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Abstract: This paper briefly reviews the use of Schiff base substrates in amino acid synthesis.
Recent studies lead to the proposal of a new active catalyst species (12) for the asymmetric PTC
alkylation of active methylene compounds (2). Mechanistic implications are detailed.

INTRODUCTION

Amino Acid Synthesis from Benzophenone Schiff Base Substrates

Since 1978 we have made use of the acyclic structural subunit 1 for the synthesis of o-amino acid
derivatives. Synthetic methodology has been developed for carbon-carbon bond constructions, by either

anionic! or cationic? amino acid equivalents, as well as processes which establish carbon-nitrogen> and carbon-
oxygen bonds.43
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Racemic Alkylations by Phase-Transfer Catalysis (PTC)

In the area of carbon-carbon bond formation involving the reaction of o-anionic synthons of glycine or
higher amino acids, a practical synthesis of o-monoalkyl amino acids was developed using catalytic phase-
transfer (PTC) alkylations of the benzophenone imine of glycine alkyl esters (2) and other glycine synthons.la-c.
lei In contrast to known anhydrous alkylative routes,® the PTC method involves a simple reaction

1) RX, PTC, Base

Ph,C=N CO,R# ——————» HN COzH PTC (1)
~ 2) Deprotection \l/ Monoalkylation
R
2 ()3

procedure, mild conditions, inexpensive and safe reagents and solvents, commercially available starting
substrates and the ability to easily scale-up the reaction. Since there was no chirality control element used in
these early reactions, the product 3 is a racemic mixture. The method has been extended to the alkylation of
aldimine derivatives 4 as a route to o, 0-dialkyl amino acids, here exemplified by a racemic synthesis of the

1) RX, PTC, Base
COR —— > H,N COMH PTC )
\l/ 2) Deprotection Dialkylation
Me R Me

ArCH=N.

4 (£)-8

important ai-methyl amino acids 5.14-8.1m These phase transfer alkylations have been conducted under a variety
of mild, basic conditions!a-<.1e-f and other interesting amino acids, such as 1-aminocyclopropane-1-carboxylic
acid, 18 and 3-fluorophenylalanine!h have been prepared using this procedure.

Catalytic Enantioselective Synthesis of o-Amino Acids by PTC

The preparation of chiral, non-racemic compounds from prochiral substrates with chiral catalysts under
phase-transfer conditions is potentially a powerful synthetic method for asymmetric bond construction’ in which
there have been several notable successes.8-12

The first practical asymmetric synthesis of o-amino acids by phase-transfer catalysis (PTC) was reported
from our laboratory in 1989.11 The methodology developed allowed preparation of either enantiomer of a
variety of types of target amino acids in up to 66% ee (83:17 mixture of enantiomers) by a simple and
straightforward procedure at room temperature from readily available starting materials. The method uses
catalytic amounts of the enantiocontrol element and both pseudoenantiomeric phase-transfer catalysts 6 and 7, as
well as the catalyst precursors, cinchonine (Cn) and cinchonidine (Cd), respectively, are inexpensive
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(from cinchonine, Cn) (from cinchonidine, Cd)

and commercially available. The ability to scale the reaction up and the possibility of preparing a-amino acids in
high optical purity were demonstrated by the synthesis of 6.5 g of optically pure non-natural 4-chloro-D-
phenylalanine (R-3, R = 4-CICgH4CHj) from the starting substrate 2 (R’ = tBu).!! By simply changing from

Ph,C= CO.tBu = HN CO.H Catalytic 3)
2C=N 002 Catalyst 6 (X = CI) \r Enantioselective
50% Aq NaOH, CHCl2 CH, cl Monoalkylation
. 2°C, 15hr
2 (R'=1Bu) 2) Flash Chromatography

19.2 g (65 mmole) 3; Racrystalize out oemic (32%)  (R)-3 (R = 4-CICeH4CHy)
5) Remove Solvent 6.5g (100% ee)
6) 6N HCI and Isolation 50% Overall Chemical Yield

the cinchonine- (6) to the cinchonidine-derived catalyst series (7), the optically pure enantiomeric product (S-3,
R = 4-CICgH4CH3) can also be prepared by this procedure. This method for preparing optically pure o-alkyl
amino acid derivatives has also been used by others.13-15

The PTC methodology has recently been extended to the synthesis of o-methyl amino acids,!? an
important class of unnatural amino acid derivatives. For example, 4 (Ar = 4-CICgHy, R’ = tBu) was alkylated
with 4-fluorobenzyl bromide in the presence of a catalytic amount of N-benzylcinchoninium

4-FCgH CH
ArCH= COfBu ——HCHBT o ArcH=NG _CO,tBu Catalytic @
Catalyst 6 (X = Cl) 4 Enantioselective
KOM/K,C Oy ¥ PTC
Me CHiCh 4-FCgH.CH, Me Dialkylation
4 (R)-8
(Ar = 4-CICgH,, R' =tBu) {Major enantiomer)

chloride (6, X = Cl) to give the o-methyl-4-fluoro-R-phenylalanine derivative R-8 (a protected R-5) in 50%
enantioselectivity (75:25 mixture of enantiomers). In

Further in-depth understanding of the mechanisms of these complex reactions, the nature of the active
catalyst species, and the molecular recognition processes involved in the asymmetric induction step of
asymmetric PTC reactions are needed to fully realize the potential of this important process. This paper details
some recent studies which suggest the presence of a new active catalyst in asymmetric PTC alkylation reactions.
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RESULTS AND DISCUSSION

Mechanistic Scheme for PTC Alkylation

A general mechanistic scheme (Figure 1) for the monoalkylation of active methylene compounds such as
2 illustrates the variables common to many of the systems studied and helps define key problems which need to
be addressed in such reactions.? Three main steps have been proposed in this process:16 (1) deprotonation of
the active methylene compound with base, which generally occurs at the interface between the two layers (liquid-
liquid (L/L) or solid-liquid (S/L) PTC); (2) extraction of the anion (A"} into the bulk organic phase by ion-
exchange with the cation of the chiral quaternary ammonium salt to form a lipophilic ion-pair (D); and (3)
creation of the new chiral center in product P* by alkylation of the ion-pair (D) with concomitant regeneration of
the catalyst.

. Step 3 N
Z'CHZ o > Z'-CH—Z2 Optically Active
A - n
& ., R
a c ")
— R-X (C) i .
Deslred . : .
o i egzz%oR,
------ Undesired +
b d
Step 2 LI S - Q% K ceeien LR .
o Q"goog X Q'gag X - Z GH 2% Racemic Product
? a.” P R 9
L
1 2 Step 1 1 2 ax ® 1 sz
Z'CH,Z ———— Z'CHZ® (A Z'c .
T WA | oen Orgeric
” Aqueous (or Solid)
N J . . J
Y N ax ) —VY
THE SUBSTRATE ~ THE PRODUCT(S)

THE CATALYST(S)
Figure 1. Mechanistic Scheme for the Asymmetric Alkylation of an Active Methylene Compound by PTC.

A number of undesirable processes can occur in competition with the formation of the optically active
product: (1) alkylation of the "wrong" ion-pair leading to the enantiomer of the desired product (step c); (2)
side-reactions of either the starting substrate (e.g. ester saponification or imine hydrolysis of starting materials
such as 2 or the reaction product (racemization (step f) and/or dialkylation (step g) following product formation
as well as the hydrolyses reactions mentioned above for the starting material); (3) interfacial alkylation (step e) of
substrate anion (A-) in the absence of the chiral quat cation which necessarily yields racemic product; (4)
reaction of the chiral quat (B) to form a new organic compound which could function either as the reactive
catalyst species (Q*GgodX) or as a compound (Q*pa¢X) (steps a or b) which is either an ineffective catalyst or
one which leads to racemic product.

Product Racemization Studies and a New Active Catalyst

Studies concerned with racemization of the monoalkylation product (step f in Figure 1) have resulted in
several interesting observations concerning the nature of the active catalyst species in these reactions (eq S and
Table I). At the outset of these studies, racemization and/or dialkylation were expected to be minimal since the
product 9 from the monoalkylation is considerably less acidic than the starting active methylene compound
2.17.18  In the event, when the optically pure benzophenone imine ((S)-9) (prepared independently by
transimination of S-phenylalanine t-buty) ester hydrochloride with benzophenone imine!®) was subjected to
conditions typical of those following a phase-transfer alkylation (no alkyl halide, 50% aqueous NaOH, CH,Cl)
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(PhCH,Br)

P C=N_-COxtBu p mc:n\/c OtBu  andor  PhR,C=N._ _COutBu s
H 50% Aq. NaOH H
CH,Ph CHzCb CHzPh CHPh
(S)-9 25°C., 10h (s)-9 (R)-9

Table 1. Racemization Studies of Monoalkylation Product (S)-9.

Experiment QX PhCH;,Br? Product (%S) % Racemization
1 nBuyNBr No 100 0
2 None No 100 0
3 6 (X=Br) No 64 72
4 7a (X=Br) No 65 70
5 7a (X=Br) Yes 100 0
6 12a No 100 0

at room temperature for ten hours either in the presence (exp. 1) or absence (exp. 2) of the phase-transfer
catalyst tetrabutylammonium bromide) no racemization of (S)-9 was observed. Surprisingly, when the
cinchonine- or cinchonidine-derived chiral catalysts (6 or 7a, X=Br) were used under the above conditions,
36% and 35%, respectively, of (R)-9 was observed in two hours and then no further racemization occurred
(exp. 3 & 4). However, when benzyl bromide was present during the reaction with catalyst 7a, no racemization
of (8)-9 occurred (exp. 5).

These seemingly disparate results can be explained by invoking a catalyst-degradation mechanism (Figure
2) similar to that proposed by the Merck group.20 Deprotonation of the initial catalyst (7a) leads to the
zwitterionic alkoxide 102! which could serve as an effective lipophilic base capable of deprotonation of (S)-9.
It was proposed that decomposition of such an alkoxide can occur by two pathways, a slow fragmentation to
form epoxide 11 and a faster O-alkylation to 1222 followed by Hofmann elimination to 13.23 In the present
study, in the absence of alkyl halide (Table 1, exp. 3 & 4), the latter pathway for destruction of the alkoxide
would not be possible, however the slow fragmentation to 11 could still occur, thus accounting for the partial
racemization of (S)-9 which stopped after two hours. When alkyl halide was added (exp. 5), rapid O-
alkylation of zwitterion 10 to form 12 would remove the alkoxide as soon as it was formed and, thereby,
minimize base-promoted racemization. It is noted that during the normal PTC alkylation of 2 there is always
sufficient alkyl halide present to form 12 since RX is used in excess (1.2-5 eq of RX with respect to 2, 12-50
eq of RX with respect to catalyst 7). As a result of these racemization studies, it is necessary to consider the
possibility that the active catalyst in the asymmetric PTC alkylation of 2 is the N-alkyl-O-alkyl cinchona salt (12)
which is formed in situ during the reaction!
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Figure 2. Catalyst Decomposition Studies and Identification of the Active Phase-Transfer Catalyst.

To test this hypothesis, catalyst 12a was prepared independently either by reacting cinchonidine with two
equivalents of benzyl bromide in CH2Cl; in the presence of 50% aqueous NaOH or by O-benzylation of

12a (Stereo)
Figure 3. X-Ray Structure of New Catalyst 12a.

quaternary ammonium bromide 7a with benzyl bromide. The structure of the product, N,O-dibenzyl-

cinchonidinium bromide (12a) was confirmed by the crystal structure24 (Figure 3).

Three separate benzylations of 2 (eq 6, RBr = benzyl bromide) using different catalyst precursors or
catalysts [cinchonidine (Cd), N-benzyl cinchonidinium bromide (7a) and N,O-dibenzylcinchonidinium

REBr
PhZC—N\/C O,tBu m thC—NvC 0OaBu
or catalyst 12
50% Aq. NaOH
2 GHCl,
25°C.

el [

{Major enantiomer)

(6)

14a R = PhCH,
(S)-14 14b R = CH,=CHCH
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bromide (12a)] were carried out. The observed % enantiomeric excesses of product (S)-14a were identical
(61, 60 and 60% ee, respectively) with all three catalytic species, which provides supporting evidence that
compound 12 is the active catalyst in these PTC alkylations.

A similar series of experiments involving allylation of 2 (eq 6, RBr = allyl bromide) provided further
insight into these processes. When the allylation was carried out using cinchonidine (Cd) as the catalyst
precursor, the monoallylated product (S)-14b was formed in only 36% ee. This result is not unexpected since
the catalyst formed in-situ from cinchonidine via 7b would be N,O-diallylcinchonidinium bromide (12b). This
experiment supports previous studies2S that indicate an aroinatic unit at the quaternary ammonium site is much
preferable to an alkyl group. Allylation of 2 in the presence of a catalytic amount of either N-
benzylcinchonidinium bromide (7a) or independently prepared N-benzyl-O-allylcinchonidinium bromide (12¢)
gave the product in 59% ee whereas allylation using N,O-dibenzylcinchonidinium bromide (12a) resulted in
54% ee of (S)-14b. These last three experiments show that an O-allyl group is slightly preferable to an O-
benzyl group.

As expected, when new catalyst 12a was used in the product racemization study described earlier (eq 5
and Table I, exp 6) no racemization of (S)-9 was observed. In this experiment, a base such as 10, capable of
racemizing (S)-9, would not be formed since the oxygen of the catalyst is already alkylated. In contrast, in the
earlier example (eq 5 and Table 1, exp 4), where the catalyst 12a is formed in situ from the catalyst precursor 7
by O-alkylation, the zwitterion 10 would be an intermediate. In this case, as long as alkyl halide was absent,
the organic soluble base 10 could racemize (S)-9.

A key tenet in the folklore of asymmetric PTC reactions is the pivotal role of the B-hydroxyammonium
ion in the chiral catalyst.26:27 The importance of the hydroxyl group in the catalyst dates from the very early
literature in asymmetric PTC,218-b:252 which in most cases resulted in, at best, only low inductions. Also some
of this early research has either been retracted or disputed, due in large part to the use of optical rotations for the
determination of levels of induction. It has been noted25b that phase-transfer catalysts can, under basic
conditions, decompose to compounds which themselves have high optical rotations. Thus, crude or even
purified reaction products which contain a small amount of a decomposition product from the catalyst can have
non-zero rotations and lead to erroneous interpretation of results. Furthermore, a variety of different reactions
(reductions, epoxidations, alkylations, Michael additions, etc.) conducted under various basic or neutral reaction
conditions as well as the related use of the free alkaloids28 in catalytic systems seem to have been classified
together in an attempt to provide a single, broad and all-encompassing interpretation of the mode origin of the
asymmetric induction in these various reactions. Finally, previous studies using catalysts with a modified
hydroxyl group (OR where R = alkyl22 or acyl??) or catalysts in which the hydroxyl has been replaced by
hydrogen30 have, for the most part, not been systematic, have resulted in only low inductions or were conducted
under conditions in which the catalyst would not be stable (e.g. OR where R = acyl).21¢

The studies presented here further demonstrate the need for careful scrutiny of both past and future results
in the area of asymmetric PTC. Although these results do not prove that the active catalysts in the alkylation
reaction studied are O-alkylated compounds such as 12, they provide necessary support for this proposal. This
opens the door to a whole new family of modified catalysts for this and possibly other PTC reactions. Kinetic
and structural studies to further probe the mechanism of this reaction and the origin of the chiral induction step
are in progress.

EXPERIMENTAL SECTION

General. Nuclear magnetic resonance (NMR) spectra were determined on a GE QE-300 300-MHz NMR
spectrometer with CDCl; as solvent and Me4Si (TMS) as internal standard unless otherwise specified. Chemical
shifts are reported as & values in parts per million (ppm). Proton NMR spectra are recorded in order: chemical
shift, number of protons and multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; bs, broad singlet; m,
multiplet; J, coupling constant). Melting points were obtained by using a Thomas Hoover Capillary melting
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point apparatus and are uncorrected. High resolution mass spectral (HRMS) analyses were done in the School of
Pharmacy, Purdue University, West Lafayette. HPLC analyses were done on Varian Model 360 and Water's
model 500 HPLC instruments using a Baker Bond Chiral Phase DNBPG (Covalent) column (5 u, 4.6 x 250
mm) (product No. RP-7113-0) (Serial No. 503115-17) with hexane/dioxane (100/0.5 or 200/3, v/v) or
hexane/isopropanol (350/1). Thin layer chromatography (TLC) was performed using 5 x 10 cm precoated TLC
plates of 0.25 nm thick silica gel 60F-254 on glass (EM reagent) and analyzed under ultraviolet light (model
UVG-11 mineral light lamp, short wave UV-254 nm, Ultra-Violet Products Inc.). Flash chromatographic
separations and purifications were carried out on various columns filled with silica gel 60 (230-400 mesh) from
Aldrich Chemical Co. Unless otherwise noted, chemicals were reagent grade and used without further
purification.

1,1-Dimethylethyl N-(diphenylmethylene)-(S)-phenylalaninate (S-9). Benzophenone imine (0.34
g, 1.9 mmol), (S)-phenylalanine t-butyl ester hydrochloride (0.50 g, 1.9 mmol) and CH,Cl; (10 mL) were
added to a 25 mL flask containing a stirring bar and a drying tube (CaClp). The mixture was stirred at room
temperature for 24 h, filtered to remove NH4Cl and the filtrate was evaporated to dryness on a rotary evaporator.
Ether (15 mL) was added to the residue and the resulting solution was washed with HyO (3 x 10 mL), dried
(MgS0;), filtered and evaporated in vacuo to give crude product (0.628 g, 86%). The crude product could be
purified further by flash chromatography (hexane/EtOAc, 8/2); oil; 'H-NMR: 3 (ppm) 1.45 (9H, s), 3.17 (1H,
dd, J = 9.1, 13.3 Hz), 3.25 (1H, dd, ] = 4.5, 13.3 Hz), 4.12 (1H, dd, J = 4.5, 9.1 Hz), 6.58-7.58 (15H, m);
3BC-NMR: & (ppm) 28.03, 39.56, 67.91, 81.11, 126.13, 127.63, 127.91, 128.02, 128.05, 128.17, 128.25,
128.69, 129.85, 130.06, 136.33, 138.32, 139.52, 170.28, 170.81; Anal. Calcd for C26H»7NO;: C, 81.01, H,
7.06, N, 3.63. Found: C, 80.73, H, 6.85, N, 3.43.

Product Racemization Studies Using Various Combinations of Reagents and Types of
Catalysts. General procedure. 1,1-Dimethylethyl N-(diphenylmethylene)-L-phenylalaninate [(S)-9]19
(pure S, 0.385 g, 1 mmole.), CH;Cl; (6.5 mL), catalyst (0.1 mmol) or no catalyst and benzyl bromide (0.21 g,
1.2 mmol) or no benzyl bromide were added to a 25 mL round-bottom flask equipped with a magnetic stirring
bar. 50% Aqueous NaOH (1.6 g, 20 mmole) was added in one portion and the resulting mixture was stirred
vigorously for 10 h at room temperature. The layers were separated and the aqueous layer was extracted with
CH,Cl; (2 x 5 mL), the CH,Cl, solution was washed with water (10 mL) and the CH,Cl, was evaporated in
vacuo. The residue was taken up in ether (20 mL), washed with water (2 x 10 mL), the layers were separated
and the ether layer was dried with anhydrous MgSOy, filtered and evaporated in vacuo. The product samples
were analyzed for % racemization by HPLC using a chiral Pirkle column with hexane/dioxane (100/0.5, v/v) ata
flow rate of 0.5 mL/min and UV detection at 254 nm.
(a) Experiment 1: tetrabutylammonium bromide (catalyst) and no benzyl bromide. 0 % racemization,
(100% S, 0% R).
(b) Experiment 2: no catalyst and no benzyl bromide. 0 % racemization, (100% S, 0% R).
(¢) Experiment 3: N-benzylcinchoninium bromide (6) (catalyst) and no benzyl bromide. 72 %
racemization (64% S, 36% R).
(d) Experiment 4: N-benzylcinchonidinium bromide (7a) (catalyst) and no benzyl bromide. 70 %
racemization (65% S, 35% R).
(e) Experiment 5: N-benzylcinchonidinium bromide (7a) (catalyst) and benzyl bromide. 0 %
racemization, (100% S, 0% R).
(f) Experiment 6: N,O-dibenzylcinchonidinium bromide (12a) (catalyst) and no benzyl bromide. 0
% racemization, (100% S, 0% R).

N,O-Dibenzylcinchonidinium Bromide (12a). Cinchonidine (1.18 g, 4 mmole) and methylene chloride
(40 mL) were added to a 100 round-bottom flask equipped with a magnetic stirring bar. Benzyl bromide (2.05
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g, 12 mmole) was added followed by 50% aqueous NaOH (6.4 g, 80 mmole) in one portion and the resulting
mixture was stirred vigorously at room temperature for 4 h. The mixture was transferred to a separatory funnel,
the layers were separated and the methylene chloride layer was washed with water (2 x 10 mL), dried (MgSOy),
filtered and evaporate in vacuo. The crude product was suspended in ether (40 mL), stirred for 4 h and filtered
again. After recrystallization from methylene chloride-acetone, 1.90 g (85%) of white crystalline product was
obtained; mp 214-215 °C; "H-NMR: § (ppm) 1.48 (1H, m), 1.82 (1H, m), 2.05 (1H, bs), 2.11-2.25 (2H, m),
2.57 (1H, m), 3.16 (2H, m), 4.11 (1H, d, J=11.8 Hz), 4.18 (1H, m), 440 (1H, d, J=11.6 Hz), 4.62 (1H,
m), 4.87 (1H, d, J=11.6 Hz), 4.92 (1H, m), 4.94 (1H, d, J=10.45 Hz), 5.30 (1H, d, J=17.2 Hz), 5.62-5.70
(1H, m), 6.19 (1H, d, J=11.7 Hz), 6.25 (1H, bs), 7.37-7.65 (8H, m), 7.76 (2H, d, J=6.5 Hz), 7.80 (2H, t,
J=7.7 Hz), 7.93 (1H, m), 8.15 (1H, d, J=8.4 Hz), 8.76 (1H, d, J=8.15 Hz); 9.02 (1H, d, J=4.2 Hz);
3BC-NMR: & (ppm) 22.51, 25.19, 26.93, 37.71, 51.10, 59.90, 61.80, 66.01, 71.44, 72.63, 118.30, 119.44,
119.66, 124.69, 125.35, 126.96, 128.98, 129.23, 129.33, 129.40, 129.99, 130.40, 134.02, 135.56, 136.23,
139.88, 148.57, 149.54; Anal. Calcd for C33H3sBrN,O: C, 71.35, H, 6.31, N, 5.04, Br, 14.41. Found: C,
71.17, H, 6.24, N, 4.93, Br, 14.53.

O-Alkylation of N-Benzylcinchonidinium Bromide. General Procedure. N-Benzyl
cinchonidinium bromide (7a) (0.93 g, 2 mmole) and methylene chloride (20 mL) were added to a 50 mL round-
bottom flask equipped with a magnetic stirring bar. Alkyl bromide (6 mmole) then was added followed by 50%
aqueous NaOH (3.2 g, 4 mmole) in one portion. The reaction mixture was stirred for 3-4 h at room
temperature. The mixture was separated and the aqueous layer was extracted by methylene chloride (2 x 5 mL).
The combined methylene chloride layers were washed with water (2 x 10 mL), and dried over magnesium
sulfate, filtered and evaporated in vacuo. The crude product was suspended in ether (30 mL), stirred for 4 h and
filtered again. The product was washed with ether (3 x 10 mL) and further purified by recrystallization or
chromatography.
(a) Synthesis of N,0O-Dibenzylcinchonidinium Bromide (12a). 78%; mp 215-216 °C;
HRMS: Calcd for C33H35N,0 (Cation): 475.2749, Anion=Br. Found: 475.2744.
(b) Synthesis of N-Benzyl-O-allylcinchonidinium Bromide (12¢). 75%; mp 165-167 °C;
'H-NMR: 3 (ppm) 1.43 (1H, m), 1.86 (1H, m), 2.09 (1H, bs), 2.13-2.23 (2H, m), 2.63 (1H, bs),
3.25 (1H, t, J=12.0 Hz), 2.42 (1H, t, J=9.0 Hz), 4.05 (1H, dd, J=6.7 Hz, J=6.7 Hz), 4.27 (1H,
dd, J=5.0 Hz, J=4.7 Hz), 4.33 (1H, m), 4.66 (1H, d, I=10.5 Hz), 4.70 (1H, m), 4.90 (1H, m),
495 (1H, d, J=10.5 Hz), 5.34-5.43 (3H, m), 5.64-5.75 (1H, m), 6.08-6.17 (1H, m), 6.24 (1H,
bs), 6.52 (1H, d, J=11.7 Hz), 7.47-7.49 (3H, m), 7.68-7.70 (1H, m), 7.75 (1H, t, J=7.6 Hz),
7.86-7.94 (3H, m), 8.11 (1H, d, J=8.4 Hz), 8.85 (1H, d, J=8.4 Hz), 8.98 (1H, d, J=4.2 Hz); 13C-
NMR: & (ppm) 22.64, 25.22, 26.89, 37.71, 51.37, 59.58, 62.35, 66.36, 70.35, 74.16, 118.16,
119.52, 119.58, 119.72, 120.02, 124.73, 125.30, 127.16, 128.87, 129.20, 129.95, 130.04,
130.56, 132.59, 134.23, 136.35, 140.07, 148.48, 149.67, HRMS: Calcd for Cy9H33N20
(Cation): 425.2593, Anion=Br. Found: 425.2584.

Alkylation Studies using Catalyst Precursors or New Catalysts. General Procedure. 1,1-
Dimethylethyl N-(diphenylmethylene)glycinate (2)19 (0.295 g, 1 mmol), benzyl bromide (0.208 g, 1.2 mmole)
or allyl bromide (0.6 g, 5 mmole), catalyst or catalyst precursor (0.1 mmole) and CH>Cl (6.5 mL) followed by
50% aqueous NaOH (20 mmole) were added to a reaction flask. The mixture was stirred vigorously by
magnetic stirring for 10 h (benzylation) or 5 h (allylation) at room temperature. The two layers were separated,
and the aqueous layer was extracted with CH2Cly (2 x 10 mL). The combined CH2Cl; layers were washed with
water (2 x 10 mL}) and evaporated. The residue was taken up in ether (30 mL) and washed with water (2 x 10
mL), dried with anhydrous MgSOQ4, filtered, and the filtrate was evaporated in vacuo. The product was obtained
as an oil. For analysis, product (50 mg) was dissolved in isopropanol or hexane (1 mL) and the % ee was
obtained by HPLC on a Pirkle column: eluent hexane/dioxane (100/0.5), flow rate 0.5 ml/min.
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(a) Benzylation: 61% ee was obtained using cinchonidine (Cd) as catalyst precursor and 60% ee was
obtained using either N-benzylcinchonidinium bromide (7a) as catalyst precursor or N,O-
dibenzylcinchonidinium bromide (12a) as catalyst. All three reactions gave (S)-14a as the major
enantiomer.

(b) Allylation: 36% ee was obtained using cinchonidine (Cd), 59% ee was obtained using N-
benzylcinchonidinium bromide (7a) or N-benzyl-O-allylcinchonidinium bromide (12¢) and 54% ee
was obtained using N,O-dibenzylcinchonidinium bromide (12a), respectively. All four reactions
gave (S)-14b as the major enantiomer.

ACKNOWLEDGMENT
We gratefully acknowledge the National Institutes of Health (GM 28193) for support of this research.

REFERENCES AND NOTES

For a-anionic amino acid equivalents, see: (a) O'Donnell, M. J.; Boniece, J. M.; Earp, S. E.
Tetrahedron Lett 1978, 2641; (b) O'Donnell, M. J.; Eckrich, T. M. Tetrahedron Lett 1978, 4625; (c)
Ghosez, L.; Antoine, J.-P.; Deffense, E.; Navarro, M.; Libert, V.; O'Donnell, M. J.; Bruder, W. A;
Willey, K.; Wojciechowski, K. Tetrahedron Lett 1982, 23, 4255; (d) O'Donnell, M. J.; LeClef, B.;
Rusterholz, D. B.; Ghosez, L.; Antoine, J. P.; Navarro, M. Tetrahedron Lett 1982, 23, 4259; (e)
O'Donnell, M. J.; Bruder, W.; Wojciechowski, K.; Ghosez, L.; Navarro, M.; Sainte, F.; Antoine, J.-P.
Pept.: Struct. Funct., Proc. Am. Pept. Symp., 8th 1983, 151; (f) O'Donnell, M. J.; Wojciechowski,
K.; Ghosez, L.; Navarro, M.; Sainte, F.; Antoine, J.-P. Synthesis 1984, 313; (g) O'Donnell, M. J;
Bruder, W. A.; Eckrich, T. M.; Shullenberger, D. F.; Staten, G. S. Synthesis 1984, 127; (h)
O'Donnell, M. J.; Barney, C. L.; McCarthy, J. R. Tetrahedron Lett 1985, 26, 3067; (i) McCarthy, J.
R.; Barney, C. L.; O'Donnell, M. J.; Huffman, J. C. Chem. Commun 1987, 469; (j) O'Donnell, M. I.;
Bennett, W. D.; Jacobsen, W. N.; Ma, Y.-a.; Huffman, J. C. Tetrahedron Lett 1989, 30, 3909; (k)
O'Donnell, M. J.; Bennett, W. D.; Jacobsen, W. N.; Ma, Y. Tetrahedron Lett 1989, 30, 3913; (1)
ODonnell, M. J.; Bennett, W. D.; Wu, S. J. Am. Chem. Soc. 1989, 111, 2353; (m) O'Donnell, M. J;
Rusterholz, D. B. Synth. Commun. 1989, 19, 1157; (n) O'Donnell, M. J.; Wu, S. D. Tetrahedron-
Asymmetry 1992, 3, 591,

For a.-cationic amino acid equivalents, see: (a) O'Donnell, M. J.; Bennett, W. D.; Polt, R. L.
Tetrahedron Lert 1985, 26, 695; (b) O'Donnell, M. J.; Falmagne, J.-B. Tetrahedron Lett 1985, 26, 699;
(c) O'Donnell, M. I.; Falmagne, J.-B. Chem. Commun 1985, 1168; (d) O'Donnell, M. J.; Bennett, W.
D. Tetrahedron 1988, 44, 5389; (e) O'Donnell, M. J.; Yang, X.; Li, M. Tetrahedron Lett 1990, 31,
5135.

For N-alkylation of imino and amidino esters as routes to N-alkyl amino acids, see: O'Donnell, M. J.;
Bruder, W. A.; Daugherty, B. W.; Liu, D.; Wojciechowski, K. Tetrahedron Lett 1984, 25, 3651.

For a formal transesterification of Schiff base methyl esters, see: O'Donnell, M. J.; Cook, G. K,;
Rusterholz, D. B. Synthesis 1991, 989.

For a stereoselective synthesis of B-amino alcohols from the benzophenone Schiff bases of amino esters,
see: Polt, R.; Peterson, M. A_; DeYoung, L. J. Org. Chem. 1992, 57, 5469.

(a) For a recent book providing general coverage of amino acid synthesis, see: Williams, R. M.
Synthesis of Optically Active a-Amino Acids; Pergamon: Oxford, 1989; (b) For specific coverage of
enolates of glycine and higher monoalkyl amino acids, see: Reference 6a, Chapter 1A.

O'Donnell, M. J. In Catalytic Asymmetric Synthesis; 1. Ojima, Ed.; VCH: New York, 1993; Chap. 8.



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

21.

A new active catalyst species 4517

Asymmetric alkylation in 92% ee: Dolling, U.-H.; Davis, P.; Grabowski, E. J. J. J. Am. Chem. Soc.
1984, 106, 446.

Asymmetric 1,2-carbonyl addition in 74% ee: Soai, K.; Watanabe, M. Chem. Commun. 1990, 43.
Asymmetric Michael addition in 99% ee (using a crown ether catalyst): Cram, D. J.; Sogah, G. D. Y.
Chem. Commun. 1981, 625.

Asymmetric epoxidations in up to 78% ee: (a) Harigaya, Y.; Yamaguchi, H.; Onda, M. Heterocycles
1981, 15, 183; (b) Baba, N.; Kawahara, S.; Hamada, M.; Oda, J. Bull. Inst. Chem. Res., Kyoto Univ.
1987, 65, 144; (c) Wynberg, H.; Greijdanus, B. Chem. Commun. 1978, 427.

Asymmetric o-hydroxylation of a ketone in 79% ee: Masui, M.; Ando, A.; Shioiri, T. Tetrahedron Lett
1988, 29, 2835.

(a) Tohdo, K.; Hamada, Y.; Shioiri, T. Pept. Chem. 1991, 7; (b) Imperiali, B.; Fisher, S. L. J. Org.
Chem. 1992, 57, 757.

For use of enzymatic resolution following PTC alkylation with Schiff base esters, see: (a) Chenault, H.
K.; Dahmer, J.; Whitesides, G. M. J. Am. Chem. Soc. 1989, 111, 6354; (b) Knittel, J. J.; He, X. Q.
Pept. Res. 1990, 3, 176; (c) Bjurling, P.; Langstrém, B. J. Labeled Compd. Radiopharm. 1990, 28,
427; (d) Pirrung, M. C.; Krishnamurthy, N. J. Org. Chem. 1993, 58, 954; (¢) Pirrung, M. C.;
Krishnamurthy, N. J. Org. Chem. 1993, 58, 957; (f) Imperiali, B.; Prins, T. J.; Fisher, S. L. J. Org.
Chem. 1993, 58, 1613.

It has been noted recently that attempts to prepare an optically active product using an easily reduced alkyl
halide [(bromomethyl)cyclooctatetraene] by the asymmetric PTC method!! proceeded in good yield but
gave racemic product. See Reference 14d.

Rabinovitz, M.; Cohen, Y.; Halpern, M. Angew. Chem., Int. Ed. Engl. 1986, 25, 960.

For comparison, the pKs (DMSO) of PhpC=NCH2CO2Et is 18.7 while that of
Ph2C=NCH(CH2Ph)CO2Et is 23.2, see: O'Donnell, M. J.; Bennett, W. D.; Bruder, W. A.; Jacobsen,
W. N.; Knuth, K.; LeClef, B.; Polt, R. L.; Bordwell, F. G.; Mrozack, S. R.; Cripe, T. A. J. Am.
Chem. Soc. 1988, 110, 8520.

For comparison, the pK3 (DMSO) of Ph2C=NCH2CO2Et is 18.7 while that of PhoC=NCH(Ph)CO2Et
is 21.2.17 For a selective monophenylation of the benzophenone imine of glycine ethyl ester based on
these acidity differences, see: Reference 1j.

ODonnell, M. J.; Polt, R. L. J. Org. Chem. 1982, 47, 2663.

(a) Hughes, D. L.; Dolling, U.-H.; Ryan, K. M.; Schoenewaldt, E. F.; Grabowski, E. J. 1. J. Org.
Chem. 1987, 52, 4745; (b) Dolling, U.-H.; Hughes, D. L.; Bhattacharya, A.; Ryan, K. M.; Karady, S.;
Weinstock, L. M.; Grabowski, E. J. J. In Phase Transfer Catalysis (ACS Symposium Series: 326), C.
M. Starks, Ed.; American Chemical Society: Washington, D.C., 1987; Vol. 326; p 67; (c) DoHing, U.-
H.; Hughes, D. L.; Bhattacharya, A.; Ryan, K. M.; Karady, S.; Weinstock, L. M.; Grenda, V. J.;
Grabowski, E. J. J. In Catalysis of Organic Reactions (Chem. Ind.: 33); P. N. Rylander, H. Greenfield
and R. L. Augustine, Ed.; Dekker: 1988; p 65.

Zwitterions have been proposed as phase-transfer catalysts, see: (a) Hiyama, T.; Mishima, T.; Sawada,
H.; Nozaki, H. J. Am. Chem. Soc. 1975, 97, 1626. Retraction of previous paper: Hiyama, T.;
Mishima, T.; Sawada, H.; Nozaki, H. J. Am. Chem. Soc. 1976, 98, 641; (b) Hiyama, T.; Sawada, H.;
Tsukanaka, M.; Nozaki, H. Tetrahedron Lett. 1975, 3013. Dispute of previous paper: Dehmlow, E.
V.; Lissel, M.; Heider, J. Tetrahedron 1977, 33, 363; (c) Julia, S.; Ginebreda, A.; Guixer, J.; Masana,
J.; Tomds, A.; Colonna, S. J. Chem. Soc., Perkin Trans. 1 1981, 574; (d) Colonna, S.; Annunziata, R.
Afinidad 1981, 38, 501; (e) Goldberg, Y.; Abele, E.; Bremanis, G.; Trapenciers, P.; Gaukhman, A.;
Popelis, J.; Gomtsyan, A.; Kalvins, I.; Shymanska, M.; Lukevics, E. Tetrahedron 1990, 46, 1911; (f)



4518

22.

23.

24.

25.

26.

27.

28.

29.
30.

M. J. O’'DONNELL et al.

Reference 9 and cited references. With the exception of Reference 9, the inductions reported have not
been high.

For chiral phase-transfer catalysts in which the B-hydroxyl has been protected as an ether, see: (a)
Reference 21a; (b) Innis, C.; Lamaty, G. Nouv. J. Chim. 1977, 1, 503; (c) Horner, L.; Skaletz, D. H.
Liebigs Ann. Chem. 1977, 1365; (d) Kinishi, R.; Nakajima, Y.; Oda, J.; Inouye, Y. Agric. Biol. Chem.
1978, 42, 869; (¢) Tong, Y.-J.; Ding, M.-X. Youji Huaxue 1990, 10, 464; (f) An, X.-X.; Ding, M.-X.
Huaxue Xuebao 1991, 49, 507 and cited references. None of these catalysts yielded product with high
enantioselectivity.

Under normal PTC conditions, tertiary amines 11 and 13 are alkylated to the corresponding quaternary
ammonium compounds. See Reference 20a.

Crystal data for 12a: C33H35BrN20, space group P212121, a = 15.673(3), b = 18.007(6), ¢ =
9.250(1) A; giving Dc=1.413 g cm™3 for Z=4. A total of 3410 unique intensities were collected. Final
residuals were R(F) = 0.0575 and Rw(F) = 0.0516.

For studies comparing chiral phase-transfer catalysts containing either an alkyl or an aryl (e.g. benzyl) on
the quaternary nitrogen, see: (a) Fiaud, J.-C. Tetrahedron Lett. 1975, 3495. This paper was disputed
by Reference 25b; (b) Dehmlow, E. V.; Singh, P.; Heider, J. J. Chem. Res., Synop. 1981, 292; (c)
Reference 21c; (d) Reference 22e; (e) Reference 20.

For books or reviews about PTC in which the importance of the B-hydroxy! is noted, see: (a) Starks, C.
M.; Liotta, C. Phase Transfer Catalysis: Principles and Techniques; Academic Press: New York, 1978,
p 69; (b) Montanari, F.; Landini, D.; Rolla, F. Top. Curr. Chem. 1982, 101, 147; (c) Wynberg, H. In
Topics in Stereochemistry; E. L. Eliel, S. Wilen and N. L. Allinger, Ed.; Wiley: New York, 1986; Vol.
16; p 87; (d) References 20b-c; (e) Goldberg, Y. Phase Transfer Catalysis; Gordon and Breach:
Switzerland, 1992, Chapter 6; (f) Dehmlow, E. V.; Dehmlow, S. S. Phase Transfer Catalysis; 3rd ed.;
VCH: Weinheim, 1993.

For articles in which the importance of the f-hydroxyl is noted, see: (a) References 21a-d; (b) Reference
25a; (c) Balcells, J.; Colonna, S.; Fornasier, R. Synthesis 1976, 266; (d) References 22b,d and ¢; (e)
Colonna, S.; Hiemstra, H.; Wynberg, H. Chem. Commun. 1978, 238; (f) Colonna, S.; Fornasier, R. J.
Chem. Soc., Perkin Trans. 1 1978, 371; (g) Kinishi, R.; Uchida, N.; Yamamoto, Y.; Oda, J.; Inouye,
Y. Agric. Biol. Chem. 1980, 44, 643; (h) Banfi, S.; Cinquini, M.; Colonna, S, Bull. Chem. Soc. Jpn.
1981, 54, 1841; (i) Reference 8; (j) Bhattacharya, A.; Dolling, U.-H.; Grabowski, E. J. J.; Karady, S.;
Ryan, K. M.; Weinstock, L. M. Angew. Chem., Int. Ed. Engl. 1986, 25, 476; (k) Reference 12; (1)
Esikova, I. A.; Serebryakov, E. P. Izv. Akad. Nauk. SSSR, Ser. Khim. 1989, 1836; (m) Nerinckx,
W.: Vandewalle, M. Tetrahedron Asymm. 1990, 1, 265; (n) Lipkowitz, K. B.; Cavanaugh, M. W ;
Baker, B.; O'Donnell, M. J. J. Org. Chem. 1991, 56, 5181.

For reviews concerning the use of free alkaloids as catalysts in various reactions, see: (a) Reference 26¢;
(b) Oare, D. A.; Heathcock, C. H. In Topics in Stereochemistry; E. L. Eliel and S. H. Wilen, Ed.; Wiley:
New York, 1989; Vol. 19; p 227; (c) Johnson, R. A.; Sharpless, K. B. In Catalytic Asymmetric
Synthesis; 1. Ojima, Ed.; VCH: New York, 1993; Chap. 4 and cited references.

(a) Colonna, S.; Re, A.; Wynberg, H. J. Chem. Soc., Perkin Trans. 1 1981, 547; (b) Reference 21c.
(a) Reference 27c; (b) Reference 27f; (c) Verbicky, . W., Jr.; O'Neil, E. A. J. Org. Chem. 1985, 50,
1786. Dispute of previous paper: Dehmlow, E. V.; Sleegers, A. J. Org. Chem. 1988, 53, 3875.

(Received in USA 4 November 1993; accepted 8 January 1994)



