizingd

asymmetric catalysis. Recently, much emasymmetric catalytic processes, such as ree)®

phasis has been placed on the design ad

O\\S/ p-Tol O\\S/ p-Tol
o o\
NH, NH NH o
o TsCl / TEA o _ECOC 5 A Tl iPrNEY 23°C
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37 &
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Me 77 ~~. O Z
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e} (o]
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Scheme 19. Chiral auxiliary in the titanium-promoted Diels-Alder reaction.
O, p-Tol
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R — — » 1 7 —_— gl(e)
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o 15min A OH
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R
HO)Y
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Scheme 20. Synthesis of enantiopure a-hydroxy acids.

gands derived frontis-1-amino-2-indanol asymmetric Diels-Alder reaction and provide
erivatives play an important role in manyhigh levels of induction (up to 96% de; 97%
Interestingly, the two-point-binding

dction?! Diels-Alder®? cyclopropanatiofi Diels-Alder reactions involving the

development of cost-effective chiral catalystand radical conjugate addition reactighs.
that display a high degree of reactivity and

enantioselectivity? ~ Of the various 5.1.Catalytic Asymmetric Diels-
enantioselective catalytic reactions, the DielsA |der Reaction of Constrained

Alder, aldol, cyclopropanation, reduction a”dPhenylglyCino/ Surrogates
oxidation reactions have generated the most

phenylglycinol-bis(oxazoline)Cu(ll) catalyst
derived from47result in a dramatic decrease
in selectivity (30% ee¥? Encouraged by the
outstanding stereocontrolled outcome in the
Diels-Alder reaction of indane-derived chiral
auxiliaries, the Merck group and Ghosh inde-

interest and still represent a challenge to aca- Recently, Evans and co-workers hav@pendently extended theonstrained

demic and industrial chemists alik€. In documented that the ,&ymmetric tert-

phenylglycinol concepto the indane-

particular, many groups have recently inditeucinol-derived bis(oxazoline)Cu(ll) bis(oxazoline) family in the catalytic sene.
cated that conformationally constraineccomplexeg6-48are effective catalysts in the The indane-derived bis(oxazoline) ligardds
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Scheme 22. The increased enantioselectivity with spirobis(oxazoline)Cu(ll) catalysts.

are accessible from a unique Ritter-type
process using 1,2-dioxygen derivatives of
indane* Alternatively, these constrained
ligands are also obtained from the bisimidate
condensation ofis-1-amino-2-indanol, fol-
lowed by alkylation oft8a?2with the appro-
priate alkylating agentsS¢cheme 2}).320¢

Several interesting observations were
made by the Merck group when they sub-
jected a series of indanebis(oxazoline)
derivatives to the Evans copper triflate-cata-
lyzed Diels-Alder conditions. In contrast to
phenylglycinol ligand47, rigid indane-de-
rived ligand48b afforded 92% ee of the endo
Diels-Alder product with an endo:exo selec-
tivity of 130:1 at -65 °C? It is important
to note that 1,2-benzo ligad@eprovided
moderate selectivity with a sense of induc-
tion opposite to that observed with ligands
46 and 47. Larger-bite-size ligands dis-
played a low level of inductiordBc, 48d,
and48f) 32

The Merck group has also shown that the
bite angle of the six-membered metal-con-
taining ring greatly influences the enantio-
selectivity of the catalytic Diels-Alder
reaction. In their study of spiro ligan88a
d they have showmhat, by increasing the
bite angle of the metal cor@£ 8), a higher
enantioselectivity is observed at -50 °C.
The cyclopropyl-derived spiro ligansDa
displays the highest selectivitys¢heme
22).32c Recently, Sibi has demonstrated that
50a is an excellent spiro ligand in
enantioselective conjugate radical addition
reactions (up to 98% eé).

Ghosh’s work was based predominantly
on48a, which proved to be an effective ligand
for metal-mediated catalytic Diels-Alder re-
actions (excellent endo/exo selectivity and up
to 99% ee of endo enantioselectivit§).He
also demonstrated that ligad@a could be
utilized in the synthesis of theC, , segment
of laulimalide via a catalytic hetero Diels-
Alder reaction{Scheme 23%¢ As shown in
Table 2, the hetero Diels-Alder reaction in-
volving rigid indane-derived ligands provided
higher levels of induction. Surprisingly,
Evans’ ligandi6gave poor selectivity and, as
expected, phenylglycinol ligardi7 resulted
in low induction3

5.2. Asymmetric Reduction
Catalyzed by Oxazaborolidines

Oxazaborolidines are an extremely im-
portant class of enantioselective reducing
agents which have been utilized in the re-
duction of several functional groups, such
as ketones and imines, to produce high
levels of enantiomeric excesses. Since the
extraordinary discoveries by Itsufiand
Corey® an enormous number of chir@d
amino alcohols have served as backbones
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of oxazaborolidines? Most of the

enantiopuref-amino alcohols have been o H S:> ”7_\ o

synthesized from natural sources (example o % ™SO d 55 omn

amino acids); however, extensive synthetic | s m) ~ fﬁ\ —_— O~ A2MOM
manipulations were required for the syn- ° S\j nekenily e 1 -

thesis of unnatural antipodes. Therefore &3 Oome 54 !

. . C3-C14 segment of laulimalide
the development of highly selective e 560

oxazaborolidine catalysts frorfi-amino
alcohols (readily accessible from practical
technologies such as asymmetric
dihydroxylations (AD)% asymmetric
aminohydroxylations (AA}Y! asymmetric

Scheme 23. Indanebis(oxazoline)Cu(ll) catalyzed hetero Diels-Alder reaction.

epoxidations (AE}" asymmetric ring Table 2. Bis(oxazoline)Cu(ll) catalyzed hetero Diels-Alder reaction at -78 °C
opening (AROY? and simple Ritter-type
chemistry2?1) will provide practical cata- Entry Aldehyde Ligand Product % Yield % ee
lytic reducing agents for carbonyl groups. 1 51 48a 53 46 81

In 1991, Didier and co-workers first ob- 2 51 47 53 20 59
served that stoichiometric amountscig-1- 3 52 47 54 76 51
amino-2-indanol could be used in the boran 4 52 48a 54 72 85
reduction of acetophenone. However, the 5 52 46 54 76 38
also noted that “no systems were found to k&
efficient with catalytic amounts of ligand&®
Recently, the Sepracor group has shown that
optically purecis-1-amino-2-indanol is an . o
extremely effective enantioselective catalyst cl THF, BH3 THF Z_a
for the borane reduction of several important Rl R ©/\/
a-halo ketone&®<#3 |n this study, several 77
important observations were made about the ()v\>-“‘°
borane-reduction with indanyl systems. One
such observation was that the B-Me catalyst 59
55b was active at a lower temperature and (1
provided a higher induction than the B-H : [\ / \ )
catalysts55a For example, in the enantio- FamHH e O\CW ?\CHZ Q\CHZ o
selective reduction @f-chloroacetophenone, R=H Me Me Me Me Me Me
catalyst55b gave 96% ee at -20 °C, while

. 5 A B © D E F G

catalyst55aresulted in 91.7 % ee at 23 °C
(Scheme 23

Currently, the Sepracor group is utilizing Catalyst
the indane catalyst in the synthesis of opti- (10 mol%) A B ¢c b E F G
cally pure formoterol®* Formoterol is a
fast- and long-acting as well as extremely Temp,°C 0,23  -20,0,20 23 23 23 23 23
potent(,-adrenergic receptor agonist. It is
used as a bronchodilator in the therapy of % e.e. 89,91  96,94,92 90 8 89 40 O

asthma and chronic bronchitfs. The(R R) . . ) e .
enantiomer of formoterol is 1000 times more Scheme 24. Asymmetric reduction of ketones with oxazaborilidine catalysts derived

potent than the§ S enantiomef® During from cis-1-amino-2-indanol.

the development of an asymmetric synthesis
of (R,R-formoterol, there was a need for a

reliable and practical reducing agent that could o @ oH |,

be used in the large-scale preparation of chiral Br AR Br N

bromohydrin 57 from bromoketone56 /@)& Q/'V — /Q/'V j/\@
(scheme 25 BnO BnO HO OCH3

; O NHCHO
In the early attempts to effect the chiral Nz R

reduction of56, 20 mol % of B-methyl- 56 (R)-57 (cioecl
oxazaborolidiné5bwas used as the catalyst
and BH-THF (0.7 equiv) as the reducing
agent™ This particular catalyst had been pre-
pared by reactindRk,23-1-amino-2-indanol 55aas a catalyst. Selected results from thi8s illustrated irifable 3, the boron source did
with trimethylboroxine, followed by study are summarized ifable 34 not have a profound effect on the
azeotropic distillation with toluene. The high  While the highest selectivities wereenantioselectivity of cataly®5a(entries 1
cost of these reagents and the additional haaehieved by using catalysbaat -10 °C, the and 2). On the other hand, the B-Me catalyst
dling prompted the study of the reductioree’s were lower (i.e., 93% vs. 96%) when irb5b exhibited a higher selectivity with
with in situ-generated B-H oxazaborolidinesitu-prepareds5bwas used (entries 9 and 2).BH,- THF than with BH:Me,S (entries 9 and

Scheme 25. Approach to the asymmetric synthesis of (R,R)-formoterol.

12 Aldrichimica Acta vol. 31, No. 1, 1998



reduction process (23% e®)Direct com-

Table 3. Enantioselectivity of the asymmetric reduction of bromoketone 56. parison studies of the effects of catalysts
55, 58, and59 on the enantioselectivity in
Entry Catalyst Mol  Boron SourceTemperature ee( R) the reduction of ketor&6indicated that the
1 55a 10 % BH, THF -10°C 95 % constrained indane platform displayed a
2 55a 10 % BMS -10°C 96 % higher degree of selectivity.
3 55a 10 % BMS 0°C 90 % After understanding the critical param-
4 55a 10 % BMS 25°C 90 % eters of catalysb5, catalysts5awas cho-
5 55b 10 % BMS -10°C 32 % sen for the Sepracor process because it was
6 55b 10 % BMS 0°C 82 % easier to handle, the preparation was less
7 55b 10 % BMS 25°C 90 % time consuming, and no expensive reagents
8 55b 10 % BH,- THF -10°C 87 % were involved. More importantly,
9 55b 10 % BH, THF 0°C 93 % bromohydrin57 was isolated by crystalli-
10 55b 10 % BH, THF 25°C 89 % zation and thus enriched in its enantiopurity.
11 55b 5% BH,- THF 0°C 93 % For the overall process, these conditions
12 55b 1% BH,- THF 0°C 91 % presented the most cost-effective and effi-
cient preparation of57. This reduction
All reactions were run at a total concentration of 0.3 M in THF. The ketone was added to the process has been validated on a

i - i i i 0, ap.- .
mixture of catalyst and borane over a 2-h period. The reaction yields are >98%. multikilogram scale whereby bromohydrin

57 is obtained in 85% yield and 99% ee.
From a practical point of view, B-H catalyst

Table 4. Asymmetric borane reduction of 56 using catalysts 55, 58, and 59.2 systems are always much more preferred
over the B-alkyl counterparts.

H H
N, <IN\ H\ 6. cis-1-Amino-2-indanol as a
BR BR BR . .
o o o Chiral Resolving Agent
55 58 59 During the past few decades, chemists
have spent an enormous amount of time on
a (R=H) the development of efficient and practical
Catalyst Product % ee syntheses of chirat-arylpropanoic acids,
55 (R)-57 93 which are used as anti-inflammatory medi-
58 (R)-57 87 caments. One of the key approaches to
59 (R)-57 65° preparing optically pure forms of the iso-
mers ofa-arylpropanoic acids is by resolu-
b (R=Me) tion of a racemate. A number of chiral
55 (R)-57 95 amines are known for their resolution of
58 (R)-57 20 chiral acids on acommercial scale. Notable
59 (R)-57 75 examples include brucine, quinidine, cin-
chonidine, morphine, ephedrine, and 1-(1-
2All reactions were carried out at 0°C using BH_sTHF. Optimal conditions (using naphthyl)ethylamine. Some of these chiral
catalyst 59a with BH,*SMe, at 25 °C) gave 91% ee. amines are expensive and are often difficult

to recover. For example, ketoprofen has
been resolved using (-) cinchonidine; how-

6). The optimum temperature for B-H catashown inTable 4, the results indicate that ever, this method has several practical limi-
lyst55awas -10 °C in the presence of eitheremoval of the fused benzene ring from théations?*®
boron source. In contrast, the optimal temaminoindanol platform decreases the Recently, the Sepracor group has dem-
perature for the B-Me cataly®5b was enantioselectivity. Detaching the methyl-onstrated that enantiopupés-1-amino-2-
dependent on the boron source: 25 °C in thene link in the catalyst gives rise to soméndanol is highly effective in the
case of B§Me,S and 0 °C in the case ofinteresting results: B-H systefi®aresults diastereomeric resolution of racemic
BH,- THF. in lower selectivity as compared to catalysketoprofen’”® They discovered that water

In addition, the rate of ketone addition55; whereas B-Me systef®bdisplays only plays a crucial role in the resolution process
to the catalyst system did not severely afmoderate enantioselectivityThis is in and catalytic amounts of water (<3.8 wt%)
fect the enantioselectivity. It became cleaagreement with recent results reported bgre required in acetonitrile to obtain high
that each catalyst had its own optimal conWills and co-workers in their asymmetricyields of the preferred diastereomer. In
ditions with respect to temperature, boromeduction of ketones utilizing asymmetricaddition, they have demonstrated that the
source, and additives. transfer hydrogenation reactiofff heyin- unwanted isomer can be recycled, and

Recently, Senanayake and co-workerdicated that IR,23-aminoindanol was an enantiopurecis-1-amino-2-indanol can be
have studied the conformational role of thexcellent chiral ligand for ruthenium-cata-easily recovered. Theis-1-amino-2-
phenyl moiety and the cyclopentane ring ofyzed transfer hydrogenations (KOH/2-pro-indanol-mediated resolution process is
catalyst55in the reduction of keton®6.*” panol) of ketones (up to 98% ee). On th&epracor’s current manufacturing process
To clarify the conformational issues, cataother hand, phenylglycinol displayed a drafor either enantiomer of ketoprofen, which
lysts 58 and 59 were also evaluated. Asmatic decrease in enantioselectivity in thés extremely productive and cost-effectite.
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7. Conclusion

By examining the examples discussed in
this review, it becomes clear that thie-1-
amino-2-indanol nucleus has played a power-
ful role in asymmetric synthesis and the bio-
logical manifold.
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Sibi, M.P.; Ji, J.J. Org. Chem1997 62, natural products such as ophiobolanes, and
3800. completed the first total synthesis of
(a) Evans, D.A; Miller, S.J.; Lectka, . grosshemin in the guaianolide family. He
Am. Chem. S04993 115 6460. (b) Evans, then undertook a postdoctoral fellowship with
D.A.; Murry, J.A.; von Matt, P.; Norcross, professor Carl R. Johnson and worked on the
R.D.; Miller, S.J. Angew. Chem., Int. Bd. 4 synthesis of polyol systems such as am-
Engl. 1995 34, 798. - .

photericin B and compactin analogs, and the
Davies, |.W.; Senanayake, C.H.; Larsensynthesis of C-nucleoside precursors. In 1989,
R.D.; Verhoeven, T.R.; Reider, P.J.he joined Dow Chemical Co. as a Senior
Tetrahedron Lett1996 37, 813. Research Chemist in the Department of Pro-
Itsuno, S.; Sakurai, Y.; Ito, K.; Hirao, A; cess and Development. After a brief stay at
Nakahama, SBull. Chem. Soc. Jpi987,  Dow Chemical, he joined the Merck Process
60, 395. Research Group in 1990 as a Senior Research
Corey, E. J.; Bakshi, R. K.; Shibata, . Chemist. After a series of accomplishments
Am. Chem. Sod 987 109, 5551. in synthetic organic chemistry and obtaining
(a) Wallbaum, S.; Martens, Tetrahedron:  a prestigious Merck Management Award in
Asymmetry1992 3, 1475. (b) Deloux, L.; chemistry, he was promoted to Research Fel-
Srebnik, M. Chem. Rev1993 93, 763. lowin 1993. In 1996, he joined Sepracor, Inc.
(a)King, S.B.; Sharpless, K.Betrahedron as Director of Chemical Process Research.
Lett 1994 35, 5611. (b) Sharpless, K.B.; He is responsible for the design and develop-
ﬁ?r?fr%' VX ‘?’]Z’;’r‘]ag”ik\(-'g?_ C}g;g:}”go' ﬁAL ment of chemical processes for the commer-
X.-L. J. Org. Chem1992 57, 2768. )

ests focus on the development of new asym-
Li,G.;Chang, H.T.; Sharpless, K.Bngew. metric methods for the synthesis of bioactive
Chem., Int. Ed. EnglL996 35, 451. molecules and heterocycles, and on catalytic,
(@) Larrow, J.F.; Schaus, S.E.; Jacobsemnzymatic, anchechanistic studies. He is the
E.N.J. Am. Chem. Sot996 118 7420. (b) author of approximately 50 papers and pat-
Jacobsen, E.N.; Kakiuchi, F.; Konsler, R.G.;ants in several areas of synthetic organic
Larrow, J.F.; Tokunaga, M.Tetrahedron_ chemistry.
Lett 1997 38, 773 and references therein. , . .

Dr. Senanayake's e-mail address is

Bakale, R.; Hong, Y.; Gao, Y.; Nie, X.; csenanay@sepracor.com.
Wald, S.; Buttler, C.; Zepp, C.Mlin. Rev.
Allergy Immunol1996 14, 7.

Hett, R.; Fang, K.Q.; Gao, Y.X.; Wald,
A.S.; Senanayake, C.Brg. Pro. Res. Dev.
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1998 2, 96.
Nelson, H. S.N. Engl. J. Med1995 333 Latest Enhancements
499. New Aldrich On-Line Catalog—Offers full-text

Trofast, J.; Osterberg, K.; Kallstrom, B.-L.; Séarching to access a wealth of chemical informa-
Waldeck, B.Chirality 1991, 3, 443. tion. Search by:

Hett, R.; Senanayake, C.H.; Wald, A.S. ' Chemical name and name fragment
Tetrahedron Lett1998 39, 1705. * CAS Number « EINECS Number

Palmer, M.; Walsgrove, T.; Wills, MJ. :élr?erzlr%?c:olgrl:)de’\:tl:?sbgoiIin oint, meltin
Org. Chem1997, 62, 5226. P g point, 9

) point, flash point, density, and refractive index)
Manimaran, T.; Potter, A.A. US Patent

* And more!
5,162,576, 1992. Also, check out the new Sigma-Aldrich Multi-Brand

Y Hongr Y Zeppy C.M. US Patent Crixivanis a registered trademark of Merck & CO-v(Sigma, Aldl’iCh, FIuka, and Supelco) On-Line Catalog.

5,495,054, 1996. (d) Simone, B.D.; Savoialnc.L-SeIectrideisaregistered trademark of Sigm
i ' Y N Aldrich Co.

D.; Tagliavini, E.; Umani-Ronchi,
Tetrahedron: Asymmetrd995 6, 301.

(a) Davies, I.W.; Senanayake, C.H.; LarsenAhout the Author

Dr. Chris H. Senanayake was born in Sri C ) )
Lanka. He received aB.S. degree (First Class)® Technical Information Notices—An up-to-

R.D.; Verhoeven, T.R.; Reider, P.J.
Tetrahedron Lett1996 37,1725. (b) Ghosh,
A.K.; Mathivanan, P.; Cappiello, Jbid.

1996 37, 3815. (c) Davies, I.W.; Gerena, in Chemistry in 1982 from the University of

L_; Castonguay’ |_’ Senanayake’ CH’S” Jayawal’danepura in SI’I Lanka. After
Larsen, R.D.; Verhoeven, T.R.; Reider, P.Jcoming to the United States, he completed his
Chem. Communl996 1753. (d) Ghosh, M.S.
A.K.; Mathivanan, P.; Cappiello, J. sityin 1983 with Professor Thomas Kinstle in

Tetrahedron Lett1997, 38,2427.

Davies, I.W.; Gerena, L.; Cai, D.; Larsen,19g87 under the guidance of Professor Jame
P-J-4. Rigby at Wayne State University where rwww.aldrich.sial.com

worked on the total synthesis of complex

R.D.; Verhoeven, T.R.; Reider,
Tetrahedron Lett1997 38,1145.

synthetic chemistry. He obtained his Ph.D. in

®Aldrich Technical Library—Benefit from our
expanding On-Line Technical Library whichincludes:

« Aldrich Technical Bulletins—May now be
downloaded in the Adobe Acrobat Portable Docu-
ment Format

date compilation highlighting product information
and selected applications with recent literature
references.

*The Aldrichimica Acta—Now available on-line
"As Soon As Publishable (ASAP)".

. Gareer Opportunities—Take a look at current job

degree at Bowling Green State Univer-

ogenings at Aldrich.
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Building Blocks for HIV Protease Inhibitors

P rotease inhibitors are an
important new class of totally
synthetic drugs for the treatment of
AIDS. They are “peptoids” or
“peptido-mimetics” (similar to pep-
tides) that bind and block the active
site of the proteinase enzyme nec-
essary for HIV replication, thus stop-
ping the virus from developing. The
complexity of protease inhibitors (see
figure) has generated much effort to-
ward the efficient synthesis of inter-
mediates used in their preparation.
Several of these key intermediates
are listed below. Please inquire
about larger quantities of any of these
products.

Agouron
Viracept ®—nelfinivir

Roche

Invirase ®*—saquinavir

OH o

Abbott
Norvir ®—ritonavir

o Merck
Crixivan ®*—indinavir

Products
NH '/Ph 44,083-3  (1S,2R)-(-)-cis-1-Amino-2-indanol, 99%
s 2
: H< /\W . . . 0
Wi OH N Y 44,084-1  (1R,2S)-(+)-cis-1-Amino-2-indanol, 99%
Boc
46,505-4  (S)-(+)-2-(Benzyloxycarbonyl)-1,2,3,4-tetrahydro-3-isoquinoline-
44,083-3 47,695-1 CNEW]) carboxylic acid, 97%
- -(=)-2- a i -3- 0,
com H\N/Cbz :16,929 7  (S)-(-)-2-(tert-Butoxycarbonylamino)-3-phenylpropanal, 97%
@\: Ph\)\/OH
Cbz 46,928-9  (R)-(+)-2-(tert-Butoxycarbonylamino)-3-phenylpropanal, 97%
46,505-4 45,993-3 CNEW!]
46,891-6  [3S(3a,4aP,8ap)]- N-tert-Butyldecahydro-3-isoquinoline-
NS Bn -8 INEW!) carboxamide, 98%
h 2
PN"cro Ph \OH 47,695-1  tert-Butyl [ S-(R*,R*)]-(-)-(1-oxiranyl-2-phenylethyl)carbamate,
LNEW!) 99%
46,929-7 42,173-1
45,993-3  (R)-(+)-2-(Carbobenzyloxyamino)-3-phenyl-1-propanol, 97%
LNEW,]
o)
Hob H )L 42,173-1  (S)-(+)-2-(Dibenzylamino)-3-phenyl-1-propanol, 99%
7 N
H - -(+)-3- 9
20.668-6 46.,891-6 29,668-6  (S)-(+)-3-Hydroxytetrahydrofuran, 99%
30,975-3  (R)-(-)-3-Hydroxytetrahydrofuran, 98%
References: Roberts, N.A. et al. Science 1990, 248, 358. Tucker, T.J. et al. J. Med.Chem. 1992, 35, 2525. Trova, M.P. et al. Bioorg. Med. Chem. Lett. 1993, 3,

1595. Yu, K.L. et al. ibid. 1993, 3, 535. Mordini, A. et al. Tetrahedron Lett. 1996, 37, 5209. Maligres, P.E. et al. ibid. 1995, 36, 2195. Maligres, P.E. et al.
Tetrahedron 1996, 52, 3327. Ghosh, A.K. etal. J. Org. Chem. 1997, 62, 6080; and references cited therein. Vacca, J.P. et al. Proc. Natl. Acad. Sci. USA 1994, 91,
4096. Rossen, K. et al. Tetrahedron Lett. 1995, 36, 6419. Davies, |.W.; Reider, PJ. Chem. Ind. 1996, 412. Ng, J.S. et al. Tetrahedron 1995, 51, 6397. Huff, J.R.
J. Med. Chem. 1991, 34, 2305; and references cited therein.
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IKA

IKA “LAB EGG" STIRRERS
Ideal for stirring small quantities (up to 2L). Borosilicate glass

bottom is available in six colors. Supplied with a vane stirrer.
89 Hx 86 W x 1775mm D. Wt = 0.4kg.

* Speed range: 0 to 2,000rpm
* Viscosity range: 0 to 100mPas
* Universal voltage range: 100 to 240V

Tkt o e

CoLor Car. No. EAcH
IKA DUAL-SPEED MIXERS Transparent 240,470-5
Off white 240,471-3
Apricot 240,472-1
Sea green 240,474-8
Creamy blue 240,475-6
Salmon pink 240,476-4
LAB EGG ACCESSORIES
Stand Z240,477-2

Propeller agitator 240,478-0

Analog w/Digital speed display
Vorrs Cart. No. EACH Cart. No. EAcH

Two speed ranges for stirring applications up to 115 Z40,395-4 Z240,397-0
20L (in terms of H,0) of material. Wt= 2.9 kg. 230 240,396-2 240,398-9
Order stirring shafts separately, below.
* Two speed ranges: 60 to 500rpm,

240 to 2,000rpm PROPELLERS
* Viscosity max: 10,000cps 4-blade, 50mm stirrer diam., 8 diam. x 350mm L shaft  Z40,430-6
* Max. torque: 185Ncm 4-blade, 100mm stirrer diam., 8 diam. x 350mm L shaft Z40,394-6
+ Adjustable chuck; range: SR 240,391-1

0.5 to 10mm Boss HEAD cLAMP, fits rods 8 to 177mm diam. 240,393-8

STRAP CLAMP, 220 L x 13mm diam. Z40,362-8

IKA MODEL A10 ANALYTICAL MILL

Grinds dry, hard, brittle substances to a uniform grain size typically for analytical evaluation.
Built-in safety switch prevents mill from being operated without cap. Motor stops in case of
overload and high temperatures. Complete unit includes mill, grinding chamber reducer,
SS cutter, and lid.

* 304 stainless steel, double-walled grinding chamber and cutter

* Sample volume: 50mL

* 5 minute timer Vorrs Car. No. EACH
* Optional cooling 115 Z40,463-2
connection 230 Z40,464-0

IKA MiLL ACCESSORIES
Hard metal cutter, tungsten carbide Z240,465-9
Star-shaped cutter, 304 SS 240,467-5

R S B SIS - = - -
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Model RCT stirring hot plate shown with
optional vertical support rod, boss head
clamp, and IKATRON electronic thermometer

IKAMAG MoDEL RCT BASIC STIRRING HOT PLATE

Low profile, enclosed construction with a connection for the IKATRON
electronic thermometer listed separately, below.
90 H x 160 W x 280mm D. Wt = 2.4kg.

* 20L stirring cap.

* Speed range: 0 to 1,100rpm

+ Temp. range: ambient to 300°C/572°F
* AlSi plate; diam: 135mm

« Safety circuit fixed at 370°C/698°F

Vours Car. No. EACH
115 240,351-2
230 240,352-0

IKATRON ELECTRONIC THERMOMETER

Dim.: 96 H x 50 W x 35mm D. Wt = 0.2kg.
* Digital display

+ Control precision: * 0.2°C 240,353-9

PROBE EXTENSION CABLE, 2.5m, for the remote connection of IKATRON
electronic thermometer to sensor probe. Z240,355-5

VERTICAL SUPPORT ROD, SS, threads into top of stirrer base ~ Z240,356-3

Boss HEAD CLAMP 240,357-1
HoLDING ROD, SS 240,359-8

ADJUSTABLE STAND SUPPORT ROD, R380

rods can be attached to stirrer simultaneously.

IKA HEATING BATHS

Cylindrical design with two transport
handles for secure carrying. May be
used as oil or water baths. Digital

models display the "target", "set", and
selected "safety" temperatures. 230V

:
3

Fuzzy logic and 2-point control for optimal control of hot plate temperature. Connects to above hot plates or any unit
with a DIN 12878 socket. Includes a 250 L x 3mm diam. PT 1000, SS temperature probe.

* Measuring range: -10 to 400°C with adjustable safety circuit between 100 and 400°C

Attaches to side groove of stirring hot plate allowing adjustment to any desired setting along stirrer. Several support

models are supplied with a Schuko plug.

240,360-1

Specifications (all models):
Effective volume: 4L
Heating power: 1,000W
Inside diam.: 200mm
Dim.: 340 diam. x 250mm H

115V 230V
MobEL Temp. RANGE (°C) Wr (kG) Cart. No. Cart. No. EACH
HB 4 basic bath RT to 225 3.9 240,486-1 Z240,488-8
HB 4 digital bath RT to 200 3.9 240,489-6 Z240,491-8
h HBR 4 digital bath, RT to 200 44 240,492-6 240,493-4 '
w/magnetic stirring A
ALDRICH
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CORNING SCHOLAR 170 HOT PLATE

Economical hot plate has a white enameled steel top plate that provides
adjustable heat up to 400°C. Dual heat shields dissipate heat and keep the
case cool. Compact 5 x 5in. size. UL/CUL approved. 120V.

Temp. °C  -5.0 to 105.0

Z240,234-6

CORNING MODEL 611 HIGH
VOLUME STIRRER

Newly designed to stir high volumes of
liquid (up to 5 gallons) with ease.

* One year warranty
* 120 volt; 100 to 1,100rpm stir range
* Rugged ABS top, 11 x 11in.

* Weight: 11Ib (5kg); dimensions:
48 H x 12.0 W x 14.4in. D

Z40,721-6

CORNING MODEL 4431 BENCH ISFET/pH METER KITS
* Uses ISFET or pH probes

* Automatic Temperature Compensation (ATC)

* Auto-end point, three point calibration

* RS232 output, data logging

* GLP functions

+ Two year meter warranty; one year sensor warranty

» UL/CSA/CE approved

The Corning bench top model 443i meter was designed to offer
greater measurement flexibility. Kit includes pH electrode, buffer
sachets, electrode arm, and electrode storage bottle. Order ISFET
probe separately (see Z40,724-0 below)

120v Z240,722-4
220V 240,723-2

ISFET progE for use with Corning model 443i meter
Z240,724-0




CORNING SCHOLAR 425 pH METER

Economical meter that provides pH and temperature
on a large display. Includes 3-in-1 electrode and buffers
for initial calibration of unit. AC/DC adapter or

9V battery.

* Easy to use, only three buttons, one button "cal"
* Automatic Temperature Compensation (ATC)
* Auto read feature and % slope readout

SPECIFICATIONS: pH TEMPERATURE
Range 0.00 to 14.00pH 0 to 100°C
Resolution .01pH 1°C
Accuracy +.01pH 1°C
Vourts Cart. No. EAcH
120V 240,727-5
220V Z240,728-3

CORNING pH/ISE/MV/T METERS

* LCD display, % slope readout

¢ Automatic Temperature Compensation (ATC)

+ Auto-Buffer recognition and automatic calibration
* Two year warranty

* CE mark of conformity

Offers microcomputer technology for automatic operation and user
friendly calibration. New design offers splash resistant housing with

improved software capabilities. Includes meter, electrode arm,

electrode, ATC probe, and starter kit. BNC connector.

MobEL 430 440 445 450 455
STUDENT Easy-To-USE GENERAL RESEARCH ISE
FUNCTIONS pH/mV/T pH/mV/T pH/mVIT ISE/pH/mV/T ISE/pH/mV/T
PH RESOLUTION 0.01 Select to 0.01 Select to 0.01 Select to 0.001 Select to 0.001
ACCURACY 10.01 10.01 10.01 0.001 +0.001
MV RANGE +1999* 1999 +1999.9 +1999.9 +1999.9
RES./ACCURACY 1/t /11 0.1/£0.2 0.1/£0.2 0.1/£0.2
ISE conc. - - - 1014 1019
RES./ACCURACY - - - 1 1SD/%0.5% 1 1SD/£0.5%
T rRANGE (°C) 0-100 -5-105 -5-105 -30-130 -30-130
RES./ACCURACY 1/t 0.1/£0.5 0.1/£0.5 0.1/£0.5 0.1/£0.5
ELECTRODE INPUT  Single BNC Single BNC Single BNC Dual BNC Dual BNC
ELECTRODE 3in1 3int 3in 1 high performance  high performance
ATC in triode in triode in triode temp. probe temp. probe
RS232C - yes yes yes yes
120V Cat. No.  228,302-9 Z228,304-5 Z28,306-1 Z28,309-6 Z28,312-6
EACH
230V Cat. No.  Z228,303-7 228,305-3 Z228,308-8 Z28,311-8 Z228,313-4
EAcH
*The student model has only absolute mV, all other models have both absolute and relative mV functions.




BUCHI sareryVAP ROTARY EVAPORATORS

Biichi SafetyVAP rotary evaporators have unique safety and performance features that make them ideal for use in
chemical, pharmaceutical, and R&D laboratories. Available with either analog controls for economy, or digital
controls for reproducibility and methods validation.

SAFETYVAP MoDEL R-114 WITH ANALOG CONTROLS
* Ideal for routine laboratory distillations

* Analog control of bath temperature and rotation speed B y M d

SAFETYVAP MODEL R-124 WITH DIGITAL CONTROLS
* Ideal for application reproducibility and methods validation Méw
* Digital control of bath temperature and rotation speed

* Sealed control panel with bright LED display 6 r Md

* Optional vapor-temperature sensor

FEATURES FOR ALL MODELS:
* Process sample volumes of 1 to 3L + Combi-Clip secures evaporator flask during

* PLASTIC+GLAS plastic-coated glassware e .
« Sparkless, brushless drive motor, speed range: ~* Servo-Jack raises and lowers evaporator safely
5 to 240rpm * Over-temperature safety shutoff if bath liquid

* Water bath temp. range: ambient to 100°C; level faIIs. foo IOVY
control accuracy: +2°C » Safety shield option that surrounds the hot bath

* Rugged Teflon-coated stationary vacuum seal

Select from three condenser assembly configurations to suit the application

All Biichi SafetyVAP models are supplied with a $24/40 joint on the evaporator flask and a BJ
35/20 joint on the receiving flask. Glass component parts can be interchanged from one condenser
assembly to another using the same evaporator.

A DIAGONAL CONDENSER ASSEMBLY

For simple distillation of solvents and general use. Tap-water-cooled. Inlet feed tube for continuous
feed of volumes exceeding flask capacity. Optional vapor-temperature sensor (for Model R-124A only).

115v 230V
DispLAY/MODEL Car. No. EacH Car. No. EAcH
Analog/R-114A Z240,260-5 240,264-8
Digital/R-124A 240,267-2 Z240,270-2
VAPOR-TEMPERATURE SENSOR for Digital Model R-124A Z40,273-7 %
B VERTICAL CONDENSER ASSEMBLY =

For distilling high boiling solvents ( >100°C). Tap-water-cooled. Continuous feed can be used [
simultaneously with optional vapor-temperature sensor (for Model R-124V only).

115V 230V
DispLAY/MODEL Car. No. EACH Car. No. EAcH B
Analog/R-114V Z40,261-3 Z240,265-6
Digital/R-124V Z240,268-0 240,271-0
VAPOR-TEMPERATURE SENSOR for Digital Model R-124V 240,273-7

C COLD-TRAP CONDENSER ASSEMBLY
Two-piece, cold-trap condenser style is ideal for low-boiling point solvents. Uses mechanical A

refrigeration, or dry ice and acetone as coolant. )
115v 230V
DispLAY/MODEL Car. No. EACH Car. No. EAcH

Analog/R-114C Z240,262-1 Z240,266-4 C
Digital/R-124C Z240,269-9 240,272-9




Exrrosion-proor LAB VAC VACUUM PUMPS

These compressed air-driven pumps replace mechanical vacuum
pumps in many laboratory applications:

* Rotary evaporation ¢ Vacuum distillation ¢ Filtration
* Degassing * Vacuum centrifugation ¢ Gel drying

Safe - Pumps require no electricity to operate, have no heat
emission, and are suited for use where fire or explosion hazards
are a concern. All that is required for operation is a source of
compressed air at 78psi for optimal performance.

Chemical resistant - Gaskets and flap valves are either EPDM or
Viton (see Table) body is polyphenylene sulfide/Ryton.

Low maintenance, oil-free - Wash vacuum filter monthly. Dismantle
pump annually to clean and check gaskets and flap valves.

LAB VAC VACUUM PUMP SYSTEMS

Complete systems include: vacuum pump, vacuum filter,
compressed air regulator kit, Vacustat, required couplings,
compressed air hose, screws for wall mounting, and instruction
manual. Refer to Compatibility Table for applications information.

Complete system with pump w/EPDM gaskets and flap valves
Z40,543-4

Complete system with pump w/Viton gaskets and flap valves
Z40,544-2

Vacuum Pump

Vacustat Filter

Air
Regulator

LAB VAC Vacuum Pump System

Aldrich®, Sigma-Aldrich Co,; Coming®, Coming Inc,; IBM®, International Business Machines
Corp,; IKA®, IKAMAG®, IKATRON®), IKA WORKS, INC,; Ryton®, Phillips Petroleum Co,;
SafetyVAP®), Servo-Jack™, Brinkmann Instruments, Inc; Teflon®, E.l. du Pont de Nemours & Co,,
Inc; Viton®, DuPont Dow Elastomers; Windows®, Windows NT™, Microsoft Corp.

LAB VAC Vacuum Pump

PUMP SPECIFICATIONS:
Pumping speed: 170Lpm
Max. vacuum: 11mm Hg (abs)
Optimal air pressure: 78psi, 87psi max.
Temp. range: -20 to 80°C
Dim.: 4.92 H x 9.06 W x 2.52in. D
Wt: 2.98Ib (1.35kg)

COMPATIBILITY TABLE

The pump's gaskets and flap valves are vital for proper operation. Select
EPDM or Viton pump components based on the compatibility data in the
table below. Avoid drawing particulates, vapors, or liquids into the pump by
installing a vacuum filter and/or trap.

E = Excellent, insignificant effect, recommended

G = Good, minor chemical attack

P = Poor, moderate chemical attack, limited service

U = Unsuitable, severe attack, not recommended

Material Recommended gasket material
EPDM Viton

Acetic acid E

Acetone

Ammonia

Amyl alcohol

Benzene

Butanol

Carbon tetrachloride

Chlorobenzene

Chloroform

Cyclohexane

Dioxane

Ethanol

Ethyl acetate

Ethyl ether

Hexane

Hydrochloric acid

Methanol

Methylene chloride

Methyl ethyl ketone

Nitric acid

Petrol

Propanol

Sodium hydroxide

Sulfuric acid

Tetrachloroethylene

Tetrahydrofuran

Trichloroethane

Toluene

Xylene

cccocommcoOomaoammCcCVyvOOmMmAaAaCCcCcCccoOCmmm
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NMR SPECTRA

Now just a click away...

THE ALDRICH/ACD LiBRARY OF FT-NMR SpPecTRA ON CD-ROM

Aldrich and ACD Inc. have joined together to create the Aldrich/ACD Library of FT-NMR Spectra on
CD-ROM. This innovative new product combines ACD spectral display and database software with
the Aldrich database of 12,000 high-resolution 300 MHz 'H and 75 MHz “C spectra. There are
two different versions of the Aldrich/ACD Library of FT-NMR Spectra on CD-ROM available —
Standard and Pro.

The Standard Version is a powerful and easy-to-use reference tool. Use the program as an
electronic reference book by performing searches on Chemical Name, Aldrich Catalog
Number, CAS Number, Molecular Formula, Aldrich FT-NMR Book Reference, and Chemical

Category. Additionally, the database is arranged by chemical functionality and in order of
increasing molecular complexity allowing the user to easily browse through the spectra
looking at similar compounds. The program also has the capability to export spectra for
graphical representation.

The Pro Version is an enhanced NMR reference and search program. It allows sub-structure
and sub-spectra search and the ability to search imported experimental spectra and compare
them on-screen. The program also permits advanced data field searching, including physical
properties such as boiling point, melting point, density, and refractive index. Multi-level
searching capability allows hit lists to be further refined and saved. Spectral report editor allows
customization of printouts or exports with user data.

SYSTEM REQUIREMENTS

STANDARD VERSION ]
486 PC (Pentium recommended)

Z40,700-3
240,703-8 VGA color monitor
Network versions available. CD-ROM drive (4x or higher recommended)
Contact Aldrich or ACD for additional information. 5MB Hard disk space
DEMO VERSION - STANDARD & PRO
240,704-6 16MB RAM
Microsoft Windows 3.11, Windows95,
Windows NT 3.51 or Windows NT4.0
PRO VERSION
Z40,699-6
Z40,701-1

Network versions available.

Contact Aldrich or ACD for additional information.
DEMO VERSION - STANDARD & PRO

Z240,704-6

ALDRICH

1001 West Saint Paul Avenue
Milwaukee, WI 53233 USA

Aldrich is a member of the Sigma-Aldrich family. Sigma-Aldrich
brand products are sold exclusively through Sigma-Aldrich, Inc.
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1998-99 Chiral

Compounds Catalog
Aldrich, Fluka, Sigma, and Supelco

coming together to bring you
an integrated solution!

* Over 2,300 selected products from Aldrich, Fluka,
Sigma, and Supelco

* Over 400 NEW products!
* %ee guaranteed for hundreds of compounds

 Auxiliaries, building blocks, catalysts, reagents,
resolving agents

* Reagents for chiral analysis—including the
Flukabrand™ ChiraSelect line

* Over 300 enzymes for organic synthesis

* Over 15 enzyme kits—including extremophiles
* Applications and use references

* Special sections on chiral chromatography

Chiral Products for

Asymmetric Synthesis

Oxazolidinones H

» Chiral auxiliaries for highly diastereo- N
selective Diels-Alder reactions® and highly '

enantioselective aldol reactions.?

(1) Davies, I.W. et al. Tetrahedron Lett. 1995, 36, 7619. (2) Ghosh, A.K. et al.

J. Chem. Soc., Chem. Commun. 1992, 1673.

46,396-5 (3aR-cis)-(+)-3,3a,8,8a-Tetrahydro-2 H-indeno-
[1,2-d]oxazol-2-one, 98%

46,397-3 (3aS-cis)-(-)-3,3a,8,8a-Tetrahydro-2 H-indeno-
[1,2-d]oxazol-2-one, 98%

Bis(oxazoline) Ligands

* C, symmetric ligands for N N

enantioselective catalysis.

» Easily form bidentate coordina-

tion complexes due to the strong

affinity of the oxazoline nitrogen for various metals.

» High enantioselectivities are obtained in various reactions.

Reviews: Gant, T.G.; Meyers, A.l. Tetrahedron 1994, 50, 2297. Pfaltz, A. Acc.

Chem. Res. 1993, 26, 339.
46,415-5 [3aR-[2-(3'aR*,8'aS*),3'ap,8'ap]]-(+)-2,2'-
Methylenebis(3a,8a-dihydro-8 H-indeno[1,2-
d]oxazole), 98%
[3aS-[2-(3'aR*,8'aS*),3'an,8'ad]]-(-)-2,2'-
Methylenebis(3a,8a-dihydro-8 H-indeno[1,2-
d]oxazole), 98%
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Jacobsen’s Catalyst

 Chiral catalyst for the asym-
metric epoxidation of unfunc-
tionalized olefins.

* High enantioselectivities and
yields are obtained for a vari-
ety of substrates.
Zhang, W. etal. J. Am. Chem. Soc. 1990, 112,2801. Zhang, W.; Jacobsen, E.N. J. Org.
Chem. 1991, 56, 2296. Jacobsen, E.N. etal. J. Am. Chem. Soc. 1991, 113, 7063. Lee,
N.H.; Jacobsen, E.N. Tetrahedron Lett. 1991, 32, 6533. Deng, L.; Jacobsen, E.N.
J.Org.Chem. 1992, 57, 4320. Palucki, M. et al. Tetrahedron Lett. 1995, 36, 5457.
40,445-4 (S,S)-(+)-N,N*-Bis(3,5-di -tert-butylsalicylidene)-
1,2-cyclohexanediaminomanganese(lll)
chloride

(R,R)-(-)-N,N’-Bis(3,5-di -tert-butylsalicylidene)-
1,2-cyclohexanediaminomanganese(lll)
chloride, 98%
This chiral Co(ll) salen complex has
been used for the hydrolytic kinetic H’QH

resolution (HKR) of terminal —N_ _N=
epoxides! and for the enantio- Lo
selective catalytic ring open- o O
ing of meso epoxides.?

(1) Tokunaga, M. etal. Science 1997,

277, 936. (2) Jacobsen, E.N. et al.

Tetrahedron Lett. 1997, 38, 773. (5.9

47,460-6 (S,S)-(+)-N,N*-Bis(3,5-di -tert-butylsalicylidene)-
1,2-cyclohexanediaminocobalt(ll)
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47,459-2 (R,R)-(-)-N,N-Bis(3,5-di -tert-
butylsalicylidene)-1,2-

cyclohexanediaminocobalt(ll)
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Fluorinating Agents

Dialkylaminosulfur Trifluorides

Selective introduction of
luorine into organic mocm
. . . \
molecules is of increasing £ °

importance, especially for \
the preparation of potential

.

new drugs. ws _ i
Key to this development RS0} MOCHS /KCN

. . . . o R

is the commercial availabil- OAc  Ohc OAc OAc SN H

ity of suitable fluorinating (Fet9

agents. One class of such

. OH
compounds, the dialkyl- N{ T Aw
| F CN
. . N /
aminotrifluorosulfuranes, Clﬁ Bt /s\ (Rei)
are useful and versatile flu-
. i SO Me
orinating agentsCarbolabs, (Ref.3)

a recent addition to the .

Sigma-Aldrich family, has N|J\>/

over 15 years of experience ﬁ“

in the manufacture of this| © ©

class of fluorinating agents. SOMe
The three most important

dialkylaminotrifluoro-

sulfuranes are (diethyl-
amino)sulfur trifluoride
(DAST), (dimethylamino)-
sulfur trifluoride (Methyl-
DAST), and morpholinosulfur trifluoride (Morph-DAST).
They mimic sulfur tetrafluoride—a highly toxic and difficult-

23,525-3 (Diethylamino)sulfur trifluoride

to-handle gas—in reactions with alcohols and carbonyl groups.

Recent applications of DAST include the preparation of

fluorinated fatty acids,carboxylic acid fluoride polymers, 24,821-5 (Dimethylamino)sulfur trifluoride
novel, potentially orally active anti-inflammatory agehasd

the first fluorinated Bilirubirt.lllustrative examples of DAST

chemistry are shown in the scheme. For a more extensi\@,ggl_5 Morpholinosulfur trifluoride
introduction, see reference 5.

References: (1) Buist, P.H.etal. J. Chem. Soc., Perkin Trans. 1 1997, 2617. (2) Hagaman, E.W. et al. Anal. Chem. 1997, 69, 3950. (3) Khanna, I.K.
et al. J. Med. Chem. 1997, 40, 1634. (4) Boiadjiev, S.E.; Lightner, D.A. J. Org. Chem. 1997, 62, 339. (5) Dmowski, W. In Chemistry of Organic Fluorine
Compounds: A Critical Review; Hudlicky, M; Pavlath, A.E., Eds.; ACS Monograph 187; American Chemical Society: Washington, DC, 1995; pp199-262.
(Aldrich Cat No. Z25,649-8). (6) Robins, M.J.; Wnuk, S.F. J. Org. Chem. 1993, 58, 3800. (7) Stelzer, U.; Effenberger, F. Tetrahedron: Asymmetry 1993, 4,
161. (8) Kirihara, M. et al. J. Chem. Soc., Chem. Commun. 1997, 599.
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4. Conclusion synthesis. Rarfihas reported Zn(Bp, to be be inferred from the reaction of the borohy-
5. Acknowledgments a mild reducing agent capable of reducingride reagent with methyl 10-undecenoate
6. References aldehydes in the presence of ketohesd Which would be rapidly converted to 1,11-
ketones in the presence of enohelinder undecanediol. Exploring this reac.tlon wnh
1. Introduction these conditions, Zn(BJj, does not reduce Zn(BH,), has enhanced the potential of this

carboxylic acids or esters. However, in thé&agent in synthetic applications.
Although numerous literature referencepresence of trifluoroacetic anhydride, .

are available on the synthetic applications an(BH,), reduces carboxylic acids but not2. Preparation of Zn(BH ),"**
various metal borohydridéspnly sodium esters. The reduction of esters by Zn(BH )
borohydride has gained commercial status, irequires longer reaction times (24 h) and the !N @ typical procedure, a 500-mL round-
spite of its poor solubility in organic solventsinfluence of ultrasonic irradiation. Under-Pottom flask, equipped with a magnetic pel-
and lesser reactivity. Moreover, the reagerstandably, aromatic esters and benzyl estdf& @nd fitted with a reflux condenser carrying
is inevitably used in excess quantities. Tare notatall reduced under these conditiorfs take-off adapter, is flame-dried while a
overcome these drawbacks, soluble metaius allowing selectivity in the reduction ofStréam of nitrogen is passed through the sys-
borohydrides such as lithium borohydride, esters:. Furthermore, Zn(BB—silicareduces €M The assembly is allowed to cool to room
calcium borohydridé,and zinc borohydride enones to the corresponding allylic alcohol€mperature - while the flow of nitrogen is
have been developed. Among these reageread epoxides to alcohols. maintained. Freshly fused Znfl
zinc borohydride is unique because: (i¥2s It would appear from the preceding re{189;125mmol) is added followed by NaBH
asoft Lewis acid as compared t¢Chi*, and  ports that Zn(BH), is a mild reagent with (11g;291mmol). 250 mL of dry THF is then
Na* which are hard acids, and (i) Zhas a only a limited scope. However, the uniquétdded through a double-ended needle and the
better coordinating ability and is thus ex-properties of Zn(BH, come to light when contents are stirred at room temperature for
pected to impart selectivity in hydride transsubjected to tandem reduction-hydroboration,
fer reactions. Indeed, literature reports odiscovered by Brown and Narasimhaf? In
Zn(BH)), indicate that the chemoselectivethis reaction, when an unsaturated ester is

reduction of3-keto esters to the correspond+treated with a metal borohydride, the ester N H, H, H
. : A . A, N,
ing B-hydroxy esters can be easily achievedroup is reduced much faster than that of a B zn; B
with better isomeric control because of thesaturated ester, and the double bond also gets H/ "'H/ "'H/ \H

better coordinating ability of zinc with the hydroborated. However, this depends on the
carbonyl group of the estér.This reaction extent of polarization of the borohydride ion
has been utilized in the synthesis of certaiby the counter ion. The feasibility of the

natural products and in prostaglandirtandem reduction-hydroborationreactioncan Chart 1
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72 hours. The clear supernatant layer is used
as such for reactions after estimating its hy-
dride strength (4.4 M in Bl. The absence of

Table 1. Reduction of esters by Zn(BH,), in THF.
% reactiof

chloride is confirmed as reported earfier. ENLp] hl\;lethy:l tEster OiZéS I 22 n 115h 621h gd;rh 958h
Atomic absorption measurements indicate the 5 Byrlsate : : i )

presence of Na in addition to zinc and Pﬁ/gfgtaee 4 8 2'7 6 71 53
boron, and confirm the analogous results re- 7 10-Undecenoate = gel 98

ported in the literatur&. Zn(BH,), can be
thought of as a complex having the structure
shown inChart 1.

Interestingly, thé'B NMR spectrum shows
aquintet ab = —45 corresponding to the BH
ion when BE ¢ EtO is used as the external
standard. The reagent is stable over a period

of 6 months when stored under nitrogen aEntry Estet

3Percent reaction is the number of mmoles of ester that were reduced divided by the
number of mmoles of ester used. It was determined by analysis of residual hydride in the
reaction mixture and by assuming an uptake of two hydrides per ester rethftads h.

Table 2. Facile reduction of aliphatic esters by Zn(BH,),.

room temperature.

3. Synthetic Applications

3.1. Tandem Reduction—

Hydroboration of Esters

Earlier reports have indicated that the re

duction of aliphatic esters by Zn(BH in
DME is very slow. However, under vigorous

Time, h Product % Yield
1  Methyl 10-undecenoate 1 1,11-Undecanediol 90
2  Dimethyl brassylate 6 1,13-Tridecanediol 74
3  Methyl nonanoate 5 1-Nonanol 75
4 Methyl myristate 5 1-Tetradecanol 85
5  Methyl pivalate 6 2,2-Dimethyl-1-propanol 75
6  Methyl 3-bromopropionate 2 3-Bromo-1-propanol 79
7  Methyl phenylacetate 5 Phenethyl alcohol 75
8  Methyl myristate 6 1-Tetradecanal 80
9  Methyl phenylacetate 6 Phenylacetaldehyde 76

conditions, it is possible to reduce aliphatic
esters in the presence of aromatic esters. In
addition, Zn(BH), in THF reduces esters in
the following order: unsaturated ester >> ali-
phatic ester >> aromatic estéraple 1).*6

These rate differences have been exploited iEntry Ester

Jester]:[H]=1:2. "[ester]:[H]=1:4

Table 3. Alkene-catalyzed reduction of esters with Zn(BH,),.
% reactiof

the facile reduction of a number of aliphatic
estersin the presence of aromatic esters unde

simple reaction conditions and without em-

ploying ultrasonic irradiationlable 2). The
intermediate borate esters can also be oxi=

dized to the corresponding aldehydes (entries

8 and 9)’

Alkene 0.25h 05h 1h 2h 4h 5h
1  Methyl myristate - 15 45 15 61 94 98
2  Methyl myristate Cyclohexene 36 64 84 104
3 Methyl benzoate - 4 9
4 Methyl benzoate Cyclohexene 9 16 34 60 87 c101
5  Methyl 2-chlorobenzoate - 16 23 38 46
6  Methyl 2-chlorobenzoate Cyclohexene 34 46 71 82
7  Methyl 2-chlorobenzoate 1-Decene 38 47 77 89
8  Methyl 2-chlorobenzoate 1,5-Cyclooctadiene 36 44 73 87

Interestingly, the rapid reduction of the @Percent reaction is defined as in Tabl&lD. mol%‘These results include the hydride
unsaturated ester methyl 10-undecenoate irconsumption for cyclohexene.

dicated autocatalysis; this meant that the ad-
dition of olefin might catalyze the reduction
of esters. When this idea was applied to the
reduction of methyl benzoate, a remarkable
rate enhancement was observédile 3).:
TheB NMR spectrum of the reaction mix-
ture indicated that hydroboration of the olefin
occurred prior to reduction of the ester; i.e.,
the propensity of Zn(B}), to hydroborate the
alkene was greater than its propensity to re-
duce the ester. The peakdat 56 indicated
that the hydroboration of cyclohexene led to
a dialkylboron species which could catalyze
the reduction of the ester as depicted in
Scheme 1

Consequently, several aromatic esters were
reduced in good yields and the reduction was
tolerant of other reducible groups such as
chloro, bromo, nitro, etc.T@ble 4).* The
organoboron intermediates can also be
oxidized with dichromate solution to the cor-
responding aldehydes providing a one-pot
conversion of esters to aldehydes. This

R,BH + BH; =——=BHj + HzB(-/‘R")2

ReH-oNB(/ R,
OR'

* Hydride transfer
RCH,—0B{/"R"),

OR'

]

R'OB(/‘R")Z" RCH,0

N

BH, / BH3

[RCH,0BH,0R!]

RCH,0H + R'OH

/—Tydrolysis

(R'0),B(OCH,R),

Disproportionation

Scheme 1. Mechanism of alkene-catalyzed reduction of esters.
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3.2. Reductions

Table 4. Reduction of methyl esters, RCO,Me, by Zn(BH,), in refluxing THF catalyzed 3.2.1. Reduction of Carboxylic

by cyclohexene.

Entry R Time, h Product, R % Yield Acids
1 CH, 5 C.H. 72 A number of carboxylic acids were re-
2  2.CICH 4 2-CICH 33 duced to the corresponding alcohols in good
6 4 6 4 . . B . . -
3 3NOCH 3 3NOCH 80 yields and using only stoichiometric quanti-
7 4-N02C6H4 3 4-NOZCGH4 75 ties of zinc borohydrideTable 8).2! These
26 4 276 facile reductions are thought to take place as
5 4FHOGH, “ 4-HOGH, i“ shown inScheme 2
6 2-HO-CGH, 4 2-HO-CH, 70 322 Reduction Of Ami
7 4-MeQCCH, 2 4-HOCHCH, 70 sz e uction OF Amino
8 CHCH, 2 CHCH, 75 clas
9 CH,(CH) 2 CH,(CH,) 76 Chiralamino alcohols are useful in,among
10 MeQC(ZClIfiz) i HOCI—L(SIZ) 76 others, asymmetric synthedispeptide and
11 CH=CH(C = 5 HO(C 211 50 pharmaceutical chemist?y,and the synthe-
H=CH(CH), (CH),, sis of insecticidal compounds. Earlier pre-

“Cyclohexene was not used, [ester[}f1:2 parative methods used reduction of esters of

amino acids by sodium in ethart®ISubse-
quently, LiAIH,* and NaBH* were used for
the reduction of esters. Moreover, reduction

Table 5. Reactivity of Zn(BH,), towards various functional groups. of amino acids directly to the amino alcohols

% reaction was accomplished using LiA|f or BMS in
Entry Substrate 0.25h 0.5h 1lh 2h 4h 5h ihe presence of BF Et0» Metal borohy-
1 Methyl myristate 15 4.5 15 61 94 98 drides do not reduce amino acids; however,
2 Methyl benzoate 4 9 LiBH, with Me,SiCl reduces amino acids to
2 Ealm't'_c ac!((jj 34156 %i ?é %‘l 98%3 %Aé the corresponding alcohd®&!  Similarly,
CZ0 G ae] NaBH, in the presence of BFELO also
5 1-Dodecene 72 80 96 98 99 4

reduces amino acid3.The reduction in these
cases is by borane which is generated in situ.
Recently, NaBH-H,SO,and NaBH-I, were
. used for the reduction of amino acids and
Table 6. Competitive studies of the reduction ~ Methyl myristate, methyl benzoate, palmyg j ativess s Reductions of 1kg-scale quan-
of various substrates with zinc borohydride. itic acid, benzoic acid and 1-dodecengi.q . e effected with either BMS or LiAH
indicated that hydroboration of the olefin

Entry Substrate Pair ki/k2 ; However, the methods suffer from high cost,
- is much faster than reductiofgple 5.1 . o
1 Methyl myristate/Methyl benzoate 100 . dble 5 . inflammability of the reagents used, and la-
. To elucidate the spectrum of reactiv-. _ . : :
2 Methyl myristate/Methyl benzoate 12 ity of Zn(BH.)., competitive experiments borious isolation procedures. In the case of
3 Palmitic acid/Benzoic acid 13 y ; 42! d 1 petitive Tp ' d amino acids, itis necessary to use an excess of
4 Palmitic acid/Methyl myristate 100 were pertorme I. n gtyp|ca pfroce #rfi molar equivalent of borane to compensate
5 1-Dodecene/Methyl myristate 2.7 :Tc: ?srlateeq:rllr;%;rh Ttl));trl:zrgatz wr::; d)c/i for complexation of the reducing agent with
6 1-Dodecene/Palmitic acid 17 Y Y e amino groupe( J).

%, andk, are calculated using the Ingold-ShawjuStenough hydride to react with only one :
equation®The reduction was carried out in the of the substrates. The products were Since Zn(BH),had been showntoreduce

presence of 10 mol % of cyclohexene as catalysl"?‘naerd by GLC and the relative reactiv€arboxylic acids to the corresponding alcohols
ity obtained by using the Ingold-Shawin excellent yield$! and in view of its basic
equation Table 6).%° The results indi- nature, it was reasoned that such amine-bo-
cated that the aliphatic ester was reducagne complexation was not likely to occur and

much faster than the aromatic ester. Similarhhence excess reagent might not be required.

the aliphatic acid, palmitic acid, was reduced hus, the reduction of amino acids to amino

Table 7. Relative reactivity of
functional groups towards Zn(BH,),.

. Relatlv_e_ more rapidly than benzoic acid. This allowedlcohols utilizing only stoichiometric quanti-
Entry Functional Group Reactivity . L . ; .
us to determine the order of reactivity of theies of zinc borohydride proceeded to comple-

1  Methyl benzoate i : . 35 A :
2 Methyl myristate 12 other substrates relative to that of methyl bertion (Table 9).%° With excess hydride, no
3 Benzoic acid 9% zoate Table 7). olefin > aliphatic CCH >  significant change in the reaction time or
4 Palmitic acid 1200 aromatic COH > aliphatic ester > aromatic yield of the product was observed. Moreover,
5 1-Dodecene 5040 ester. This spectrum of reactivity of Zn(BH the excess hydride was liberated instanta-

indicates that it prefers to attack a nucleophilieeously during hydrolysis. These observations
carbon rather than an electrophilic one. This ied to the conclusion that there was no strong
contrary to the reactivity pattern of othercoordination between boron and nitrogen, as
tendency of Zn(BF), to hydroborate unsat- metal borohydrides, which are nucleophilids observed in the case of trivalent borane
urated systems in preference to reduction &fpecies and prefer to attack an electrophilieagents. The intermediate obtained is pre-
carbonyl groups is in contrast to the behaviotarbon and seldom hydroborate olefins. Thisumably oxazaborolidine, which is highly
of other metal borohydrides. Indeed a studporanelike characteristic of Zn(B}] offers useful in the enantioselective reduction of
of the relative reactivity of Zn(BJ), towards an alternative to borane—methyl sulfide (BMS)prochiral ketones.

various functional groups represented byn organic synthesis.
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The intermediate boroxazoles from chira
amino acids are optically active and are use

Table 8. Reduction of carboxylic acids with Zn(BH,),.?

ful in asymmetric synthesis. The aminc Entry Substrate Time, h  Product % Yield
alcohols are obtained by simple hydrolysisa 1 Benzoic acid 6 Benzyl alcohol 90
the boroxazoles. The method offers asimpl _2 __Palmitic acid 6 Cetyl alcohol 95
and rapid conversion of amino acids to amin _ 3 ___Palmitic acid 6 Hexadecanal 90
alcohols in excellent yields. 4  Valeric acid _ _ 3 Amyl alcohol 95
5  2-Chlorobenzoic acid 6 2-Chlorobenzyl alcohol 90
; ; 6  4-Nitrobenzoic acid 4 4-Nitrobenzyl alcohol 90
3.2.3. .Reductlon ofIAmI.des ) 7  3-Nitrobenzoic acid 4 3-Nitrobenzyl alcohol 90
Reduction of carboxylic acid amides car —g——3 Bromopropionic acid 6 3-Bromo-1-propanol 75
lead to the formation of aldehydes or alcoholsb —g—3 7 5-Trimethoxybenzoic acid 5 3,4,5-Trimethoxybenzyl alcohol 70
cleavage of the C-N bond, or amines by clea\ ~19 Pivalic acid ) Neopentyl alcohol 70
age of the C-O bond. All three product type: “11 Phenylacetic acid 3 Phenethyl alcohol 95
have been observed when boron reagents we “12 Phenylacetic acid 3 Phenylacetaldehyde 90
employed as reducing ageritable 10. 13 Cinnamic acid 5 3-Phenylpropanediol 90
) ) 14  2-Hydroxybenzoic actd 4 no reaction
Metal borohydrides do notreduce amides —75— Agetyisalicylic acid 3 2-Hydroxybenzyl alcohol 85
However, the combination of metal borohy- ~75~—70-Undecenoic acid 1 1,11-Undecanediol 90
dride and an electrophile has been used ~77  Brassylic acidl 4 1,13-Tridecanediol 70
effect this transformation. Thus, NaBFe- 18 Terephthalic acid 5 1,4-Benzenedimethanol 70

du_ces amldes_ n the presence 9f ca_rboxyl 3All reactions were carried out at reflux in THF; no catalyst was Gfgemid]:[H]=5:16.5.

acids?® sulfonic acids! and Lewis acid®  ¢gspjated crude productOxidized using aqueous acidic sodium dichromate solution in CHCI
The mechanism of the reaction is believed t e[acid]:[H]=5:22. Mixture of 1,2-diol and 1,3-diol (3:2) by4 NMR.9[acid]:[H]=5:33.

involve coordination of the metal with oxy-

RCOOH + Zn(BH4), ———> RCOOBH3Zn(BHy) + H» R

E H
., 5 WwH.,
‘Zn. j:B/ —> RCOOBH, + HZnBH,
:,IH“\ \H

H,O

RCH,0B=0 ———— RCH,0H

Scheme 2. Mechanism of the reduction of acids with zinc borohydride.

NH2 + BH3 > H2'§‘ > BH3 Table 9. Reduction of amino acids by Zn(BH,),.*

Rotation of

Entry Substrate Time (h)  Product % Yield Amino Alcohol
eql 1 Glycine 7 2-Aminoethanol 70

2 L-Phenylalanine 5 L-Phenylalaninol 87 -21.7° (c = 1.7, EtOH)

gen, rather than in situ generation of borane.3___L-Leucine 4 L-LeucinoP 85 +4.2°(c = 0.9, EtOH)

Interestingly, Zn(BH), can be used to reduce 4  L-Isoleucine 3 L-Isoleucino? 85 +6.7° (c = 1.0, EtOH)

: oy 2 5 L-Valine 4 L-Valinol 85 +8.7° (c = 1.1, EtOH)

m h h f r nt :

amides without the use of excess reagent-s—— o 3 L-Prolinol 85  +37.0° (C = 1.0, EtOH)

Thus, reduction of acetanilides by Zn(BH [substrate]:[H = 1:3 ; in refluxing THF; no catalyst was uséd@he reported values areleucinol

Li/sdlf'lctz érr]]_thgj,\t/k? (Ialitlrc()er;;fioc')’]n(reezglL:;v?.rl]e(r:lct)r?fﬂo (c= 9,.EtOH)] and-isoleucinol[f5.4° (c =.1.6, EtOH)] . Thiddrich Catalog/Handbook of
. . . Fine Chemicals1996-1997 ed.; Aldrich Chemical Co.: Milwaukee, WI; pp 895&#l

plete reduction to afford the amiffeA series

of amides were reduced to yield the corre-

spondingN-ethylanilines Table 11). The

products were isolated by simple hydrolysis Table 10. Reduction of carboxylic acid amides with various boron reagents.2

of the reaction mixtureeq] 2. Entry Substrate Reagent Product
1 RCONH, Borane-THF, BMS RCENH,

3.3. Hydroborations 2 RCONHR Borane-THF, BMS RCHNHR

The electrophilic nature of the reagent 3 RCONR Borane-THF, BMS RCENR,
shows potential for use in hydroboration re- 4 RCONR, SiaBH® RCHO
actions. The important features to be consid-5 RCONH, SigBH® -
ered in hydroboration reactions are stoichi-—¢ RCONR 9-BBN RCH,OH
ometry and regio- and stereoselectivity. Thus; = RCONH, 9-BBN stops at deprotonation stage

while three equivalents of olefin are
hydroborated by one molar equivalent of bo-
rane, controlled hydroboration to dialkyl or

aFor a review, see Pelter, A.; Smith, K.; Brown, HBorane Reagenté\cademic Press:
London, UK, 1988; pp 138-140SiaBH is disiamylborane.
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monoalkyl species can be achieved with hindptake per BEF ion. Such controlled
dered alkenes. In the case of Lipéthef® hydroboration products are very useful as Olefins

and Ca(BH),/THF in the presence of ethyl synthetic intermediates. Hence it is impor-

acetate!! tandem reduction-hydroborationtant to determine the number of alkenes that It is well-known that hydroboration of
results in the formation of dialkylborinate can be hydroborated with one molar equivasimple, linear, terminal alkenes using borane

species indicating two equivalents of alkenéent of BH,~ ion.

Table 11. Reduction of anilides by Zn(BH,),.

Entry Substrate Time, h Product

1  Acetanilide 5 N-Ethylaniline 90
2  3'-Chloroacetanilide 4 N-Ethyl-3-chloroaniline 85
3  4'-Chloroacetanilide 4 N-Ethyl-4-chloroaniline 85
4  4'-Bromoacetanilide 4 N-Ethyl-4-bromoaniline 85
5  4'-Methoxyacetanilide 6 N-Ethyl-4-methoxyaniline 70
6  2'-Nitroacetanilide 8 N-Ethyl-2-nitroaniline 38
7  3'4-Dichloroacetanilide 5 N-Ethyl-3,4-dichloroaniline 80
8  4'-Bromo-3'-chloroacetanilide 5 N-Ethyl-4-bromo-3-chloroaniline 75
9  Benzanilide 7 N-Benzylaniline 70
10 2'-(Carbomethoxy)acetanilide 4 2-(Ethylamino)benzyl alcohol 80

370% of unreacted anilide was recovered. [anilide}{bt11

o)
i 1- Zn(BH
CH3—C—-NHAr z-Hz<(3—4)2’ CH3CH,NHAT eq2

Table 12. Hydroboration of alkenes: species and stoichiometry.2

Alkene/BH, B NMR
Entry Ratio d(ppm) Alkene Consumed/BH
1 1 32 & 55 1
2 2 33&54 1.8
3 3 54 & 80 2.4
4 4 54 & 86 3.0

aBased on GC analysis, on a 2-m 3% OV-17 column, after 4 h of r&f\ith reference
to BF,*OFt,

CH3(CH;)3CH=CH(CH,)3CH3 CH3(CH2)3CH2CI:H(CH2)3CH3
¥ Zn(BH4)> 70% . OH
— H,0,/NaOH eq3
CH3(CH,)gCH=CH 227 q
3(CHz)g 2 CH3(CHy);10H
12%

Table 13. Comparison of the relative reactivities of terminal and internal alkenes
(k/k) towards hydroboration with various boron reagents.

Boron Reagent  9-BBN ThxBHCI HBBr BMS Zn(BH), Ca(BH,),

Entry Alkene .SMg .SMe, EtOAc
CH3(CHy)7
— 180 9.1 5.0 2.8 6.5 9.0
H H
2 :C:C: 1.0 1.0 1.0 1.0 1.0 1.0
Bu” Bu”
_ _ ()Zn(BH4)2
CH3(CH),CH=CH(CH,)sCH=CH, vl Al CH3(CH3),CH=CH(CH;),00OH
n=1-5 (ii) Oxidation 60-70% eq 4

3.3.1. Hydroboration of Simple

leads to the formation of trialkylboron species.
However, it should be noted that mono- and
dialkylboranes would also be present in the
reaction mixture depending on the structure of

% Yield the alkene and its concentration. The nature of

the organoborane species formed and hence
the stoichiometry of the reaction can be deter-
mined by*'B NMR and hydride analysis stud-
ies. The results are presented able 12

Zn(BH,), is able to hydroborate a terminal
olefin leading to the formation of a
trialkylboron species (which is evident from
the peak ad = 83) with excess alkene. This
reduction may be utilized for the conversion
of alkenes to alcohols whereby maximum use
is made of the reagent. Interestingly,
dialkylborinate is the major product when a
starting ratio of two equivalents of alkene per
borohydride ion is used. The dialkylborinate
species is very valuable in the preparation of
symmetrical ketones.

3.3.2. Hydroboration of Dienes

Regioselectivity is one of the major inter-
ests in hydroboration reactions. While a
number of reagents are known to be more
selective towards the terminal carbon atom, it
was felt that if Zn(BH), were to exhibit even
marginal regioselectivity it might be very
useful synthetically in view of the simplicity
of its workup procedure. Accordingly, to
elucidate the regioselectivity of the reagent, a
competitive experiment was performed be-
tween a terminal olefin, 1-dodecene, and an
internal olefin, 5-decene, with just enough
hydride to hydroborate one of themq(3.
From the Ingold-Shaw equation, the relative
reactivity of the terminal versus internal
double bond towards hydroboration was cal-
culated ak /k;=5.9. Thisresultindicates that
Zn(BH,), exhibits a selectivity comparable to
that of dibromoboraneT@ble 13.4* This
improved selectivity, as compared with that
of BH,sTHF or BMS, can be taken advantage
of in the hydroboration of dienes containing
both terminal and internal double bonds.

Animmediate synthetic application of this
result was realized in the regioselective
hydroboration of 1,11-dienes to produ@g-(
11-alken-1-ols, which are pheromone com-
ponents for many speciesy4).* The results
are comparable to those of other hydroboration
methods. Although 9-BBN, a dialkylborane
species, shows excellent terminal carbon
selectivity, its use yields only 68% of the
required alkenol and suffers from contamina-
tion by cyclooctanediol. On the other hand,
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use of Zn(BH), produces the terminal
alcoholin good yield without the compli-
cation of side products. Interestingly, the
organoboron intermediate was oxidizec
with sodium dichromate directly t&)-
11-hexadecenak@ 5. 9-BBN and the
other selective reagents produce
additional side products.

As indicated earlier, in order
to derive the maximum utility
from the reagent, two
equivalents of diene were re-
acted with 1 equivalent of BH
Interestingly!'B NMR analysis
of the quenched reaction mix-
ture indicated the formation of
monoalkyl boronates in major
quantities. A possible in situ
micellization of the intermedi-
ate could explain this observa- é)
tion. When hydroborated, a
simple hydrocarbon diene would
become bipolar in nature and
hence result in aggregation of
monomers$cheme 3. Conse-
quently, the rate of further
hydroboration by the mono-
hydroborated species would be
very much reduced.

N0

Nonpolar Tail

Aggregate of

O

oL

3.3.3. Hydroboration
of Cyclic Olefins

Cyclic olefins such as cyclohexene pos-
sess an internal double bond. Thus, hydro-
boration of these systems should stop at the
dialkylboron stage due to steric hindrance.
Indeed, hydroboration of cyclohexene by
Zn(BH,), stops at the dialkylboron stage
(3=53, using BEELO as external standard).
This dialkylboron intermediate can be con:
verted to symmetrical ketones by treatmer
with CHCI, and NaOMe¢€q 6).®

O

Hydroboration of 1,5-cyclooctadiene by
simple borane reagents leads to the formatic
9-borabicyclo[3.3.1]Jnonane (9-BBN), a
highly selective hydroborating and reducing
agent. Under the present reaction condition
1,5-cyclooctadiene is hydroborated intramo
lecularly and isomerizes to the stable 9
borabicyclo[3.3.1]nonane produet(7). This
should be quite useful in the in situ generatio
of 9-BBN. A considerable amount of
trialkylboron species is also observed'Hy
NMR, indicating further hydroboration of the
cyclooctadiene by 9-BBNeg 8.4

Substituted cyclic olefins such as 1-
methylcyclohexene and-pinene are easily
hydroborated to the corresponding dialkyl-
borinate speciex( 9.

It should be pointed out that, in the case ¢
a-pinene, the dialkylborinate intermediates
can react with prochiral substrates such ¢

CH3(CH2)3CH=CH(CH2)8CH:CH2

<> Polar Head Group

M) Zn(BHa), _
reflux, 4h CH3(CH2)3CH=CH(CH3)gCHO

(i)Na,Cr,07 60%
eq5

Polar Head Group

Nonpolar Tail —QO—

Aggregate of

e

Scheme 3. In situ micellization during the hydroboration of long-chain dienes.

)BH ) veoH €
> eq6
()CHCIl3, NaOMe

80%

BH
| | Zn(BHy)»
THF, reflux eq7
5h

Zn(BHy,),
reflux, 5h

g BO
Zn(BHa)2
" e ek
O Lj THF, reflux Aj eq8
5h

10%

Zn(BHa)2
THF, reflux

O - (LD

H
90%

eq9
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. )2BH )2BCl
_Zn(BH> dry HCl,
THF, reflux eq 10
90%
CH,)3B
Zn(BHa4)>
—>Zn(BH4)2 THF, reflux
THF, reflux
85% B
eq 11 8%  eq12
CH=CH,
CH)ZBH
Zn(BH4)>
<:>:CHCH3 i
CH,CH,OH l
2 2 \
Scheme 4
Table 14. Alcohols obtained by hydroboration of olefins with Zn(BH,),.

Entry Substrate Time, h Product % Yieldl
1 1-Dodecene 3 1-Dodecanol 90
2 1-Decene 3 1-Decanol 92
3  5-Decene 4 5-Decanol 85
4 Cyclohexene 4 Cyclohexanol 90
5 1,5-Cyclooctadiene 4 1,5-Cyclooctanediol c85

4-Cycloocten-1-ol (90:10)
6 1,7-Octadiene 1,8-Octanediol 90
7  Ethylidenecyclohexane 4 1-Cyclohexylethanol © 85
2-Cyclohexylethanol (90:10)
8  1-Methylcyclohexene 4 2-Methylcyclohexanol °90
cis:trans=85:15
9 0o-Pinene 4 Isopinocampheol 90
10 B-Pinene 4 Myrtanol 85
11 Limonene 4 Limonene-2,9-diol 85

?[alkene]:[H]=1:2; in refluxing THF. The oxidations were carried out witjfOiNaOH.
®lsolated yield based on reacted olefifield of the mixture.

RCH, H

CH,R eq13
Re=ch Zn(BHa) R\)\B/ H,0,/NaOH

H

RCH,CH,OH

activated ketones to produce optically active
reduction products as reported in the literature
using diisopinocampheylborafier diisopino-
campheylchloroborane (DIP-Chloride*")
(eq 10. Thus, this approach can offer a one-
pot process for asymmetric synthesis.

Recently, B-hydroxydiisopinocampheyl-
borane (IpgBOH), prepared by the hydrolysis
of the hydrido compound, has been employed
as a chemoselective reducing agent for alde-
hydes over ketone$.Oxidation of the
organoboron afforded isopinocampheol in
excellentyield. Curiousl@-pinene produces
a triorganoborane with Zn(Bjj as indicated
by the'’B NMR spectra of the reaction mixture
(eg 13. Oxidation of the triorganoborane
intermediate affords myrtanol.

Hydroboration of limonene also produced
a significant amount of the corresponding
trialkylborane. Presumably, the cyclic
dihydroboration took place first resulting in a
R,BH species, which then hydroborated one
more equivalent of limonene selectively at
the terminal positiongg 19. On oxidation,
the intermediate trialkylborane yields
limonene-2,9-diol and minor amounts of
p-menth-1-en-9-ol.

Interestingly, ethylidenecyclohexane, a
sterically hindered substrate, also produced a
significant amount of the trialkylboron inter-
mediate. Upon oxidation, a small amount
(10%) of the rearranged alcohol, 2-cyclohexyl-
ethanol, was also observed spectroscopically.
It is likely that the initial organoboron inter-
mediate underwent partial isomerization to
the terminal position and yielded the isomer-
ized trialkylborane as a minor product
(Scheme 4. At high temperature such
isomerism—to the terminal position thereby
relieving the steric strain—has been observed
with disiamylborane. These intermediates can
be utilized in several synthetic transforma-
tions following the methods given in the lit-
erature. The simple application of the present
method is summarized ifable 14

3.3.4. Hydroboration of
Alkynes

Alkynes undergo dihydroboration with
Zn(BH,), giving rise to dibora adducts. Oxi-
dation with alkaline hydrogen peroxide pro-
duces the corresponding alcohols in 40-90%
yields g 13& Table 15.%°

Generally, inthe presence of excess alkyne,
monohydroboration results. Unlike other
metal borohydrides, and although Zn(BH
is a basicreagent, itis still able to hydroborate
without the addition of any Lewis acid or
ester. Presumably, the soft Lewis acid nature
of Zn?* ion polarizes the borohydride ion and
generates an electrophilic species which then
reacts with the double bond.
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(39) Narasimhan, S.; Madhavan, S.; Balakumar,

Table 15. Hydroboration of alkynes with Zn(BH,),.2 R.; Swarnalakshmi, SSynth. Commun.
1997 27, 391.
Entry  Alkyne Time (h)  Product Yiek{%) (40) Brown, H.C. Narasimhan, SOrgano-
1 1-Hexyne 3 1-Hexanol 80 @) Eetalh'csﬁgsz 1S 765' Hvar Prasad. K
arasimhan, S.; Ganeshwar Prasad, K.;
; 1 Sg;)g]deecyne 34 11?4Cetigglecanol 8%0 Madhavan, S.Tetrahedron. Lett1995 36,
- - 1141,
4 1-Octadecyne 4 1-Octadecanol 90 (42) Narasimhan, S.; Ganeshwar PrasadOKg.
5  3-Hexyne 4 3-Hexanone 75 Prep. Proced. Intl1993 25, 108.
6 1-Octyne 3 1-Octanol 40 (43) Pefasamy, M.; Satyanarayana, M.
Octanal 60 Tetrahedron Lett1984,25, 2501.
Jalkyne]:[H]=1:2; refluxing THF"Isolated yieldalkyne]:[H]=10:1 (44) Liotta, R.; Brown, H.CJ. Org. Chem1977,
42, 2836.
4. Conclusion (14) Crabbe, P.; Garcia, G.A; Rius, G. Chem. (49) Brown, H.C.; Mandal, A.KJ. Org. Chem.
Soc., Perkin Trans.1973 810. 1977, 42, 2996.
: . - Ki . 46) Brown, H.C.; Chandrasekharan, J.;
In conclusion, Zn(BE), can be used for (15) Yoon, N.M.; Lee, H.J.; Kim, H.K.; Kang, J. ( ’ : L
. R . Ramachandran, P.\J. Am. Chem. S0d.98
the selective reduction of functional groups _ J- Korean Chem. Sot976 20, 59. 110, 1539, 8

under various conditions. The reagent alsgt®) Narasimhan,S.; Madhavan, S.; Ganeshwar i . .
offers an alternative to BMS in hydrogoration Prasad, K.Synth. Commurl997, 27,385, (47) &ha, J.S.; Kam, E.J; Kwon, 9.0, Kwon,

; . S.Y.; Seo, W.W.; Chang, S.VOrg. Prep.
reactions. Its remarkable regioselectivity,(l7) ng;r;s?:rfr;%rl, S.; Palmer, fnd. J. Chem. Proc. Intl. 1995 27, 541.

COUp|eq with a simple workup procedure(w) Namsimhan, S.: Palmer, P.: GaneshwaP!P-Chloride is a trademark of Sigma-Aldrich Co.
makes it more advantageous to use than other” pacaq K.ind. J. Chem1991, 308, 1150.
selective reagents such as 9-BBN in the syR1g) narasimhan, S.; Madhavan, S.; unpublishe@bou'[ the Authors
thesis of several pheromones. results. ) . .
(20) Ingold, C. K.. Shaw, F. RJ. Chem. Soc. Dr_. S. Narasimhan recelveq his Ph.D. de-
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METAL BOROHYDRIDES

As Dr. Narasimhan has described in the preceding

review, zinc borohydride has unique properties.
Unfortunately, it is also not stable long enough to be offered
commercially; hence, it must be prepared in situ.! Aldrich is
pleased to offer the highest quality zinc borohydride precursors
available anywhere. Zinc chloride is offered in powder or bead
form, with total oxygen and water content less than 100 ppm, for
use in the preparation of Zn(BH,), without further purification or
drying. Some of the many recent applications of metal
borohydrides are illustrated here.

Ca(BH,),

Prepared from very dry CaCl, and NaBH,, Ca(BH,), reduces
lysergic acid esters to the corresponding alcohols in 81-85%
yield.? It has also been used by Narasimhan in the reduction of
aliphatic and aromatic esters to alcohols,® and in the regio-
selective hydroboration of terminal alkenes.*

LiBH,

In the presence of TiCl,, LiBH, reduced a-alkyl-B-ketophos-
phine oxides to the corresponding pB-hydroxyphosphine oxides
in good yields and high anti diastereoselectivity.®

o o OH OH
Ph,P. TiCly/CH,Cly, -30°C  Me. - +Me\‘/'\
%Ph LiBH,/THF Y Ph Ph
Me -781t0 0°C Ph,PO Ph,PO
anti syn
90% 10%

Parkin and coworkers employed LiBH, in the synthesis of bis-
and tris(pyrazolyl)hydroborato ligands with bulky triptycyl
substituents. These ligands inhibit formation of 6-coordinate
sandwich complexes and allow freer access to the metal center
in the thallium complexes prepared.® Cotton and other
researchers reported a
potpourri of novel prod-
ucts in the reduction of
TaCly with LiBH, in the

presence of lithium di- N=N
henylformamidinate.” Me-L AN Me

Novel pyrazolyl or bipyridyl HeClurmnN= N Li S g —
complexes with lithium SN HT

borohydride have poten-
tial applications in fuel
cells with controlled and
safe delivery of hydrogen.®

References : (1) Narasimhan, S.; Balakumar, R. Aldrichimica Acta1998, 31, 19.
(2) Valkov, P. et al. Tr. Nauchnoizsled. Khimikofarm. Inst. 1992, 18, 66; Chem.
Abstr. 1994, 121, 134523y. (3) Narasimhan, S. etal. Synth. Commun. 1995, 25,
1689. (4) Narasimhan, S. etal. Tetrahedron Lett. 1995, 36, 1141. (5) Bartoli, G.
etal. ibid. 1996, 37, 7421. (6) Fillebeen, T. etal. Inorg. Chem. 1997, 36, 3787.
(7) Cotton, F.A. etal. Bull. Soc. Chim. Fr. 1996, 133, 711. (8) Reger, D.L. etal.
Inorg. Chem. 1997, 36, 6266. (9) Avdagic, A. etal. Chirality 1997, 9, 512. (10)
Periasamy, M. et al. Tetrahedron Lett. 1997, 38, 7229. (11) Ren, P-D. et al.
Youji Huaxue 1997, 17, 462; Chem. Abstr. 1997, 127, 330953b.

and anhydrous halides

NaBH,

Used so extensively it has become a standard laboratory
reagent! References to applications of NaBH, abound in the
literature; here are only three recent ones:

Surprisingly high
(~90%) de is achieved in
the reduction of the ke-
tone shown here to the
corresponding alcohol.®

A [HFe,(CO),I- spe-
cies was generated in situ
using NaBH, and Fe(CO)
in trifluoroacetic acid.
When reacted with
alkynes, this species led
to the production of cyclobutenediones.’® a,B-Unsaturated
nitriles were reduced chemoselectively to the corresponding
saturated nitriles with BiCl /NaBH,.**

5

Br

Selected Products

Listed below are just a few of the metal borohydrides and
anhydrous halides available from Aldrich. Consult the NEW
Inorganics & Organometallics catalog/handbook for complete
listings and details. Contact your local office today to requesta
copy while our limited supply is available.

Anhydrous Halides

(Extremium ™, water and oxygen <100 ppm; packaged in ampules under argon)

45,684-5  Zinc chloride, beads, -10 mesh, 99.999%
45,011-1  Zinc chloride , beads, -10 mesh, 99.99%
42,943-0  Zinc chloride , powder, 99.999%

42,975-9 Calcium chloride , beads, -10 mesh, 99.99+%
44,970-9 Calcium chloride , beads, -10 mesh, 99.9+%

Metal Borohydrides

38,998-6  Calcium borohydride bis(tetrahydrofuran)

22,235-6  Lithium borohydride , 95%

43,847-2  Potassium borohydride , 99.99%

45,557-1  Potassium borohydride** , 98+%

48,088-6  Sodium borohydride , granules, 99.995%

21,346-2  Sodium borohydride , 99%

45,287-4  Sodium borohydride** , AF granules, 10-40 mesh, 98%
45,288-2  Sodium borohydride** , powder, 98%

**Morton International Products. Extremium is a trademark of Sigma-Aldrich Co.
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New Arylboronic Acids

The number of
commercially
available aryl boronic
acids has grown rap-
idly due to their
increased use as in-
termediates in the
Suzuki coupling re-
action. The popular-
ity of this palladium-mediated reaction, which combines
arylboronic acids and aryl halides or triflates to give  47,377-4  3,4-Difluorophenylboronic acid , 50 wt.%
biaryl compounds, is largely responsible for the solution in THF/water (90:10)
explosive growth in t.he chemlstry of arylboronic ac@s. 48.468-7  3,5-Difluorophenylboronic acid , 50 wt.%
Several excellent reviews are available on the formation CNEWTS solution in THF/water (90:10)
of biaryl compounds via arylboronic acids.'?

Listed here are some recent additions to our line of 45,553-9  4-Ethoxyphenylboronic acid , 97%
arylboronic acids. For a complete listing of arylboronic
acids available from Aldrich, visit Aldrich Organome-  45,554-7  Ferroceneboronic acid , 95%
tallics on the web at www.sial.com/aldrich/ ANEW,
organometallics/ . If you would like us to list other ~ #6:491-0  2-Furanboronic acid , 95%
boronic acids, please forward your suggestions to
crecatto@sial.com or call 1-800-771-6737 ext. 5253.
(1) Stanforth, S.P. Tetrahedron1998, 54, 263. (2) Tonks, L.; Williams, 47,379-0 trans-B-Styrylboronic acid, 97%

J.M.J. Contemp. Org. Synth. 1997, 4, 353. (3) Miyaura, N.; Suzuki, A.
Chem. Rev. 1995, 95, 2457.

3-Acetylphenylboronic acid
4-Acetylphenylboronic acid, 97%

3,4-Dichlorophenylboronic acid , 50 wt.%
solution in THF/water (90:10)

2,4-Difluorophenylboronic acid , 97%

2,6-Difluorophenylboronic acid , 98%

46,509-7  Pentafluorophenylboronic acid

Organic Syntheses via Boranes
_voumel

his reprint of H. C. Brown'’s classic book on the use of boron reagents in
organic synthesis is now available from Aldrich! This is the first volume
in a series of books on organoboron chemistry to be published by Aldrich.

Volume 1 contains information and procedures for hydroboration with
borane and borane derivatives, carbon-carbon bond formation via boranes,
and various other organic conversions using boron reagents.

Volume 2 focuses on recent developments in organoboron chemistry and
will be available in late 1998. Future volumes will cover topics such as
asymmetric synthesis and hydride reductions with organoboranes.

Start collecting now by adding this classic to your library!

Organic Syntheses via Boranes, Volume 1
Z40,094-7
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Introducing:

A SUPERIOR OXIDANT

Magtrieve ™ a superior
oxidizer of organic compounds, is
now available exclusively from
Aldrich for research and develop-
ment applications. Magtrieve™ is
more effective than activated MnO,
in many reactions, as shown in the

examples on the right.

It is also:
» Selective
* Recoverable
* Reusable

* a Heterogeneous Reactant

and affords:
 High Yields

» Simple Workups

A particularly notable application
of Magtrieve™ is the smooth oxida-
tion of primary alcohols to alde-

hydes without overoxidation.

Reference: Lee, R.A.; Donald, D.S. Tetrahe-
dron Lett. 1997, 38, 3857.

H3C\ I
~C=CHCH,CH,—C=CHCH,OH

CHg3(CH3)gCH,0OH

CHj

HaC_
,C=CHCH,0H
HsC

CH,OH

OH

HC-C—CHs
CHj

Magtrieve ™

toluene, reflux, 5.5h

MnO,

toluene, reflux, 5.5h

Magtrieve™

CHClg, reflux, 4h

MnO,
CHCl,, reflux, 5h

Magtrieve™

CHCly, reflux, 4h

MnO,
CH,Cly, reflux, 4h

Magtrieve™

CH,Cly, reflux, 2h

MnO,
CH,Cly, reflux, 3h

Magtrieve™
toluene, reflux, 6h

MnO,

toluene, reflux, 6h

1l
CH3(CH2)7CH2 =C=H

95%

<10%

90%

77%

O

HsC_ I
C=CH-C-H

H3C
90%

70%

95%

60%

HyC-C—CHs
CHs

61%

<10%

48,003-7 Magtrieve ™

Assay: 98% as CrO,, specific surface area ~30m?/g, magnetic moment =38 emu/g. A Du Pont Films product.

Magtrieve is a trademark of E.I. Du Pont de Nemours & Co., Inc.
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Small Sample Service

Are you tired of spending
more time weighing out reagents

than doing your research?

Why order a 25-g bottle
when you only need 500 mg?

With the Small Sample Service you get to choose:

* Products « Amounts < Packaging (Vials or Titerplates)
f you find yourself asking these Key features of this program are:
questions again and again, Aldrich
has the solution for you. Aldrich of-
fers the Small Sample Service
(also known as Combikits™), which
allows researchers to purchase the
compounds they need from Aldrich,

 Flexibility: ideally suited for the
highthroughput and combinatorial
chemistry markets.

* No minimum order: researchers

looking for small samples of one
to ten compounds can benefit from

Fluka, Sigma, and the Library of - this service.

Rare Chemicals (SALOR) inquan- — = = . . - Reduces waste: little or no un-
tities smaller than the prepackaged used product to store or discard.
sizes featured in our catalogs. . Saves time.

For more information or to receive a quote, please send us a list of catalog or CAS registry numbers
of the products you are interested in, or contact the Product Manager by phone at 1-800-252-1879, fax at
414-298-7958, or e-mail at bseitz@sial.com .

Combikits is a trademark of Sigma-Aldrich Co.

Tax-Paid Ethanol ]

Now Available in the U.S. from Aldrich... Hassle-Free, Tax-Paid Ethanol

49,351-1 Ethyl alcohol , 190 proof, 95+%, A.C.S. spectrophotometric grade
45,984-4  Ethyl alcohol , absolute, 200 proof, 99.5+%, A.C.S. reagent
45,983-6 Ethyl alcohol , anhydrous, 200 proof, 99.5+%

E 7148 Ethanol , 190 proof, molecular biology grade
E 7023 Ethanol , absolute, 200 proof, molecular biology grade

To place your order, please call 1-800-558-9160 (USA) or your local Sigma-Aldrich office.
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From the

Aldrich

Dookshelf

Asymmetric Catalysis in
Organic Synthesis

Chiral Separations: Applications
and Technology

Organometallics in Synthesis:
A Manual

R. Noyori, John Wiley & Sons, New York,
NY, 1994, 377pp. Text covers basic prin-
ciples of asymmetric catalysis with empha-
sis on its synthetic significance. Chapters
include: Homogeneous Asymmetric Hydro-
genation, Enantioselective Isomerization of
Olefins, Asymmetric Catalysis via Chiral
Metal Complexes, and Enantioselective
Addition of Organometallic Reagents to
Carbonyl Compounds.
725,036-8

Asymmetric Synthesis:
Construction of Chiral Molecules
Using Amino Acids

G.M. CoppolaandH.F. Schuster, John Wiley
& Sons, New York, NY, 1987, 393pp. Fo-
cuses on the use of amino acids and their
second-generation derivatives in the pro-
duction of chiral reagents, intermediates,
and final products.

716,762-2

Asymmetric Synthetic
Methodology

D.J. Ager and M.B. East, CRC Press, Boca

Raton, FL, 1996, 483pp. Describes asym-

metric synthesis in an industrial chemistry

environment. Provides methodology to

perform specificasymmetric transformations

with emphasis on scope and limitations.
Z727,403-8

Catalytic Asymmetric Synthesis

1. Ojima, Ed., VCH Publishers, 1993, 476pp.
Provides detailed accounts of the most im-
portant catalytic asymmetric reactions,
including asymmetric hydrogenation, asym-
metric dihydroxylation, asymmetric reactions
with chiral Lewis acids, isomerization,
cyclopropanation, oxidations, hydrocarbonyl-
ations, hydrosilylation, carbon-carbon bond
forming reactions, phase-transfer reactions,
and Lewis acid catalyzed reactions.

Z225,157-7

S. Ahuja, Ed., American Chemical Society,
Washington, DC, 1996, 368pp. Combines
theory and practical applications of chiral
technology. Discusses new methods of
asymmetric synthesis and chiral resolution.

728,818-7

The Encyclopedia of Reagents
for Organic Synthesis

L.A. Paquette, Ed., John Wiley & Sons, New
York, NY, 1994, 6,000pp. Presents the
facts in a "pros and cons" assessment of
each reagent to give the complete picture.
Where applicable, each entry includes: ex-
emplary transformations recognized for the
reagent—uwith illustrations; comparison of
the specific properties of the reagent with
those of other agents capable of equivalent
chemistry—uwithillustrations; stereo-, regio-,
and enantiocontrol qualifications (where
pertinent)—with illustrations; and cautions
associated with the use of the reagent.

8-Volume Set 224,805-3

The Impact of Stereochemistry
on Drug Development and Use

H.Y. Aboul-Enein and |.W. Wainer, Eds.,
John Wiley & Sons, New York, NY, 1997,
736pp. Presents the analytical, pharmaco-
logical, and regulatory dimensions in deal-
ing with the theory and practice of
stereochemistry.

728,762-8

The Organic Chemistry of Drug
Design and Drug Action

R.B. Silverman, Academic Press, San Diego,
CA, 1992, 422pp. This volume emphasizes
the organic chemical aspects of medicinal
chemistry and focuses on the design, devel-
opment, and action of drugs. Other chap-
ters cover receptors, enzymes, DNA, drug
metabolism, prodrugs, and drug delivery
systems.
Z724,320-5

M. Schlosser, John Wiley & Sons, New
York, NY, 1994, 750pp. Softbound. Con-
tains detailed procedures and useful hints
for organometallics that allow for the best
stoichiometric or catalytic reactions.

725,284-0

Organozinc Reagents in Organic
Synthesis

E. Erdik, CRC Press, Boca Raton, FL, 1996,
411pp. Handbook providing applications of
organozinc compounds in organic synthe-
sis. Contains over 900 equations, schemes,
tables, and figures.

Z28,012-7

Reductions in Organic Synthesis

A.F. Abdel-Magid, Ed., American Chemical
Society, Washington, DC, 1996, 217pp.
Detalils the synthetic applications of borane
reagents and organoboron compounds in
asymmetric reductions.

Z228,251-0

Reductions by the Alumino- and
Borohydrides in Organic
Synthesis

2nd ed., J. Seyden-Penne, John Wiley &
Sons, New York, NY, 1997, 224pp. Ex-
panded edition is organized by type of re-
duction and emphasizes four aspects of
reagent selection: compatibility, possibility
of partial reduction, regio- and stereo-
selectivity altered by neighboring groups,
and asymmetric reduction. Explores best
methods as well as new reagents devel-
oped for selective reductions.

Z40,496-9
Stereoselective Synthesis

R.S. Atkinson, John Wiley & Sons, New
York, NY, 1995, 600pp. Covers the majority
of reaction types used in stereoselective
synthesis. Introduces a simplified classifi-
cation for reactions based on the number of
chiral centers. 726,175-0
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Scientific Glassware ...clearly the finest

Ace Vacuum Manifold System —  Aldrich Dimple Flasks

Set includes size- These flasks are designed to permit complete removal of liquids
matched components using non-coring type syringe needles, gauges 12 to 20, that are used
with #15 Ace-Threds for for piercing rubber septa. A small indentation or "dimple" at the bottom
easy assembly of
vacuum system. Order
1/2 in. i.d. vacuum tub-
ing separately below.

Syringe

Components in System:

¢ 1 Vacuum manifold,
dual bank, 3-port with
5-ring medium hose
barb connections, and
greaseless, 0-4mm,
double-action, high-
vacuum Teflon® stop-

Conventional
Flask

cocks of the flask acts as a reservoir to collect liquids which may then be
« 1 Mineral oil bubbler, drawn off via syringe. The dimple is small enough that it does not
adjustable interfere with the use of egg-shaped magnetic stirring bars.
» 1 Vacuum trap, F 14/20 joint 'F 24/40 joint
adjustable Cap. (mL) Cat. No. Cat No.
e 4 UHDP (ultra-high- 25 Z40,632-5 --
den5|ty-polyethylene) 50 740,633-3 _
tubing connectors for
1/2 in. i.d. vacuum 100 740,634-1 Z740,636-8
tubing 250 -- 240,637-6
« 2 Nylon plugs 500 -- Z40,638-4
Ace Vacuum Manifold 1,000 - Z40,639-2
System, complete
Z28,607-9 Aldrich 5-Position
i in.i = &S
Nalgene 180 VaCL;JZrETSLng]?, 1/2-in.i.d., 1pkg = 10ft NMR Tube Cleaner SyStem

Washes up to five 5-mm (0.d.) x 7-in. (I) NMR tubes
at once. NMR tube caps can be used to plug holes if
less than five tubes are to be cleaned. Cleaning sol-
vent is pulled from an external container via PFA tube,
eliminating repetitious filling of side-mounted reser-
voirs. Note: Bottle for cleaning solvent is not sup-

N
plied.

« Totally inert—cleaning solvents contact only
borosilicate glass, PTFE, and PFA.

Aldrich SAFE-PURGE Valves

For the safe and efficient purging of reaction vessels
with inert or process gases. Vessel, vacuum, and purge
gas lines connect to 10-mm o.d. valve inlets.

« Built-in check valve prevents oil
and air from being pulled into
system

» Rear hose connector vents
toxic gases from bubbler to
fume hood

=
* Top PTFE tube holder provides a vacuum- I

tight seal.

Sturdv. hiah-perf . * No ground glass joints to freeze; no grease con-
« Sturdy, high-performance construction tamination.

With manually adjustable Teflon® valve - Modular components are easy to replace.

Z722,532-0 o
With spring-loaded automatic valve Description Cat. No.
Z722,533-9 NMR tube cleaner system, Z28,838-1
complete
AIdrICh COId Tra‘pS A. Traps with '$55/50 joint B. Traps with 50-mm O-ring joint
Large-capacity traps with remov- Bulb Complete Bulb Complete
able cold fingers and choice of $55/ Cap. (mL) Cat. No. Cap. (mL) Cat. No.
50 joint or 50-mm O-ring joint. Traps 500 710.310-1 500 710.690-9
with O-ring joint include pinch clamp. 1,000 228:450-5 1,000 228:452-1

Teflon is aregistered trademark of E.I. Du Pont de Nemours & Co., Inc.
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SUPERIOR
SOLUTIONS

FOR KARL FISCHER TITRATION

HYDRANAL® Reagents

The HYDRANAL® line of
reagents and water stan-
dards for Karl Fischer mois-
ture determinations is now
available directly from
Riedel-de Haén through
Aldrich. Free of pyridine,
carbon tetrachloride, and
2-methoxyethanol,
HYDRANAL®-KF reagents
and water standards pro-
vide fast, accurate results
without compromising labo-
ratory safety.

The HYDRANAL® prod-
uct line encompasses over two dozen patented volumetric
and coulometric reagents including several single-compo-
nent reagents such as HYDRANAL®-Composite 5 , one of
the world's most widely used KF reagents. There are also
products for two-component titrations, including
HYDRANAL®-Titrant 5, HYDRANAL®-Solvent CM , and
HYDRANAL®-Coulomat A . A wide selection of certified
water standards for quality control, validation, and standard-
ization is also available.

In the USA, pricing and ordering information for
HYDRANAL® reagents and water standards are available
directly from Aldrich at 800-558-9160. Product information
and applications assistance may be obtained by contact-
ing the HYDRANAL®-Technical Center at 800-HYDRANAL

(800-493-7262). . ..
Riedel-deHaéen®

Riedel-de Haén Laboratory Chemicals
HYDRANAL® Technical Center

3050 Spruce Street, St. Louis, MO 63101
Phone: 1-800-HYDRANAL FAX: 314-286-6699

Outside the USA, contact:
Riedel-de Haén, AG

P.O. Box 100262
D-30918 Seelze, Germany
Phone: (05137) 999-0 FAX: (05137) 999-123

HYDRANAL is a registered trademark of Riedel-de Haén, AG. Riedel-de Haén®: trademark under license from Riedel-de Haén, GmbH.



Aldrich Expands lts Offerings of
13C- and "*N-Labeled Compounds

Aldrich, the world’s leading manufacturer of deuterated NMR solvents, is now
your one-stop source for stable isp'E)pes. We are pleased to o_tfer 66? customers
an even broader range of *C- and **N-labeled products following an ag'ree‘zment
with mﬂv:—the world’s leading manufacturer of 1*C- and 15N-1al5eled prod-
ucts. This agreement makes Aldrich the exclusive worldwide source que earch
quantities of /SO TELmc:s *C- and *N-labeled compounds. IRy

Some of the product categories we offer are:
[J New *C- and **N-labeled product_s_

I A wide range of labeled gases

(] New deuterated compounds bt

"1 Expanded NMR solvent listings

To find out about these and other labeled products, visit our Stable Isotopes
Web site at www.sial.com/aldrich/stable isptqpes/ or contact our Technical
Services Department: P.O. Box 355, Milwaukee, WI 53201 USA; Telephone_
800-231-8327; Fax 414-287-4079; Web S|te www.aldrich.sial.com.

ALDRICH CHEMICAL COMPANY, INC. OLKRATE
P.O. BOX 355 U.SPOSTAGE
MILWAUKEE, WISCONSIN 53201 USA PAID

MILWAUKEE, WISCONSIN
PERMITNO. 552

ALDRICH
®
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| /©j Important synthons

N CH50 N which have been used
cHo M H to prepare a number
of biologically active compounds. Examples include the
preparation of apoyohimbines,® 3-(tetrahydropyridinyl)-
indoles,? and platelet activating factor antagonists.®
(1) Leonard, J. etal. Tetrahedron Lett. 1997, 38, 3071. (2) Gharagozloo,
P. et al. Tetrahedron 1996, 52, 10185. (3) Sheppard, G.S. etal. J. Med.
Chem. 1994, 37, 2011.
11,398-0  7-Methoxyindole , 97%
13,985-8 6-Methoxyindole , 98%

N ~CHs A number of
@ U biologically active
N* CHBr-HBr  CI” 'N heterocycles have
been prepared from these pyridines. Examples
include tachykinin NK, receptor antagonists and
endothelin receptor antagonists.!3
(1) Smith, P. W. etal. J. Med. Chem. 1995, 38, 3772. (2) Huang, L. J.
et al. Chem. Pharm. Bull. 1992, 40, 2547. (3) Neidhart, W. et al.
Bioorg. Med. Chem. Lett. 1997, 7, 2223.
49,104-7  2-(Bromomethyl)pyridine hydrobromide
98%
6-Chloro-3-picoline , 98%

49,532-8

|
o] O
@%OL e a4
N N )
1 Ph HeC—\ 2 CHs
Ph CHg HsC

Bisoxazoline 1 has been used to prepare a catalyst used
for the hetero- and carboannulation of allenes.! It has also
been used to prepare a catalyst for highly stereoselective
iron-mediated enediene carbocyclizations.? A catalyst for
highly enantioselective hydrosilylation of ketones and for
C-H insertion reactions has been prepared from ligand 2.3

(1) Larock, R.C.; Zenner, J.M. J. Org. Chem. 1995, 60, 482. (2) Takacs,
J.M. et al. J. Org. Chem. 1995, 60, 3473. (3) Nishiyama, H. et al.
Organometallics 1991, 2, 500.

49,530-1 [R(R*, R*)]-(+)-2,2-Isopropylidenebis(4-
benzyl-2-oxazoline), 95%
47,749-4  2,6-Bis-[(4 R)-(+)-isopropyl-2-oxazolin-
2-yl]pyridine , 99%
HaC Cyclooxygenase and 5-lipoxygenase
W inhibitors have been prepared from this

N< .
O  CO.H jsoxazole.
Flynn, D.L. et al. J. Med. Chem. 1991, 34, 518.

48,968-9  3-Methyl-5-isoxazoleacetic acid , 98%

New Products...........o.coooooovvenn.

A variety of 3-substituted benzothiophenes Br
have been prepared via lithiation of this ©|\—/\(
compound. Examples include the S

trifluoromethyl ketone and the boronic acid.*?

(1) Kerdesky, F.AJ.; Basha, A. Tetrahedron Lett. 1991, 32, 2003.
(2) Thompson, W.J. et al. J. Org. Chem. 1988, 53, 2052.

49,497-6  3-Bromothianaphthene , 95%

This pyrrolidinyl phosphine has been used C\ ,3
in the multigram synthesis of phos- N.p-N
N

phorodithioate DNA.
Wiesler, W.T.; Caruthers, M.H. J. Org. Chem. 1996, \ /
61, 4272.
49,392-9  Tris(1-pyrrolidinyl)phosphine ,97%
. e H
Used in the purification of A~UN~
chemical libraries by comple- ®/\H NH2

mentary molecular reactivity and molecular recognition
(CMR/R) strategies.* Immobilizes RCHO, RCO,H, RCOCI,
and anhydrides.? Simple filtration and evaporation yields
highly pure (95+%) products.® Now available in two
different loadings.

(1) Flynn,D.L. etal. J. Am. Chem. Soc. 1997, 119, 4874. (2) Parlow,

J.J. et al. J. Org. Chem. 1997, 62, 5908. (3) Parlow, J.J. et al.
Tetrahedron Lett. 1997, 38, 7959.

47,978-0 Diethylenetriamine , polymer-bound ,
2.5-3.0 mmol N/g
49,438-0 Diethyl enetriamine , polymer-bound ,

4.0-5.0 mmol N/g

Employed as a high-capacity acid
scavenger in parallel purification of
reaction solutions. Often used in
conjunction with other polymeric scavengers such as
polymer-bound isocyanates to yield highly pure products.

Booth, R.J.; Hodges, J.C. J. Am. Chem. Soc. 1997, 119, 4882.
49,381-3

CHZ—N/_\O
(P)-cH—N_

Morpholine , polymer-bound , 2.75-3.25
mmol N/g, 1 % cross-linked, 200-400 mesh

This protected pipecolinic acid has been used
to prepare B-turn mimics and the natural

o N ~COzH
product (+)-d-coniceine.® bz
(1) Genin, M.J. et al. J. Org. Chem. 1993, 58, 860.

(2) Martin-Lopez, M.J.; Bermejo-Gonzalez, F. Tetrahedron Lett. 1994,
35, 4235.

49,502-6  1-(Carbobenzyloxy)-2-piperidinecarboxylic

acid, 97%
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About Our Cover

int Cecilia and an Ange(oil on

nvas, 34 5/8 x 42 1/2 in.) depicts

ecilia, athird-century Roman Chris-
tian. According to legend, she, her husband,
Valerian, and his brother suffered martyrdom
for their faith. It was said that Cecilia was so
close to Heaven that she could hear the singing
ofthe angels, and that her soul was so filled with
Heavenly music that she invented the organ in
order to express it. Consequently, she came to
be regarded as the patron saint of music.

Although Saint Cecilia and an Angel
traditionally has been attributed to Orazio
Gentileschi (1563-1639), inconsistencies in
the handling of the paint in various parts of the
picture suggest that it was executed by not one,
but two artists. As early as 1662 the name of
Giovanni Lanfranco (1582-1647) was linked
to the picture, and recent stylistic analysis and
a rereading of the records documenting its
provenance confirm that much of the painting
was executed by Gentileschi before its comple-
tion by Lanfranco.

Study of X-radiographs, pigment analyses,
and X-ray fluorescence also support this con-
clusion, but differences can be detected even
with the naked eye. The fluid brushwork of the
sleeves and boneless rubbery hands are both
characteristic of Lanfranco’s style, in contrast
tothe more literal representation of Gentileschi.
The picture also shows the influence of
Caravaggio, who used ordinary people rather
thanidealized types as models and showed them
at close range emerging from a neutral space
into a strong light, heightening both the real-
ism and the expressiveness of the subject.

This painting is part of the Samuel H.
Kress Collection at the National Gallery
of Art.
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A Useful Technique for
Creating and Maintaining
Inert Atmospheres
Simultaneously Within a
Large Number of Reaction
Vessels

Here is an interesting and effective method for
providing respite from the cumbersome process
of purging alarge number of reaction vessels with aninert
gas (i.e., N, Ar, etc.), and maintaining a positive (inert
gas) pressure in all of them throughout the reaction
process. Inourlaboratory, we carry out a large number of
assays on the oxidative abilities of novel peptide ligand
systems complexed with a number of different metal
atoms. In order to assess each ligand's oxidative
potential properly, all possible combinations of metal,
ligand, oxidizing agent, and substrate must be examined
in detall (as well as the necessary control environments).
Needless to say, it is not unusual to be running 10-20
concurrent tests on any given day. The need to create
and maintain an oxygen-free environment in each of
these vessels is crucial in the determination of the
effectiveness of each possible combination of
components (in orderto be assured that the oxygen atom
was donated by the oxidizing agent). The purging
process required to prepare and maintain this large
number of separate inert atmospheres leads to awaste
of valuable time, and can be shortened considerably
through the use of the following apparatus.

The design of this apparatus is based essentially on
the premise that a single source of positive pressure can
be used to create and maintain inert environments in
each of the reaction vessels (either from a balloon or
directly from a tanked source). In prior reaction
preparations and procedures, we have had to purge each
reaction vessel separately, with each requiring its own
source of positive pressure. Also, during the course of a
reaction sequence in which separate balloons are used
for individual reaction vessels, the chance that one of
the balloons will pop (thereby violating the integrity of the
enclosed inert atmosphere) is much greater than if only
one source consisting of two balloons were used for all
the vessels.

The apparatus consists of a single source of inert
gas, comprised of two latex balloons equipped with
backflow inhibitors. This arrangement insures the
preservation of atmospheric integrity should one of the
balloons pop—inwhich case it prevents gas loss through
the hole created in the system—and maintains a positive
pressure inside the reaction vessels. This gas
introduction system is connected to a series of

Tygon is a registered trademark of Norton Co.

< | _ab Notes

continuously branching tubes (through the use of 3-way
plastic tees), each terminating in the “bottom” of a 1-mL
slip-tip syringe whichiis fitted with a 10-gauge needle. The
needle istheninserted into the septum at the top of the
reaction vessel (usually a 16 x 125 mmtesttube).

There are many other reasons for utilizing this appa-
ratus besides its obvious, timesaving benefits. The use
of balloons as the providers of positive inert pressure
during extended-ime reactions considerably reduces the
amount of gas used as compared with the amount that
would be needed if the “constant flow” method is em-
ployed.

Schematic Representation of Device

Latex balloon
(inert atmosphere)

Latex balloon
(inert atmosphere)

1 cc slip-tip
syringe bottoms

10 gauge Test tubes capped
needles with rubber septa

Steve Flemer, Jr., Graduate Student
Department of Chemistry

University of Vermont

P.O. Box 5752

Burlington, VT 05402

Please turn to page 65 for another Lab Note
selection entitled “Separating DMF from Alkylated
Nucleosides by Silica Gel Column Chromatography”.

To request your FREE subscription to the
Aldrichimica Acta,
please call: 800-558-9160 (USA)

or write: Attn: Mailroom
Aldrich Chemical Co., Inc.
P.O. Box 355
Milwaukee, W1 53201-9358

International customers, please contact your
local Sigma-Aldrich office.

The Aldrichimica Acta is also available on the
Internet at http://www.sial.com/aldrich/acta/
index.htm.

Aldrich brand products are sold through Sigma-Aldrich, Inc.
Sigma-Aldrich, Inc. warrants that its products conform to the
information contained in this and other Sigma-Aldrich
publications. Purchaser must determine the suitability of the
product for its particular use. See reverse side of invoice or
packing slip for additional terms and conditions of sale.

“Please
Bother
Us.”

by

Jai Nagarkatti, President

Dr. Henry Rapoport of the University of
California, Berkeley kindly suggested that we
make this carbodiimide (BDDC). Itis an at-
tractive alternative to dicyclohexylcarbodiimide
(DCC) or diisopropylcarbodiimide (DIC) for
peptide coupling reactions or O-acylations. An
important advantage of BDDC versus DCC
or DIC is that the urea byproduct formed
during the coupling reaction is easily removed
using a mild acid wash, alleviating the need for
chromatographic purification of the product.

Gibson, F.S.; Park, M.S.; Rapoport, H. J. Org. Chem. 1994, 59,
7503.

48,2129  1,3-Bis(2,2-dimethyl-1,3-dioxolan-4-

ylmethyl)carbodiimide, 95%

Naturally, we made this useful reagent. It was no
bother at all, just a pleasure to be able to help.

0 you have an innovative shortcut or unique

laboratory hint you'd like to share with your
fellow chemists? If so, please send it to Aldrich
(attn: Lab Notes, Aldrichimica Acta). For submit-
ting your idea, you will receive a complimentary,
laminated periodic table poster (Cat. No. Z15,000-
2). If we publish your Lab Note, you will also
receive an Aldrich periodic table turbo mouse pad
(Cat. No. Z24,409-0). It is Teflon®-coated, 8% x
11in., with a full-color periodic table on the front.
We reserve the right to retain all entries for future
consideration.

Teflon is a registered trademark of E.I. Du Pont de Nemours & Co., Inc.
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Benzotriazole-Based Intermediates: Reagents
for Efficient Organic Synthesis

Alan R. Katritzky* and Sergei A. Belyakov
Center for Heterocyclic Compounds,
Department of Chemistry
University of Florida
Gainesville, FL 32611-7200, USA
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H ® X@ \ Y

X H
1. Introduction M \ / 3

typical when typical when
During the last decade benzotriazole- X =NRy, OR, SR : N X = Halogen, OTs, OH

o

mediated synthetic methodology has
developed rapidly and has now become an
important synthetic tool for many chemical )V
processes, including multistep preparations X Y
ofdrugs, biologically active compounds, and 1
synthetic analogs of natural products. The
multifaceted nature of benzotriazole

intermediated is embedded in their versatile lf ﬂ %I

electronic character: in many cases the

benzotriazole heteroring can act as an N N
electron-donating or electron-withdrawing W N N
moiety, depending on the type of substituent N/’) N N

that is attached to nitrogetScheme 1) Q) N &
Many applications of benzotriazoles depend Ny HY C v XQHY
both on the good leaving ability of the X H
benzotriazole moiety upon displacement with good leaving ) ity electron donor
; ) . proton acidi
gﬁﬁfr?gggwiit ;”d on the-proton acidity ability enhancement ability (when Y = H)
This review aims to highlight a few of the
numerous benzotriazole-based reactions
Scheme 1

which can be carried out with commercially
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Me-N
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)~Me
4h
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/~NHj3Ci
R
7
R = alkyl; aryl;
aralkyl; hetaryl
65-93%
1. NH3 (aq)
2. HCI/Et,O
RY RL|
R/\ H NaOH (aq)
8
R = aryl; R! = alkyl
55-65%
R-NCO

N-R?
R/\N"
9
R, R! = alkyl; aryl
61-85%

Bt

Bt N
Bt) >
HN
Me-N 4e
O @
49
Scheme 2
P
/N
o )
5
R MgX
or RLi
Ph
(6]
Q R = Me
P —
N 5% n-gt
R
6 12
R = Ph
CS,
R1-CHO
3 S
/LC-R! ,C
R/\N
10

R, R! = alkyl; aryl

68-83%

Scheme 3

available benzotriazole derivatives, and which
enable the efficient preparation of many key
classes of organic compounds. It thus
supplements our recent comprehensive
review on benzotriazole chemistry. The

present review is organized into sections
outlining the scope of the reactions used in the
preparation of particular series of compounds.

2. Synthesis of Amines and
Amine Derivatives

The preparation of amines using the
benzotriazole methodology is particularly
well-studied, and numerous routes involving
benzotriazole as a leaving group in
carbon-carbon bond-forming reactions are
known. Primary, secondary, and tertiary amines
can all be prepared successfully in high yields.
Structures of some commercially available
benzotriazole-aldehyde-amine adducts are
given below(Scheme 2)

Primary amines of typé can be obtained
starting with the reactions of Betmip,
1-(triphenylphosphoroylideneaminomethyl)-
benzotriazolé€5), with a variety of Grignard or
organolithium reagent¢Scheme 3) The
resulting phosphazene$ are hydrolyzed
directly to primary amine¥ in a one-pot
reaction?* Various amine derivatives—
carbodiimide9, Schiff base$0, isothiocyanate
11, aziridinel2—are also readily available via
Betmip (Scheme 3}+

Secondary amines can be synthesized
efficiently starting from the adducts of
benzotriazole, an aldehyde (aliphatic, aromatic,
or heteroaromatic) or sometimes a ketone, and
a primary amine (aliphatic or aromatic). In
general, successful replacement of the
benzotriazole moiety in systems of type
Bt-C-N in reactions with a wide variety
of nucleophiles, including unstabilized
carbanions (organometallics) and sodium
borohydride, depends on the existence of an
equilibrium between benzotriazole addu@s
(and their 2-isomers4) and the ion pair$5
(Scheme 4)The immonium cations are formed
most easily in polar solvents; otherwise, the
equilibrium may be shifted by heating in
nonpolar media. Treatment of addudi3
(X = H) with Grignards or with sodium
borohydride affords numerous aliphatic,
aromatic, or heteroaromatic secondary amines
in good to excellent yield§Scheme 5}%
Secondary amine8 can also be made by
treating the intermediate phosphazetwith
alkyl iodides followed by hydrolysis with
aqueous sodium hydroxid&cheme 3f*

Benzotriazole derivativd.3 (Scheme 5,

R =H, R=CH,Bt) is a valuable intermediate
for the preparation of symmetrical secondary
aminesl8.°Onthe other hand, unsymmetrical
secondary amines can be prepared starting
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Tz

/X D
g N
Y
13 \ / 14
= 5 -
N
N
T X
/:N\@
R Y
Scheme 4
R2 Rl Bt Rl ,Rl
%N\ R2MgX >_N' NaBH, —N
R H ~— R H — R H
16 13 (X = H) 17
pl p2 — .
R; R; R? = alkyl; R; Rl = aryl;
cycloalkyl; aryl; ) hetaryl
aralkyl; hetaryl R N H R“MgX, 68-98%
62-95% R*=CHBt | or R2Lj
RZ
\—NH
\_R2
18
R? = alkyl; aryl;
aralkyl
45-75%
Scheme 5
ge RL
p— I_
1. Bt I Me >_NH
19 Me RS \—R2
2. R®MgX 20
1. p2. p3 = ]
RL _N. RZ 3. H,0 N R*; R%; R° = alkyl;
SN N > aryl;aralkyl
60-93%
Scheme 6

with the reaction of imines with 1-trimethyl-
silylbenzotriazole(19) (Scheme &) the
intermediaté\-silylated benzotriazole adducts
are treated in situ with Grignard reagents and
then hydrolyzed to form secondary ami@6s

in good yields?

A large variety of symmetrical, partly
symmetrical, and nonsymmetrical tertiary
amines is particularly easily available from
adducts 13 by displacement of the
benzotriazole moiety with carbanions
(Grignard, organolithium, organozinc reagents)
or with sodium borohydridé€Scheme 71116
The use of a water-tolerant catalyst system
(BIiCI_/Al) allows alkyl halides to be employed
for the preparation of tertiary amines in
aqueous medigScheme 7}"18

Symmetrical tertiary amines can also be
prepared in high yields using benzotriazole
derivatives of type RN(CJBt), or N(CH,Bt),
(Scheme 7)Reactions of the adducts, derived
from benzotriazole, formaldehyde and a
primary amine or hydroxylamine, with
Grignard reagents lead to tertiary amines with
two identical substituent23. Similarly,
N(CH,Bt), affords tertiary amines with three
identical substituent24.°

3. Benzotriazoles as Formyl and
Acyl Anion Equivalents

Although many formyl and acyl anion
equivalents are extensively documented, the
use, inthisregard, of benzotriazole derivatives
of types25 (Scheme 8and30 (Scheme 9)
offers a number of advantages: convenient
availability of starting materials, adequate
reactivity towards electrophiles, and mild
hydrolysis conditions. (Benzotriazol-1-yl)-
methoxymethanf5)(Scheme 8R?=Me) is
a versatile formyl anion synthon: it can be
efficiently converted into benzotriazolyl-
containing ethers of typ26. Upon treatment
with methanol in the presence of
p-toluenesulfonic acid, substitutedd-heth-
oxyalkyl)benzotriazole26 (R? = Me) smoothly
give the corresponding dimethyl acetafsin
good yieldst® 1-(a-Phenoxyalkyl)benzo-
triazoles (26) (R? = Ph) produce the
intermediate acetate8, which are directly
converted into the appropriate acetoxymethyl
ketones29 after elimination of phend®.

In general, (benzotriazol-1-yl)phenoxy-
methang25) (R? = Ph) can be considered an
acyl anion equivalentt Two lithiation
reactions, each followed by reaction with a
different electrophile, produce the intermedi-
ates30and31, respectively. In turn, ethegd
may be hydrolyzed directly to ketone
derivatives 32-34 (Scheme 93'2® The
pathways ofScheme 9allow the efficient
conversion of aldehydes to functionalized
ketones; the corresponding simple ketones,

Aldnchimica Acta vol. 31, No. 2, 199837



RS R! RPMgX; R
N or R®-X Bt, R! N
R>_ R2 (BIC4/Al) N NaBH, 4 o
21 —~~— R R - 22
R; RL; RZ; R3= alkyl; 13 R; RY; R2 = alkyl;
cycloalkyl;aryl; cycloalkyl; aryl;
aralkyl; hetaryl; aralkyl; hetaryl
alkynyl R=H 50-95%
21-99% R = CH,Bt R=H
R? = Alk; OH R! = R? = CH,Bt
/_R3 /_R3
R?—N —N
\_R3 RS \—R3
23 24
R3= alkyl; cycloalkyl; R3= alkyl; cycloalkyl;
aryl; alkynyl aryl
66-95% 40-75%
Scheme 7
R
E= —
1. BuLi R2 < ph Sl .
2 + E._OR? -
(OR =13 N ACOH, TSOH oPh
Bt — Bt — HO
OAc
25 26 28
R? = Me
MeOH, - PhOH
TsOH
EYOMe R
OMe o
27 OAc
29
E = aryl; aralkyl; alkyl;
ArCH(OH); ArC(O) R = alkyl; aryl
78-94% 78-98%

Scheme 8

preparation ofx,3-unsaturated ketones with
additional functionality, including-hydroxy
ketones(39), 1,4-diketoneg40), or y-alkoxy-
carbonyl ketone§41) (Scheme 1Q}"%

Another formyl anion equivalent, @
benzotriazolylmethyl)carbazol@2, Scheme
11), can be considered as a formaldehyidé
aminal. Lithiation at the methylene carbon of
42, followed by treatment with various
electrophiles, affords intermediates3
smoothly. Hydrolytic removal of both hetero-
cyclic groups leads to a convenient preparation
of a-functionalized aldehyde$4.2%-2

Theintermediate$3also serve as acyl anion
synthons in the facile preparatioroehydroxy
ketones46, a-keto amides48, and simple
ketone®0by the sequences depicte@aheme
113132The elaboration of this approach to the
synthesis of3-amino ketone®4 is shown in
Scheme 12reaction of commercially available
N-morpholinyl- or N-pyrrolidinyl-benzo-
triazolylmethaneS1with 9-vinylcarbazole gave
a series of addition produ&2. Introduction of
an electrophile followed by hydrolysis affords
amino ketone§4.

4. Benzotriazole Derivatives as
Sulfonylating and Acylating
Agents: Preparation of
Benzenesulfonamides,
Benzenesulfonates, and Various
Amides

The preparation of benzenesulfonamides
56 and benzenesulfonat&gwas achieved in
good yield€ by the ready displacement of the
benzotriazole moiety in 1-(benzenesulfonyl)-
benzotriazol€55, Scheme 13)Amination of
55 with aliphatic amines does not require the
use of an extra equivalent of base, which is
advantageous when compared to the
analogous reaction of benzenesulfonyl
chloride. The lower reactivity mak&85 more
selective towards primary as compared to
secondary amines, or aliphatic as compared to
aromatic amines.

1-(tert-Butoxycarbonyl)benzotriazole
(58a)and 1-(4-methoxybenzyloxycarbonyl)-
benzotriazole(58b) are effective for the
protection of amino groups in amino acfds.
The enhanced sensitivity of these protective
groups towards acids suggests the us8 of
peptide synthesis.

5. Heterocyclization and Related
Reactions Involving Benzotriazole

a-hydroxy ketonesg-amino ketones, and similarly converted into the substitutedperivatives

acylsilanes can be prepared similarlyderivatives36. Treatment oB6with Grignard
Moreover, acylsilanes are more easilyeagents affords vinyl ethe®, which are
accessible by this appro@tthan by previous hydrolyzed without isolation to form a seriesderivatives can be used
of substituted ketones38.26 (Benzo-
When intermediate80 contains a vinyl triazol-1-yl)vinylethoxymethang35) is an

methods:#2°

Commercially available benzotriazole
in many
transformations to form heterocycles, as
illustrated by the following representative

moiety (e.g.,35, Scheme 10it can be acrolein anion equivalent which allows theexamples.
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RL_ _OR? 1. BuLi 5 R2 = Ph o
Y 2. E* RL_OR°  E=siak, Rl)J\S‘ Al
Bt > E > 1AIK3
30 Bt 34
R® = alkyl; aryl; 31 HO* R! = alkyl; aryl
vinyl R? = Et or Ph 3 53-86%
Hs0* R? = Ph
= _F
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X
X R e
E” R! RL .
R
32 X
E = aryl; hetaryl; alkyl; 1 o3 f3
allyl; Br-(CHa)p; R*; R®; R* = alkyl; aryl;
AIKCH(OH); Alk3Si X = OH; NHPh
55-99% 61-79%
Scheme 9
/\(OEI
Bt
35
1. BuLi
2.E*
o 1
R E= R
N OH R3MgB (Q:
OH 2 OEt gbr
won | w O g T
3 H,C,04/Si0xH,0 Bt 37
R R2 = H; alkyl; aryl 36
30-81 % HaO*
R? R! R? OR!
(A Aoe- AN 0
H2C204/Si0x/H,0  § HaCr04/Si0,/H,0 Rs/\)J\E
R2 Rl 3t
R2 OR! E, R3= alkyl; aryl
Z 0 31-81%
0 = o)
RY; R? = alkyl e
30-81% RY; R? = alkyl
63-70%
Scheme 10

5.1. Tetrahydroquinolines

Benzotriazoles of typ@él, some of which
are now available commercially
(R = Me, Ph), allowN-phenylimmonium
cations to be generated under mild conditions
(cf. Scheme 4 Subsequent addition to olefins
in accordance with Markovnikov’s rule in
regiospecific reactions leads to the
preparation of several types of
2-unsubstituted,,2,3,4-tetrahydroquinolines
(Schemes 14-17)

N-Methylaniline derivative61 (R = Me)
reacts with ethyl vinyl ether to form
intermediate62. Compound62 reacts with
benzotriazole (generated as a side product in
the preceding cyclization step) to form the
stable intermediat&3, which reacts with
Grignard reagents to yield 4-substituted
N-methyl-1,2,3,4-tetrahydroquinolines4.%®
In a similar fashion, styrene give®4
(R = R =Ph) in moderate yield in a one-pot
reaction®® N-Methyl- and N-ethyl-1,2,3,4-
tetrahydroquinoline4 were prepared when
61 (R = Me, Et) was reacted with
acetaldehyde. In contrast to the case of ethyl
vinyl ether, intermediaté5is not isolable, as
the hydroxyl group is rapidly displaced by
benzotriazole to give intermediates3
(R=Me, Et). The synthetic utility of such
intermediates is demonstrated through their
conversion into 4-alkyl/aryl-substituted
tetrahydroquinolines4 and through the
nucleophilic displacement of benzotriazole by
alkoxide anion to form alkoxy derivativé$
in good yieldScheme 14§’

With cyclic analogs of vinyl ethers
(2,3-dihydrofuran and 2,3-dihydropyran),
adduct$1 usually give a mixture of products
67 and 68 (Scheme 15) However, this
mixture, when treated with lithium aluminum
hydride in refluxing anisole, yields the sole
product69, which contains a remote hydroxyl
functionality®® Reaction of61 with higher
aliphatic aldehydes leads to mixtures of
diastereomerg0, which, upon treatment with
lithium aluminum hydride, afford single
product71 in excellent yield(Scheme 16)
Moreover, the reaction of0 with Grignard
reagents is the preferred route to 3-substituted
1,2,3,4-tetrahydroquinoline&2: The bulky
phenyl group is introduced in the trans
position only, whereas the methyl Grignard
leads to a mixture of cis and trans proddéts.
Finally, 4-amino-1,2,3,4-tetrahydroquinolines
74can be conveniently prepared from adducts
61and enamines: the intermediate cyclicamides
73are reduced by lithium aluminum hydride to
give 74 in 70-95% yieldgScheme 17j®

The scope of the methods for the
preparation of variously substituted
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1. BuLi & = O O
Bt +
k 2.E Bt N
Ch PN |
E~ Cb 1. BulLi
42 Ha0" 43 +
THF 2.G
1. BuLi
1. BuLi 2RI Bt
0 2. RCHO G+E
e~ Cb
H 49
44 Bt R Bt O H30+
E E THF
E = alkyl; aralkyl; AlkCH(OH); Cb OH cb NH-R
Alk,C(OH); ArNHC(O); 45 47
Alkgsi; AI’3Si
42-84% H30* Hz;O*
THF THF E_<O
G
E R E O 50
E = alkyl; aryl; AralkCH(OH);
(0] OH O NH-R ArNHC(O)
46 48 63-89%
E = aryl E = alkyl; aryl
51-57% 62-82%
Scheme 11
1,2,3,4-tetrahydroquinolines using the
benzotriazole methodology has been outlined
_ in a recent review?
1. BuLi
Zen T 2.€* KE 5.2. Stable Free Radicals f
S . .2. Stable Free Radicals from
Bt N
@ e N —— o N Benzotriazole-Containing
X N Precursors
51 52 53
HsO* The adducts of benzotriazole,
(o) THE formaldehyde, and secondary amiiiésvere
)J\A successfully used in the preparation of
e N/\ 3-substituted 2,4,6-triphenylverdazyl free
54 K/X radicals77 containing various di(cyclo)alkyl-
. amino moieties at the C-3 positigBcheme
)E< - gkblggcrjalk 1 18)The first bisverdazyl radical,N-bonded
AIkCH()(/)"I'MS);y ' inthe C-3 pqsitior_1§,7a was prepared fromthe
ArCH(OTMS) corresponding piperazine adduéa
82-96%
5.3. Betmip in the
Preparation of Various
Scheme 12 Heterocycles
Displacement of benzotriazole & by
primary amines, followed by treatment with
Aldriqulavors&Fra dlary! O(-dllget_ones, affqrds f'i series of
Essential oils Now Available! substituted imidazoleg8, including several
phenanthro[9,1@]imidazole{Scheme 19}*
W20940-6  Anise Oil FEMA #2094 W29920-0 Rosemary Oil FEMA #2992 Treatment of Betmip with methylidene-
W22910-5  Cinnamon Bark Oil FEMA #2291 W30640-1  Thyme Oil, red FEMA #3064 triphenylphosphorane gives an intermediate
To place an order or to get more information, call us at (800) 227-4563 (USA) or 79, which, when treated With_dicarbony|
visitour F&F Web page at www.sial.com/aldrich/flavors_fragrances/. compounds in situ. enables the convenient
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preparation of substituted pyrrol&® and
benzazepin81in good yields? Phosphonate
(82), prepared in situ from Betmip and the
lithium salt of diethyl phosphite, reacts with
o,0-dicarbonyl compounds vyielding
isoquinolines83.* The majority of the
heterocyclization reactions discussed can be
conducted in a facile one-pot manner.

5.4. Syntheses of Nitrogen-
Containing Heterocycles
Involving 1-(Cyanomethyl)
benzotriazole 444

1,3-Cycloaddition of sodium azide a8
affords tetrazol85 bearing a benzotriazolyl-
methyl functionality. The latter is subsequently
alkylated and treated with Grignard reagentsto
afford 2-aryl-2-(tetrazol-5-yl)propanéy in
moderate yield¢Scheme 20}°

Conversion of nitril84into amideB8was
achieved by treatment with hydrogen
peroxide; however, this amide can be prepared
in a more convenient w&yand will soon be
available commercially. Its conversion into
thioamidg89), followed by condensation with
bromoacetophenone (Hantzsch thiazole
synthesis) affords the corresponding
2-(benzotriazol-1-ylmethyl)thiazoleSO0.
These were successfully used in the
preparations of 2-[(trisubstituted)methyl]-
thiazoles 92, and furan- and thiophene-
derivatized thiazole33in good yields* While
reaction of (cyanomethyl)benzotriazole with
chalcones under basic conditions (secondary
amines) affords a series of 2-disubstituted-
amino-4,6-diarylpyridine®94, the use of a
stronger base (NaOH) leads to 4,6-diarylpyrid-
2-ones95 in moderate yields. This reaction
gave much better results when anm@avas
employed as the reagent: pyridor®svere
obtained in moderate to excellent yietéiShis
new method allows the preparation of
3-unsubstitutegbyrid-2-ones in a simple and
efficient fashion.

6. Conclusion

Most of the benzotriazole derivatives
discussed in this review are either already
available or will be available in the near future
from Aldrich Chemical Co. Their selection for
inclusion in this review was based primarily on
their versatile character which allows the
preparation of a large variety of organic
compounds. The present review was not
designed to be comprehensive, but rather to
summarize some of the major recent trends in
the rapidly developing field of benzotriazole-
based synthetic methodology.
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L\ Bt
O
N Bt OH
) — +
Me
i
61 67 Me
LiAIH,
OH
Ly
il
Me
69 n=1:86%
n=2:45%
Scheme 15
Bt
2
Net | RPCH.CHO «R N
—_—
Me
i
61 Me
70
LiAIH,
R2
m
Me
71
R? = phenyl: 92%
R? = methyl: 96%

Scheme 16

N

68 Me

Bt

N
Me

PhMgBr

72
R? = phenyl: 95%
R? = methyl: 80%

©\ F\A\o &o N
N N
S
B W LiAIH,
R —_— —
61 N N
| R
R = methyl; ethyl; R 74
benzyl 73 20-95%
Scheme 17
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. -R
Bt~ "N
Q L Ba(OH),/DC18C6 Q
NeN R DMF N-N R
O | O
= N—-N R1
N=N R, R = alkyl;
@ cycloalkyl; @
75 aralkyl
77
48-69 %
N N N
N O~ OO
7|+ B “~—~ B —— N
76a
@ @

DC18C6 = cis-Dicyclohexano-18-crown-6

Scheme 18
1. R-NH;
AR
R-N"SN , O O EtO ',O':H o
= e N | Eof O NPPhs
Ar Ar Ar Ar —_— Et0
78 —— 5 82 RZ
R = alkyl; aralkyl;
cycloalkyl 1. PhsP=CH, S
53-84% 2. BuLi 0
RZ
PhsPs__~., -PPhs
N R2
79
o O N
Ar Ar CHO 2
RZ
CHO 83
= R2=H; p-tolyl
/- \ 25-55%
N Ar =N
H 81
80 62%
58-85%

Scheme 19
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Bt” ¢ N <— SN | — | L R ryl; alky
HNTN e RETNT N 56 800
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Ph 1 BuLi ZnBr, Ph
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Benzotriazoles from Aldrich

lan Katritzky and his co-workers at the University of Florida have demonstrated the broad utility of

benzotriazole-based reagents. For details, please see Katritzky and Belyakov’s article in this issue of the
Aldrichimica Acta We are pleased to offer a wide and increasing range of functionalized benzotriazoles.
lllustrative examples are shown below. Please contact our Technical Services depa@o@23t-8327or
afulllisting. We welcome your inquiries about development- and production-scale quantities of these versatile new
intermediates. Please call Sigma-Aldrich Fine Chemicé8@j 336-971%or a prompt quotation.

(Aminomethyl)benzotriazoles

N R=H;R,=Ph 46,561-5  N-Phenylbenzotriazolemethanamingmixture of Btl and Bt2
W isomers
@ /N
N R, R,R,=(CH),0(CH,), 46,750-2 (4-Morpholinylmethyl)benzotriazole 97%, mixture of Btl
\\ N/ and Bt2 isomers
R R, =R,=Me 46,560-7  N,N-Dimethylbenzotriazolemethanamine mixture of Btl

and Bt2 isomers

Other Methyl Benzotriazoles

X=0H 41,023-3 H-Benzotriazole-1-methanagl 98%
N X=0Me 43,802-2 1-(Methoxymethyl)-H-benzotriazole 99%
@ \lN
N X=0Ph 46,572-0 1-(Phenoxymethyl)-Hi-benzotriazolg 97%

X=Cl 44,005-1 1-(Chloromethyl)-H-benzotriazole 98%

Other Benzotriazoles |

X=H B1140-0 Benzotriazole 99%
@[ I\!\N X=S0Ph 46,573-9 1-(Phenylsulfonyl)-H-benzotriazole 97%
I\! X=CHNC 36,799-0 H-Benzotriazol-1-ylmethyl isocyanide 96%
X
X=CHO 44,691-2 H-Benzotriazole-1-carboxaldehyde90%
X = SiMe, 42,509-5 1-(Trimethylsilyl)-1H-benzotriazole 98%
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Scavenger Resins iniCombinatorial Chemistry,

Combinatorial chemistry has become an increasingly valuable in transferring and optimizing the reactions for use in the solid phase.
ool for drug discovery. The majority of the work in this area  Also, more than one scavenger resin can be used concurrently to
has concentrated on solid-phase reactiofhough there have been  remove multiple reagents and/or reaction byproducts, thus significantly
instances of solution-phase librarfebeir widespread use has been easing reaction workup. By choosing the appropriate scavenger resin,
limited by the ease of purification of the reaction mixtures at each one can eliminate the potential need for large excesses of expensive
step. reagents. Most scavenger resins can be synthesized from commercially
gvailable materials; however, a good number of them are now
commercially available. (Please see the Aldrich catalog listings provided
‘jﬂ the table below.)

Within the last few years, the use of scavenger or quench reagent
for solution-phase synthesis has been repdrt&tle theory behind
this use is that the scavenger/quench resins contain active groups th
mimic the limiting reagent(s) in the reaction. Upon completion ofthe The choice of scavenger resin strongly depends on the type of
reaction, the resin is added to the reaction mixture to bind any of thereagent or byproduct that needs to be removed from the reaction
unreacted second reagent. Filtration of the resulting resin-boundmixture. Listed in the table below are some of the more common

material yields a relatively pure product. resins and the functional groups they react with.
o—x Filter Some of the compound libraries synthesized by the scavenger/quench
AtB—> A-B+tA=—> A-B +&—x-A—> A-B resin method are ure&sPthioureas?amides®3sulfonamidega3»3¢
XS

carbamate®, benzoxazinonesand dihydropyridones.

There are many advantages to using scavenger reagents. Since theFor additional information, including unit sizes and prices, please
reactions are run in solution, there is no need to invest time and effortontact your local Sigma-Aldrich office.

Polystyrene Resin Structure Reacts With...
47,209-3 B

Ethylenediamine, polymer-bound H RCOCI, RSGCI, RNCS, RNCO, H
47,366-92 mmolN/g  47,367-74 mmol N/g

Poly(styrene€a-divinylbenzene), HZN RCOCI, RSQCI,RNCS, RNCO, H

aminomethylatecf®

49,381-3 N .
Morpholine, polymer-bound® o H
49,461-5 O O

Piperidine, polymer-bound H

B R — 0 RCOCI, RSGC!, RNCS, RNCO, K
ris(2-aminoethyl)amine, polymer-boun o ®
OHC

47,2085 TL

! RNHNH,, NH.OR, RN
4-Benzyloxybenzaldehyde, polymer-bourtd ° 22 H

®

47,368-5 0=C=N

! RN
Isocyanate, polymer-bound-* "

H

47,978-0 HoN >Ny
Diethylenetriamine, polymer-bound®=d H RCHO, RCCH, RCOCI, (RCOP

References: (1) Review articles: (a) Hermkens, P.H.H. eTatrahedronl996 52, 4527. (b) Idenibid. 1997, 53, 5643. (c) Balkenhohl, F. et &ingew. Chem., InEd.
Engl. 1996 35, 2288. (d) Thompson, L.A.; Ellman, J. Bhem. Rev1996 96, 555. (e) Terrett, N.K. et aletrahedron1995 51, 8135. (2) See the solution-phase
selections in refs. 1c, 1d, & 1e. (3) (a) Booth, R. J.; HodgesJJAt. Chem. Sot997, 119, 4882. (b) Kaldor, S.W. et dletrahedron Lett1996 37, 7193. (c) Parlow,
J.J. etald. Org. Chem 1997, 62, 5908. (d) Flynn, D.L. et al. Am. Chem. So&997, 119, 4874. (4) Parlow, J.J.; Flynn, D Tetrahedrorl 998,54, 4013. (5) Cresswell,
M.W. et al.ibid. 1998 54, 3983.
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Idrich is pleased to announce

that sodium cyanoborohydride,
a very useful and selective reducing
agent, is once again readily available
from our own production laboratories.
Aldrich has been producing this
convenient reagent since 1970, and
demand continues to rise. Recent
production improvements have allowed
us to offer the product once again in
BULK as well as the standard catalog
quantities.

For background information, see
the excellent review article by
Clinton F. Lane, Aldrichimica Acta,
1975, 8, 3. Here are some more recent
examples of current research
applications of NaBH,CN.

ontact us at (800) 558-9160

(USA) or visit our web site at
www.sial.com/aldrich/inorganics/.
Reprints of the Aldrichimica Acta
article may also be requested on-line.
Contact Sigma-Aldrich Fine
Chemicals at (800) 336-9719 (USA)
or (314) 534-4900, or on-line for
inquiries about bulk quantities.

15,615-9  Sodium cyanoborohydride,
29,681-3  Sodium cyanoborohydride,
29,694-5  Sodium cyanoborohydride,

Alcohols are converted to cyclic ethers via bromoketals.
Srikrishna, A. et al. Tetrahedron 1997, 53, 10479.

Br

X nBu3SnCl
CHs NaBHsCN

OCHs
OCHs AIBN

(62%) (72%)

0~ "CHs

Alkyl halides such as 1-iodoadamantane are converted to the
corresponding alcohols by a sonochemical, aerobic process.!
Sodium cyanoborohydride can potentially be used in the large-scale

preparation of functionalized alkylferrocenes from acylferrocenes.?

(1) Sawamura, M. et al. Chem. Lett. 1997, 8, 705. (2) Bhattacharyya, S. J. Chem. Soc.,
Dalton Trans. 1996, 24, 4617.

o)
C/\/ ©—CH3
| |
Fo H NaBHsCN [

: BF3, Et,0 &;

Construction of furan and pyran derivatives via tungsten-carbene

complexes.
Liang, K-W. et al. J. Am. Chem. Soc. 1997, 119, 4404.

CpwWCI(CO)s iPrCHO + Q/Q
Et,NH, Cul NaBHsCN /
CH 2 H 3 . (18% - 51%
=—"0n W— oH (6equiv) \pr (18%) g (51%)

Biotin labelling of oligogalacturonides.
Ridley, B.L. et al. Anal. Biochem. 1997, 249, 10.

Stabilization of fluorescent-labelled DNA and RNA.
Proudnikov, D.; Mirzabelkov, A. Nucleic Acids Res. 1996, 24, 4535.

95%
1.0M solution in tetrahydrofuran
5.0M solution in aqueous ~1M sodium hydroxide



The cross-coupling of aryl electrophiles and arylboronic acids or esters to give biaryl
compounds, commonly referred to as Suzuki coupling, has become a valuable tool for the organic o o
chemist.** The popularity of the Suzuki coupling reaction has created a need for a variety of ‘B—R’
substituted arylboronic acids and esters. The classical route to arylboronic acids involves the low- o o
temperature reaction of trialkyl borates, B(OR),, with Grignard or aryllithium reagents.> However, 1
one drawback of this route is that the highly basic conditions present in the reaction mixture
severely limit the choice of substituents on the phenyl ring.

Miyaura has shown that the diboron ester bis(pinacolato)diboron (1) reacts with aryl halides e} 0
in the presence of palladium catalysts to give arylboronic esters, which are readily converted to @[ :B—B: j@
arylboronic acids.® The mild reaction conditions present for this route and the subsequent Suzuki O O
coupling reaction allow for a wide choice of functionality on the aryl rings. Shown here are some 2
applications for the reagents bis(pinacolato)diboron (1) and bis(catecholato)diboron (2). For a list of

arylboronic acids available from Aldrich, please visit Aldrich Organometallics on the Web at
www.sial.com/aldrich/organometallics/

. . . O, = O, —
Synthesis of Arylboronic Acids and Esters @NH\:,\X s K @,?HL@?'O
Reagents 1 and 2 react with a variety of substituted aryl 3 c)7z<

halides® and triflates” to give arylboronic acids and esters P KO
that contain functional groups such as cyano, ester, g owhdc” R (R
carbonyl, and nitro groups. The wide variety of arylboronic X=Br.| ©-n A

acids available via 1 and 2 makes this class of compounds

suitable for solid-phase combinatorial studies (Scheme 1).8° 4 TFA-CH,Cly (1:4) 2
Arylboronic acids also show biological activity**** and HoN el
possess molecular recognition properties.:1 (§) = solid support

dppf = 1,1"-bis(diphenylphosphino)ferrocene
o N /—'G .
N X 1 N Beg Gza s 2| Recent uses of 1 have focused on the in
e PACIy(dpp, KoAe | 1L PaCh@pph) . U s{tu generatioq of unsymmetrical piaryls
DMF, 80°'C 5 2M aq. Na,COs 29-83% via arylboronic ester intermediate 5
XY =Br | OTf not isolated which need not be isolated (Scheme 2).1°
Gyl, G, :’fl;nctional groups

Diboration of Unsaturated Compounds

MeQ Alkenes, 2 alkynes,? and allenes® (Scheme 3) undergo diboration

H

1 / reactions with reagent 1 in the presence of transition-metal catalysts.

—'=<H PU(PPhy)s, 80°C O‘B\O dB‘O Reagent 2 undergoes similar reactions with olefins,* and is used extensively
ﬁ ﬁ in mechanistic studies that have shown that the B-B bhond undergoes

81% oxidative addition to give bis(boryl) metal complexes.?

([P 47,329-4 Bis(pinacolato)diboron, 98%
([ 47,328-6 Bis(catecholato)diboron, 97%

References: (1) Stanforth, S.P. Tetrahedron 1998, 54, 263. (2) Saito, S. et al. Tetrahedron Lett. 1996, 37, 2993. (3) Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457. (4) Watanabe, T. et al. Synlett 1992, 207.
(5) Brown, H. C. Organic Syntheses via Boranes; Wiley-Interscience: New York, NY, 1975;Vol. 1 (Aldrich Catalog No. Z40,094-7). (6) Ishiyama, T. et al. J. Org. Chem. 1995, 60, 7508. (7) Ishiyama, T.et al.
Tetrahedron Lett. 1997, 38, 3447.(8) Piettre, S.R.; Baltzer, S. ibid. 1997, 38, 1197.(9) Brown, S. D.; Armstrong, R.W. J. Am. Chem. Soc. 1996, 118, 6331.(10) Reetz, M.T.etal. ibid. 1994, 116, 11588.(11) Paugam,
M-F etal. ibid. 1994, 116, 11203. (12) Groziak, M.P. et al. ibid. 1994, 116, 7597.(13) Hamachi, |. et al. ibid. 1994, 116, 7437.(14) James, T.D. et al. Chem. Commun. 1996, 281. (15) London, R.E.; Gabel, S.A.J.
Am. Chem. Soc.1994, 116, 2562. (16) Idem ibid. 1994, 116, 2570. (17) Sandanayake, K.R.A.S. etal. J. Chem. Soc., Chem. Commun. 1994, 1621. (18) Sandanayake, K.R.A.S.; Shinkai, S. ibid. 1994, 1083. (19) Giroux,
A.etal. Tetrahedron Lett. 1997, 38, 3841.(20) Ishiyama, T. et al. Chem. Commun. 1996, 2073. (21) Idem ibid. 1997, 689. (22) Ishiyama, T. et al. Organometallics 1996, 15, 713.(23) Ishiyama, T.et al. Tetrahedron
Lett. 1998, 39, 2357.(24) Iverson, C.N.; Smith, M.R., Il Organometallics 1997, 16, 2757. (25) For rhodium, see: Marder, T.B. et al. Chem. Commun. 1997, 53.
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Manganese-Based Organic and Bioinorganic
Transformations

Gagik G. Melikyan
Department of Chemistry

California State University—Northridge
Northridge, CA 91330-8262

Outline The second reason is the strong feeling th
I have—after working in this field for two

1. Introduction decade¥*—that, despite its remarkable
2. Manganese(lll)-Mediated Radical contribution to organic synthesis, manganes
Carbon-Carbon Bond Formation chemistry has been generally overlooked b
2.1 Mechanistic Aspect industry. One of the reasons for this negle¢
2.2 Intermolecular Reactions may have been the need for stoichiometri
2.3 Intramolecular and Tandem quantities of manganese complexes in most
Cyclizations the reactions, which would have produce:

3. Manganese (Salen) Complexes: Catalytiarge amounts of chemical waste. While
Asymmetric Epoxidation and Related“manganophobia’has some reasons to exist

Reactions developments that have occurred in this fiel
4. Manganese(lll) Porphyrins in the last decade have made the use of man!r |.-'
5. Novel Classes of DNA-Cleaving Agents nese compounds much more environmental I."
6. Synthesis of Organic Molecules ofbenign. In particular, low-valent manganes
Biological Relevance compounds may be oxidized by standard mea { J
7. Concluding Remarks to regenerate the active species; moreover, t |
8. Acknowledgements catalytic versions of some key transformation
9. References have been successfully elaboratéd. i

Thus, one of the major goals of this reviev ‘
is to attract the attention of our colleagues fror
1. Introduction industry to this field by illustrating the ofthe corresponding C€5and C-G*dimers,
maturity of manganese chemistry, itghe stereomutation of cis double boAtiand
Two major reasons prompted me to writeviability, and its remarkable accomplishmentsthe trapping of intermediate radicals with
this review, which highlights the importantThe review covers the pertinent literaturénolecular oxyge’ The radical addition across
aspects of manganese-based organic attrough February1998. Since its primary goahultiple bonds is governed by steric and
bioinorganic reactionsThe first reason is the is demonstrating the breadth of manganesgectronic effects, and, at this stage of
necessity to bring together and analyze thehemistry and pointing out some of its mostievelopment, can be comfortably predicted in
major achievements in the research fielthotable features, the literature sources argost of the cases. Sinoc@-oxo- and

blossoming at the interface of organicgselectively covered. a,0-dioxoalkyl radicals are ambiphilic and
inorganic, organometallic, coordination, and electrophilict® respectively, the typical
biological chemistry. Surveys of 2. Manganese(lll)-Mediated “matching” substrates are those with
manganese(lll)-mediated radical organiqkadical Carbon-CarbonBond electron-rich unsaturated moieties. Not only
reactions have appeared in the past sevemyrmation electronic, but also steric requirements are
yearst**however, none of these presents the involved since the ability of substragto
broader perspective of the subject while “enter” the transition metal’s ligand sphere is
emphasizing the significance and stature of 2.1 Mechanistic Aspect vital for the initiation step. It is well

this transition metal in modern chemistry and A one-electron oxidation of carbonyldocumented that introducing unsaturated
biology. Major breakthroughs have occurred¢ompounds constitutes an initial step itompounds increases the rate of oxidation
in the areas of selective radical C-C bondnanganese(lll)-mediated radical reactibits. substantially, thus accelerating the overall
formation, asymmetric epoxidation of doublerate is directly proportional to bothprocess?!92° |t remains a dream of

bonds, catalytic oxidation of alkanes, desigenolizability and acidity;*° with reactions “manganese chemists” to isolate and
and synthesis of artificial assemblies possesgeaching completionin 1 minute to several daysructurally characterize areactive intermediate
ing enzymatic activities, as well as in the totaht 0°-140 °C. The essential moleculawith both carbonyl and unsaturated molecules
synthesis of natural products. In addition, thenoieties in proradicall are an activating bound to the metal. Derived from the addition
central role played by manganese species garbonyl or carbonyl-like group and anstep, adduct radicatksare the central species

biological redox process¥sfurther under- a-disposed C-H bondscheme ). Although whose relative stabilities, conformational and
scores the potential of this subject to attract aamdirect ESR observation of radicalis still configurational rigidities, and transformation

ever-increasing number of investigators akacking, their transiency is well substantiateghathways determine the selectivity and
evidenced by about 500 research publicatiortsy several lines of evidence. Among these, treynthetic outcome of the reaction. While
ayear in chemical periodicals alone! most unambiguous ones include the isolatioH-atom abstraction from carbonyl compounds
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Scheme 1. Generic Representation of the Interaction of Carbonyl
Compounds with Unsaturated Substrates.
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Chart 1. The Regioselectivity of Radical Generation (arrows indicate the

locations of unpaired electrons in educt radicals).

or solvents is reminiscent of classical radicagpeciess along with “oxidized” specie6-8

mechanistic details, it should be mentioned
that the mechanism is far from being fully
understood and multiple “white spots” are
still awaiting clarification.

The selectivity in manganese chemistry is
a multifaceted issue dealing with various
intermediate steps of the reaction. Some of
these facets are: (a) regioselectivity of the
initiation step that generates radicaéls
(b) regio- and chemoselectivities of the
addition step as determined by the
stereoelectronic characteristics of radical
species? and unsaturated recipiers and
(c) chemo-, regio-, and stereoselectivities of
the transformations of adduct radicéts end
products. The first aspect, regioselectivity of
the initiation step, depends upon the number
of unequivalent C-H bonds located alphato the
activating groups and upon the experimental
conditions used. The diversity of organic
molecules that can act as proradicals is
exhibited inChart 1; the arrows indicate the
positions of the unpaired electrons in the
corresponding radicals. The scope of the
reaction has been expanded and its synthetic
power maximized by using not only aldehydes
9, ketoneslO, monocarboxylic acidé1 and
their anhydridesl2, but alsof-dicarbonyl
compounds, such gsdiketonesl3, B-keto
esters14, B-keto carboxylic acidsl5 and
amidesl 6, and malonic acid and its derivatives
17-20*. Nitroalkylation with proradical@1
represents an isolated case with a carbonyl-
like activating group?®23 Chronologically, the
most recent types of proradicals are
cycloalkanols22?* and 23, and chromium
carbene complexext.2s

2.2 Intermolecular Reactions

Since 1968, manganese(lll)-mediated
intermolecular reactions have been extensively
developed and currently constitute a powerful
asset for modern organic synthe$ig. A
variety of classes of unsaturated organic
compounds has been used as substrates in
radical addition, substitution, conjugate
addition, tandem cyclization and
polycyclization reactions. The regio- and
chemoselectivity of the addition step
(Scheme } are determined by steric and
electronic parameters of the educt radiaaid
unsaturated componeBitand by the relative
stabilities of the isomeric adduct radic&ldn
the vast majority of experimental protocols,

reactions’ introducing a transition metal in arepresent the typical spectrum of generallynanganese(lll) acetate has been used in glacial
higher oxidation state alters the purely “radicaisolable organic products. For a given reactiomcetic acid as a solvehalthough ethanofs 2628
nature” of the process. In particular, oxidationhe chemoselectivity can be improvelly dimethylformamide*?53 and benzerfé are

of adduct radicals4 gives rise to the using cupric acetate, a powerful oxidizer ofyell suited for some types of reactions, their

corresponding cations and cationoid speciesikyl radicals®? as a co-oxidant.

and, subsequently, to the “ionic’represents a simplified model

Scheme 1ytilization remains rather limited.
forRecently discovered manganese(lll)

transformation paths, such as ligand transfenanganese(lll)-mediated radical reactionsris(2-pyridinecarboxylate) has become an
reactionsf-deprotonations, and cyclizationswhile the focus of this review does not allowimportant addition to a family of radical
upon the carbonyl group. Thus, “reducedfor an in-depth discussion of the intimateinitiators capable of oxidizing tmencarbonyl
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a-Alkylation of Aldehydes and Ketones I

Mn(OAc)3

Alk
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60°, 1h Alk
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—_— eq 232
AcOH
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| Radical Allylation of Mono- and Dicarbonyl Compounds l

t Ph
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Mn(OAc)3

Cu(OAc),, PbO,
AcOH, rt, 2 d

Cl
Mph eq 3%
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84%

O
CU(OAC)Z PbO, 33
AcOH, 1t, 2.d eq 4

86%

| Radical Acetonylation—Synthesis of 1,4—Diketones|

O (@]
\[/ Mn(OAc)3
+ —_—
ACOH eq 5%
OAc 70° , 10 min o
22%
Lactonization of Alkenes—Synthesis of Butyrolactones I
o Mn(OAc)3
S G et .
OH AcOK Ph™ ~0~ ~O eq 6
reflux
60%
Pr AcOH Pr AcOH Pr
D Mn(OAc)3 n Mn(OAc)3 \l
—_— e ki
AcOK AcOK eq 7%
Pr reflux Pr o 0 reflux Pr a

cis/trans = 1/3.3

types of proradicals, such as cyclopropaffals,
cyclobutanolg®and chromium(0) complexés.
The following intermolecular reactions have
been selected for discussion on the basis of
their chemo-, regio-, and stereoselectivity;
feasibility; predictability; and the ease of
isolation of the products.

Alkylation of aldehydes and ketones with
alkenes generally lacks selectivity at the
initiation step (acyl andx-formyl alkyl
radicals are formed) and during the conversion
of the corresponding adduct radicals to end
productst The optimization of experimental
conditions (concentration of metal oxidant,
temperature) has ledealkylated aldehydes
and ketones chemoselectively amdow to
moderate yieldsefg 1, 2).2 An attractive
extension of the parent reaction is the allylation
of ketones anfi-dicarbonyl compounds with
allyl sulfides €q 3 4).*® While the exactrole
of co-oxidants cupric acetate and lead(IV)
oxide is not fully understood, the reaction
proceeds readily affordirayallyl derivatives
in moderate to good yields (43-86%). 1,4-
Diketones, an important class of organic
compounds with many practical applications,
have become more accessible by the direct
radical addition of ketones to enol acetétes.
Although yields are relatively low (20-30%),
the reaction works well both for acyclic and
cyclic ketones, and, if fully optimized, it may
become a viable synthetic methed) ).

The lactone-forming reaction of alkenes
with carboxylic acids has been widely
recognized outside the “manganese
community”. First discovered in 1968he
reaction has been thoroughly studied to
resolve major mechanistic issué& expand
its scope, and demonstrate its applicability for
the construction of biologically relevant
organic molecules (vide infra). In particular,
the interaction of acetic acid with mono- and
disubstituted alkenes produces the
corresponding butyrolactones with a yield of
16-74% €q 6).27% In the case of acyclic
alkenes, the stereoselectivity is compromised
by internal rotation taking place in the adduct
radicals!®®” Thus,cis- andtrans-4-octenes
give rise to the same cis/trans ratio of the
corresponding annulation products—with the
trans butyrolactone being favorgdq 7)°
This behavior is also observed with dimethyl
maleate and dimethyl fumar&feCycloalkenes
give varying stereochemical results that are
dependent on ring size: while the cis-fused
bicyclic lactone is preferentially formed in the
case of cyclohexene (cis/trans 5.4:1), the
opposite is true for cyclooctene (cis/trans
1:2.4)¥ The lactone annulation of 1,3-
alkadienes has become a key step in the
large-scale synthesis of sorbic acid, a food
preservativé® and in the preparation of
pyrethroids, environmentally benign agents
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FCustom
LATTICE SYSTEMS

ALDRICH LATTICE SYSTEM KiTS

Systems include everything needed for simple installations:

* 12 gauge steel channel frame coated with chemical-resistant Dura-Green

* 1/2in. diameter aluminum or fiberglass lattice-rods

+ Wall and floor-mounting hardware (except frame size 24 x 24in. which includes wall-support only)
* Nuts and bolts for channel frame assembly, wall braces (12in.)

FRAME No. robps/ No. LATTICE- NO. CHANNEL
Size (IN.) LENGTH (IN.) ROD CLAMPS CLAMPS Rob Car. No. SET
24 x 24 4/24 4 8 fiberglass 212,500-8
aluminum 212,501-6
24 x 48 3/24, 2/48 6 10 fiberglass 212,502-4
aluminum 212,503-2
48 x 48 6/48 9 12 fiberglass Z12,504-0
aluminum 212,505-9
48 x 72 3/72,5/48 15 16 fiberglass Z212,506-7
aluminum 212,507-5

|
®




ALDRICH CuUSTOM LATTICE SYSTEMS

Order lattice-rods and hardware below to custom-fit a support system to
the laboratory.

—

2" Diam.
lattice rod

Please call for a quotation on
custom-length lattice-rods or bulk orders

Lattice
rod
clamp

USA 800-231-8327
INTERNATIONAL 414-273-3850

Base plate

benc(:)t:»top J
Bench ada\ptj' I
FIBERGLASS LATTICE RODS b, i =
— e

Rods are 1/2in. diameter.

LENGTH (IN) Car. No. EACH PkG/10 10+PKG*

8 Z17,547-1
12 240,997-9 Typica
24 210,716-6 lattice-rod

set-up for

30 Z40,998-7 estimating
34 240,999-5 required
44 Z217,546-3
48 Z10,715-8
72 210,713-1
96 Z210,712-3

*price per kit for orders of 10 kits or more

LATTICE-ROD BASE PLATES
Made of die-cast aluminum with steel Allen screws. For 1/2in. diameter lattice-rods.
+ Standard base plate is unthreaded for perpendicular support

+ Swivel-type base plate permits locking a rod in any position up to 22.5° from vertical, using
two Allen screws set at right angles from each other

* Benchtop adapter mounts fiberglass lattice-rods to marble benchtops that have existing 1/2in.

NPTF countersunk fittings
ITEM Cart. No. EACH 10EACH
Standard base plate Z210,718-2
ESwiveling base plate 210,719-0
Benchtop adapter Z212,498-2
LATTICE-ROD CLAMPS

Made of die-cast aluminum with SS Allen screws. Assemble without dismantling the existing
lattice-rod setup. Quick-action clamps have sliding “T"-handle and SS screws for guide
adjustment. For 1/2in. diameter lattice-rods.

ITEM Cart. No. PkG 10PkG
n Lattice-rod clamp 210,717-4

EQuick-action lattice-rod clamp Z10,858-8

®




NEW LAB TOOLS

MINI RATCHET SET

Includes 50 pieces and three bit caddies in a compact PP case.
Super mini ratchet is heat treated SS; bits are hardened and
tempered tool steel. Screwdriver handle has removable
extension. Lifetime warranty.

Bits:

* Hex: inch and metric, 0.05 to 5/16in.; 1.5 to 8mm

* Slotted screw: 0 to No. 4, No. 5, No. 8, No. 10, 1/4in.
* Phillips screw: PO, P1, P2, P3, P4

* Reed + Prince: 1/4in. bit

* Spline: T9, T10, T15, T20, T25, T27, T30

* Socket adapter: 1/4in.

240,941-3

V b\ﬂd X-ACTO DeLuxe KNIFE SET

26-piece set contains: No. 1 and No. 2 precision knives,

! 9 ( No. 5 heavy-duty knife, jeweler's screwdriver, block plane,
f [. = block sander, spokeshave, stripper, pin vise with three drill
bits, coping saw with blade, and 13 different knife blades.

Includes wooden storage box

Z240,782-8

X-ACTO X-CALIBRE DELUXE RETRACTABLE PEN KNIFE

Handy knife that features a push button, retractable stainless steel blade and
pocket clip.

Z40,777-1
Replacement blades
Z240,779-8
Aldrich®, Sigma-Aldrich Co;

Dura-Green®, B-Line;

X'ACTO NEEDLE FILE SET Eppendorf®, Eppendorf-Netheler-Hinz GmbH;
* For scoring glass rod and tubing Nalgene®, Nalgene Nunc International;
* For shaping and smoothing metal, Phillips®, Phillips Screw Co;

plastic, and wood

* Includes one round, half-round,
triangular, square, flat, and knife file

* Quick-change handle

Teflon®, EJI. du Pont de Nemours & Co, Inc;
Unitary™, Nalgene Nunc International;
X-ACTO®, Hunt Corporation,

X-CALIBRE®), Hunt Corporation

Z40,783-6

®
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HEMISTRY

KEM-LAB* HEATED REACTOR SYSTEMS

“Ideal for use with reactive organic reagents in
combinatorial chemistry”

* Simultaneously run 96 solution-phase reactions in 1.3mL
glass wells with no cross-contamination

* 96-position septum cover allows reagent additions to
individual reactors under inert conditions

* Temp. range: ambient to 150°C

* Digital temperature controller regulates reactor to +£0.1°C

* Controllers with a built-in 100h timer turns heating OFF
(or ON) at a specified time

* Use with many standard PP deep-well plates

*Under license from Sphinx Pharmaceuticals, a division of Eli Lilly and Company

120V AC 220-240V AC
DESCRIPTION Cart. No. EAcH Cart. No. EAcH
KEM-Lab reactor system 240,888-3 240,889-1
KEM-Lab reactor system w/100h timer 240,890-5 240,891-3
Replacement deep-well microtiter plate with 96 glass reactors 240,892-1
Replacement Teflon-faced silicone septum sheet 240,894-8
PP F
ED 15';%03& CAP. (pL) Tip Cat. No. EAcH
VOLUME DIGITAL 0.1-2.5 Ultra-Micro  10pL Ultra-Micro tip 236,539-4
PIPETTES 0.5-10  Ultra-Micro 10pL Ultra-Micro tip  Z36,540-8
SERIES 2000 2-20 Ultra-Micro  10pL Ultra-Micro tip  236,541-6
2-20 100pL Flex-Tip Z236,542-4
« Pipettes are fully 10- 100 100pL Flex-Tip Z36,543-2
autoclavable at 121°C 50-200 100pL Flex-Tip Z36,544-0
* Locking volume 100-1000 1000pL Clear tip 236,545-9
button: push in for 500-2000 2500pL Clear tip  Z36,546-7

easy volume change;

EPPENDORF PIPETTE TIPS
release to lock e =

Boxed tips are packed in 10 trays, 96 tips per tray.

iting Tip Cap. (uL) DESCRIPTION Car. No. PkG
* Shorter length for easier handling, especially in hoods 10 Ultra-Micro tip 235,146-6 box of 960
« Single-button control of filling, delivery, and tip ejection 10 Ultra-Micro tip Z35,147-4 bag 1000
* Ejector sleeve is removable for access to narrow vessels 100 Flex-tip/yellow Z35,151-2 box of 960
» Shielded piston on Ultra-Micro models protects against 100 Flex-tip/clear 235,155-5 bag 1000
damage 1000 Clear 235,165-2 bag 1000
2500 Clear 235171-7 bag 1000

GLASS 96-WELL MICROPLATE

Designed specifically for combinatorial chemistry techniques that require Type |
borosilicate glass. Perfect for reactions that involve organic solvents.

+ Same footprint as standard 96-well plates
* Wells hold 0.4 to 0.5mL

* Automation friendly Z40,644-9

Cover glass
Z240,645-7




ALDRICH EXCLUSIVES

MIXXOR LIQUID-LIQUID EXTRACTION SYSTEM

“For the quantitative extraction of organics from aqueous
solutions and separations in immunoassays”

The MIXXOR system has been applied successfully in
many laboratory solvent extraction operations and is ideal
for rapid screening of alternative solvents for specific
extraction problems.

Sample prep benefits:

* For sample volumes from 2 to 50mL

* Minimal amount of solvent required MIXXOR is a unique
* Safe, closed system prevents spills mixer-separator-extraction
* Precise, allows for easy separation of phases device based on a new

* Flexible, comes in five sizes and will fit in interlocking stands mass-transfer concept.

THE MIXXOR CONCEPT (7 EASY STEPS)

1. Introduce sample and extraction solvent into reservoir A (Fig.1).

MIXXOR SYSTEMS WITH PLASTIC SUPPORT STANDS 2. Insert mixer-separator piston B into reservoir A, tighten cap S.
3. Pump four or more times to mix (Fig. 2).
VoL.(mL) Car. No. EacH 4. Pull mixer-separator up slightly above liquid level and secure with holder-spacer H.
2 Z40,895-6 Loosen cap.
5 Z40,896-4 5. After separation, slide down the mixer-separator to transfer the upper phase into
10 240,897-2 collection chamber E.
20 240,898-0 6. Adjust lower phase to top of axial channel C. (Figures 1 and 3). Use fine
50 240,899-9 adjustment on holder-spacer to secure setting.

7. Top phase can now be decanted safely, while lower
phase stays in the axial chamber.

STANKOVIC TRANSFER ADAPTERS

“Screw sample vial into bottle thread at top of adapter. Insert other end of adapter into (aéq
flask ¥ joint. Invert assembly and gently tap* vial on a soft surface to transfer solids c

from flask into sample vial. ﬁ
These unique adapters greatly simplify the transfer of solids contained in round-bottom 0 uﬁ

flasks into vials. Precision machined, chemically inert Teflon
PTFE adapters will not seize in the joint. A wide range of
thread sizes are available to accommodate most sample vials

including scintillation vials (22mm threads).

* Transfers samples without

exposure to air or moisture FJOINT BotTLE THREAD CAT. No. EAcH

* Reduces sample losses due 14/20  13-425 Z40,646-5
tcr)] air currents and static 24/80  13-425 240,647-3
Lk : 15-425 240,648-1

* Excellent for transferring 20-400 240,650-3

fluffy lyophilized samples, P 240,658-9

especially peptides
* Eliminates weighing paper or | 24/29  13-425 240,651-1
other intermediate devices 15-425 Z40,653-8

- e ) 20-400 Z40,654-6
* Care must be used when tapping vial to
prevent accidental breakage. Tapping on a 22mm 240,659-7

cork ring or other soft surface is 29/32 13-425 240 655-4

recommended.

Cork ring
15-425 Z240,656-2

20-400 Z40,657-0
22mm Z240,660-0
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NALGENE VENTED UNITARY SAFETY WASH BOTTLES
* Unique vented closure eliminates dripping

+ Safety information printed on the bottle

+ Color-coded closure

* Easy-to-fill wide neck LDPE bottle

* Steady, strong dispensing stream (Nalgene 2436)

250ML WASH BOTTLES

DESCRIPTION Car. No. PkG/4 9PKG
Acetone 241,001-2
Ethyl alcohol 241,002-0
Methanol Z241,003-9
Isopropanol Z41,004-7
Distilled water 241,005-5
Sodium hypochlorite ~ Z241,006-3
500mML WASH BOTTLES
DESCRIPTION Cat. No. PxG/4 6PKG NALGENE SAFETY
Acetone 241,007-1 WASTE SYSTEMS
Ethyl alcohol 241,009-8 Safely dispose of
Mcthanal Z4L00. ;?oel?licgilavr\;gste and
Isopropanol Z241,012-8 = ducge P e
Distilled water 241,013-6 emissions in the
Sodium hypochlorite ~ 241,014-4 laboratory. Systems
1L WASH BOTTLES include a safety waste
funnel with a HDPE
DESCRIPTION Car. No. PkG/2 6PKG bottle.
Acetone Z41,015-2
Ethyl alcohol 241,016-0 * Safety waste funnel has a hinged cover to keep emissions contained
Methanol 241,017-9 * Funnel attaches to the bottle and remains in place until the
Isopropanol 241,018-7 bottle is full
Distilled water Z41,019-5 ¢ Built-in vent minimizes overflow
Sodium hypochlorite  Z41,020-9 * Bottles are made of safe, fjurablg HDPE in three sizes:
2, 4, and 10L (10L bottle is fluorinated HDPE)
SYSTEM SYSTEM FUNNEL ONLY BorTLE ONLY
cap. (L) Car. No. EAcH Car. No. EAcH Car. No. EAcH
2 240,937-5 240,934-0 B7035
4 Z240,938-3 Z240,935-9 Z227,885-8
10 Z40,939-1 240,936-7 Z40,940-5

NALGENE BIOHAZARDOUS WASTE CONTAINERS
Autoclavable PP containers for secondary containment of biohazardous waste materials.

Permanent, red, universal biohazard symbol molded in English and Spanish. Complies with
U.S. OSHA Standard 29 CRF Part 1910.1030. Holds standard size autoclave bags.

(Nalgene 6370)
Car. (L/GAL) O.p. x H (IN) Cart. No. EAcH
19/5 11 x15 227,544-1
57115 13x27 227,546-8 A
ALDRIGH




CD-ROM PRODUCTS

SIGMA- ALDRICH MSDS
CD-ROM for PC or Macintosh Computers

SINGLE USER/SINGLE WORKSTATION
ANNUAL SUBSCRIPTION CoST

PC version Z17,500-5
Macintosh version 2Z17,535-8

Demonstration
CD-ROM Z24,522-4
(for PC and Macintosh)

MATERIAL SAFETY
DATA SHEETS

DATABASE AND
SOFTWARE
COPYRIGHT ©1998

SIGMA-ALDRICH €O
il

Call for information on network, ASCII, Intranet, or DEC VAX versions %SIGM. AT / ALDRI-C' s Ly

# Fluka @SU;DELCD
[ Riecerderioen

ALDRICH/ACD LiBRARY OF FT-NMR SpecTrRA ON CD-ROM

* 12,000 'H 300 MHz Spectra
* 12,000 “C 75 MHz Spectra

STANDARD VERSION
Z40,700-3
Z40,703-8 (Academic)

PRO VERSION

240,699-6

240,701-1 (Academic)
For IBM computers.

Network versions available.

Contact Aldrich or ACD for additional
information.

DEMO VERSION - STANDARD & PRO
Z40,704-6

| —

ALDRICH

1001 West Saint Paul Avenue

Milwaukee, WI 53233 USA

Aldrich is a member of the Sigma-Aldrich family. Sigma-Aldrich
brand products are sold exclusively through Sigma-Aldrich, Inc.




for pest controf® A chemoselective reaction
with the double bond in 1,3-alkenynes is part
of novel approaches toward the sex
pheromones of the Japanese bétdad the
tomato wormt! Introducing acetic anhydride
into the reaction mixture resulted in a
preparative method for the long-chain
4-acetoxy-5-alkynoic acid® The
lactonizations with propionic acid leading to
a-methylated butyrolactones (29-50%) have
been developed to a lesser extémtlong with
monocarboxylic acids, derivatives of malonic
acid have been used in the lactonization of
alkenes®“ These reactions have two major
advantages: first, the enhanced acidity of
proradicals allows the reaction to proceed at
lower temperatures (23-70°C), and, second,
the cyclic products are-functionalized with
cyano and alkoxycarbonyl groupgq 8
suitable for secondary structural modifications.
A new synthetic dimension is introduced by
malondiamide in which cyclization can occur
on the amino group and leads to the formation
of pyrrolidinone derivatives* The
spirolactonization reaction of malonic acid
with olefins can be regarded as one of the most
graceful synthetic methods in manganese
organic chemistry¥®* Polysubstituted
spirolactones are formed in one step and high
yield (eq 9, although the diastereoselectivity
of the process needs further improvement.

Dihydrofuran synthesfsis the most
versatile synthetic procedure applicable to the
structurally diverse alkenes afidlicarbonyl
compounds oi3-keto esters €q 10. Its
selectivity is dependent on the oxidation rate
ofthe adductradicals generatéd$cheme ),
and requires the assistance of cupric acetate for
nonstabilized alkyl radicals. While Mn(OAc)
has been widely employed, isolated reports
have also appeared on the use of Mn(gcac)
with yields of up to 97%€(g 11).46 Results on
the stereoselectivity of the cycloaddition to
disubstituted alkenes, although limited to
styrene derivative¥, point out the exclusive
trans orientation of the 2,3-disposed
substituents. Aremarkable array of fused- and
spirodihydrofurans has become accessible due
to the introduction of enol ethersq 19 and
enol lactones €q 13 as unsaturated
substrate$® Further developments of the
parent reaction include detailed structural
studies of the cycloadditions to 1,3-alkenyhes
and 1,3-alkadiene¥®;’®* as well as
chemoselective reactions of transition-metal-
protected 1,3-alkenynés.

From the standpoint of practical
applications, an important contribution to the
field has become the development of radical
addition and cycloaddition reactions with
Mn(OAc),generated in situThis has allowed
chemists to address environmental concerns
and to make the experimental protocols

Lactonization with Dicarboxylic Acid Derivatives I

O

' HOJ\/CN

X
6 0 Mn(OAC)s
+ e} eq 8343
@ K* 'OMOMe ACOH, 23° o q
o o X =CN (79%),
CO,Me (39%)
+
H OM OEt CO,Et (75%)
| Spirolactonization Reaction I
(@)
Ph O O
Mn(OAc); Ph -
. sk Ph eq9
Ph/& HOMOH ACOH PH
700, 2h Ph
93%
Synthesis of 2,3-Dihydrofurans
(0] O
/\/K Mn(OAc)3
" AcOH eq 10
(@] 45° 10min o
74%
(@)
AcOH
Ph™Xx + Mn(acacy ° - \ eq 114
reflux, 5min Ph 0
75%
Enol Ethers and Enol Lactones as Substrates
O
EtO
{ \ M Mn(OAc)3 _
“ACOH, 605 4 > eq 124
o~ O
53%
O
48
OEt AcOH, 650 | 5 eq 13

47%
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Electrochemically Generated Mn(OAc);—Addition and Cycloaddition Reactions I

CO,Me  Mn(OAc) (cay Br CO,Me
de
AN+ ano ACO
e Br~ "CO,Me AcOH, AcOK CO,Me eq 145
40°
80%
o
(6} (6} Mn(OAc) (cat)
OEt
nBu_~ . ___anode
MOE" ACOH, AcONa \ eq 15°%
400 n-Bu (0}
86%
EtO,C (o) Mn(OAc), (cat) EtO,C
| + AOH ar:(jolel‘_'c:(ogcs h/& 165t
COH, ACH P eq
Ph AcONa, 96° o ©
84%
| Sonochemical Reactions I Mn(OAc)3
ultrasound
0°, 15min CO,Me
|+ ko,c>coMe o eq 1753
e N/ So7To
Mn(OAc); (cat)
ultrasound
0°, 1.5h
Cyclopropanol-Derived Alkyl Radicals: Intermolecular Additions
Mn(plc)3 o
7
K “ovMF | EtO CN eq 18%
0°, 2h
72%
OTBDMS
Mn(p|c)3 eq 19243
DMF
0°, 5h
77%
Mn(pic)z = Manganese(lll) picolinate
| Addition—Cyclization Reaction
Mn(OAc)3
eq 20102
MeOZC AcOH
80°, 8h
CO,Me (e} CO,Me

59%

compatible with a wider range of functional
groups. Representative exampldéaclude
the high-yield addition reaction of
bromomalonic esteref 19, the synthesis of
substituted dihydrofuranseq 19, and the
low-temperature lactonization with acetic acid
(eg 16. Monsanto has developed an
electrochemical system for the synthesis of
sorbic acid, a food preservative produced on a
large commercial scal®. Moreover,
potassium permanganate has been shown to
regenerate the active manganese species at
70-75°C in the reactions of acetone and
dimethyl malonate with olefin®. While its
current scope is rather limited, the
methodology looks promising and may
become suitable for industrial use.

Sonochemical reactions represent a new
avenue in manganese chemistry, and feature
the lowest reaction temperature (0°C) ever
reported® Although lactonization of alkenes
with malonic ester derivatives is the only type
of sonochemical reactions studied, the method
provides functionalized butyrolactones in high
yields and allows the use of catalytic
quantities of the metal oxidareq 17).

Manganese(lll) picolinate has recently been
introduced as a novel radical initiator for
cyclopropanols, a new class of substratés.
The initial step includes ring opening and
generation of alkyl radicals which add
reductively to activated double bonés (L9
and enol ethere( 19. The potential of this
methodology is best illustrated by the
stereoselective intramolecular additions that
have resulted in an array of bicyclic molecular
assemblie8* A conceptually related process
makes use of cyclobutanols, fused and spfto,
which undergo oxidative ring opening and
subsequent intramolecular addition onto
suitably located multiple bonds. Although
still in its infancy, the oxidative cleavage of
strained carbocycles looks especially
promising as a novel synthetic methodology,
and will probably attract more attention in the
comingyears.

Addition—cyclization reactiong relatively
unexplored dimension in manganese
chemistry, have been designed in two ways
(Chart 2). The unsaturated radical recipients
are either tethered to each other or combined
with a carbonyl-group-containing molecular
fragment. Doubfé&°and triplé*®bonds act
efficiently as recipients of attack of
electrophilic educt radicals, whereas, in the
second step, intramolecular additions of
nucleophilic adduct radicals occur mostly upon
aromatic rings (benzene, thiophene, pyridine,
pyrrole) 1456576162 Thys, a representative
example includes a malonic ester moiety as a
proradical with the double bond and the
benzene ring receiving consecutive radical
attacks €q 20. The formation of tetralone,
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tetralir®, indane, quinoline, isoquinoline,
naphthalene, and carbazole derivatitgg$?
demonstrates the outstanding potential of
manganese-based addition-cyclization
processes.

Selected intermolecular reactions are listed
in Table 1toillustrate the bewildering array of
organic products accessible by manganese-
based technology. This compilation of
reactants, reactive pathways of adduct
radicals, products, and bibliography should

a

serve as a quick guide for chemists looking for Chart 2. Addition—Cyclization Reactions: Phenomenology (a—educt

novel synthetic methods that could solve their
specific problems. Manganese(lll) species
have also been utilized in the functionalization
of pyrimidine bases which are used in
synthetic oligonucleoside prob#s.

2.3 Intramolecular and
Tandem Cyclizations

The extensive coverage of this topic by
Snider? the major contributor to the field,
allows us to limit this discussion to some key
mechanistic and selectivity issues. The main
types of substrates for intramolecular
cyclizations are shown iChart 3. The
disposition of the carbon-centered radical
varies with respect to the multiple bond
tethered to B-dicarbonyl unit. Understandably,
the synthetically most accessible starting
materials—2- and 4-substitut@eketo esters
and 1,3-diketones, O- and C-substituted
malonic esters, anf@-keto esters—were
chosen first for in-depth synthetic studfés.
The regioselectivityof the process, as
represented by competing cyclization
pathways, determines the ring size in the end
products. The largest number of experimental
data is available fos-exo- vs. 6-endo-
cyclization modes, with the former clearly
dominating and leading to cyclopentane
derivatives. From a preparative viewpoint,
the formation of six-membered rings is best
developed for salicylic acid derivativés.
While the6-exo-vs.7-endoeyclization modes

have been elaborated to a lesser extent, both

cyclohexane®% and cycloheptané&scan be
synthesized as major products. The level of
predictability is higher for th&-exo/6-endo
cyclizations since a larger database of such
reactions is currently available. The
stereoselectivitgfintramolecular cyclizations
is well studied for cyclopentanes and cyclo-
hexanes, while it remains mostly unestablished
in the case of larger ring sizésSporadically
tested4-exo- vs. 5-endacyclizations are
represented by two extreme cases, the highly
regioselective formation of fivé~®"and
four-membere® rings, both driven by steric
and electronic factors.

Tandem cyclizations include consecutive
intramolecular additions upon suitably located
unsaturated moieties. The greater diversity of

radical attack; b—adduct radical intramolecular addition).

RO
X . o
O

X=R, OR

b
o o

Y =CH,, O

PN

Z=CH,, O,NR

O o
. 4

Chart 3. Topology of Intramolecular Reactions.

P
\Y<(
~__OR
(0]

X

o

OR

X = CHjp, O; Y = OH, OEt

Chart 4. Topology of Tandem Cyclizations.

Bu!

27
Chart 5. Chiral (Salen) Manganese(lll) Complexes.
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richin functionalities, has been synthesized in

NO- Ph aregio- and stereoselective manner. Overall,
>—./ \ Ph the regioselectivity of the consecutive
C|) cyclization steps can be predicted more
| Mn © reliably than the stereochemical result. The
N/ current state of manganese(lll)-based
Mn PFg —— = l eq 21™  intramolecular cyclizations can be described as
“mature” as demonstrated by the successful
N construction of complex natural produ®.™
<|3 Ph o Ph 3. Manganese (Salen) Complexes:
Mn Catalytic Asymmetric Epoxidation
and Related Reactions

A
(e}
NO,
In 1986, Kochfi*discovered that cationic
OSiMe,Bu! 1. (S,S)-Mn(lisalen O (salen)Mn(lll) complexes, generated by a
)\/ NaOCl, PPNO eq 2287 one-electron oxidation of the parent species,
2 Ht Ph act as effective catalysts for the conversion of
OH alkenes to the corresponding epoxides. The
81% ee reaction is characterized by high
OH chemoselectivity (no allylic oxidation),
M”(]{”)Sa'elni 32“73'095 stereospecificity, and good yields (50-75%).
O:)O o comprex <:|:§O eq 23% lodosylbenzene, an oxidizing agent, converts
PhIO cationic Mn(lll) into Mn(V)-oxo species,
which interact with the substrate by the
oxygen rebound mechanisreq( 2). The
involvement of radical intermediates was
suggested based on several lines of evidence, in
particular, the stereomutation of the cis double
bond (up to 14%};and the minimal inversion
eq 24% of 4% observed for the 5,5'-dinitro catalyst
(eq 2D.

Initially, metalloporphyrin complexes were
used in various oxo transfer reactiéfsyen
though the salen moiety is better suited for
chiral design, since, unlike the porphyrin
ligand, not all of its peripheral atoms are

ohio sp-hybridized. Most importantly, the
w @ - - %\ chirality may be introduced in the ethano
] 25°C eq 25% bridge, in a close proximity to a central Mn=0
X bond, as well as in selected positions of the
X = Cl, Br, I, N3 benzene ring. This approach has been
creatively exploited by Jacobsénand
Katsuki® in the construction of optically

3-82% ee

1. (saltmen)Mn(N)
Bno | (CF3CO)20

2.H*

porphynn ligand

PR active (salen)manganese catalysts. Represen-
<: A :> tative examples of these catalysBhért 5)
“ r— include chiral centers in the 17, 2"-positions
N =N, 4+ N= L (25,77¢26,78¢27%9), achiral bulky groups in the
/Mn\ 3,3~ and 5,5'-positions 2579, as well as
— O O —-— stereogenic centers in the 8,8"-positid®2&7).
The methodology for the preparation of novel
f ? OAc f 1 catalysts has been well elaborated, and the

most widely used catalyst, Jacobsen’s
catalyst, is now commercially available in both
enantiomerically pure fornf8. Structurally

structures inChart 4 reflects the increased unsaturated fragments studied sofarare: doutdéserse alkenes with different degrees of
number of variables participating in moleculabond—double bond, double bond—benzene ringubstitution and unsaturation have been
design. Malonic ester derivativeB;keto triple bond—double bond, triple bond—benzenextensively investigatétito gain a better

esters anfl-diketones have served as proradicaiing, double bond-carbalkoxy/carboxy/understanding of the steric and electronic
moieties, and C=C, €, C=N, COOH, carboxylate, and double bond-nitrile groupparameters responsible for the asymmetric
COOR, COOand Ar groups as the sites ofPolycyclizations upon double bonds have alsimduction. The mechanism of the reaction is
attack of the radical/carbocation intermebeen reporteé? A remarkable array of fused mostly understood, although the intimate
diates®* The specific combinations of andbridged, di-, tri-, and tetracyclic moleculesstructural features of the reactive

Chart 6. DNA-Cleaving Manganese(lll) Cationic Complexes.
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Table 1. Compendium of Manganese(lll)-Mediated Intermolecular Radical Reactions

Adduct Radicals

Substrate Proradical . Product Refs
Transformation Path
alkene aldehyde [B-deprotonation a,B- andpB,y-alkenals 103
H-atom abstraction alkanal and alkanone ~ 19,32,103a,104
AcO-group transfer y-acetoxy alkanal 19
alkene ketone H-atom abstraction alkanone 22,60,105
B-deprotonation telomeric alkenone 106
alkene acetic acid oxidative cyclization y-lactone 10,12,27,34b
36,37,107
cyanoacetic acid oxidative cyclization y-lactone 35,36,43
malonic monoesteroxidative cyclization y-lactone 35,43
alkene propionic acid oxidative cyclizationy-lactone 35,36
alkene acid anhydride [3-deprotonation 4-alkenoic acid 108
H-atom abstraction alkanoic acid 109
alkene [3-diketone or oxidative cyclization 2,3-dihydrofuran 46a,47,101
[3-keto ester H-atom transfer alkylatedf-diketone 110
Cl-atom transfer y-chloro{3-diketone 111
[B-deprotonation y,0-unsat.3-keto ester 112
alkene [-keto sulfoxide oxidative cyclization 2,3-dihydrofuran 17
or B-keto sulfone
alkene malonic ester Cl-atom transfer  y-chloromalonic ester 111
H-atom transfer alkylated malonic ester 113
alkene malonic acid double oxidative  spirolactone 45
cyclization
alkene malonamide oxidative cyclizatiorn,3-unsaturateg-lactone 44
alkene nitroaceto- cyclization upon isoxazolineN-oxide 114
phenone NO, group
cycloalkene  acetic acid oxidative cyclization bicyclic, tricyclic,and  10,12,27,
bridged lactones 35-37,115
enol acetate  ketone B-elimination 1,4-diketone 34a
enol ether [3-diketone or oxidative cyclization fused/spiro 48b,48c,
B-keto ester 2,3-dihydrofuran 116,117
enol lactone [-diketone or oxidative cyclization spiro/fused 48a,48b,116

[3-keto ester

2,3-dihydrofuran
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Table 1. Compendium of Manganese(lll)-Mediated Intermolecular Radical Reactions (cont.)

Substrate Proradical Adduct Radicals Product Refs
Transformation Path
allyl sulfide ketone B-elimination y,0—alkenone 33
allyl sulfide B-keto ester B-elimination y,0-unsat3-keto ester 33
p-glucal malonic ester AcO-transfer 2-C analog of 118
p-glucose
1,3-alkadiene  acetic acid oxidative cyclization y-vinyl-y-lactone 36,38,40,119

1,3-alkadiene [3-diketone or oxidative cyclization 2-vinyl-2,3-dihydro  16,19,46b,49
B-keto ester furan

1,5-alkadiene malonamide oxidative cyclization  fused pyrrolidinone 120
spiroy-lactone

1,3-alkenyne acetic acid oxidative cyclization 5-alkyn-4-olide 40,41
acetic anhydride AcO-ligand transfer  5-alkynoic acid 42
[3-diketone or oxidative cyclization  2,3-dihydrofuran 49
B-keto ester and/or furan

1,3-alkadiyne [3-diketone or oxidative cyclization furan 121

[B-keto ester

arene malonic acid [-deprotonation aromatic acid 122
aromatic aldehyde 122

intermediates, their configuration, and the rol&he end products, the synthetically versatil&in(V)-species, which halogenate or oxidize
of axial ligands are still debatalffeAmong the = 2-amino carbohydratesq 24, can be used in an unactivated C-H bond in alkanes 5.%°
recent important practical applications of thehe total synthesis of natural products andhe radical nature of the intermediates has

catalytic asymmetric epoxidation are thepolysaccharides. been suggested by solid mechanistic evidéhce.
synthesis of pheromonéspaclitaxel side _ Substantial advances have also been made in
chaini® potassium channel activator BRL4. Manganese(lll) Porphyrins expanding the scope of the oxidation reactions,
55834*anddiltiazem?® Although not fully in furthering our understanding of the key

optimized, thg first asymmetric epoxidation The majorimpetqs forthg developmen.t Oinechanistic issueé,and in developing an
with an achlra_ll (s_alen)manganese(lll) manganese porphyrin chemistry was prov'deﬁ%mobilized version of the Mn(lI1)-porphyrin
complex and ahiral ligandhas recently been by the nature-made monooxygenas
reportedt® enzymatic system, cytochrome P-£5Qhich

(Salen) manganese(lll) complexes can alsig capable of oxidizing alkanes in a selectiv
be used for reactions other than epoxidation ehanner. The last two decades have been .
alkenes. These new avenues are representadrked by intense research efforts directed S been_ syn_the3|zed and structurally
by the asymmetric synthesis afhydroxy understanding the role of metalloporphyrin€naracterized in attempts to develop a
ketoneséq 22,%" and the selective C-H bondin biological oxidation processes, andSuPeroxide dismutase minfitsite-specific
oxidation in five- and six-membered cyclicelaboration, both catalytically andPNAbindingand cleavingagefitscludinga
ethers éq 23.28 A landmark achievement in asymmetrically, of industrially important catalytic versiorff and conjugates with
manganese chemistry has been the use of noegkane-activation and alkene-epoxidatiorPisbenzimidazole dye (Hoechst 33238)A
nitrido complexes to deliver nitrogen to doublanethodologie® lodosylbenzene is generally Sequence-specific oxidative damage to RNA
bonds in glycals, thus producingramino used to convert (tetraphenylporphinato)mediated by a cationic manganese porphyrin
alcohols via putative aziridine complex®s. manganese(lll) derivatives into the activéhas also been reporté&d.

%atalyst, which should have important
gractical application&.
A variety of novel manganese porphyrins
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Table 2. Synthesis of Natural Bioactive Molecules

Structure / Origin Mn(lll)-Mediated Key Steps Refs

addition of acetone across 123

O
)J\/\/\/\/COOH double bond in alkene

Queen substance

ﬂ lactonization of double 40
n-CgH _ bond in 1,3-enyne
gh17 o o b
sex pheromoneRopillia japonica

— OMe lactonization of double 124
n-CgHyy v//\/\n/ bond in 1,3-enyne

O

sex pheromoneicanthoscelides obtectus

lactonization of double 125
n'CSH17\:/\/\/OAC bond in 1,3-enyne
sex pheromonescotia exclamationis

lactonization of double 41
n-CzHss \/\/\/\OAC bond in 1,3-enyne

sex pheromoneeiferia lycopersicella

addition of3-keto ester across 126
double bond in 1,3-diene

\
@)

sex pheromond;lylecoetus dermestoides

OH addition of acetone across 127
double bond in alkene

O

Himasecolone

5. Novel Classes of DNA-Cleaving Recently, manganese(lll)-salen complexelnes) and introduction of the two stereocenters
Agents joined the family of DNA-cleaving agents with in the cyclohexane ring (denoted with stars)
bioactivity revealed in the presence of aterminakduce the desired activity and permit detection
There is a consensus among chemists angtidant®® Multiple structural variations of the of enantiospecific recognition. Although
biologists that the ability to cleave DNAis vitalethano-bridged parent compleChart 6, limited in scope, these results are significant
to the antitumor activity of therapeutic agents. Arrows indicate positions of substituents) havsince they could become a starting point for the
significant positive effect has been exhibited bwllowed the establishment of the relationshiplevelopment of novel chiral manganese
purely organic molecules such as calicheamicietween the stereoelectronic nature of theomplexes with site-specific DNA cleaving
esperamicin, and leinamycihand by transi- substituents and the mode of biological actiorcapabilities as part of the ongoing search for
tion-metal complexes such as bleomy¢iff. Alteration of the two-carbon bridge (dottedtransition-metal-based antitumor agents.
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Table 2. Synthesis of Natural Bioactive Molecules (cont.)

Structure / Origin Mn(lll)-Mediated Key Steps Refs

addition of acetic acid across 128
double bond in alkene
¥z

B-Bisabolene

addition of acetic acid across 128,129

% double bond in alkene
O O

Norbisabolide

intramolecular addition d8-keto 69
\ ester across double bond
@)

Dihydropallescensin D

BzO O addition of cyanoacetic 130
HO /O acid across double bond
DN in cyclohexene
OH

()-Paeoniflorigenin

(@]
@) .CO,Et
<
@) CO,Et addition ofp-keto ester 47
across double bond in
MeO OMe cinnamate
OMe
Podophyllotoxin analogue
o conj -additi
jugate 1,2-addition across 38
SN ol double bond in 1,3-butadiene
Sorbic acid
6. Synthesis of Organic aromatic and aliphatic—has becomeeactions still await practical applications.
Molecules of Biological Relevance accessible via manganese-mediate@ther noteworthy accomplishments include

chemical transformations. The analysis omanganese-induced polycyclizations, a
In the past three decades, manganesike key steps in total syntheses shows @ne-step entry into spongian and
chemistry has passed from infancy talisproportionate use of some of thesenarginatane furanoditerpenés, the
adolescence and into maturity. As illustratedeactions, such as the lactonization oformal synthesis of upial, a natural
in Table 2, a remarkable diversity of alkenes or the addition of mono- andsesquiterpene of unique topolo@iand the
organic molecules—acyclic and cyclic,dicarbonyl compounds across double bondsonstruction of the bicyclic framework of
fused and bridged, carbo- and heterocycliavhile other more feasible synthetichuperzines?
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Table 2. Synthesis of Natural Bioactive Molecules (cont.)

Structure / Origin Mn(lll)-Mediated Key Steps Refs
: 7~ intramolecular addition of dimethyl 70
o CHO malonate across double bond
@)
()-14-Epiupial
@)
WWO
0 0 addition of acetone across 131
double bond in alkene
=
OMM
@)
Pyrenophorin
OMe
intramolecular tandem 66
cyclization off3-keto ester
MeO,C" H
(x)-Podocarpic acid precursor
Mn-salen catalyzed asymmetric 82
| epoxidation of 1,3-alkenyne
@)
@)
synergist of the aggregation
pheromoneCryptolestes pusillus
< Mn-salen catalyzed asymmetric 82
(‘) epoxidation of 1,3-alkenyne
O
defensive pheromone,
Phoracantha synonyma
7. Concluding Remarks discussed in this review is the chemistry of What developments might take place in

manganese enzymoidse., the design and manganese chemistry in the near future? First,
In modern science manganese chemistigynthesis of dinuclear oxo- and acetate-bridgedore in-depth mechanistic investigations,
occupies a niche of considerable breadth ardn(l11)-Mn(1V) complexes for use as modelsincluding the structural characterization of
potential. Its importance has grown steadilyor photosystem Il (PSII), and the examinatiomeactive intermediates, and the acquisition of
in the past decades and has resulted in a largitheir water-splitting and catalase activitiescomplete stereocontrol in enantioselective
number of research papers and review articlelwvould like to refer the interested reader to theadical reactions Second, the design and
One of the important areas that is notecent reviews on this subjeét. synthesis of new chiral, tailor-made
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Table 2. Synthesis of Natural Bioactive Molecules (cont.)

Structure / Origin Mn(lll)-Mediated Key Steps Refs

HO_H

intramolecular addition of 73

ketone across triple bond
2

(£)-Gymnomitrol

addition of enone across 132

OH double bond in styrene
O

(+)-Conocarpan

H

oxidative rearrangement of 55
ethynyl cyclobutanol

(-)-Silphiperfol-6-ene

H
oxidative rearrangement of 55
ethynyl cyclobutanol

lia.

MeO,C
Methyl (-)-cantabradienate

manganeseomplexes for such important breakthroughs which cannot be predicted basé€raduate Studies, Research and International
applications as epoxidation and aziridinatioron the current level of knowledge, but whichPrograms and University Corporation, Califor-
of unsaturated substrates and alkaneonstitutesthe very beauty of science and withouia State University, Northridge, for generous
activation. Third, the design and constructiomvhich the scientific endeavor would lose much ofinancial support, and to my daughter Marina

of novel mono- and dinuclear manganesgs fascination. whose birth at the time of writing this review
complexes, which can be used as efficient provided me with boundless inspiration.
enzyme mimics, in particular, those with highlyg - Acknowledgements

developed catalase activityFinally, more 9. References

organic compounds, which become easily | wish to express my gratitude to all past

accessible through manganese-baseahd present graduate students and resear¢h Snider, B.BChemtracts-Org.Cheni991, 4, 403.
methodologies, could find their way to the marketassociates who made our contribution to th@) Melikyan, G.G. Synthesid993 833.

And fortunately, there will be important field possible. | am indebted to the Office of(3) Snider, B.BChem. Rev1996 96,339.
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Your source for aroma raw materials

Heresjustasamplingofournaturals essentialoilsandsynthetics..

W25572-6 Hexanal, natural FEMA #2557
W30640-1 Thyme oil, red . FEMA #3064
W37392-3 4-Vinylphenol, 10 wt.% solution in propylene glyco FEMA #3739

To place an order or to get more information, call us at (800) 227-4563 (USA) or visit our F& Web page at www.sial.com/aldrich/favors_fragrances/.
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Manganese: Products; from) Aldrich

Il of these products, and many more, can be found in the “manganese” section of our new Inorganics
& Organometallics catalog. -Call today to request your free copy.

,98%

40,444-6 (R,R)-(-)-N;N’-Bis(3,5-di- tertbutylsalicylidene)-1,2-cyelohexanediaminomanganese(lll) chloride
(Jacobsen’s catalyst)

40,445-4 (5,9)-(+)-N,N-Bis(3,5-di- tertbutylsalicylidene)-1,2-cyclohexanediaminomanganese(lll) chloride
(Jacobsen’s catalyst)

33,082-5 Manganese(ll) acetate , 98%

22,977-6 Manganese(ll) acetate tetrahydrate  ,99.99%

22,100-7 Manganese(ll) acetate tetrahydrate “, 99+ %

21,588-0 Manganese(lll) acetate dihydrate , 97%

24,576-3 Manganese(ll)-acetylacetonate

M228-4 Manganese(lll) acetylacetonate. , tech.

33,929-6 Manganese(lll) fluoride

46,370-1 Manganese(lll) oxide , 99.999%

37,745-7 Manganese(lll) oxide, -325 mesh, 99%

45,316-1 Manganese(lll) 5, 10, 15, 20-tetra(4-pyridyl)-21 H, 23H-porphine chloride tetrakis(methochloride)

39,912-4 Potassium permanganate , low in mercury, 99+ %, A.C.S. reagent

22,346-8 Potassium'permanganate , 99+ %, A.C.S. reagent

23,851-1 Potassium permanganate , powder, -325 mesh, 97%

31,940-6 Potassium permanganate, volumetric standard  ,'0.1N solution in water

44,181-3 5, 10, 15, 20-Tetrakis(4-sulfonatophenyl)-21  H, 23H-porphine manganese(IHl) chloride

Lab Notes, continued from page 34.

Separating DMF from
Alkylated Nucleosides by
Silica Gel Flash Column
Chromatography

lkylation of nucleosides is often carried out in
polar aprotic solvents such as N,N-dimethyl-
formamide (DMF). A convenientway to getrid of DMF
is to wash it out repeatedly with water. However,
nucleoside adducts are themselves often more
soluble inwater than in solvents like ethyl acetate that
are used for extracting the organic product. Evaporating
DMF on high-vacuum pumps is not an easy proposition
especially at room temperature. The stability of
nucleoside adductsis never guaranteed even at slightly
elevated temperatures.
We found that an extremely useful method in such
cases is toload the entire reaction mixture on a column

of silica weighing 40-50 times the weight of starting
materials. DMF is easily eluted with chloroform. Since
the adducts are quite polar, they are retained very well
onsilica. Once DMF is removed, the compounds can
be eluted with chloroform-methanol mixtures.
However, the polarity should be gradually increased
viz., 5% MeOH in CHCI,, 10% MeOH in CHCl,, and so
on, depending on the polarity of the compounds. Ifthe
polarity is increased suddenly, even compounds that
are well-separated on TLC may elute as mixtures. The
method works quite well even for DMF-H,0
mixtures and dimethyl sulfoxide (DMSO). We have
successfully isolated alkylated adducts of 2'-deoxy-
adenosine and 2'-deoxycytidine using this method.

| hope this method proves as useful to other
organic chemists working with nucleosides asithasto us.

ManvinderWahi , Graduate Student
Department of Chemistry and Biochemistry
University of Maryland

College Park, MD 20742

42,447-1
1,2,3,4-Tetramethyl-1,3-cyclopentadiene

21,402-7
1,2,3,4,5-Pentamethylcyclopentadiene , 95%

Available in quantities.

Call Sigma-Aldrich Fine Chemicals
at (800) 336-9719 (USA)
for a quote.
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New Chiral Catalysts

w07—Rh woi—}?h
N | N |

| O———FRh , O——FRh
SO2[CgH4(4-C12H2s)] SO,[CgHy(4-t-Bu)]
] S 4
Rh,(S-DOSP), Rh,(S-TBSP),
47,461-4 Rh (S-TBSP),
47,462-2 Rh_(R-TBSP),
47,044-9 Rh,(S-DOSP),
47,1143 Rh_(R-DOSP),

Chiral Co(ll) Salen Complex

This new catalyst has been used for the hydrolytic kinetic resolution (HKR) of terminal epoxides!
and for the enantioselective catalytic ring opening of meso epoxides.? Catalytic amounts

Davies and co-workers have demonstrated the broad utility
of chiral dirhodium tetracarboxylates, such as Rh,(S-TBSP),
and Rh,(S-DOSP),, as catalysts for asymmetric cyclopropan-
ations by either vinyldiazoacetates! or phenyldiazoacetate
derivatives.? A remarkable feature of these reactions is that
the cyclopropanations occur with high diastereoselectivity
and enantioselectivity. These transformations can be used in
general methods for the asymmetric synthesis of vinylcyclo-
propanes,* cyclopropaneamino acids,® 4,4-diarylbutanoates,®
cycloheptadienes, bicyclo[3.2.1]octadienes,* allyl- and
benzylsilanes,® and other polycyclic compounds.®

(1)(a) Davies, H.M.L.; Hutcheson, D.K. Tetrahedron Lett. 1993, 34, 7243. (b) Davies,
H.M.L.etal. J. Am. Chem. Soc.1996, 118,6897. (2)(a) Davies,H.M.L.etal. Tetrahedron
Lett. 1996, 37, 4133. (b) Doyle, M.P. etal. ibid. 1996, 37, 4129. (3) Corey, E.J.; Gant,
T.G. ibid. 1994, 35,5373. (4) Davies,H.M.L.etal. ibid. 1994, 35,8939. (5) Davies,H.M.L.et
al. ibid. 1997, 38, 1741. (6) Davies, H.M.L.; Doan, B.D. ibid. 1996, 37, 3967.

=N
(1 mol %) of the Co(ll) salen complex are used in the reactions, and the catalyst can be easily /Coi
recycled (regenerated with acid).
(1) Tokunaga, M. et al. Science 1997, 277, 936. (2) Jacobsen, E.N. et al. Tetrahedron Lett. 1997, 38, 773.
47460-6  (S,5)-(+)-N,N-Bis(3,5-di- tert-butylsalicylidene)-1,2-cyclohexanediaminocobalt(1l)
474592 (RR)-(-)-N,NBis(3,5-di- tert-butylsalicylidene)-1,2-cyclohexanediaminocobal(ll) (S.5)

The first commercially available catalytic antibody
Antibody 38C2 catalyzes the following reactions:

» Aldol addition and, in some cases, the condensation reaction*?
» Crossed aldol*?

* Retro aldol*?

* Self aldol*?

» Decarboxylation of B-keto acids??®

* Robinson annulation*

* Kinetic resolutions®

See Technical Bulletin AL-207 for full experimental details.

(1) Hoffmann, T. etal. J. Am. Chem. Soc. 1998, 120, 2768. (2) Barbas, C.F.,
lll etal. Science 1997, 278, 2085. (3) Bjoérnestedt, R. etal. J. Am. Chem. Soc.
1996, 118,11720. (4) Zhong, G. etal. ibid. 1997, 119, 8131. (5) Lerner, R.A.
et al. manuscript in preparation.

47,995-0 Aldolase antibody 38C2, murine catalytic mono-
clonal antibody (each vial contains 10 mg of
lyophilized antibody plus 5-6 mg of phosphate
buffer salts)

48,157-2 Aldolase antibody 38C2, murine catalytic mono-
clonal antibody (lyophilized from pure water)

The CBS (Corey-Bakshi-Shibata) oxaza-
borolidine catalyst has been used in the
asymmetric reduction of prochiral ketones.?

Ph
EN/Ph
N

Other applications include the enantioselec- ‘E}’O
tive synthesis of a-hydroxy acids,? a-amino Me
acids,®* C, symmetrical 1,1'-ferrocenyl

diols,® and propargyl alcohols.®

(1) (@) Corey, E.J. etal. J. Am. Chem. Soc. 1987, 109, 5551. (b) Corey, E.J.
etal. ibid. 1987, 109, 7925. (c) For reviews, see: Singh, V.K. Synthesis 1992,
605. (d) Togni, A.; Venanzi, L.M. Angew. Chem., Int. Ed. Engl. 1994, 33, 497.
(e) Deloux, L.; Srebnik, M. Chem. Rev.1993, 93,763. (2) (a) Corey, E.J.; Bakshi,
R.K. Tetrahedron Lett. 1990, 31, 611. (b) Corey, E.J.; Link, J.O. ibid. 1992,
33, 3431. (3) Idem J. Am. Chem. Soc. 1992, 114, 1906. (4) Sakai, T. et al.
Tetrahedron1996, 52, 233. (5) Schwink, L.; Knochel, P. Tetrahedron Lett. 1996,
37, 25. (6) Parker, K.A.; Ledeboer, M.W. J. Org. Chem. 1996, 61, 3214.

45,769-8 (R)-2-Methyl-CBS-oxazaborolidine, 1Msolutionin
toluene

45,770-1 (S)-2-Methyl-CBS-oxazaborolidine, 1Msolutionin
toluene

Visit us at Www.sial.com/
aldrich/chiraly




ldrich, the innovative leader in high-purity solvents technology and offerings, routinely adds new products
tomeet your specificneeds. A sampling of our new high-purity solvents is shown below. Foracomplete
list, please call our Technical Services department at (800) 231-8327 (USA), or viae-mail at aldrich@sial.com.

Cat. No. Product

49,444-5 Acetonitrile , biotech grade solvent, 99.93+%

49,448-8 N,N-Dimethylformamide , biotech grade solvent, 99.9+%
49,446-1 Tetrahydrofura n, biotech grade solvent, 99.9+%
49,443-7 Methyl alcohol , biotech grade solvent, 99.93%

47,171-2 2-Methyl-2-propanol , anhydrous, 99.5+%

44,903-2 2-Methyl-2-propanol , 99.5+%, with 7% USP water
(suitable for use as a freeze-drying additive)

45,983-6 Ethyl alcoho |, anhydrous, 200 proof, 99.5+%

47,119-4 2-Pentanon e, 99.5%, HPLC grade

47,140-2 Hexyl alcohol , anhydrous, 99+%

45,343-9 Triisopropyl orthoformate , anhydrous, 99.5%

45,711-6 Decane, anhydrous, 99+%

6 Same high-quality assurance and consistency you have come to expect

from us.
Aldrich 6 Packaged using our time-tested, crimp-top, Sure/Seal™ or Sealed for
Bilotecin Quality™ caps.
olrsaibss 6 Bulk quantities available up to 850 L in our Pure-Pac™ containers.

6 Experienced technical support to answer your questions and provide
additional literature.

6 Complete line of accessories to assist in handling and storage.

Sealed for Quality, Sure/Seal, and Pure-Pac are trademarks of Sigma-Aldrich Co.
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Glycalss ExtraordinarilysVersatilenChiral Buildine Blocks

Carbohydrate Synthesis

3
R 0

R2 0
RO
I

Oxidative 1,6-halocyclization

R3 OR4
RO CH3R )

carbon-Ferrier Reaction

ng‘t)‘“

Ferrler Rearrangement

2-Deoxy Glycosides

Haloglycoside OR

Rl(;&/
OH

lycals, 1,2-unsaturated derivatives of pentoses

0 and hexoses, are among the most versatile chiral
building blocks. Not surprisingly, glycals have been

R3 OR* the subject of considerable interest in carbohydrate

RZO Xo chemistry,! oligosaccharide synthesis,? and the

development of combinatorial synthesis of oligo-
saccharide libraries.® Glycals, as chiral building blocks,
serve as precursors for a broad variety of optically active
products.* The most important transformations involve
Lewis acid induced rearrangements, addition of
heteroatoms, cycloadditions, epoxidations, and
oxidations. The Lewis acid catalyzed rearrangement
of glycals in the presence of alcohols, known as the
Ferrier rearrangement, is the method of choice for

Glycosylation

Rl&
N3

. i . 0
SVRTIPY.\ — preparing 2,3-unsaturated glycosides.® Glycals have

also shown tremendous utility as precursors for the
synthesis of C-glycosides.® The promising synthetic

o

OR* Rlo potential of organometallic derivatives of glycals has
AIIyI|c Oxidation to R® OR4 been reported recently.” Glycals have also been used
2,3-Dihydro-4H-pyran-4-ones 2 EpOX|des q 0 g . q
R2 (0] Eloﬁ : in the chemoenzymatic synthesis of oligosaccharides
N0 Ns N3 and rare sugars.® Glycal derivatives have been studied
unXidationte 4 5 biazigo sugars as glycosidase and glycosyl transferase inhibitors® and
have been used as antigens to raise antibodies.®
Galactals
RL, R2 = H; R® = TBDMS 48,073-8  6-O-TBDMS-p-galactal , 97%
R, R2= C(0); R*=TBDMS  48,070-3 6-O-TBDMS-p-galactal cyclic carbonate , 97% OR? OR3
R, R2=C(0); R®=H 46,410-4 p-Galactal cyclic 3,4-carbonate (e}
R!, R2=H; R3= TIPS 46,409-0  6-O-TIPS-p-galactal , 97% R'O =
R%, R2= C(0); R¥*=TIPS 46,411-2 6-O-TIPS-p-galactal cyclic carbonate , 97%
Glucals
R, R® = TBDMS; R*=Ac 47,282-4 4-0O-Acetyl-3,6-di- O-TBDMS-p-glucal , 97%
R!, R® = TBDPS; R?>=Ac 47,281-6 4-0O-Acetyl-3,6-di- O-TBDPS-p-glucal , 96%
R, R2=H; R3=Bz 47,274-3 6-0-Benzoyl- p-glucal , 98%
R, R?2 = H; R® = TBDPS 47,278-6 6-O-TBDPS-p-glucal , 95% OR3
R%, R?= Ac; R® = TBDMS 47,277-8 3,4-Di-O-acetyl-6- O-TBDMS-p-glucal , 96% R20 0
RY, R? = Ac; R® = TBDPS 47,279-4 3,4-Di-O-acetyl-6- O-TBDPS-p-glucal , 97% RO =
R, R®=Bz; R?=H 47,284-0 3,6-Di- O-benzoyl- p-glucal , 96%
R, R®=TBDMS; R2=H 47,283-2 3,6-Di- O-TBDMS-p-glucal , 97%
R, R3=TBDPS; R?=H 47,280-8 3,6-Di- O-TBDPS-p-glucal , 95%
Lactals
Rl = TBDMS; R?= H 47,2859  6,6'-Di-O-TBDMS-p-lactal , 97%
R! = TBDPS; R?= H 47,286-7  6,6'-Di-O-TBDPS-p-lactal, 97%
RY, R2= H 47,113-5  p-Lactal, 97% %ﬁ\ i)
R! = TBDMS; R2= Ac 47,288-3 Tetra- O-acetyl-6,6'-di- O-TBDMS-bp-lactal , 98% R OR!
R! = TBDPS; R?= Ac 47,287-5 Tetra- O-acetyl-6,6'-di- O-TBDPS-b-lactal , 97%

These products are manufactured exclusively for Aldrich Chemical Company by Sussex Research Laboratories, Inc., Ottawa, Ontario, Canada.

(@) Thiem, J.; Klaffke, W. J. Org. Chem. 1989, 54, 2006. (b) Lemieux, R.U.; Levine, S. Can. J. Chem. 1964, 42, 1473. (c) Friesen, R.W.; Danishesfky, S.J. Tetrahedron 1990, 46, 103. (d) Lemieux,
R.U,; Ratcliffe, RM. Can. J. Chem. 1979, 57, 1244. (e) Danishefsky, S.J.; Bilodeau, M.T. Angew. Chem., Int. Ed. Engl 1996, 35, 1380. (f) Snider, B.B.; Lin, H. Synth. Commun. 1998, 28,
1913. (g) Roliin, P.; Sinay, P. Carbohydr. Res. 1981, 98, 1913. (h) Harders, J. et al. Liebigs Ann. Chem. 1997, 2125. (i) Fraser-Reid, B. Acc. Chem. Res. 1996, 29, 57. (j) Ferier, R.J.; Prasad,
N. J. Chem. Soc. (C) 1969, 570. Postema, M.H.D. Tetrahedron 1992, 48, 8545. Thom, S.N.; Gallagher, T. Synlett 1996, 185. (k) Czemecki, S. et al. Tetrahedron Lett. 1992, 33, 221.

(1) Collins, PM.; Ferrier, R.J. Monosaccharides, Their Chemistry and Their Roles in Natural Products; John Wiley & Sons: Chichester, UK., 1995; pp 317-326. (2) (a) Danishefsky, S.J.; Bilodeau,
M.T. Angew. Chem., Int. Ed. Engl. 1996, 35, 1380. (b) Seeberger, P.H.; Bilodeau, M.T.; Danishefsky, S.J. Aldrichimica Acta 1997, 30, 75. (3) lzumi, M.; Ichikawa, Y. Tetrahedron
Lett. 1998, 39, 2079. (4) Lichtenthaler, EW. In Modem Synthetic Methods; Scheffold, R., Ed.; VCH: Weinheim, 1992; pp 273-376. Bols, M. Carbohydrate Building Blocks, Wiley: New York, NY,
1996; pp 49-53. (5) Lépez, J. C. et al. J. Org. Chem. 1995, 60, 3851. (6) (a) Postema, M.H.D. C-Glycoside Synthesis;, CRC Press: Boca Raton, FL 1995; Chapter 2. (b) Levy, D.E;; Tang, C. The
Chemistry of C-Glycosides, Pergamon: Oxford, UK 1995. (7) Dotz, K.H. et al. Angew. Chem., Int. Ed. Engl. 1997, 36, 2376. (8) (a) Danishefsky, S.J. et al. Science 1993, 260, 1307. (b) Sugai,
T. et al. Bull. Chem. Soc. Jpn. 1997, 70, 2535. (9) (a) Kiss, L.; Somsak, L. Carbohydr. Res. 1996, 291, 43. (b) Schmidt, R.R. Liebigs Ann. Chem. 1994, 297. (c) Lai, ECK. et al. Bioorg. Med. Chem.
1996, 4, 1929. (10) Yu, J. ibid. 1998, 8 1145.



Anhydrous Solvents from Aldrich
Something Great Just Keeps Getting Better!

As the innovative leader in anhydrous solvent technol- competitive prices! Combined with our selection of more
ogy, Aldrich just made the best even better by guaranteeing ‘ than 80 different anhydrous solvents and time-tested Sure/
still lower water specifications on more of our anhydrous /&= Seal™ packaging, it's easy to see that Aldrich solvents
solvents. Aldrich continues to add to the list of IMPROVED are simply the best for your moisture-sensitive reac-

anhydrous products that have a low water content of I;\II:‘E":K tions. A sampling of our anhydrous solvents is shown
<0.0010% to <0.0030% and a low residue on evapora- THAN below. For a complete list, please call our Technical
tion of <0.0005%, and are still being offered at the same EVER! Services Department at (800) 231-8327.

Water Content

27,100-4 Acetonitrile , 99.8% 10ppm
40,176-5 Benzene, 99.8% 30ppm
30,697-5 tert-Butyl methyl ether, 99.8% 30ppm
28,911-6 Carbon tetrachlorid e, 99+% 20ppm
28,830-6 Chloroform, 99+% 10ppm
27,099-7 Dichloromethan e, 99.8% 10ppm
29,630-9 1,4-Dioxane, 99.8% 30ppm
45,984-4 Ethyl alcohol , 99.5%, non-denatured (TAX-PAID) 30ppm
27,764-9 Ethyl alcohol, reagent, denatured 30ppm
25,952-7 Ethylene g lycol dimethyl ethe r, 99.5% 30ppm
24,665-4 Heptane, 99% 10ppm
22,706-4 Hexanes 20ppm
29,699-6 Methyl acetat e, 99.5% 30ppm
32,241-5 Methyl alcohol , 99.8% 20ppm
27,438-0 Methyl sulfid e, 99+% 30ppm
31,032-8 Propylene carbonat e, 99.7% 30ppm
27,097-0 Pyridin e, 99.8% 30ppm
18,656-2 Tetrahydrofuran, 99.9% 30ppm
24,451-1 Toluene, 99.8% 20ppm

Exclusive Packaging for Aldrich Anhydrous Solvents

Sure/Seal™ Bottles Aldrich Sure/Seal™ Septum-
+ Crimp-top Sure/Seal™ system is time tested; provides Inlet Ad&pt@l’ (240, 718-6)
allthe assurance youneed. o + Economical closure for use with 100mL and 1L Sure/Seal™
* Research quantities (most materials are available in sizes bottles to permit repeated dispensing of product via syringe and
from 100t0 2,000 mL). _ reliable long-term storage.
* Reagent comes in contact with only glass and Teflon®. . )
« Standard syringe and cannula techniques are used to + Adapter allows the use of either an 8mm septum cap (included)
or standard rubber septum (210,072-2 or Z12,435-4).

transfer contents. )
+ Also available: the Oxford Sure/Seal™ valve-cap (Z40,626-0)

« Additional literature is available. Contact us for - i
Technical Bulletin AL-134. to ensure positive valve closure during use and closure.

Mini-Bulk ™ and Kilo-Lab™

Sure/Seal

Containers @
+ |deal for development- and pilot-scale quantities (18, 90, 200, 400 g

20850,
+ Closed system minimizes worker and environmental exposure. QgE® with tain. Fole
+ Reusable to minimize waste disposal costs. . {{_) Telon-faced
« Cylinders are product-dedicated to guarantee safety and purity. et o (€2
+ NO RENTAL FEE; only a returnable deposit. crown andthreads ,\

\

« Additional literature is available. Contact us for bulletin 514-001.

Teflon is a registered trademark of E.I. du Pont de Nemours & Co., Inc. Sure/Seal, Kilo-Lab, Pure-Pac, and Mini-Bulk are trademarks of Sigma-Aldrich Co.
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Strategies for Organic Drug
Synthesis and Design

da-Hydroxy Acids in
Enantioselective Syntheses

Analytical Chemistry

D. Lednicer, John Wiley & Sons, New York,
NY, 1997, 500pp. Ideal for anyone learning or
working in organic, medicinal, or pharma-
ceutical chemistry. This work offers a clear
examination of the synthetic routes followed to
prepare arange of compounds with assigned
genericnames. The bookillustrates a variety
of organic transformations and structural
classes of compounds by presenting the
chemistry used in the synthesis of the
selected drugs.
740,856-5

Modern Catalytic Methods for
Organic Synthesis with Diazo
Compounds: From
Cyclopropanes to Ylides

M.P. Doyle, M.A. McKervey, and T. Ye, John
Wiley & Sons, New York, NY, 1998, 652pp.
This resource brings together a wealth of
procedures for the synthesis and practical use
of diazocarbonyl compounds. It features
methods for the preparation of important
catalysts and for applications of diazocarbonyl
compounds within each of the main transform-
ation categories—including in-depth cover-
age of cyclopropanation, C-H and X-H inser-
tion, Wolff rearrangement, ylide formation,
aromatic cycloaddition and substitution, and
many other useful reactions.

Z40,857-3

Chemistry of Advanced Materials:
An Overview

G.M. Coppola and H.F. Schuster, Wiley-
VCH, Weinheim, Germany, 1997, 513pp.
Chiral a-hydroxy acids serve as starting
materialsinawide variety of enantioselective
conversions leading to commercially impor-
tant products. This monograph, a stimulat-
ing source of ideas and an essential refer-
ence work for research chemists, focuses
on the well-known lactic, mandelic, malic,
and tartaric acids. Examples show how
chiral centers inherent in these simple com-
pounds can be used to control the introduc-
tion of further stereogenic centers. Readers
can directly apply new transformations in

their own work since reaction
conditions are givenin handy tables.
Z40,864-6

Inorganic Materials

2nded., D.W. Bruce and D. O’Hare, Eds., John
Wiley & Sons, New York, NY, 1997, 593pp.
This revised edition of a highly successful book
addresses several of the vigorous areas of
research in this field where inorganic materials
are centraltothatresearch. Provides coverage
of molecular inorganic superconductors,
molecularinorganic magnetic materials, metal-
containing materials for nonlinear optics,
inorganic intercalation compounds, biogenic
inorganic materials, clay chemistry, polymeric
coordination complexes, metal-containing lig-
uid crystals, and precursors for electronic
materials.

Z40,867-0

A Practical Guide to
Combinatorial Chemistry

L.V. Interrante and M.J. Hampden-Smith, Eds.,
Wiley-VCH, New York, NY, 1998, 580pp.
Advanced materials are substances such as
composites, super alloys, and advanced
ceramics. This is the first volume in a new
series, Chemistry of Advanced Materials,
devoted to providing a broad perspective on
materials chemistry and helping scientists and
engineers understand the importance of
chemistry in material science and engineering.

Z40,863-8

A.W. Czarnik and S.H. DeWitt, Eds., Ameri-
can Chemical Society, Washington, DC, 1997,
450pp. Practical guide for both newcomers
and specialists in small-molecule combinato-
rial chemistry. Tutorial-style chapters review
computational tools to analyze molecular
diversity, methods of solid-phase peptide and
small-molecule synthesis, and approaches to
synthesizing solid- and solution-phase
libraries.
740,842-5

R. Kellner, J.-M. Mermet, M. Otto, and H.M.
Widmer, Eds., Wiley-VCH, Weinheim, FRG,
1998, 530pp. This title offers students and
newcomersto the field amodern, stimulating,
clearly structured overview of analytical
chemistry worldwide. The work will allow
those individuals specializing in a particular
aspect of analytical chemistry to learn about
other aspects of the field.
Z740,854-9

Capillary Electrophoresis in
Chiral Analysis

B. Chankvetadze, John Wiley & Sons, New
York, NY, 1997, 572pp. Capillary electro-
phoresis (CE) allows separation on a very
small scale: Chiral analysis is the separation of
different molecules that are mirror images of
one another. As regulations around the world
demand increasing levels of purity of chiral
molecules, CE is becoming a very important
technique for safeguarding the public’s health.
This book is both an in-depth introduction and
a comprehensive review of current technology
regarding the applications of CE in chiral
analysis.

Z40,869-7

Biotransformations in Organic
Chemistry: A Textbook

3rded., K. Faber, Springer-Verlag, New York,
NY, 1997, 402pp. Updated edition provides
a basic introduction to the use of biocatalysts
in modern preparative organic chemistry.

728,737-7

Biomedical Frontiers of Fluorine
Chemistry

I. Ojima, J.R. McCarthy, and J.T. Welch, Eds.,
American Chemical Society, Washington, DC,
1996, 386pp. Reviews recent research on
fluorine-containing molecules in biology and
medicinal chemistry. Details applications for
biomedical problems.

728,817-9

Aldnchimica Acta vol. 31, No. 2, 199871



SCienﬁfiC GICJSSWCJI‘ e ...Clearly the finest

AIR-SENSITIVE CHEMISTRY

Sure/Stor™ Flasks

Designed for safe, reliable storage and

dispensing of air-sensitive and odoriferous
chemicals, pyrophorics, alkyl lithiums,
Grignards, corrosives, and purified or
deuterated solvents.

Features:

Aldrich Swivel McLeod Vacuum Gauge

High-vacuum Teflon® valve-to-glass seal
eliminates air contamination in storage and
septum leakage after initial needle
penetration

Heavy-wall borosilicate glass
Removable sidearm hose connector for
easy attachment of vacuum and inert gas
lines. When used for long-term storage,
replace hose connector with a rubber
septum for secondary protection. Flasks
supplied with 2 septa. Replacement
septa, Z10,649-6, are also available.

Rubber

septum
e Teflon valve open

[h

To manifold

1. Connectflask to vacuum line to pump out air and strong odor, then refill with inert gas.

2. Open Teflon® valve sufficiently to allow syringe needle (or pipette) to pass through
septum-inlet and reach the stored liquid in flask.

3. Close the Teflon® valve after the needle has been removed and pump out again to
remove air and odor. Use rubber septa Z10,072-2 or Z12,435-4 on septum inlet.

4. When used for long-term storage, replace hose connector with a rubber septum
(e.g., Teflon®-faced silicone rubber, Z10,649-6) for secondary protection.

Cap. (mL) Cat. No.
25 740,497-7
50 740,498-5
100 Z740,499-3
250 Z740,500-0
500 Z740,501-9
1000 740,502-7
2000 Z740,503-5

Replacement Septa

Teflon®-faced silicone rubber Z10,649-6

Swivel arrangement permits rigid connection to the vacuum system with the scales vertical at all times.
Compact and lightweight. Features permanent combination linear and square root ceramic scales
with white background, high-vacuum O-ring seals, precision bore capillaries, and Delrin® plastic and
black anodized aluminum parts. Includes operating instructions.

Features:

e Easytoclean.

» Plastic plug with tapered point on closed end exactly compensates
for meniscus curvature for full accuracy at higher vacuum.

* Requires approximately 4mL of mercury (notincluded).

Specifications:

Linear scale: 0to 5mm in 0.1mm divisions
Square root scale: 2to 5mm
Accuracy: 3% of reading or 1Imm of scale division, whichever is greater

Z40,749-6

Teflon and Delrin are registered trademarks of E.I. du Pont de Nemours & Co., Inc. Sure/Stor is a trademark of Sigma-Aldrich Co.
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FIVE BEASIINS

1. We know the product. WE make the material.

WHY YU

9. We can provide custom particle sizes, custom
preparation, and custom guantities.

SHOULD BE USING

3. Our highly purified version, Supelpak -2 resin, has
negligible background for air sampling applications.:

AMBERLITE XAD-2 RESIN

4. We make ordering easy — we offer Amberiite” XAD -9
and Supelpak -2 resins through more than'80
distributors around the world,

FROM SUPELCO

5. More than 40 USEPA, NIOSH, OSHA, and ASTM
methods list Amberlite” XAD -2 resin.

§supELco

Supelco Park, Bellefonte, PA 16823-0048 USA

For more information, phone 800-247-6628 (USA only) or 814-359-3441; FAX 800-447-3044 (USA only) or 814-359-3044.
Visit our web site: http://www.supelco.com/supelco.html

(Offer available only in the USA)

Amberlite and XAD are registered trademarks of Rohm and Haas Co. Supelpak is a trademark of Sigma-Aldrich Co.



THE 1993-1999 ALDRICH
CATALOG/HANDBOOK

b
By
Com‘inuing the Aldrich fradition of manufacturing %
and supplying a wide selection of top-quality products w
forresearch, development, and manufacturing, thisedition :|
of our popular catalog features: L7
B
Approximately 5,000 new products—including the
Hydranal® series of K-F reagents and Combinatorial
Chemistry products.
11 Product Lines: We offer:
e[| Chiral Nonracemic Compounds e Convenient One-Stop Shopping 7
o] Fluorinated Products e Competitive Pricing i
o[l Gases e Ready Inventory
o[l Inorganics e Comprehensive Technical Support
e[ Laboratory Chemicals \
. Order your FREE copy today!
e[| Monomers, Polymers, and Additives
' O In the USA, contact us by phone,
ell Organics (800) 231-8327; fax, (800) 962-9591; or
o[] Organometallics e-mail, aldrich@sial.com; or by filling out
o] Stable lsotopes the buginess reply card found inside this ’,
magazine.
e[| Stains and Dyes o
0 Tech O Outside the USA, please contact your \
- A e local Sigma-Aldrich office. -
Please see page 33 for more detailed information.
Hydranalis aregistered frademark of RdH Laborchemikalien GmbH & Co. KG o — o8 —— .
_—ll-'=.-
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MILWAUKEE, WISCONSIN 53201 USA PAID
MILWAUKEE, WISCONSIN
PERMIT NO. 552

ALDRICH
®

CHANGE SERVICE REQUESTED



Page intentially blank



Page intentially blank



Aldrichimica Acta

Volume 31, Number 3, 1998 §st issue in 1998

l" |

¢ b 4
Y.

»
'
!'r"

hI

-

Transition-Metal-Based Lewis Acid Catalysts

(2 ALDRICH

chemists helping chemists in research and industry




New Products

Polymers with prom- o o
ising electro-optic Y \f
features, including OY \«’éo 0 o
high second-order 0 0 I J/
optical nonlinearity, \L J/ N
good thermal and N

prepared from these © 0” H
two compound$?3
(1) Wang, P.N. et alChem. Mater 1995 7, 185.

temporal stability, and
low long-wavelength
Polymer1997, 38, 2893. (3) Sun, S.-S. et &hem. Mater1996 8, 2539.

absorption, have been

47,797-4 N-Phenyldiethanolamine diacetate97%

48,488-1 4-[Bisp-(acetyloxy)ethyllamino]benzaldehyde98%

Benzyl carbazate is frequently used to o
prepare hydrazine-substituted com- )J\ g
-NH>

pounds. Examples include azapeptid o~ N
and hydrazine-substituted flavihs. H
(1) Quibell, M. et alJ. Chem. Soc., Perkin Trans1993 2843. (2) Kim,
J.-M. et al.J. Am. Chem. Sod995 117, 100.

49,978-1 Benzylcarbazat®8%

Benzop]naphthoflthiophene and [1]benzo-
thieno[3,2h]isoquinolines have been prepared 0 H
from this aldehydé?

(1) Castle, N. et alJ. Heterocycl. Chem1981 N
18, 967. (2) Shafiee, A. et dbid. 1976 13, 141. S

49,496-8 Thianaphthene-3-carboxaldehydg95%

(2) Zhang, Y. et al.

/\/\/\/ I
O

(¢]

Leukotriene Bantagonists and blocking o
groups for rotaxanes have been prepared

from these useful synthoAs.

(1) Chan, W.K. et alJ. Med. Chem1996

39, 3756. (2) Gibson, H.W. et al. Org.

Chem 1993 58, 3748.

49,718-5 2-(6-Chlorohexyloxy)tetrahydro-2H-pyran, 95%

49,974-9 2-Benzyloxybenzaldehydg8%

These polymer-bound reagents are used as scavengers in solid-phase
organic synthesis. The polymer-bound piperidine is an acid scavenger,
while the benzaldehyde is used to scavenge primary and secondary

amines via formation of the imine.
Kaldor, S.W. et al.Tetrahedron Lett1996 37, 7193.

49,461-5 Piperidine, polymer-bound
47,208-5 4-Benzyloxybenzaldehyde, polymer-bound

Polymers with interesting electrical

. : X
properties have been prepared using |
idi 1,2 —
ethynylpyridine! N %
(1) Balogh, L. et al.J. Polym. Sci., Part A: H
Polym. Chem1998 36, 703. (2) Gal, Y. et al.

Bull. Korean Chem. Socl998 19, 22.
46,992-0 2-Ethynylpyridine 98%

TMS TMS

= =

Br Br

Molecular wires, phenylethynyl oligomer3angular phenylenés,

and dehydrobenzoannulerielsave been prepared from these

arylacetylenes.

(1) Anderson, S. et all. Chem. Soc., Perkin Trans1298 2383. (2) Hsung,

R.P. et alOrganometallicsl 995 14, 4808. (3) Schmidt-Radde, R.H.; Vollhardt,

K.P.C.J. Am. Chem. Sot992 114 9713. (4) Haley, M.MSynlett199§ 557.

48,469-5 (2-Bromophenylethynyl)trimethylsilane, 98%

49,401-1 (4-Bromophenylethynyl)trimethylsilane, 98%

A number of heterocycles with promising
pharmacological activity have been prepared fro@)

H

N

L /
this indolet?

E)

(1) Chan, W.K. et alJ. Med. Chem1996 39, 3756.
(2) Sheppard, G.S. et abid. 1994 37, 2011.

24,621-2 4-Benzyloxyindole98%

Oligothiophenes with

interesting electronic (0) s s s O
and optical properties \ \ \
have been prepared H H

from this terthio-
phenel?

(1) Novikova, T.S. et alSynth. Met1996 83, 47. (2) Wei, Y. et alChem.
Mater. 1996 8, 2659.

49,910-2 2,25',2"-Terthiophene-5,5"-dicarboxaldehyde, 97%
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About Our Cover

he Brown
Family
(oil on pa-

per mounted on
canvas, 23%
X 28% in.) by the
American artist
Eastman John-
son (1824-1906)
represents
James Brown,
whose father
founded the international mercantile
banking firm that still bears the
name Brown Brothers and Company,
with his wife Eliza and their grand-
son William in the parlor of their
house on University Place in New
York. It is at one time both a scene
of everyday life and a group portrait,
combining the two types of painting
for which Johnson was best known.
Signed and dated 1869, it is a record
of the appearance of the home
where the Browns had raised their
family, commissioned from the
artist in anticipation of a move
further uptown to a new residence
at Park Avenue and 37th Street.
The Browns are shown seated
by the fire in their comfortable
parlor. Young William has in-

terrupted his
grandfather’s
reading of the
evening
paper, causing
his grandmother
to look up from
her knitting. The
room, with its
paintings and
other decorative
objects, carved
furniture, gilded frames, heavy red
draperies, carved marble mantle,
green wallpaper, strapwork orna-
ment and figured carpet, reflects the
affluence and social position of the
Brown family. However, the
appearance of this room was
criticized as garish and tasteless
when the painting was first exhib-
ited. Nevertheless, when the
Browns moved to their new Park
Avenue home they had this room
dismantled and reinstalled there,
and their son John even later moved
it into his own house.

This painting is a gift of
David Edward Finley and
Margaret Eustis Finley to the
National Gallery of Art.

“Please
Bother
Us.”

by

Jai Nagarkatti, President

XOTN\”/NYOK

o NH O

Dr. Ganesan Vaidyanathan of the
Department of Radiology at the Duke
University Medical Center kindly
suggested that we offer 1,3-bis(tert-
butoxycarbonyl)guanidine. This reagent
converts bromoalkanes to guanidines
using sodium hydride,* and alcohols
to guanidines using Mitsunobu’s
conditions.?

(1) Vaidyanathan, G.; Zalutsky, M.R. J. Org. Chem. 1997, 62, 4867.
(2) Dodd, D.S.; Kozikowski, A.P. Tetrahedron Lett. 1994, 35,977.

49,687-1 1,3-Bis(tert-butoxycarb-
onyl)guanidine, 98%

Naturally, we made this useful
reagent. It was no bother at all, just a
pleasure to be able to help.

of solid materials.

Key Features:
Complete text/word search

Hotlinked key terms

even easier

D DPDHISDDD

CRC Handbook of Chemistry and Physics, CRCnetBASE 1999

ontaining 270 tables of data, CRC Handbook of Chemistry and Physics,
CRCnetBASE 1999 provides definitions of scientific terms, details 1,800 organic
and inorganic substances, supplies quantitative data on the solubility of organic
compounds in water, provides data related to flammability, and reviews properties

Extensive Boolean and proximity searching
Screen cam that quickly reviews the use of this CD-ROM
Ilustrations and photos containing zoom features and hotlinks

Hyperlinking system that makes finding the information you need

High resolution printing of text, graphs, and illustrations

741,047-0

IBM is a registered trademark of International Business Machines Corp. Windows is a registered trademark of Microsoft Corp.

David R. Lide

H A MBI

CHEMISTRY

PHYS5ICS

System requirements: IBM®-compatible computer,
486 or higher, running Windows® 3.1 or higher,
8MB RAM, CD-ROM drive.
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Moving Disc Filtration:
Low-Temperature, Inert-
Atmosphere Removal of
Solvent from Low-
Melting Crystals in an
Ordinary, One-Neck
Flask

he motivation for assembling this device came

from our need to rapidly and efficiently remove
mother liquors from crystalline, low-melting solids
under conditions which allow maintenance of a low-
temperature and/or dry,inert atmosphere. For finely
divided crystals containing significant amounts of
entrapped liquid, suction/pressure filtration was
mandated. The several devices uncoveredin a
literature search,*while effective, require more
specialized apparatus and complicated maneuvers
than does the one described herein. This device
differs from others in that it allows the crystalline
solid to remain in the one-neck flask in which it has
crystallized, and is easily adapted to fit a range of
flask sizes. Furthermore, it can be assembled
almost entirely from commercially available parts.

Assembly begins by boring a hole (cork borer)
through rubber septum A (e.g.,'$19/22, Aldrich
210,076-5) to allow insertion (snug fit, inserted through
the narrow end of the septum) of gas-dispersion
tube B (214,546-7, porosity 170-220, 12mm o.d.).
The length of protrusion of the fritted glass end (C)
will be adjusted throughout the course of liquid re-
moval. The noncoring tip D of an 18-inch, 12-gauge,
double-ended needle (E) is pushed through the small
end of “#3" rubber septum F (e.g., 210,072-2), far
enough to allow the flat end of the needle to reach
the bottom of the inside of the gas-dispersion tube,
with the #3 septum sealing the top of the gas-disper-
sion tube. The noncoring end of the needle is bent
into a smooth ~120° arc. Syringe needle G (e.g.,a
B-D PrecisionGlide®, 219,250-3) is inserted into the
well of the $19/22 septum, until the tip emerges
through the bottom of the wall on the lower end of
the septum. Needle G is connected to a gas line
(e.g.,N,, Ar; needle-tubing connector w/male Luer
Lok®). The apparatus is now ready to use.

The '$19/22 septum (A) fits snugly into a
standard 50-mL Erlenmeyer flask. To adapt the
apparatus to a larger flask (with or without a
standard taper joint), conical neoprene rubber filter

PrecisionGlide and Luer Lok are registered trademarks of Becton
Dickinson and Co.

< |_ab Notes

adapters (set: 225,423-1) can be nested on the flask.
We have thus removed mother liquors from 50- to
500-mL Erlenmeyer flasks.

Multiple crystallizations are needed to separate
(2'R)-1'-(3'-bromo-2'-methylpropyl) (1S)-10-
camphorsulfonate (mp 29 °C) from its higher-melting
(2'S) diastereomer. Inatypical procedure, a solution
of these isomers in methanol is crystallized at 0 °C.
The flask, held in an ice-water bath, is fitted with the

Inert
Gas in

H

apparatus, with the inert gas flowing gently. The gas
dispersion tube is held above the liquid, and the
noncoring end of the needle is inserted about 1.5
inches into a receiver flask, to accommodate spitting.
The gas dispersion tube is then pushed down to make
and maintain contact with the liquid (immersion is not
necessary). Gas pressure forces the liquid out through
the needle. When the gas dispersion tube reaches
the top of the crystalline solid, itis held in contact with
the solid surface; wicking action continues to drain
solvent from the crystals. When an acceptable level
of drynessiis attained, the crystals can be rinsed with
additional cold solvent. We rinse these crystals with
cold ether to facilitate drying. When the crystals are
sufficiently dry that they will not melt/dissolve in the
remaining solvent, the flask is removed from the cold
bath, and the crystal drying is completed in any of the
standard ways. We normally weigh and analyze the
completely dry crystals, then redissolve them in the
appropriate amount of solvent for the next crystalliza-
tion, all without removing them from the flask. We
have handled amounts of solid from ~1g to 100g in

this way, and have used bath temperatures as low as
-30°C; much lower temperatures should not be a
problem.

The basic principle of this apparatus can be used
in modified versions. For example, on alarger scale
(larger, wider-mouth, or multiple-neck flask), the
18-inch needle can be omitted and the gas dispersion
tube modified (bent at the receiver end, a larger-
diameter fritted disc at the immersed end). With this
modification, we have removed 1-2 liters of solvent
from 200-300g of crystals in a beaker (in an ice bath)
by aspirator suction, with an inert gas blanket to
minimize moisture condensation. The fritted disk is
easily moved around and used to tamp down the
crystals while providing a wicking surface, thereby
maximizing solvent removal.

(1) Czapkiewicz, J.;Tutaj, B. A Design for Low-Temperature Filtration
of Strongly Hygroscopic Crystals. J. Chem. Educ. 1992, 69, 590.
(2) Shaw,C.F, III; Allred, A.L. Crystallization and Filtration Apparatus
for LowTemperatures and Inert Atmosphere. J Chem. Educ. 1970, 47,
164.(3) Giese, R. LowTemperature Recrystallization Tube. J Chem.
Educ. 1968, 45,610.(4) Holah, D.G. Apparatus for Preparations and

Filtrations Under Inert, Dry Conditions. J. Chem. Edluc. 1965, 42,561.
(5) Smith, F.E. Aldrichimica Acta1989, 22,58, and references therein.

Roger C. Hahn, Associate Professor
Department of Chemistry

Center for Science &Technology
Syracuse University

Syracuse, NY 13244-4100

Please turn to page 87 for more Lab Notes

0 you have an innovative shortcut or unique

laboratory hint you'd like to share with your
fellow chemists? If so, please send it to Aldrich
(attn: Lab Notes, Aldrichimica Acta). For submit-
ting your idea, you will receive a complimentary,
laminated periodic table poster (Cat. No.
Z15,000-2). If we publish your Lab Note, you will
also receive an Aldrich periodic table turbo mouse
pad (Cat. No. Z24,409-0). It is Teflon®-coated,
8% x 11in., with a full-color periodic table on the
front. We reserve the right to retain all entries for
future consideration.
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1. Introduction

In 1960, Yates and Eaton reported that
molarequivalents of aluminum trichloride were
capable of accelerating certain Diels—Alder
reactions by as much as 10° times over the
corresponding thermal reactions.! Whereas
proton catalysis of these reactions had been
reported,? the observation that Lewis acids
were capable of accelerating the Diels—Alder
cycloaddition was a seminal discovery which
propelled the development of a variety of new
reactions that relied on Lewis acid promotion.
In addition to the classical Diels—Alder
reaction (eq 1), these include the Mukaiyama?®
(eq2)and Sakurai* (eq 3) reactions, the hetero-
Diels—Alder cycloadditions® (eq 4), the ene
reactions® (eq5), and the nitrone—olefin [3+2]
additions’ (eq 6).

After the efficacy of aluminum trichloride
was demonstrated, it was natural to investigate
the halides of B(III), Sn(IV) and Ti(IV) as well
as those of the lanthanides, Zn(II), and Mg(II)
for Lewis acid promotion. Generally, stoichio-
metric or greater amounts of the Lewis acid
were employed in order to achieve maximum
acceleration and to compensate for the
destruction of the Lewis acid by hydrolysis.
Later, when these Lewis acids were modified
for use in asymmetric synthesis, catalytic
quantities began to be used. These modified
chiral Lewis acids were usually prepared by
addition of a chiral ligand to an appropriate
Lewis acid precursor. Although notable
successes have been reported by the use of
these chiral catalysts, they present a number of
disadvantages. Among these are their high
sensitivity to water, the tendency of ligated

Lewis acids to scramble their ligands and to
form oligomeric species. The fact that the
(achiral) Lewis acid precursor is usually more
catalytically active than the chiral ligated
species can lead to diminution of the observed
enantiomeric excess unless the chiral catalyst is
completely formed. As a consequence, great
care and considerable effort is required in order
to exclude these complications or to identify the
catalytically active species. It was for these
reasons that, some years ago, we began a search
fortransition-metal-based Lewis acid catalysts
in the expectation that structurally defined,
stable catalysts would be produced.

2. Background

Soon after we began our search for suitable
transition-metal-based Lewis acids, there
appeared three reports on such catalysts, 1,82,
and3.!° Compound 1 isa very effective catalyst
for the classical Diels—Alder reaction at low
catalyst loading. However, it has a strong
tendency to polymerize dienes and is moisture
sensitive. Despite these problems, this was an
important discovery because it indicated how a
normally electron-rich metal, in this case d°
tungsten (0), could be modifiedtoactasa Lewis
acid. The SbF, ligand in 1 s very labile and is
readily replaced by the carbonyl functions of
dienophile aldehydes, ketones, and esters; this
results in the formation of cationic adduct
complexes. Further, because the coordination
of the adduct is trans disposed to the NO*
ligand, the dienophile is labile by virtue of the
strong trans-effect of NO*. The lability of the
adduct is important in catalysis because it
assures that ligand dissociation will not be
turnover-limiting.!" Lewis acid induced
activation of a substrate occurs because the
Lewis acid withdraws electrons from the
substrate and thereby activates it to reaction.
Apositively charged Lewis acid is expected to
enhance the required electronic displacement
over that provided by a similar neutral Lewis
acid. The presence of charge in transition-metal
Lewis acids may be generally necessary, at
least for the classical Diels—Alderreaction, but
isnotsufficientto provide Lewis acidity. Inthe
case of 1, the electron-withdrawing Tracidic
carbonyl and nitrosyl ligands are important in
contributing tothe tungsten Lewis acidity. Thus,
we havereplaced, successively, one and two of
the carbonyl ligands of 1 by phosphines and

B. Bosnich

Department of Chemistry
University of Chicago
Chicago, IL 60637

Professor Brice Bosnich (right) receiving the 71998 ACS
Award in Inorganic Chemistry from Dr. Mark A. Drezdzon,
Manager-Techware, Sigma-Aldrich Research.

have found that the Lewis acidity, as measured
by the rates of a standard Diels—Alder reaction,
is progressively reduced. This is consistent
with the expectation that the replacement of
electron-withdrawing carbonyl ligands by
electron-donating phosphines will increase the
negative charge on the metal, thereby diminish-
ing its Lewis acidity. That charge alone is not
necessarily sufficient to produce Lewis acidity
is demonstrated by our observation that the
cationic complex [Ru(diphos), Cl]* (diphos is
Ph, PCH,CH,PPh,) is a very poor catalyst for
most Diels—Alder reactions.

From the above discussion, itis obvious that
2 should be a powerful Lewis acid catalyst; it
hastwonitrosyl ligands, is dipositively charged,
and has a vacant coordination position for
substrate binding. This is the case,’ but like 1,
it suffers from being a potent catalyst for poly-
merizing dienes. Compound 3, on the other
hand, is expected to be electron-rich but the
presence of the positive charge might provide
mild Lewis acidity. It was found that 3 is a
useful catalyst for the (Danishefsky) hetero-
Diels—Alder reaction, but the classical
Diels—Alderreactionisnotcatalyzed by 3. The
principal reason for the latter inactivity is that
dienophiles, which are generally electron-
deficient olefins, displace the ethylene ligand of
3 to form stable T-olefin complexes which do
not react with dienes.

Thus, for the classical Diels—Alderreaction
in particular, the problem of generating transi-
tion-metal Lewis acids resides in producing
complexes where the electron density of the
metal is such that diene polymerization does not

76  Aldndhimica Acta vol. 31, No. 3, 1998



occur and where Tr-olefin coordination is
suppressed. Tuning the Lewis acidity of the
transition metal can be a fairly rational process
and different reactions require varying degrees
of Lewis acidity. For example, strong Lewis
acids are generally required for the classical
Diels—Alder reaction whereas milder Lewis
acids are preferred for the Mukaiyamareaction
and its variant, the (Danishefsky) hetero-Diels—
Alderreaction.

3. Ruthenium and Titanium
Complexes as Lewis Acids

The complex [Cp,TiCl,], where Cp is the
cyclopentadienyl ligand, is a stable, robust
complex which can be modified into chiral
forms by appropriate substitution of the Cp
ligands.!? Although it has a vacant d orbital,'?
itdoes not form Lewis acid adducts because the
vacant orbital is sterically inaccessible. With
sterically less demanding ligands, such as
acetonitrile, thisremaining orbital is employed
for coordination as occurs in the complex
[Cp,Ti(NCCH,),]*". Titanium (IV), however,
is an electropositive metal and it would be
expected to act as a strong Lewis acid even in
the presence of the electron-donating Cp
ligands provided that the chloro ligands in
[Cp,TiCl)] were replaced by readily dis-
placeable ligands such as H,O or the triflate
anion (CF,SO,”= OTf). The complexes
[Cp,Ti(OTf),] and [Cp’,Ti(H,0),](OTH),,
where Cp' is the pentamethylcyclopentadienyl
ligand, had already been prepared and charac-
terized.'* Both of these complexes are soluble
in weakly coordinating solvents such as
methylene chloride and nitroalkanes. We found
that, in these solvents, organic aldehyde and
ketone ligands readily replaced the OTfor H,0O
ligands, and, moreover, the exchange is rapid
andreversible. The latter conditionisnecessary
for efficient catalysis," otherwise the catalytic
turnover could be controlled by the rates of
substrate coordination and dissociation. The
intrinsic Lewis acidity of these titanium (IV)
centers will be enhanced by the fact that the
substrate adducts will carry a positive charge.
Thus, the complexes [Cp,Ti(OTf),] and
[Cp',Ti(H,0),](0Tf), have the necessary char-
acteristics for catalytic Lewis acid activity. As
we show presently, these complexes are
efficient catalysts for the classical Diels—Alder
reaction. A related zirconium (IV) complex,
[Cp,Zr(O-t-Bu) THF]*, was also shown to act
as a catalyst for the Diels—Alder reaction.!'

Unlike titanium(IV), ruthenium(Il) com-
plexes are generally electron-rich at the metal
center. Ruthenium(II) complexes are usually
robust, air-stable, water-insensitive, diamag-
netic (d°) octahedral compounds. These are
attractive characteristics if the complexes could
be modified to act as Lewis acids. For this
purpose, we prepared the stable and robust
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ruthenium(Il) complex 4 as the weakly coordi-
nating SbCl " salt.'¢

The characteristics which were expected to
make 4 aLewisacid were its positive charge, the
presence of the electron-withdrawing ligand
NO" trans disposed to the H,O ligand, and the
presence of hard donor ligands such as oxygen
and nitrogen. Because of the trans-disposed
NO* ligand, the water ligand was expected to be
very labile. This provedtobethe case, because,
innitromethane solutions, exchange with "OH,
at -25°C was rapid on a '"H NMR time scale.
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Further, addition of aldehydes or ketones to
these solutions led to the formation of adducts
which were stable but exchanged rapidly. Itis
interesting to note that these adducts became
more stable with an increase in temperature.

4. TheDiels—Alder Reaction

Some of the results obtained using the
three catalysts [Ru(salen)(NO)H, O],
[Cp',Ti(H,0),]** and [Cp,Ti(OTf),] are col-
lected in Table 1. Many other dienes and
aldehyde and ketone dienophiles are subject to
catalysis by these complexes but the list in
Table 1 serves to exemplify the salient features.
None of these three catalysts significantly
accelerates the Diels—Alder reactions of
o,B-unsaturated esters at these low catalyst
loadings. Even at 1 mol % loadings these
catalysts accelerate the reactions by a factor of
10% to >10° over the corresponding thermal
reactions. As is nearly always observed in
catalysis of the Diels—Alder reaction, the prod-
uct isomer ratio is greater than in the
corresponding thermal reactions. Whereas the
ruthenium catalyst tends to have a lower
turnover frequency, it has an advantage over

the titanium catalysts in that no polymerization
ofthe dienes is observed. For slow reactions,
which take more than 50 h for 90% completion,
the titanium complexes do cause small amounts
of diene polymerization.

Unlike traditional Lewis acids, neither the
[Ru(salen)(NO)H,O]* northe [Cp', Ti(H,0),]*
catalyst is destroyed by water. Moreover,
Diels—Alder catalysis can be carried out in the
presence of water. Even in the presence of a
100-fold excess of water over the catalyst
concentration, only a small retardation in turn-
over frequency is observed. Thus, asapractical
matter, these two robust, air-stable catalysts can
beused atlow catalyst loadings without special
precautions for the Diels—Alder reaction.
Although the [CpTi(OTf),] complex does
undergo some hydrolysis in solution, it also
can be used without special precautions for
the Diels—Alder reaction. As we shall see
presently, this hydrolysis is a significant
feature for other reactions.

Unlike many other Lewis acid catalyzed
reactions, the Diels—Alder reaction preserves
the binding functionality of the dienophile inthe
product. In other words, for example, an
aldehyde functionality in the dienophile

Table 1. Results of Diels—Alder Catalysis at 25°C Using 1 mol % of
[Ru(salen)(NO)H ,0O]*, [Cp’,Ti(H,0),]**, and [Cp , Ti(OTf) ,].2

Time in hours for 90% yield (isomer ratio)
Dienophile| Diene | [Ru(salen)(NO)H,0]"* | [Cp’,Ti(H,0),]**¢ | [Cp,Ti(OTf),]
(e}
1 H \f 5(99:1) 6.7(95:5) 18(87:13)
| x
2 © 4.4 (98:2) 3.2 (94:6) 0.4 (97:3)
O
3 H \i 3 (93:7) 3.2 (91:9) 5.7 (92:8)
A
4 © 48 (70:30) 76 (75:25) 66 (80:20)
(6]
5 HK 71 (91:9) 13 (94:6) 3.8 (92:8)
| x
6 © 22 (99:1) 2.1 (95:5) 4.9 (93:7)

“ Catalyses were carried out using 2.8 M concentrations of each substrate for the ruthenium
catalyst, and using 1.0 M of each substrate for the two titanium catalysts. *In CH,NO,

solutions. “In CH,CI, solutions.

[((S)-biphenacene)Ti(H,0),](OTf),
5

produces an aldehyde product. As a conse-
quence, it might be assumed that product
inhibition in catalysis would be observed
because of product binding to the catalyst.
Perhaps surprisingly, only weak product
inhibition is observed. In the presence of a
100-fold excess of product over the catalyst, the
Diels—Alderreaction proceeds only three times
more slowly than in the absence of initially
added product. Presumably, the greater steric
bulk of the product over that of the substrate
accounts, to some extent, for the mild product
inhibition.

Although not commonly recognized as a
problem in Lewis acid catalysis, there is a
possible alternative origin for the catalysis. It
could be argued that the aquo groups in the
catalysts, whetherincorporated initially or formed
subsequently by hydrolysis, are acidic and that
the observed catalysis is merely the result of
proton catalysis. The exclusion of Brensted over
Lewisacid catalysisis notalways easy to estab-
lish. Anindicationthatthe Diels—Alderreactions
by the present catalysts are due to Lewis acid
promotionisthe observation thatthe strong acid
CF,CO,H, at 1 mol % loadings, does not cata-
lyze any of the Diels—Alderreactions studied in
the times for the catalyzed reactions shown in
Table 1. The most persuasive case against
proton catalysis is the observation of
enantioselection by chiral modifications of the
titanium catalysts. The chiral diaquo complex 5
was prepared in enantiopure forms.!” The Diels—
Alder reaction (eq 7) was carried out in
methylene chloride solution at -78 °C using
2 mol % of 5. The reaction was complete in
30 minutes and the enantiomeric excess (ee) of
the major isomer (exo) was 75%. This result
clearly indicates that the major, if not the sole,
path for catalysis involves the activation of the
dienophile by binding to the metal rather than
the result of proton catalysis.

5. The Oxo—-Ene Reaction

The ene reaction has traditionally been
promoted by using stoichiometric or greater
amounts of Lewis acids, although a number of
catalytic systems using Zn(I)" and Ti(IV)*
have been reported.
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The intermolecular ene reaction is generally
restricted to electron-deficient aldehydes. We
have explored anumber of these reactions using
the ruthenium catalyst; some of the results are
collected in Table 2.2! Although catalysis is
restricted to very activated carbonyl compounds,
the results serve to illustrate thata d® transition
metal canbe modified to actas a catalyst for the
normally sluggish ene reaction. These reac-
tions are not catalyzed by 2 mol% CF,CO,H
under the same conditions, indicating that the
ruthenium center is the true catalyst.

We found that 1,3-dienes, unlike mono-
olefins, undergo more facile catalysis,
presumably by a stepwise process involving
carbenium ion intermediates (eq 8). A number
of dienes were investigated, and all gave a
mixture of the ene and hetero-Diels—Alder
products presumably because of the bifurcation
caused by the two putative intermediates
illustrated in eq 8.%!

Itis probable, however, that the ruthenium
catalyst will find application for the intramo-
lecular ene reaction. An example is the clean
conversion of (+)-citronellal to 1-isopulegol
using 1 mol % of the ruthenium catalyst in
CH,NO, solution at 25°C. The catalyst gives
80% yield of l-isopulegol, the rest consisting
of the other (three) isomers. This transforma-
tion is used in the industrial production of
I-menthol, in which zinc bromide is used as the
Lewis acid in stoichiometric amounts.

6. The[3+2]Nitrone—Olefin
Cycloaddition

Traditionally, the [3+2] nitrone—olefin
cycloaddition has been carried out thermally
generally using electron-rich olefins. There
have been anumber of reports where traditional
Lewis acids have been employed,? usually
in amounts = 20 mol %. The complex
[Cp,Ti(OTH),] seemed ideally suited for this
reaction because nitrones were expected to bind
strongly to the titanium center by the oxygen
atomand, after reaction, the oxygen atom would
become a less strongly coordinating ether
(eq 6). Thus product inhibition was not
expected to be significant.

Using nitrone 6 and ethyl vinyl ether in
CH,Cl, solution in the presence of 4 mol % of
[Cp,Ti(OTH),], the reaction depicted in eq 9
occurred rapidly at 25°C .2

Aftera certainamount of experimentation,
it was determined that the majority of the trans-
formation was due to proton catalysis. It was
found that very small concentrations of water,
which remain even after drying the CH,Cl,
solvent, caused the formation of triflic acid by
the process shown in eq 10.

The oligomeric species, “[Cp,TiO]” is not
acatalystbut HOTfis a very potent catalyst for
thisreaction. Thishydrolysisreaction does not

e O 2 A7e
CH,Cl, ’

H H™ 0
5 exo endo
98% 2%
75% ee
eq7
OH
I _, GC¢Fs
[Rll+] (2 mol %) F 60%
+
H. _O 50°C, CH3NO,, 5h L
X
. |
(O5Fs CoFs
40%

Table 2. Results of the Intermolecular Oxo—Ene Reaction Using 2 mol %
of [Ru(salen)(NO)H ,O]* in CH ,NO, Solution at 50°C.

Enophile (0.5M) Olefin (conc., M) Product t, he
H (0]
OH
1 5
( B_Fs ( 3—
(1.5) Fs
H (0]
OH |
2 40
(0.75)
NO, O2N
H O
’ é ® !
0.75) | nc
CN
O O
OWO EtO OH
4 42
EtO  OEt (1.5) EtO
O

¢ Time required for 95% reaction.
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6 g
OEt OEt
trans cis
eq9
[CpsTi(OTf),] + HO ——  "[CpeTiO]* + 2HOTf
eq 10
OMe 8
+ /:< — N,
=N+ OMe o)
OMe
OMe
eq 11

Table 3. Results of [3+2] Nitrone—Olefin Cycloadditions 2

. t for 95% | IsomerRatio
Nitrone Olefin Yield (h) (trans:cis)
1 @O\j =/ 60 75:25
Z70
2 @@ o 40 88:12
o)
OMe
3 @\O /:<0Me 0.3 65:30
Ph_ O OMe
4 —N ~ 0.5 32:68
Ph OMe
Ph O OMe
\_ /
5 =N ~ 31 17:83
\—ph OMe

“Using 3mol % [Cp,Ti(6),](OTf), in the presence of 6 mol % of proton sponge
in CH,Cl, solutions at 25°C. Concentrations of the nitrones are ~ 0.5 M and

those of the olefins are 0.6—1.0 M.

appear to interfere in the Diels—Alder reaction
as we noted earlier. Proton catalysis of the
nitrone—olefin reaction occurs even with
pyridinium triflate, and it was found necessary
to use Proton-Sponge® 7 in order to suppress
proton catalysis.

In the presence of the proton sponge, the
titanium complex acts as a catalyst. It was found
more convenient to use the nitrone adduct
[Cp,Ti(6),](OTH), rather than [Cp,Ti(OTf),]
asthe catalyst. The bisnitrone adductisreadily
prepared as stable crystals and its X-ray crystal

MesN NMe,

7

\
Ti oTf
oTf

R, R-[Ti(S, S-cyclacene)(OTH)]

8

Ph : OSiMes
OSiMe3 OMe

9 10

structure is shown in Figure 1. In CH,CI,
solutions, the catalyst exists as the bisnitrone
complex and, under catalytic conditions where
an excess of nitrone is present for the majority
of catalysis, it is probable that the bisnitrone
complex is the catalytically active species.

Some of the results are collected in Table 3.
The rates of the cycloadditions depend on both
the nature of the nitrone and olefin—the cyclic
nitrone and the more electron-rich olefins are
associated with faster rates. Compared to the
corresponding thermal reactions, the dimethyl
vinyl ethers react catalytically at least 10*times
faster, whereas the monoethers are catalyzed
about 10° times faster than the corresponding
thermal reactions. Of course, the catalytic
turnover rate can be increased by increasing
the catalyst concentration.

Given the strong proton catalysis observed
forthese reactions, it was useful to demonstrate
that enantioselectivity could be observed. For
this purpose, we employed the chiral catalyst
R,R-[Ti(S,S)-cyclacene)(OTf),] (8)* in the
presence of a proton sponge in CH,CI,
solutions at 25°C (eq 11). The major (trans)
isomer of the product was isolated and found to
have an ee of 14% suggesting that catalysis
involves binding of the nitrone to the titanium
center.

7. The Mukaiyama and Sakurai
Reactions

Using a variety of aldehydes and ketones
and silyl enol ether 9, or ketene acetal 10, the
ruthenium catalyst was found to promote the
Mukaiyamareaction (eq 2) at very low catalyst
loadings, even aslow as 0.1 mol %.2* Although
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itisnot clear that the ruthenium complex is the
real catalyst, the complex appears to undergo
reduction by the vinyl ethers or vinyl acetals.
The reduction is evidenced by a sudden color
change in solution but the apparent reduction is
unpredictable, occurring sometimes after 20
turnovers and at other occasions after 100 or
more turnovers. Because of this and other
reasons, the ruthenium complex is not a useful
catalyst for this reaction and suggests that the
Mukaiyama reaction may require oxidatively
stable transition-metal Lewis acids. One would
anticipate that the [Cp,Ti(OTf),] complex
wouldbe less likely toreduce during Mukaiyama
catalysis. This proved to be the case and the
titanium complex was found to catalyze the
condensation of a variety of aldehydes and
ketones with the olefins, 9and 10.%° Similarly,
this same complex catalyzed the Sakurai
coupling (eq 3) of a variety of allylic silanes
with aldehydes, ketones, acetals, ketals, and
orthoesters.?* We do not provide tables of these
results because the [Cp, Ti(OTf),] complex is
notthe primary catalystin any of these coupling
reactions. Inorderto show how this conclusion
was reached, it is necessary to understand the
mechanism of these two reactions.

8. Mechanisms of the Mukaiyama
and Sakurai Reactions

The Lewis acid catalyzed Mukaiyama
reactionis generally assumed to proceed by the
mechanism outlined in Scheme 1.

The aldehyde binds to the metal by displace-
ment of the triflato ligand. The enol ether then
attacksthebound, activated aldehyde to give the
intermediate, 11. It is the fate of this interme-
diate which determines ifthe catalysis proceeds
by the expected path. Ifthe trimethylsilyl group
istransferred by way of an intermediate resem-
bling 12, the product will form and the catalyst
(MOTY) will beregenerated. Onthe other hand,
the trimethylsilyl group in 11 could be captured
by triflate ionto give intermediate 13. Were the
Me,SiOTfto capture the aldolate, 13, the prod-
uct would also be formed by an intermolecular
pathway. Trimethylsilyl triflate, however, is
known to be a very powerful catalyst for the
Mukaiyama reaction®’ and the question arises
asto whether the rate of capture of the enolate,
13, by trimethylsilyl triflate will be faster than
trimethylsilyl triflate catalysis. A similarscheme
can be proposed for the Sakurai reaction.

An extensive investigation of the
mechanism of [Cp,Ti(OTf),] catalysis in
CH,CI, solutions of both the Mukaiyama and
Sakurai reactions revealed a number of
disconcerting features of these catalyses which
appear to have general applicability. Addition
ofthe enol ether, 9, or the allylic silane, 14, to
aCH,Cl, solution of [Cp,Ti(OTf),] leads to the
immediate formation of trimethylsilyl triflate. It

Me3SiO O
R R
OTf -
Mes
M‘O‘él“lo
12
+ MezSiOTf
O OSiMes
R’ R"
OTf -
11
Scheme 1
PR OSiMes o+ MesSiOTf  eq 12
— e3SI e
T HOT AL : q
9
\[(\SiM83 + HOTf )L + M33S|0Tf eq 13
14
. _OTf ._OTf
| A szTI\O o CPZTIM
=
N Ph)\/u\Ph Ph
15 16 17

was shown that all of the Mukaiyama and
Sakurai reactions proceed by the Me,SiOTf
path. The formation of Me,SiOTf has its
origins in the formation of HOTf by the
hydrolysis reaction shown in eq 10.

Trimethylsilyl triflate is formed by the very
rapid representative reactions shown in eq 12
and eq 13.

There are two obvious ways of suppressing
the formation of triflic acid. One is to
thoroughly dry the solvent, but this is an
impractical proposition because Me,SiOTf is
such a potent catalyst that even very small
concentrations of adventitious water, as little as
10~ M, are sufficient to cause rapid catalysis.
The other is to take normal precautions for
exclusion of water butto carry out the catalysis
in the presence of a hindered base such as 15.
The protonated form of this base does not

induce the reactions shown in eq 12 and eq 13
and hence Me,SiOTf will not form by this
method.

Following the catalysis by 'H NMR spec-
troscopy using [Cp,Ti(OTf),], benzaldehyde,
silyl enol ether 9, and base 15 in CD,CI, at
25°C, revealed the formation of Me,SiOTfand
oneequivalentofthealdolate, 16. Under similar
conditions, the Sakurai coupling between
benzaldehyde and the allylic silane 14 also gave
Me,SiOTf and 17.

In both cases, the aldolates, 16 and 17, are
stable in the presence of a molar equivalent
of Me,SiOTf. As a consequence, the
[Cp,Ti(OTf),] complex merely serves as an
initiator for the production of the real catalyst,
Me,SiOTf. These results, namely the forma-
tion of the Me,SiOTf catalyst either by Lewis
acid hydrolysis or as a result of the formation
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Figure 1. Structure of [Cp ,Ti(6) ]** %

of a stable aldolate, are not peculiar to the
present catalyst and appear to be widespread
among many, butnotall, reported catalysts.?%

There are, however, a number of chiral
Lewis acid catalysts which act as efficient
enantioselective catalysts for the Mukaiyama
reaction.?®3%3! It is clear that these enan-
tioselective reactions proceed via the chiral
Lewis acid and not by way of the achiral,
Me,SiOTfcatalyst. The questionthenarises as
to what characteristics the Lewis acid must
possessin order that the formation of Me, SiOTf
be suppressed. Inspection of Scheme 1

suggests that ifthe Lewis acid—oxygen bond of
the aldolate intermediate is weak and, if no
kinetic impediments exist, the probability of
Me,Si* transfer, either intra- or intermolecu-
larly, will be increased. Consequently, the
probability of forming standing concentrations
of Me,SiOTf will be reduced. With these
considerations in mind, we selected the two
potential catalysts 18 and 19 for investigation.
Both are neutral complexes and, unlike
[Cp,Ti(OTf),], are expected to form weak
aldolate bonds. Additionally, the presence of
electron-withdrawing fluorine groups in the
ligands is expected to enhance the Lewis acidity
of the metals. Because [Eu(hfc),] is expected
to form 7-coordinate Lewis acid adducts and the
[Zn(facac),(H,0),] complex is expected to form
6-coordinate adducts after displacement of the
water ligand, we might expect that the aldolate
bonds will be especially weak in these neutral
complexes. Generally, Lewis acidity decreases
as the coordination number increases. Thus,
both the neutral charge and the coordination
number of the aldolates are expected to conspire
to give weak adducts and weak aldolate metal
bonds.

Using 4 mol % [Eu(hfc),] in benzene
solution at 20°C, the reaction between benzal-
dehyde and the ketene acetal is represented in
Scheme 2.2 After one hour, equilibrium
between the two oxetanes, 21 and 22, isreached
using 1M solutions of each substrate. The
initial kinetic ratio of oxetane isomersis 48:52,
which changes to a thermodynamic ratio of
38:62. (We were unable to identify the
isomers.) The equilibrium constant between
the substrates and oxetanes is 3. After several
hours, the Mukaiyama product, 23, begins to
appear and is completely formed irreversibly
after several days. Addition of the hindered
base, 15, does not alter the rate of catalysis
indicating that protons are not involved in
catalysis. Using the chiral [Eu(hfc),] catalyst,
the Mukaiyama product, 23, was found to have
an ee of 15%. As required, the oxetanes are
racemic after equilibration, but ifthe catalysis
isquenched before equilibration of the oxetanes
isobtained, asmall ee 0of 5% s found. Although
these enantiomeric excesses are modest, they
indicate that the lanthanide complex isinvolved
in catalysis.

The results outlined in Scheme 2 are
significant because the aldolate, 20, is not
detected and hence its unstable Me,Si* group
will not be captured by the aldehyde substrate.
Rather, the aldolate collapses either to the
oxetanes or to the starting substrates. For this
particular case, this process occurs faster than
the silyl transfer to give the Mukaiyama
product. The fugacious nature of the putative
intermediate and the stability of the silyl groups
in oxetanes ensures that Me,Si" will not enter
into the catalytic cycle. The weak aldolate bond
ensures that the carbenium ion of 20 is captured
rapidly but the relative rates of formation of the
oxetanes and Mukaiyama product depend on
both the catalyst and the substrate.>* Thus, we
find that, with [Zn(facac),(H,0),] under the
same conditions and using benzaldehyde and
the same ketene acetal, the formation of the
Mukaiyama product occurs more quickly than
inthe case of the lanthanide complex. Although
the oxetanes are observed, they donot achieve
equilibration before the final product is formed.
Anextreme case is the reaction of benzaldehyde
and substrate 24 using the zinc catalyst. Inthis
case, no oxetanes are observed and only the
Mukaiyama product is formed.

Although these weak Lewis acids are real
catalysts for the Mukaiyama coupling reac-
tions, they do not cause coupling of ketones
with silyl ketene acetals nor coupling of silyl
enol ethers with aldehydes or ketones. Further
work is required to ascertain whether other
Lewis acids can be devised which genuinely
catalyze coupling of these less reactive sub-
strates. For those concerned about the
mechanism of enantioselection, it is clear that
the origins of the chiral discrimination can be
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very complex. The enantioselection will de-
pend onthe rates of equilibration of the oxetanes
and on the rate of production of the Mukaiyama
product. The most complicated condition is
when the oxetanes are formed at a rate compa-
rable to the rate of formation of the product.

9. Concluding Remarks

This review of our work is presented from
the point of view of an inorganic chemist.
Inorganic chemists tend to focus on the
attributes of metal and on the mechanism ofthe
catalysis. New transition-metal-based Lewis
acids are likely to be discovered and become
increasingly used. It is hoped that this review
will provide some ofthe conceptual underpin-
nings for the development of new
transition-metal Lewis acids.
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(26) Hollis, T.K.; Robinson, N.P.; Whelan, J.;
Bosnich, B. Tetrahedron Lett. 1993, 34,
4309.

(27) Murata, S.; Suzuki, M.; Noyori, R. J. Am.
Chem. Soc. 1980, 102, 3248.

(28) Hollis, T.K.; Bosnich, B. J. Am. Chem. Soc.
1995, 117, 4570.

(29) Carreira, E.M.; Singer, R.A. Tetrahedron
Lett. 1994, 35, 4323.

(30) Carreira, E.M.; Singer, R.A.; Lee, W. J. Am
Chem. Soc. 1994, 116, 8837.

(31) Evans, D.A.; Murry, J.A.; Kozlowski, M.C.
J. Am. Chem. Soc. 1996, 118, 5814.
(32) Ellis, W.W.; Bosnich, B. Chem. Commun.

1998, 193.

Proton-Sponge is a registered trademark of Sigma-Aldrich Co.
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TITANITUM

New transition metal materials

r I ‘itanium is known for its strength while, at the same time, being relatively lightweight. “Titanic” conjures up images of mythical giants and
“unsinkable” ships which, nevertheless, met disaster. Element number 22, titanium, is widely dispersed in nature and has broad industrial
uses, especially as a lighter-weight substitute for steel; the oxide is universally used as a pigment in white paint.

For the researcher looking into the future, Aldrich is proud to continue to offer new products of high research interest. Here are just a few of
our new titanium-based materials recently made available, along with a sampling of their applications. Call our Technical Services
department at 800-231-8327 (USA) or your local Sigma-Aldrich office, or visit our Web site at www.sigma-aldrich.com to check out the
latest new materials. Your suggestions for other new materials are always welcome!

Material Research Application
TiBr, Cyclization of isocyanide dibromides'
TiCl, Vapor-phase formation of intermetallic compounds with ultrafine particle size?
TiCl,» 3THF Reducing agent and catalyst for pinacol homocoupling reactions?
Synthesis of bimetallic Ti(III) complexes with triple-helix structure*
H,TiF, Synthesis of the oxyfluorotitanate (NH,), TiF,0°
Til, Preparation of trimethylphosphine—Ti(IIl) iodide complexes®
Ti,(SO,), Synthesis and crystal structure studies of new acid titanium sulfates Ti(H,0,)(SO,),(H,0),’
TiOSO, Preparation of a very active catalyst for cracking of cumene?
Ti(OMe), Preparation of polyoxotitanates’
Ti(i-OPr) (TMHD), Crystal structure and solution dynamics investigation'®
[Ti(OBu),], Used in a study of the effect of curing agents on the thermal stability of silicone ol\rganic coatings'!

Hydrogep

-1
TiCl, noyy eruced

Quality Materials for Research availap]e

Titanium(II)

45,173-8 Chloride, anhydrous, powder, 99.98%

48,104-1 Oxide, -325 mesh, 99.9%

Titanium(1II)

22,097-3 Chloride, hydrogen-reduced

46,070-2 Chloride tetrahydrofuran complex (1:3), tech, 85%
48,103-3 Oxide, -100 mesh, 99.9%

49,518-2 Sulfate, 99.9+%, 45 wt. % solution in dilute sulfuric acid
Titanium(IV)

45,160-6 Bromide, anhydrous, powder, 99.99%

51,071-8 Butoxide, polymer

49,414-3 Diisopropoxidebis(2,2,6,6-tetramethyl-3,5-heptanedionate), 99.99%
45,844-9 Iodide, anhydrous, powder, 99.99%

46,358-2 Methoxide, 99.99+%

48,449-0 Oxide, mesoporous, 22A pore, 99.95%

48,450-4 Oxide, mesoporous, 32A pore, 99.95%

49,537-9 Oxysulfate, 99.99%, 15 wt. % solution in dilute sulfuric acid
49,463-1 Cesium titanate, 99.9+%

48,177-7 Hexafluorotitanic acid, 99.9%, 60 wt. % solution in water

(1) Currie, K.S.; Tennant, G. J. Chem. Soc., Chem. Commun. 1995,2295. (2) Sohn, H.Y.; Paldey, S. Metall. Mater. Trans. B1998, 29B,457. (3) Lipski, T.A. etal.J. Org. Chem. 1997,
62,4566. (4) Grillo, V.A. etal. Chem. Commun. 1997, 1561. (5) Patarin, J. et al. Eur. J. Solid State Inorg. Chem. 1994, 31, 501. (6) Troyanov, S.1I. et al. Jnorg. Chim. Acta 1998, 271,
180. (7) Trojanov, S. et al. Z. Naturforsch., B: Chem. Sci. 1996, 51, 19. (8) Huang, Y-y et al. Appl. Catal., A 1998, 171, 65. (9) Clegg, W. et al. J. Chem. Soc., Dalton Trans. 1996,
681. (10) Errington, R.J. et al. Polyhedron 1998, 17, 659. (11) Zin, LM. et al. Fa-Khim. Mekh. Mater. 1995, 31, 136; Chem. Abstr. 1997, 126:331644t.
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SUPPORT

¢ Qualified and experienced staff
é Large database of technical and
analytical information

SELECTION

¢ Over 2,500 general lab chemicals

é Largest selection of solvents available

& Most comprehensive listing of ACS Reagent
Grade products

6 Complete line of supports, filter aids, and QUAL]TY
desiccants

é Highest quali duct available i ket
é Sizes and packaging to match your needs 1ghest quality procuct avatlable in marke

é Stringently analyzed
é Proprietary packaging that ensures product

quality

Quality Products for Laboratory Use
27,071-7  Acetonitrile, 99.93+%, HPLC grade

44,354-9  Ether, anhydrous, 99+%, A.C.S. reagent (packaged in safety can)
45,984-4  Ethyl alcohol, absolute, 200 proof, 99.5%, A.C.S. reagent (tax-paid, USA only)

49,351-1  Ethyl alcohol, 190 proof, 95.0%, A.C.S. spectrophotometric grade (tax-paid, USA only)
38,011-3  Hydrochloric acid, (20%), double distilled, PPB/Teflon® grade
28,862-4  Silica gel, 70-230 mesh, 60 A, for column chromatography

48,374-5  Sodium, cube, in mineral oil, 99.95% (~1 cm cubes)
21,553-8  Sodium borohydride, pellets, diameter 11mm (~0.4g), 98%

22,146-5  Sodium hydroxide, pellets, 97+%, A.C.S. reagent

Teflon® is a registered trademark of E.I. du Pont de Nemours & Co., Inc.
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Tris{cyclopentadienyl)lanthanides

Organometallic rare earths are a class of compounds that exhibit interesting chemical bonding dynamics!-*and physical
properties. Particular interest has focused on the use of tris(cyclopentadienyl)lanthanide complexes, which were first
synthesized and fully characterized by Wilkinson and Birmingham in 1954.4® Organometallic lanthanide complexes are
now utilized in all areas of chemistry, including catalysis,®” organic synthesis, and materials science.

Several uses for tris(cyclopentadienyl)lanthanide complexes are given here. Aldrich offers these materials at 99.9%
purity (metals basis) for semiconductor and other high-purity applications. For more information about organometallic
compounds available from Aldrich, visit us on the Web at www.sigma-aldrich.com and request your FREE copy of the
1998-99 Inorganics & Organometallics Catalog/Handbook.

Reducing Agent
The combination of organolanthanide complexes and sodium hydride is-an efficient system for performing stoichio-
metric or catalytic reductions. This combination is useful for the following conversions:

* Isomerization of olefins®
» Dehalogenation of aryl and vinyl halides®
» Deoxygenation of heteroatom oxides*

Tris(cyclopentadienyl)lanthanide complexes are volatile organometallic complexes that have a variety of uses in the
manufacture of electronic and carbonaceous materials, including:

« Dopants for semiconductor thin films!!
¢ Organic ultraviolet photocathodes??
« Mesoporous activated carbon?®

Tris(cyclopentadienyl)lanthanide complexes are precursors to a variety of substituted organolanthanide complexes.
For example, these compounds are used as:

» Cyclopentadienyl transfer agents#
* Precursors to “mixed” cyclopentadienyl complexes

I 49,5999  Tris(b utylcyclopentadienyl)erbium ,99.9%

«[I» 41,0152  Tris(cyclopentadienyl)scandium ,99.9%

I 49,1969  Tris(cyclopentadienyl)yttrium ,99.9%

I 49,359-7 « Tris(cyclopentadienyl)lanthanum ,99.9%

I 49,357-0  Tris(cyclopentadienyl)cerium ,99.9%

I 47,517-3  Tris(cyclopentadienyl)praseodymium  ,99.9%

«I» 49,3589  Tris(cyclopentadienyl)neodymium , 99.9%

I 49,256-6  Tris(cyclopentadienyl)gadolinium  ,99.9%

I 49,191-8  Tris(cyclopentadienyl)erbium , 99.99%

I 49,243-4  Tris(cyclopentadienyl)ytterbium ,99.9%

I 49,602-2  Tris(isopropylcyclopentadienyl)praseodymium ,99.9%
«[I» 49,6014  Tris(isopropylcyclopentadienyl)neodymium ,99.9%
«TI» 49,600-6  Tris(isopropylcyclopentadienyl)terbium , 99.9%
«I» 49,598-0 Tris(isopropylcyclopentadienyl)erbium  ,99.9%

References: (1) Kaltsoyannis, N.; Bursten, B.E. J. Organomet. Chem. 1997, 528, 19. (2) Strittmatter, R.J.; Bursten, B.E. J. Am. Chem. Soc. 1991, 113,
552. (3) Bougeard, P. et al. Inorg. Chem. 1985, 24, 93. (4) Birmingham, J.M.; Wilkinson, G. J. Am. Chem. Soc. 1956, 78, 42. (5) I[dem ibid. 1954, 76, 6210.
(6) Molander, G.A. Chemtracts 1998, 2, 237. (7) Watson, PL.; Parshall, G.W. Acc. Chem. Res. 1985, 18, 51. (8) Qian, C. et al. J. Organomet. Chem. 1992, 430,
175. (9) Qian, C. et al. J. Mol. Catal. 1990, 63, L1. (10) Qian, C.; Zhu, D. Synlett 1990, 417. (11) Greenwald, A.C. et al. Mater. Res. Soc. Symp. Proc. 1993, 301,
21.(12) Mine, Ph. et al. Nucl. Instrum. Methods Phys. Res., Sect. A 1997, 387, 171. (13) Tamai, H. et al. Chem. Mater. 1996, 8, 454. (14) Tanner, P.S. et al. Chem.
Ber./Recl. 1997, 130, 155.
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Lab Notes, continued from page 75

Stankovic Transfer
Adapters

Transferring lyophilized solids, such as synthetic
peptides, from a round-bottom flask to a vial is
often difficult due to the light and fluffy nature of these
solids. Such solids often float in air and are easily
blown away by the slightest of air currents, making it
nearly impossible to transfer them using standard
weighing paper without substantial losses. To
circumvent this problem, | developed a simple adapter
which connects the round-bottom flask and the vial
directly. To transfer the solid, one simply inverts the
assembly and taps the vial on a soft surface such as
acorkring. This process effects the complete trans-
fer of the solid with minimal losses. Use of the adapter
also minimizes exposure of the compound to the air,
making it ideal for use with moisture- or air- sensitive
solids. Moreover, although originally designed to solve
the problems associated with the transfer of lyophilized
solids, I now use it to transfer any solid from a vial to
a flask, since it eliminates the need to use some
intermediate device such as a weighing boat or paper.

Charles J. Stankovic, Ph.D., Research Chemist
Parke-Davis Pharmaceutical Research

Division of Warner—Lambert Co.

2800 Plymouth Road

Ann Arbor, M1 48105

Editor’s Note:  Aldrich sells a variety of Stankovic
transfer adapters, please see page 92 of this issue.

WILMAD® NMR tubes -
diiliz

for 85'0

Two-Dimensional Thin-Layer Chromatography of

Caged Products

tis a common practice for us to attach a caging
group (photoremovable group such as o-nitrobenzyl
or desyl) to a biologically active substrate to block its
activity. The caged substrate is then activated by
light to study the effect of sudden influx of the
substrate. This condition is otherwise difficult to
achieve by typical diffusion processes.
The caging reaction usually generates a mixture
of products, and the easiest way to identify a
prospective caged product is by 2-D TLC analysis.
The reaction mixture is applied to one corner of a
square TLC plate (5 cm x 5 cm; silica gel 60 F254;
aluminum-backed) at baseline distance from either
edge. The plate is developed and irradiated with a
bench-top UV lamp for a few minutes. The plate is
then rotated 90°, spotted with the starting substrate
atthe baseline as a reference, and developed along
the second dimension. After photolysis, the spot that

generates the starting substrate along the second
dimension is the desired caged product. To achieve
maximum resolution, a different solvent system is
usually used for developing the plate along each
dimension.

This analytical technique has been successfully
applied to a variety of substrates such as adenosine
5'-triphosphate, P3-(1-(2-nitrophenyl)ethyl) ester,
disodium.

Wei-Chuan Sun, Ph.D.

Staff Scientist, Molecular Probes, Inc.
Eugene, Oregon 97402

Current Address:

Staff Scientist, Il

EPIX Medical, Inc.

71 Rogers Street

Cambridge, MA 02142

A 1) irradiate <
develop 0 2) rotate develop (o)
along o plate ccw along o
first 3) appl second
dimension E_> ,gfefé’n{e dimension OO ®
substrate | <] OO +® T .
I
product

spectrometers

" Glass nelices
» Ava"able excluslvely from AIdrIch’

I
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Chiral Nonracemic cis-Diene Diols

and Derivatives
Building Blocks with a Remarkable Scope

The cis-diene diol functionality offers researchers a fantastic opportunity for the manipulation of these building blocks into a
variety of products. Chiral nonracemic cis-diene diols can undergo a variety of reactions such as oxidative cleavage,
cycloadditions, electrophilic additions, and sigmatropic rearrangements.

Aldrich now offers an extensive line of cis-diene diols and their derivatives. All these products are offered as a suspension
in phosphate buffer. The unit size corresponds to the actual amount of product and not the total volume. The label provides simple
instructions regarding extraction of the product from the suspension prior to use. The chemical purity of each product was
determined on the pure crystals prior to suspending them in the phosphate buffer. To place an order, please call 800-558-9160
(USA), or contact your local Sigma-Aldrich office.

OH OH OH
Q\OH @:OH OH
Br Cl
48,949-2 48,950-6 49,032-6
Br Br
©:O>< < /fEEOK
HO" 2 O HO" 7 O N3 3 (0]
OH OH OH
49,035-0 49,038-5 49,085-7 49,088-1 49,340-6
o ? i OAc
0 - 0 -
2 ( < (< PBS
- 0>< g © 70 E o
(:)H F’h\/O\n/NH Ph\/O\”/NH Me/o\[fNH
49,388-0 O 49,389-9 O 49,390-2 o 49,391-0
48,949-2 (1S-cis)-3-Bromo-3,5-cyclohexadiene-1,2-diol ,96%
48,950-6 (1S-cis)-3-Chloro-3,5-cyclohexadiene-1,2-diol ,98%
48,963-8 (1S-cis)-3-Phenyl-3,5-cyclohexadiene-1,2-diol ,98%
49,032-6 (1R-cis)-1,2-Dihydro-1,2-naphthalenediol ,98%
49,035-0 [3aS-(3aa,4a,5a,7aa)]-7-Bromo-3a,4,5,7a-tetrahydro-2,2-dimethyl-1,3-benzodioxole-4,5-diol ,99%
49,038-5 [3aS-(3aa,4a,5a,7aa)]-3a,4,5,7a-Tetrahydro-2,2-dimethyl-1,3-benzodioxole-4,5-diol  ,98%
49,085-7 [3aS-(3aa,5aB,6aB,6ba)]-4-Bromo-3a,5a,6a,6b-tetrahydro-2,2-dimethyloxireno[  €]-1,3-benzodioxole ,98%
49,088-1 [3aR-(3aa,5aB,6aB,6ba)]-3a,5a,6a,6b-Tetrahydro-2,2-dimethyloxireno[  €]-1,3-benzodioxole ,96%
49,340-6 [3aS-(3aa,4a,5B,7aa)]-5-Azido-7-bromo-3a,4,5,7a-tetrahydro-2,2-dimethyl-1,3-benzodioxol-4-ol ,99%
49,388-0 (3aS,7R,7aS)-7,7a-Dihydro-7-hydroxy-2,2-dimethyl-1,3-benzodioxol-4(3a  H)-one, 98%
49,389-9 (3aS,7R,7aS)-7-(Carbobenzyloxyamino)-7,7a-dihydro-2,2-dimethyl-1,3-benzodioxol-4(3a H)-one, 98%
49,390-2 (3aR,4S,7R,7aS)-7-(Carbobenzyloxyamino)-3a,4,7,7a-tetrahydro  -2,2-dimethyl-1,3-benzodioxol-4-ol ,98%

49,391-0 (3aR,4S,7R,7aS)-3a,4,7,7a-Tetrahydro-7-(methoxycarbonylamino)-2,2-dimethyl-1,3-benzodioxol-4-ol 4-acetate ,98%




Inositols

he inositols and their phosphates constitute an

extremely important class of compounds. They have
been used in the development of metabolically stable
insulin mediators, inhibitors, and modulators of impor-
tant metabolic functions such as glycolysis. Inositols
are stable to degradative enzymes in vivo because they
lack a hydrolytically labile glycosidic linkage. This fea-
ture is important for the development of metabolically
stable insulin mediators.

HO

HO"» OMe

HO  OH
(-)-Quebrachitol

HO OH

46,808-8

46,804-5

1-665-2

44,125-2

36,060-0

MeO- #mOH

HO  OH

&

Inositol (myo-inositol)

eV Hdg

allo-Inositol

allo-Inositol, 97%
46,805-3 L-(-)-chiro-Inositol, 95%
p-(+)-chiro-Inositol, 95%

Inositol ( myo-inositol)

p-Pinitol, 95%

(-)-Quebrachitol, 97%

Idrich now offers a variety of the more rare inositols

such as p-chiro- and allo-inositols; neo-inositol will
soon be available. For more information, please call our
Technical Services department at 800-231-8327 (USA).

References: (1) Potter, B.V.L. Nat. Prod. Rep. 1990, 7,1. (2) Bellington,
D.C. Chem. Soc. Rev. 1989, 18, 83. (3) Berridge, M.J.; Irvine, R.F. Nature
1989, 341, 197. (4) Hudlicky, T.; Cebulak, M. Cyclitols and Their Deriva-
tives. A Handbook of Physical, Spectral, and Synthetic Data; VCH: New
York, 1993. (5) Hudlicky, T. et al. Chem. Rev. 1996, 96, 1195. (6) Hudlicky,
T. et al. Synthesis 1996, 897.
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HO OH
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i Oryg anic Chemistr Y
Perspectives in Modern Synthetic Organic Chemistry

1 6% Hervbert C. Brown Lectures

Jatm@/, March 27, 1999 ~ Department ofchemo'ftr/v ~ Purdue um'uwrity ~ West Laj@/att&, IN 47907

Ky s and Topics

B~ Professor Alois Furstner ; Max Planck Institut fiir Kohleforschung
Metal-Catalyzed Macrocyclization Reactions Revisited

B~ Professor Yoshito Kishi ; Harvard University
Recent Topics in Natural Product Synthesis

B~ Professor StevenV. Ley ; University of Cambridge
New Methods and Tools for Organic Synthesis

BE- Professor Masakatsu Shibasaki ; University of Tokyo
Recent Developments in Multifunctional Asymmetric Catalysis

For more i&yﬁrmtzbw, please contact:

Professor Ei-ichi Negishi Professor P.V. Ramachandran
Department of Chemistry Department of Chemistry
Purdue University Purdue University
West Lafayette, IN 47907-1393 West Lafayette, IN 47907-1393
Phone: 765-494-5301 Phone: 765-494-5303
E-mail: negishi@chem.purdue.edu E-mail: chandran@chem.purdue.edu

1999 ACS Award Recipients

Idrich, a proud sponsor of three separate ACS awards, congratulates the following 1999 recipients for their
outstanding contributions to chemistry.

ACS Award for Creative Work in Synthetic Organic Chemistry: Professor Dale L. Boger, The Scripps Research Institute
Selected for his outstanding contributions to, among others, the total synthesis of biologically important natural products, the studies
of antitumor antibiotics that derive their biological properties from binding with DNA, the development of new synthetic methodologies
in heterocyclic chemistry, and the-early implementation of methods to carry-out solution-phase combinatorial chemistry.

ACS Awardin lnbrganic Chemistry: Professor Richard D. Adams, the University of South Carolina

Choseninrecognition of his pioneering research onthe chemistry of cluster complexes{polynuclear metal complexes). Thisincludes
the preparation and characterization of novel cluster complexes, the systematic investigation of these as powerful catalysts for
the transformation of small organic'molecules, and the development of new forms of catalysis by metal cluster complexes.

Herbert C. Brown Award for Creative Research in Synthetic Methods: Professor Barry M. Trost, Stanford University
As one of his nominating colleagues put it, Professor Trost has made “uniquely significant contributions to a broad spectrum of
subjectsin chemistry” andis a “pre-eminent contributor to synthetic methodology for over 33 years”. Dr. Trost has fundamentally
impacted such diverse research areas as the chemistry and biology of insect juvenile hormones, sulfur chemistry, the chemistry
of strained rings, and transition-metal catalysis. He is credited with an impressive number of total syntheses of naturakproducts
and syntheses of important new materials such as pyracylenes. 4 4

Congratulations to each and all!
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Asymmetric Synthesis:
Construction of Chiral Molecules
Using Amino Acids

Advanced Catalysts and
Nanostructured Materials:
Modern Synthetic Methods

Metal and Ligand Reactivity: An
Introduction to the Organic
Chemistry of Metal Complexes

G.M. Coppolaand H.F. Schuster, John Wiley
& Sons, New York, NY, 1987, 393 pp. Focuses
on the use of amino acids and their second-
generation derivatives to produce chiral
reagents, intermediates, and final products.

716,762-2

Stereoselective Synthesis

R.S. Atkinson, John Wiley & Sons, New York,
NY, 1995, 600pp. Covers the majority of
reaction types usedin modern stereoselective
synthesis. Introduces a simplified classification
for reactions based on the number of chiral
centers.

726,175-0

The Logic of Chemical Synthesis

E.J. Corey and X.-M. Cheng, John Wiley &
Sons, New York, NY, 1995, 436 pp. Softbound.
Discusses the logic underlying the analysis of
complex synthetic problems.

Z27,174-8

Molecular Spectroscopy
Workbench: Advances,
Applications, and Practical
Advice on Modern Spectroscopic
Analysis

E.W. Ciurczak, John Wiley & Sons, New York,
NY, 1998, 476pp. Compiles and updates the
best articles to date from the eleven-year
history of Spectroscopy magazine's
successful “Molecular Spectroscopy Work-
bench” column. From the fundamentals of
important techniques to novel time- and
money-saving ideas, it draws from a broad
spectrum of recentdevelopmentsin the field
of molecular spectroscopy. Includesinforma-
tion about near- and midrange infrared
techniques, optical rotation/circular dichro-
ism, UV/Vis and fluorescence, mass
spectrometry, acousto-optic tunable filters,
fiber optics, and new hardware.

Z740,865-4

W.R. Moser, Ed., Academic Press, New York,
NY, 1996, 592pp. Provides acomprehensive
review of the latest techniques for the
preparation of advanced catalysts and solid-
state materials of specific structure and
morphology.

728,635-4

NMR Data Processing

E.C. Constable, VCH Publishers, New York,
NY, 1996, 308pp. Introductionto the reactions
and interactions between metal ions and
ligands. Provides useful information for
organic synthesis.

728,938-8

Purification of Laboratory
Chemicals

J.C. Hoch and A.S. Stern, Wiley-Liss, New
York, NY, 1996, 196pp. Completeinformation
about how to process, present, and perform
error analysis on data obtained from modern
nuclear magnetic resonance (NMR)
experiments. Includes extensive examples
for maximum comprehension.

740,858-1

Applied Homogeneous Catalysis
with Organometallic Compounds:
A Comprehensive Handbook in
Two Volumes

B. Cornils and W.A. Herrmann, Eds., VCH
Publishers, Weinheim, FRG, 1996, 1,246pp.
Comprehensive treatment of one of the most
importanttopics in organometallic chemistry.
Explores both basic research and industrial
applications through treatment of catalytic
reactions and processes.
Z40,230-3

The Encyclopedia of Reagents for
Organic Synthesis

L.A. Paquette, Ed., John Wiley & Sons, New
York, NY, 1995, 6234pp. Presents the facts
in a “pros and cons” assessment of each
reagentto give the complete picture. Where
applicable, each entryincludes: transforma-
tions recognized for the reagent; comparison
of the specific properties of the reagent with
those of other agents capable of equivalent
chemistry; stereo-, regio-, and enantiocontrol
qualifications.
8-volume set

Z724,805-3

4thed., D.D. Perrinand W.L. Armarego, Eds.,
Butterworth, New York, NY, 1996, 450pp.
Explains techniques of purification with
specific methods for more than 4,000
chemicals and biochemicals.

228,581-1

Asymmetric Synthetic
Methodology

D.J. Ager and M.B. East, CRC Press, Boca

Raton, FL, 1996, 483pp. Implements asym-

metric synthesis in an industrial chemistry

environment. Provides methodology to

perform specificasymmetric transformations

with emphasis on scope and limitations.
Z27,403-8

Chiral Auxiliaries and Ligands in
Asymmetric Synthesis

J. Seyden-Penne, John Wiley & Sons, New

York, NY, 1995, 716pp. Anin-depth guide for

synthesis of chiral compounds in pharma-

ceutical and medical research. Provides an

overview of the principles of physical organic

chemistry governing stereoselection.
Z727,369-4

Reductions in Organic Chemistry

2nd ed., M. Hudlicky, American Chemical

Society, Washington, DC, 1996, 429pp. A

compilation of the types of reductions

undergone by the various classes of organic

compounds. Describes the methods,

reactants, and products of reductions.
Z728,591-9
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ALDRICH DIMPLE FLASKS

These flasks are designed to permit complete removal of
liquids using noncoring type syringe needles, gauges 12 to 20,
that are used for piercing rubber septa. A small indentation or
"dimple" at the bottom of the flask acts as a reservoir to collect
liquids which may then be drawn off via syringe. The dimple is
small enough that it does not interfere with the use of egg-shaped

magnetic stirring bars.

Syringe

— " Needle

> /
7//

F 14/20 Joint F 24/40 Joint Conventonal Dimpee
Cap. (mL) Cat. No. Cat No.

25 Z740,632-5 —

50 Z740,633-3 —
100 740,634-1 740,636-8 The design of these flasks was first published by Professor Brian
250 _ 740 637-6 E. Love of the East Carolina University Department of Chemistry
500 o 740.638-4 in Organic Preparations and Procedures International, 1997, 29,

1,000 — 740,639-2 600-601.

STANKOVIC TRANSFER ADAPTERS

These unique adapters greatly simplify the transfer of solids from round-bottom flasks to vials. Precision-machined,

chemically inert Teflon® PTFE adapters will not seize in the joint. A wide range of thread sizes are available to accommodate

most sample vials including scintillation vials (22 mm threads).

» Transfers samples without exposure to air or moisture.

* Reduces sample losses due to air currents and static charge that can normally cause light solids to float or blow away
when transferred open to the air.

« Excellent for transferring fluffy lyophilized samples, especially peptides.

« Transfers any freely flowing solid and eliminates the need for weighing paper or other intermediate devices.

4

4

Cork ring

Easy to Use:
Screw sample vial into bottle thread at top of adapter. Insert other end of adapter into flask '§ joint.
Invert assembly and gently tap* vial on a soft surface to transfer solids from flask into sample vial.
$ Joint Bottle Thread Cat. No.
14/20 13-425 Z740,646-5
24/40 13-425 Z40,647-3
15-425 Z740,648-1
20-400 Z40,650-3
22mm Z40,658-9
24/29 13-425 Z40,651-1
15-425 Z40,653-8
20-400 Z40,654-6
22mm 740,659-7
29/32 13-425 Z40,655-4
15-425 Z40,656-2
20-400 Z40,657-0
22mm Z40,660-0
* Care must be used when tapping vial to prevent accidental breakage. Tapping on a cork ring or
other soft surface is recommended.

Teflon is a registered trademark of E.I. du Pont de Nemours & Co., Inc.
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