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Racemic and optically active 1-phenylethyl esters of pivalic, 
(-)-camphanic and 2,4,6-triisopropylbenzoic acid were pre- 
pared. The esters ?a of pivalic acid were deprotonated with 
lithium 2,2,6,6-tetramethylpiperidide (Li-TMP) to form a- 
oxy -a-methylbenzyllithium compounds which are partly con- 
figurationally stable prior to acylation with starting material. 
Camphanic ester (-)-7b cannot be deprotonated by Li-TMP 
and tBuLi is added to the ester function to afford ketone (-)- 
12a. 1-Phenylethyl 2,4,6-triisopropylbenzoates 16 were 

transformed within minutes to carbanions 19 by using sBuLi/ 
TMEDA in THF, hexane, toluene and sBuLi without TMEDA 
in toluene/20% diethyl ether at -78°C. The carbanions are 
configurationally stable only in toluene/20 % diethyl ether 
and racemise partly in the other solvents. They react with a 
variety of electrophiles with either retention [MeOD, AcOD, 
(MeO),CO, CICO,Me] or inversion (Me3SnC1) of configura- 
tion. Carbanions 19 rearrange on warming to -20°C to hy- 
droxy ketone 24 with racemisation. 

Chiral carbanions with heteroatom-containing substitu- 
ents have been investigated intensively during the last few 
years"]. Their configurational stability has attracted much 
attention since Still's discovery of non-racemic a-oxy-sub- 
stituted organolithium compounds[']. Dipole-stabilized a- 
oxycarbanions of the general structure 1 have been pre- 
pared for synthetic and mechanistic A common 
structural feature of compounds l a -  l c  is the intramolecu- 
lar complexation of a lithium center by a C=O or P=O 
dipole whereby a five-membered chelate ring is formed. 
Carbamoyloxy-substituted carbanions 1 a have been intro- 
duced by Hoppe et al. and have proven very valuable due 
to their highly enantioselective preparation and configur- 
ational stability at -78°C for R' = H and R2 = a l k ~ l [ ~ ] .  
An X-ray crystal structure of a chiral, carbamoyloxy-substi- 
tuted allyllithium proves that the tetracoordinated lithium 
is part of a five-membered chelate ringLS]. They react readily 
with a variety of electrophiles. 

Phosphoryloxy-substituted carbanions 1 b are obtained 
by deprotonation of benzyl phosphates with nBuLi and 

LDA. Carbanions stabilized by a P=O instead of a C=O 
dipole are reactive intermediates in the phosphate-phos- 
phonate rearrangement, and the reverse process, the phos- 
phonate-phosphate rearrangement (Scheme 1)i6]. This iso- 
merisation may proceed in either direction, depending on 
the reaction conditions, and affords either 1 -hydroxyphos- 
phonates 4 or phosphates 2. In an a-phosphoryloxy-alkylli- 
tihium compound the carbanion attacks the electrophilic 
phosphorus to form a pentacoordinated species which gives 
the lithium salt 3 of a-hydroxyphosphonate 4, correspond- 
ing to an intramolecular acylation. This rearrangement is 
prevented at -78°C in the case of carbamates l a  by a re- 
duced electrophilicity of the C=O group and steric shield- 
ing by bulky substituents (R = iPr or R2N is a cyclic a,a'- 
tetrasubstituted amine). A rearrangement analogous to the 
phosphate-phosphonate rearrangement has been men- 
tioned in the literature to occur at higher temperatures for 
carbanions l a ,  but has not been investigated more closely[7], 
except for benzoates[*l. Carbanions l a  and l b  with R' = 
Ph and R2 = Me are configurationally stable, but only l b  
rearranges whereby the configuration at the benzylic centre 
is retained during the short lifetime of the carbanion prior 
to the i~omerisation[~]. 

Carbanions of type l c  with a shielded carbonyl group, 
such as 2,4,6-triisopropylbenzoate esters describd by Beak 
et al., are more similar to carbanions of type l b  than to 
those of the type la[1o]. Their configurational stability has 
not yet been investigated. 
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Synthesis, Reactions and Configurational Stability of 
Carbanions Derived from 1-Phenylethyl Esters of Pivalic 
and Camphanic Acid 

We decided to study the configurational stability of a- 
methylbenzyl carbanions with an a-acyloxy substituent and 
chose 1-phenylethyl esters, as comparative investigations 
with carbamoyloxy and phosphoryloxy substituents instead 
of the acyloxy group are already known. The configur- 
ational stability of a variety of benzyllithium compounds 
has been tested by Hoffmann et al. who determined the rate 
of racemisation relative to the rate of addition to a chiral 
aldehyde" '1. Crystal structures of benzyllithium com- 
pounds reveal a flattened tetrahedral, but not a planar ar- 
rangement of substituents at the carbanionic carbon 
atom[I21. 

Esters can, in principle, be deprotonated by strong bases 
either in a position to the carbonyl function of the parent 
acid or the oxygen atom of the alcohol, the former hydro- 
gen being much more acidic than the latter one. In order to 
abstract the proton in a position to the oxygen atom and to 
prevent addition of the base (nucleophile) to the carbonyl 
function, esters containing no a-hydrogen atoms and a 
shielded C=O have to be used. Furthermore, bulky bases 
such as lithium 2,2,6,6-tetramethylpiperidide (Li-TMP) are 
recommended for deprotonation if benzylic esters are in- 
volved[']. 

Pivaloyl chloride (5a) and (-)-camphanoyl chloride (5b) 
were treated with racemic and optically active (93% ee) 1- 
phenylethanol (6) in dry pyridine to afford the esters 7a and 
7b (Scheme 2). When pivaloate (+)-7a was treated with 
LDA in THF at --78 "C for 2 h and subsequently with D20, 
only starting material containing no deuterium was reco- 
vered in 60% yield. This experiment shows that LDA as 
base is too weak to remove a benzylic hydrogen atom. 
When Li-TMP was used instead of LDA, the keto ester 10 
was isolated as the reaction product in 92% yield (Scheme 
3).  Its formation implies that the dipole-stabilized car- 
banion (+)-8 is generated in situ. It is chemically not stable 
and reacts immediately with starting material. The intra- 
molecular attack of the benzylic carbanion on the carbonyl 
function does not seem to occur (ester-hydroxy ketone re- 
arrangement). The allignment of the carbanion in a plane 
perpendicular to the sp2-hybridized carbon atom, forming 
an angle of 105°1131 with the C=O group, cannot be realised 
easily, because it is an intramolecular process. This con- 

trasts with the ease of the phosphate-phosphonate re- 
arrangement, where a tetracoordinated phosphorus atom is 
easily attacked intramolecularly by a carbanion. 

Scheme 2 
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When the optically active ester (9-(-)-7a was treated in 
the same way as the racemic ester (+)-7a, the optically ac- 
tive keto ester (+)-lo was isolated. The intermediate pival- 
oyloxy-substituted carbanion (9-8 must therefore at least 
partly retain its stereochemistry. To determine the enanti- 
omeric excess of keto ester (+)-lo, it was saponified[14] with 
tBuOKlstoichiometric amount of water in diethyl ether to 
the corresponding hydroxy ketone (+)-11 (Scheme 4). Its 
enantiomeric excess as determined by medium pressure 
liquid c h r o m a t ~ g r a p h y [ ' ~ ~ ~ ~ I  on cellulose triacetate was 
20%. For reasons of plausibility we assume that the benzyl 
carbanion (9-8  formed on deprotonation of ester (9-(-)- 
7a is acylated with retention of configuration. Hoppe et al. 
found that the same a-oxy-a-methylbenzyl carbanion with 
a carbamoyl instead of a pivaloyl group reacts with electro- 
philes such as C02, diethyl carbonate, methyl chloro- 
formate, carboxylic acid derivatives, chlorotrimethylsilane, 
and chlorotrimethylstannane['6]. Retention or inversion of 
configuration predominates, depending on the electrophile 
used. Here the carbonyl group of the starting material is 
not shielded efficiently enough to prevent a reaction with 
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the carbanion, which can be generated by deprotonation, 
but cannot be brought to reaction with externally added 
electrophiles. 

Scheme 4 
0 
>tBu 
0 

Scheme 6 
N=N ,COzEt 

Ph-CHOH + Ar-COZH + Ph3P + 
EtO2C' I 

Me 
(33-6 13 14 15 

(R)-(+)-6 
(S)-(-)-6 

0 Me 
II I 

H 
- Ar-C-0-C-Ph I + Ph3P0 + (NHCO2Et), 

(+)-lo 63% (+)-ll 

Scheme 7 

The camphanic ester (-)-7b having no a-hydrogen atom 
in the acid part of the molecule was investigated next. It 
contains an additional ester function for complexation, 
which might influence the ratio of products formed. Sur- 
prisingly, Li-TMP did not deprotonate at the benzylic po- 
sition at -78°C. tBuLi adds to the carbonyl function, 
which is not shielded enough, to form ketone (-)-12a 
(Scheme 5). 

Scheme 5 

Synthesis, Configurational Stability and Reactions of 
Carbaions Derived from 1-Phenylethyl Esters of 
2,4,6-Triisopropylbenzoic Acid 

Benzoates with isopropyl or tert-butyl groups at C-2 and 
C-6 disfavour nucleophilic additions to the carbonyl group. 
Esters of methanol and primary alcohols are deprotonated 
by sBuLi/TMEDA in THF as found by Beak et al.["] We 
therefore prepared optically active (ee 2 97%) esters of 
2,4,6-triisopropylbenzoic acid by the Mitsunobu reaction 
and studied the configurational stability of their corre- 
sponding organolithium compounds (Scheme 6). This es- 
terification causes inversion of configuration. As the op- 
tically active starting 1-phenylethanols had ee values of 2 

97%, the benzoates 16 should have opposite configuration 
and the same ee value. First, the deprotonation was investi- 
gated at -78 "C in various solvents with an excess of sBuLi 
with and without an equivalent amount of TMEDA as bi- 
dentate ligand. After a specified time the reaction was 
quenched with D20, MeOD or AcOD (Scheme 7). The deu- 
terated starting materials were isolated and, if optically ac- 
tive ones were used, their optical rotations were measured 
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and the extent of deuteration was determined by 'H- 
NMR spectroscopy. 

Racemic 2,4,6-triisopropylbenzoate (2)-16 was depro- 
tonated in toluene by sBuLi/TMEDA quantitatively within 
30 min (Table 1, entry 1). The use of sBuLi in toluene/lO% 
diethyl ether yielded at reaction times of 5 and 15 min prod- 
ucts containing 47 or 73 % deuterium, respectively (entries 
2 and 3). Optically active 2,4,6-triisopropylbenzoate (+)-16 
was not deprotonated in toluene by sBuLi without added 
TMEDA (entry 4). The carbanion was generated in toluene/ 
10% diethyl ether by sBuLi to the extent of 81 YO and treated 
with deuterated methanol or acetic acid with retention of 
configuration, the ee values being 74 and 70% (entries 5 
and 6). In THF as solvent carbanion 19 was formed 
quantitatively within 30 min and racemises completely (en- 
try 7). When the deprotonation was carried out in hexane 
as nonpolar solvent, the proton abstraction was finished 
within two minutes and the extent of racemisation increased 
with increasing reaction time prior to quenching (entries 8, 
9, 10). These experiments demonstrate that 2,4,6-triisoprop- 
ylbenzoyloxy-substituted a-methylbenzyllithium 19 can be 
formed easily with sBuLi/TMEDA, but it racemises com- 
pletely in THF and partly in hexane. It is configurationally 
less stable than the corresponding N,N-diisopropylcarba- 
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Table 1 .  Deprotonation of 2,4,6-triisopropylbenzoates 16 and reaction of corresponding a-methyl-a-oxybenzyllithium compounds with 
electrophiles 

Entry Starting Solvent Bas&] t Electrophile Product Yield D [a];' (c)[eJ ee 
compd.[aJ (min) (%)[el (%)[dl (%)LO 

1 
2 
3 
4 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

(+)-16 
(+)-16 
(+)-16 
(+)-16 
(+)-16 
(+)-16 
(+)-16 
(+)-16 
(-)-16 
(-)-16 
(-)-16 

(-)-16 
(-)-16 

(-)-16 
(-)-16 

(+)-16 
(-)-16 
(-)-16 
(+)-16 

(-)-16 

(-)-16 

(f)-16 

Tol.[gl 
Tol./lO% Et2O 
Tol./lO% Et2O 

To 1 u e n e 
Tol./lO% EtpO 
Tol./lO% Et20 

THF 
Hexane 
Hexane 
Hexane 
Hexane 
Hexane 
Hexane 
Hexane 

T01./20% EtpO 
T01./20% EtpO 
T01./20% Et2O 
To1./20% Et2O 
To1./20% Et2O 
To1./20% Et20 
To1./20% Et2O 
T01./20% Et2O 

sBuLi/TMEDA 30 
sBuLi 5 
sBuLi 15 
sBuLi 120 
sBuLi 30 
sBuLi 30 

sBuLi/TMEDA 30 
sBuLiRMEDA 30 
sBuLi/TMEDA 5 
sBuLiiTMEDA 2 
sBuLi/TMEDA 2 
sBuLiiTMEDA 2 
sBuLi/TMEDA 2 
sBuLi/TMEDA 2 

sBuLi 5 
sBuLi 10 
sBuLi 60 
sBuLi 10 
sBuLi 10 
sBuLi 10 
sBuLi 10 
sBuLi 10 

MeOD 21a 83 97 
MeOD 21a 94 47 

MeODiTol. (1:l) 21a 93 73 
MeOD (+t16 92 0 +18.2 (1.1) 298 

MeODiTol. (1:l) 21a 97 81 +12.6(1.5) 74 
AcOD/Tol. (1:l) 21a 92 78 +11.8(0.8) 70 

D2O 21a 66 90 +0.3 (1.2) <1 
MeOD 21a 79 100 +5.4(1.2) 32 
MeOD 21a 73 100 -7.6(0.8) 44 
MeOD 21a 78 100 -11.2(1.3) 65 

MeaSiCl 
MeaSnCl 21c 83 - +8.8(1.2) 22bI 

21b 54 - +19.5(1.2) - 

ClCOzMe 21d 44 - +1.3(1.5) 46 
(Me0)zCO 21d 44 - +1.1 (1.6) 39 

AcOD 21a 74 65 -20.2(3.0) B8 
AcOD 21a 85 94 -18.8(2.9) % 

MegSnCl 21c 51 - -40.8 (5.2) 298 
AcOD 21a 81 100 -18.0(6.8) 91 

ClCOzMe 21d 61 - +2.7 (1.2) 93111 
(Me0)2CO 21d 53 - +1.6(1.3) 78[il 

CIC02Me 21d 42 
MesSnCl 21c 52 

All reactions were carried out with 1 mmol of substrate at -78°C. - [b] sBuLi/TMEDA were used in stoichiometric amounts; 2.0 
mmol for 1 .O mmol of substrate. - ['I Refers to products purified by flash chromatography. - Ld] Deuterium contents as determined by 
'H-NMR spectroscopy. - ['I Measured in acetone solutions; concentrations are rounded to the nearest tenth. - [fl ee values for deuterated 
optically active compounds were calculated assuming that substitution of hydrogen by deuterium does not change the specific optical 
rotation; ee values of deuterated 21a refer to starting materials. - [gJ Tol. = Toluene. - fh1 Calculated assuming that the specific rotation 
of optically pure stannane (-)-21c is -40.8. - ['I Determined by derivatisation of alcohols obtained by reduction with DTBAH with (3- 
(+)-Mosher chloride (see Scheme 9). 

moyloxy-substituted carbanion[lh1, which retains its stereo- 
chemistry in the presence of TMEDA in diethyl ether and 
pentane, but not in THE 

To study the chemical stability of carbanion 19, a THF 
solution of it in racemic form was allowed to warm up 
slowly from -78 to -20°C. Under these conditions car- 
banion 19 rearranges in 81% yield to hydroxy ketone (&)- 
24. When the carbanion was generated from optically active 
ester (+)-16 in toluene/20% diethyl ether and the reaction 
mixture was allowed to warm to -20°C also racemic 
hydroxy ketone (ee <5%) 24 resulted. The recovered start- 
ing material was fully racemic. Hydroxy ketone 24 is formed 
by intramolecular rearrangement (ester- hydroxy ketone re- 
arrangement) of carbanion 19 and not via benzoylation of 
a-oxy-a-methylbenzyllithium 19 followed by ester cleavage 
by excess sBuLi on the following evidence. Since formation 
of carbanion 19 is complete in less than 30 min there is no 
starting material 16 left to acylate dipole-stabilized 19, and 
the carbonyl function of ester 16 is shielded against ad- 
dition of nucleophiles. Furthermore, Beak et al.[lO1 have 
proposed such a mechanism for the rearrangement of the 
carbanion derived from ally1 2,4,6-triisopropylbenzoate. 
This isomerisation might be developed into a method for 
the synthesis of sterically crowded a-hydroxy ketones and 
vicinal diols. A structure similar to tetrahedral intermediate 
22 has been proposed for the rearrangement of depro- 
tonated (acyloxy)acetates, induced by collisional activation 
mass spectroscopy, to (acy1)hydroxyacetates in the gas 
phase, besides other reactions[I71. 

Dipole-stabilized carbanion 19 was treated with electro- 
philes (20b-20e) such as chlorotrimethylsilane, chlorotri- 
methylstannane, methyl chloroformate and dimethyl car- 
bonate to afford optically active derivatives 21b-21d of un- 
known configuration and optical purity (entries 11 - 14). 
Use of a chiral shift reagent [(+)-Eu(hf~)~] and 'H-NMR 
spectroscopy for determining the ee value of the products 
was not successful, probably because the lanthanoid reagent 
cannot form a complex with the shielded ester group. 

When these experiments were already finished, it was 
found that the deprotonation of ester 16 can be carried out 
within 10 min with sBuLi without TMEDA in toluene con- 
taining 20% of diethyl ether in 94% yield (entries 15 and 
16). Surprisingly, the enantiomeric excess was 95% and it 
did not change when the reaction time was increased to 60 
min (entry 17). a-Oxy-a-methylbenzyl anion 19 is appar- 
ently configurationally stable under these conditions. When 
it was treated with electrophiles 20c-20e, the specific op- 
tical rotations of products 21c and 21d were higher than 
when the carbanion was formed in hexane with sBuLi/ 
TMEDA. For comparison, racemic carbanion 19 was al- 
lowed to react with chlorotrimethylstannane and methyl 
chloroformate (entries 21 and 22). 

Crystallisation of tin compound (-)-21c with [a]g = 

-40.8 did not increase the specific rotation ([a]$ = -40.8). 
Assuming that the material obtained is enantiomerically 
pure, the product of entry 12 has an ee value of 22% and 
that of entry 18 2 980/0. The stannylation of ester 16 occurs 
with at least 98% retention or inversion of configuration. 

Chem. Ber. 1995, 128, 1069-1077 
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Stannane (-)-21c (298% ee) was transformed with an ex- 
cess of sBuLi by tin-lithium exchange within 10 min to 
carbanion 19 which was treated with AcOD to afford ester 
(,9-(-)-21a with an ee value of 298% and starting material 
(19%) (Scheme 8). The ester used for the preparation of 
stannane (-)-21 c had (R)  configuration. Consequently, one 
of the steps on the way to (S)-21a must occur with inversion 
of configuration, indicating that the carbanion is configu- 
rationally stable and that stannylation proceeds uniformly. 
There are four steps, deprotonation, stannylation, tin-li- 
thium exchange, and deuteration on the way from ester (R)- 
16 to product (S)-21a. Deprotonation and deuteration oc- 
cur, as has been shown before, with overall retention of con- 
figuration to the extent of 95%. As the starting stannane 
has an ee value of 298% and the protonation of carbanion 
19 proceeds with at least 98 % retention of configuration, 
the tin is exchanged for lithium with the same stereoselectiv- 
ity. If the concept that tin-lithium exchange proceeds with 
retention of stereochemistry['*I, though not rigorously pro- 
ven, holds for this case as well, the stannylation has to result 
by inversion of configuration. The stereochemistry of silane 
21b is not known yet. As silylation and stannylation of ester 
(S)-(-)-16 afford dextrorotatory products, it might be that 
they also have the same configuration. Experiments are un- 
der way to determine the configuration of a stannane de- 
rived from an optically active ester 16 and a homochiral 
halogenostannane. 

Scheme 8 

[a]: = -40.8 65% [a]: = -20.0 
ee 298% ee 298% 

The absolute configuration and enantiomeric excess of 
21d were determined by chemical means. The reactivity of 
the two ester functions is different enough to allow a re- 
gioselective manipulation. Diester 21d in racemic and op- 
tically active form was reduced with iBuzAIH in toluene 
to hydroxymethyl benzoate 25 (Scheme 9). Esterification of 
alcohol (f)-25 with Mosher's acid chloride [(S)-( +)- 
MTPACl]1191 in pyridine furnished an inseparable mixture 
of the two diastereomeric Mosher esters (R)-MTPA-(R)-25 
and (R)-MTPA-(S)-25. It shows in the 'H-NMR spectrum 
for the methylene groups two overlapping AB systems (6 = 

4.70 and 4.72) and singlets (6 = 2.01 and 2.05) for the 
methyl groups of the diol portions of equal intensity. The 
ratio changed to 1 :26 and 1 :8, when two different samples 
of optically active ester (+)-21d (from entries 19 and 20 in 
Table 1) were reduced and derivatised, corresponding to en- 
antiomeric excesses of 93% and 78%, respectively. The absol- 
ute configuration of diester (-)-21d (not given in Table 1) 
was correlated with known diol (+)-26 obtained by re- 
duction of (9-(+)-atrolactic acid[20]. Diesters (+)-21d and 
(-)-21d were reduced in diethyl ether with a large excess of 

LiAlH4 to give 2,4,6-triisopropylphenylmethanol 27 and ra- 
cemic and levorotatory diol 26, respectively (Scheme 10). 

Scheme 9 
0 CH,OH 
i' (S)-(+)-MTPACl (+)-21d LBQMH - Ar-c, 

Ph 
(+)-21d -78 "C--25 "C 

(+)-25 74% 
(-)-25 70% 

Scheme 10 

27 W 2 6  75% 
(-1.26 70% 

Therefore, the asymmetrically substituted carbon of diol 
(-)-26 and consequently diester (-)-21d has ( R )  configur- 
ation. As diester (-)-21d was prepared from (R)-(+)-16, the 
acylation of the corresponding carbanion (R)-19 with 
methyl chloroformate or dimethyl carbonate must occur 
with retention of Configuration. 
2,4,6-Triisopropylbenzoy1oxy-substituted a-methylbenz- 

yllithium 19 as dipole-stabilized carbanion is generated in 
high yield by deprotonation of the corresponding ester 16 
with sBuLi within 10 min in tolueneRO% diethyl ether at 
-78 "C and is virtually configurationally stable. It racemises 
partly in the presence of TMEDA in hexane and completely 
in THE It is deuterated and acylated with retention of con- 
figuration. The stereochemical outcome of silylation and 
stannylation remains to be rigorously proven. These results 
demonstrate that a-methylbenzyllithium with a 2,4,6-triiso- 
propylbenzoyloxy instead of a carbamoyloxy substituent 
(la; R' = Me, R2 = Ph, R = i-Pr) is configurationally less 
stable and behaves stereochemically different. The latter re- 
acts with a variety of electrophiles with either retention or 
inversion of configuration, depending on the electrophile 
used as reported by Hoppe et al.[l61. Carbanion l a  is acyl- 
ated with methyl chloroformate and dimethyl carbonate to 
give products with inversion and retention of configuration, 
respectively, in contrast to results obtained for carbanion 
19. They also found that a-methylbenzyllithium l a  is stan- 
nylated by treatment with chlorotrimethylstannane with in- 
version of configuration, assuming that tin-lithium ex- 
change is effected with retention of stereochemistry. It is 
protonated with methanol with retention and surprisingly 
with acetic acid and triphenylmethane with inversion of 
configuration. We have repeated these protonation experi- 
ments of l a  with acetic acid and methanol and found that 
they afford products with retention of configuration in both 
cases[?']. The cases reported here support theoretical calcu- 
lations by Schleyer et a1.L2?] and experimental results by 
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Hoppe et al. that electrophilic substitutions (SE2 mechan- 
ism) can cause either inversion or  retention of configur- 
ation. The subtleties determining the stereochemistry are 
still largely unknown. 

Conclusions 

a-Pivaloyloxy- and a-2,4,6-triisopropylbenzoyloxy-sub- 
stituted a-methylbenzyllithium compounds are dipole-sta- 
bilized carbanions. Their difference in chemical reactivity is 
a consequence of the different accessibility of the carbonyl 
functions. The former compounds are  at least partly con- 
figurationally stable for the short period of their lifetime 
before they are acylated by starting material. The 2,4,6-trii- 
sopropylbenzoyloxy-substituted carbanion with a much 
more shielded C=O is practically configurationally stable 
in toluene/20% diethyl ether without TMEDA and reacts 
with externally added electrophiles. When it is warmed up, 
it rearranges to the isomeric racemic hydroxy ketone (24), 
reminiscent of the phosphate-phosphonate rearrangement. 
Tertiary benzylic anions, produced by Haller- Bauer cleav- 
age, are usually protonated with retention of configu- 
ration[2'], whereas a-oxy-substituted benzyl anions, being 
involved in the Brook and reverse Brook rearrangement, 
react with inversion of coiifig~ration[~~1. Phosphoryloxy- 
substituted benzyl anions involved in the phosphate-phos- 
phonate rearrangement react with retention of configu- 
r a t i ~ n [ ~ . ~ ] .  The mechanism for the inversion of configur- 
ation of acyloxy-substituted carbanions remains to be eluci- 
dated. It has  been proposed on the basis of NMR-spectro- 
scopic investigations that the rate-determining step for the 
inversion of configuration of a-heteroatom-substituted car- 
banions is the rotation around the carbon-heteroatom 

Whether this mechanism is also operative here is 
unknown. 
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Experimental 
TLC: Merck precoated TLC plates (0.25 mm), silica gel 60, F254; 

detection: UV and/or spraying with a 2% solution of CeIVSO4 . 4 
H 2 0  in 2 N H2S04 and heating on a hot plate. - Flash chromatog- 
raphy: Merck silica gel 60, 0.040-0.063 mm; eluents: Petroleum 
ether (PE, boiling point 60-95"C), ethyl acetate (EA). - IR: Per- 
kin-Elmer FT 1600 IR-Spectrometer, (NaCI: film; SiIz61: a solution 
of the sample in Uvasol CHCI, was applied to a Si plate and the 
solvent was allowed to evaporate). - 'H NMR: Bruker spec- 
trometers AC 250F or AM 400 WB; TMS as internal standard. - 
Optical rotation: Perkin-Elmer polarimeter 141 (1 dm cell). - 
Melting points were measured with a Reichert Thermovar instru- 
ment and are uncorrected. - Reactions were carried out in dry 
solvents. THF was distilled from potassium and diethyl ether from 
lithium aluminum hydride. Hexane was dried over molecular sieve 
(4 A). - (S)-(-t)-a-Methoxy-a-(trifluoromethyl)phenylacetyl 
chloride [JPS Chimie; [a]$$' = +136.5 (c = 5.2, CCl,), ee 299.5%)] 
was used for derivatization of alcohols. ~ Optically active l-phen- 
ylethanols were prepared by enzymatic resolution of racemic 1- 

[a]$$' = -11.04 (0.25 dm, neat)r2*1 for 100Y' eel. When the enzy- 
matic hydrolysis was stopped at 42% conversion and the optically 
enriched ester was treated prior to chemical hydrolysis again with 
lipase until consumption of the base was negligible to keep the pH 
constant, alcohols with ee values 397%) were obtained. 

I-Phenylethyl2,2-Dimethylpropionate [(+)-7a, and (S)-(-)-7a]: A 
solution of pivaloyl chloride (5a) (3.62 g, 30 mmol) and chiral or 
racemic I-phenylethanol [(f)-61 (2.44 g, 20 mmol) in dry pyridine 
(30 ml) was refluxed until completion of reaction (TLC) (ca. 12 h). 
The mixture was hydrolysed with ice/water, extracted with diethyl 
ether and the extract was washed with 2 N hydrochloric acid, a 
saturated aq. solution of NaHCO,, water and dried with MgS0,. 
Removal of volatile components in vacuo gave a residue which was 
purified by flash chromatography [PE/diisopropyl ether (30: 1); 
Rf= 0.481 and bulb-to-bulb distillation (b.p. 115"C/4 Torr) to af- 
ford ester (+)-7a (3.71 g, goo/,). Alcohol (S)-(-)-6 (ee = 930/) was 
transformed analogously into ester (S)-(-)-7a in 92% yield, [a12 
= -69.8 (c = 2.29, acetone). - IR (NaC1): P = 3066 cm-', 3034, 

2978, 2933, 2873, 1730, 1496, 1480, 1455, 1396, 1368, 996. - 'H  
NMR (400 MHz, CDC13): F = 1.21 [s, 9H, C(CH,),], 1.51 (d, J = 
6.4 Hz, 3H, OCHCH,), 5.85 (q, J = 6.4 Hz, 1 H, OCHCH3). 7.30 
(m, 5H, Ph). - C13H1802 (206.29): calcd. C 75.69, H 8.80; found 
C 76.03, H 9.46. 

(IS,4R,l'S)-l-Phenylethyl Camphanoate (7b): A solution of (9- 
(-)-camphanoyl chloride [(S)-(-)-5b] (2.25 g, 10.5 mmol) and (9- 
(-)-I-phenylethanol [(S)-(-)-6] (ee = 93%) (0.98 g, 8 mnioi) in dry 
pyridine (30 ml) was refluxed until completion of reaction (TLC) 
(ca. 24 h). The mixture was hydrolysed with icelwater, extracted 
with diethyl ether and the extract was washed with 2 N hydrochloric 
acid, a saturated aq. solution of NaHC0, and dried with MgSO,. 
The filtrate was concentrated in vacuo and the residue was purified 
by flash chromatography [PEIEA (3:l); Rf = 0.481 to yield ester 
(-)-7b (2.50 g, 87Y0) as white crystals, m.p. 86°C (PE/Et20), [ c Y ] ~  
= -35.7 (c = 2.07, acetone). - IR (Si): 5 = 2975 cm-', 1782, 
1734, 1472, 1450, 1365, 1347, 1330, 1304, 1268, 1171, 1100, 1058, 
1021. - 'H NMR (250 MHz, CDC13): F = 0.93 (s, 3H, CH,), 1.02 
(s, 3H, CH,), 1.11 (s, 3H, CH3), 1.60 (d, J =  6.6 Hz, 3H, 
OCHPhCH,), 1.70 (m, 1 H), 1.97 (m, 2H), 2.42 (m, 1 H), 6.03 (q, 
J =  6.6 Hz, I H ,  OCHPhCH,), 7.37 (m, 5H, Ph). - CL8HZ2O4 
(302.37): calcd. C 71.49, H 7.34; found C 71.52. H 7.57. 

Deprotonation of Esters (+)-7a and (S)-( -)-7a: nBuLi in hexane 
(l5%, 1.9 ml, 3 mmol) was added to a solution of 2,2,6,6-tetra- 
methylpiperidine (0.42 g, 0.5 ml, 3 mmol) in freshly distilled dry 
THF ( I  0 ml) under argon at 0 "C. After stirring for 5 min the solu- 
tion was cooled to -78°C and ester (+)-7a (0.31 g, 1.5 mmol) was 
added by means of a syringe. The solution was stirred for 2 h before 
quenching with AcOD (2 ml). The solution was warmed to room 
temperature, concentrated in vacuo and the residue was taken up 
in CH2C12, washed with 2 N hydrochloric acid, a saturated aq. solu- 
tion of NaHC03 and water and dried with MgS04. The solvent 
was evaporated and the residue was purified by flash chromatogra- 
phy [PE/EA (4:l); Rf = 0.831 to yield keto ester (+)-lo (0.20 g, 
920/). Optically active ester (S)-(-)-7a was treated in the same way 
to afford keto ester (+)- lo  in 57% yield, [a]$$' = +12.0 (c = 1.25, 
acetone). - TR (NaCI): 0 = 2971 cm-', 1731, 1601, 1583, 1479, 
1396, 1367, 1284, 1227, 1156, 1071, 1030, 995. - 'H NMR (250 
MHz, CDCI,): 6 = 1.00 [s, 9H, (CH,),CCO], 1.35 [s, 9H, 
(CH3),CC02], 1.75 (s, 3H, OCCH,Ph), 7.40 (m, 5H, Ph). - 
C,8H2603 (290.40): calcd. C 74.45, H 9.02; found C 74.57, H 9.57. 

~~ ~~ 

phenylethyl acetate[27]. When the reaction was stopped at a conver- 
sion of about 50% as determined from the base added, the alcohols 
had an  enantiomeric excess of 93%) [determined by polarimetry; 

Saponifcation of' Keto Esters (+)-lo and (+)-lo: Water (0.04 g, 
2.3 mmol) was added to a mixture of tBuOK (0.90 g, 9.0 mmol) 
and diethyl ether (25 ml) at 0°C. After stirring for 5 min keto ester 

Chem. Ber. 1995, 128, 1069-1077 



Chiral Carbanions, 1 1075 

(+)-lo (0.3 g, 1.0 mmol) was added. The mixture was warmed to 
room temp. and after stirring for 4 h water was added. The organic 
layer was washed with 2 N hydrochloric acid, a saturated aq. solu- 
tion of NaHC0, and water and dried with MgSO,. The product 
was purified by flash chromatography [PE/Et20 (1O:l); Rf  = 0.161 
to yield hydroxy ketone (f)-11 (0.13 g, 63%). Optically active keto 
ester (+)-lo was saponified by the same procedure to afford 
hydroxy ketone (+)-11 in 63% yield, [a13 = +15.8 (c  = 2.69, ace- 
tone). - IR (NaCI): ? = 3490 cm-', 2960, 2931, 1690, 1482, 1461, 
1447, 1365, 1287, 1223, 1149, 1120, 1068, 1042, 1029. - 'H NMR 
(250 MHz, CDCI,): 6 == 1.05 [s, 9H, (CH3)3CCO] 1.80 (s, 3H, 
CCH,Ph), 4.40 (s, IH,  OH), 7.35 (m, 5H, Ph). - C13H18O2 
(206.29): calcd. C 75.69, H 8.80; found C 75.51, H 8.30. 

Attempted Deprotonation of Ester (-)-7b: tBuLi in pentane (1.7 
M, 1.8 ml, 3.0 mmol) was added to a solution of (-)-7b (0.30 g, 1.0 
mmol) in freshly distilled THF at -78 "C under argon. After stir- 
ring for 30 min a solution of D 2 0  (5  mmol, 0.1 ml) in dry THF (1 
ml) was added. The mixture was allowed to warm to room temp. 
and THF was removed. The residue was taken up in CH2C12, the 
solution was washed with 2 N hydrochloric acid, a saturated aq. 
solution of NaHC0, and water and dried with MgSO,. The crude 
product was purified by flash chromatography [PEIEA (3:l); Rf = 
0.601 to give ketone (-)-12a (0.07 g, 30%), [a13 = -31.6 ( c  = 2.27, 
acetone). - IR (NaCl): 5 = 2968 cm-', 2934, 2877, 1794, 1703, 
1458, 1396, 1377, 1332, 1310, 1260, 1222, 1165, 1125, 1086, 1056, 
1024. - 'H NMR (250 MHz, CDCI,): 6 = 0.88 (s, 3H, CH,), 1.09 
(s, 3H, CH,), 1.13 (s, 3H, CH3), 1.25 [s, 9H, C(CH,),], 1.68 (m, 
1 H), I .95 (m, 2H), 2.29 (m, 1 H). - C14H2203 (238.33): calcd. C 
70.56, H 9.30; found C 70.79, H 9.27. 

I - Phenylethyl2,4,6- Triisopropylbenzoate [( +)-16, (R)-( + )-16 and 
(a-(-)-16]: Diethyl azodicarboxylate (15) (3.48 g, 24 mmol) was 
slowly added to a cooled (ice/water) solution of (S)-(-)- l-phenyl- 
ethanol [(S)-( -)-61 (ee 397%) (2.44 g, 20 mmol), triphenylphos- 
phane (14) (6.29 g, 24 mmol) and 2,4,6-triisopropylbenzoic acid 
(13) (5.96 g, 24 mmol) in dry toluene (40 ml) under argon. The 
mixture was stirred for 1 h at 0°C and 3 h at room temp., and 
controlled by TLC [CH,CI$PE (2:3)]. Volatile components were 
removed in vacuo and the residue was triturated with diethyl ether 
and allowed to stand for 1 h at 4°C (to remove Ph3P0 and hydrazo 
ester). The filtrate was concentrated and the residue was purified 
by flash chromatography [CH2C12/PE (3:2); Ri=  0.301 and then 
subjected to bulb-to-bulb distillation (145 "C/0.02 Torr) to afford 
ester (R)-(+)-16 as viscous, colourless oil (5.64 g, SOY") which 
slowly crystallised (m.p. 45-55"C), [a13 = +19.51 (c = 2.06, ace- 
tone). Esters (a-(-)-16 (ee 397%), m.p. 45-55"C, [a13 = -19.76 
(c  = 2.47, acetone), and (+)-16, m.p. 33"C, were prepared by the 
same procedure in yields of 73% and 43%, respectively. - IR 
(NaCI): ? = 2962 cm-', 2930, 2870, 1725, 1460, 1250, 1060. - 'H 
NMR (400 MHz, CDC13): 6 = 1.08 [d, J =  6.9 Hz, 6H, 
CH(CH3)2], 1.11 [d, J =  6.9 Hz, 6H, CH(CH,),], 1.16 [d, J =  6.9 
Hz, 6H,  CH(CH3)2], 1.58 (d, J =  6.9 Hz, 3H, OCHPhCH3), 2.68 
(sept, J = 6.9 Hz, 2H, CH(CH3)2), 2.80 [sept, J = 6.9 Hz, 1 H, 

3-H and 5-H of Ar), 7.30 (m, 5H, Ph). - C24H3202 (352.52): calcd. 
C 81.76, H 9.16; found C 81.47, H 9.72. 

CH(CH3)2], 6.11 (q, J = 6.9 Hz, IH, CHPhCH,), 6.91 (s, 2H, 

General Procedure for  the Deprotonation of Ester 16: A solution 
of sBuLi in cyclohexane/hexane (92 : 8) (12%, 1.5 ml, 2 mmol) was 
added to a solution of ester 16 (0.35 g, 1 mmol) in the solvent given 
in Table 1 (10 ml of hexane, THF or toluene or 10 ml of toluene 
with 1 or 2 ml of diethyl ether) under argon at -78°C. After stir- 
ring for the specified time the electrophile 20 ( 5  mmol of 20a or 4 
mmol of 20b-20e in 1 ml of solvent as used for the reaction) was 

added. The cooling bath was removed when the colour had disap- 
peared and the mixture was allowed to warm to room temp. Vol- 
atile components were removed in vacuo. The residue was taken up 
in CH2CI2 and the solution was washed with 2 N hydrochloric acid, 
a saturated aq. solution of NaHC03, water and dried with MgS0, 
and then concentrated in vacuo. The residue was purified by flash 
chromatography [PE/Et20 (20:1)] to yield product 21 (Table I ) .  

I -  Phenyl- I -/D]ethyl2.4,6- Triisopropylbenzoate (21 a): Rr = 0.46. 
- IR (NaCI): 0 = 2962 cm-', 2870, 1725, 1462, 1363, 1253, 1139, 
1094, 1085, 1073. - 'H NMR (250 MHz, CDC13): 6 = 1.15 [d, J = 

6.9 Hz, 6H, CH(CH&], 1.19 [d, J =  6.9 Hz, 6H, CH(CH&], 1.23 
[d, J = 6.9 Hz, 6H, CH(CH,),], 1.65 (s, 3H, CDCH3), 2.76 [sept, 
J =  6.9 Hz, 2H, CH(CH,),], 2.87 [sept, J =  6.9 Hz, IH,  
CH(CH,),], 6.90 (s, 2H, 3-H and 5-H of Ar), 7.30 (m, 5H. Ph). 

1 - Phenyl- I - ( trimethylsilyl) ethyl 2.4,6- Triisopropylbenzoate (21 b): 
The product was purified by flash chromatography [PE/toluene 
(5:1)] to give an oil, Ri = 0.19. [a]? = + 19.5 (c = 1.20, acetone). 
- IR (NaCl): ? = 2962 cm-I, 2929, 2870, 1727, 1607, 1461, 1446, 

MHz, CDCI,): 6 = 0.05 [s, 9H, Si(CH,),], 1.26 [d, J = 6.9 Hz, 

OCCH,), 2.90 [sept, J = 6.9 Hz, 1 H, CH(CH,),], 3.09 [sept, J = 
6.9 Hz, 2H, CH(CH3),], 7.00 (s, 2H, 3-H and 5-H of Ar), 7.25 (m, 
5H, Ph). - C27H3802Si (422.68): calcd. C 76.72, H 9.06; found C 
76.30, H 9.46. 

2,4,6- Triisoprop~~lben=oute 
[(+)-21c, (-)-2lc, (+)-21~1: Rf  = 0.58, m.p. of (f)-21c 50°C (etha- 
nol); chromatographically homogeneous (-)-21c { [a]g = -40.8 
(c = 5.19, acetone) entry 18 in Table 1) was crystallised from etha- 
nol to give a material with m.p. 65"C, [a# = -40.8 (c = 2.40, 
acetone). It was assumed to be enantiomerically pure. - IR (Si) of 
(-)-2lc: ? = 2962 cm-', 2931, 2870, 1725, 1606, 1469, 1430, 1383, 
1363, 1283, 1251, 1138, 1103, 1075, 1029. - 'H NMR (250 MHz, 
CDCl,): 6 = 0.05 Is, 9H, Sn(CH,),] with two satellite doublets ( J  = 
50.3 Hz, 52.5 Hz) for 117"'9Sn isotopomers, 1.23 [d, J = 6.9 Hz, 

6.9 Hz, 6H, CH(CH&], 1.90 (s, 3H, OCCH,), 2.87 [sept, J =  6.9 
Hz, l H ,  CH(CH,),], 3.03 [sept, J = 6.9 Hz, 2H,  CH(CH,),], 6.90 
(s, 2H, 3-H and 5-H of Ar), 7.15 (m, 5H, Ph). - C77H3802Sn 
(513.29): calcd. C 63.18, H 7.46; found C 63.06, H 8.08. 

Methyl 2-Phenyl-2-(2,4,6-triisopropylbenzoyloxy)propionate (21d): 
Rr= 0.13. - IR (Si) (+)-21d: ? = 2962 cm-', 1750, 1734, 1460, 

1363, 1285, 1249, 1133, 1102, 1061, 1050, 1033. - 'H NMR (250 

12H, CH(CH3)2], 1.28 [d, J =  6.9 Hz, 6H, CH(CH,),], 2.10 (s, 3H, 

1 - Phenyl-I - ( trimethylstannyl) ethyl 

6H, CH(CH,),], 1.25 [d, J =  6.9 Hz, 6H, CH(CH,)Z], 1.31 [d, J =  

1449, 1372, 1260, 1228, 1188, 1124, 1103, 1072. - 'H NMR (250 
MHz, CDC13): 6 = 1.25 [d, J =  6.9 Hz, 6H, CH(CH3)2], 1.27 [d, 
J = 6.9 Hz, 6H,  CH(CH,),], 1.28 [d, J = 6.9 Hz, 6H, CH(CH,),], 
2.10 (s, 3H, OCCH,), 2.90 [sept, J = 6.9 Hz, 1 H, CH(CH3),], 3.10 
[sept, J = 6.9 Hz, 2H,  CH(CH,),], 3.75 (s, 3H, COOCHJ, 7.05 (s, 
2H, 3-H and 5-H of Ar), 7.20-7.60 (m, 5H, Ph). - CZ6Hj4O4 
(410.55): calcd. C 76.05, H 8.35; found C 75.56, H 8.68. 

Procedure fbr ~ithio~estannylation of (-)-21c: A solution of 
sBuLi in cyclohexane/hexane (92:8) (12'%, 0.5 ml, 0.7 mmol) was 
added dropwise to a solution of (-)-21c (0.07 g, 0.14 mmol, ee 
>98%) in toluene/2O% diethyl ether at -78°C under argon. After 
stirring for 10 min deuterated acetic acid ( I  ml) was added and 
the mixture was warmed to room temp. Volatile components were 
removed in vacuo and the residue was taken up in CH2CI2. The 
solution was washed with 2 N hydrochloric acid, a saturated aq. 
solution of NaHCO, and water and dried with MgS04. The solu- 
tion was concentrated and the residue was purified by flash chrom- 
atography [PE/Et20 (20:1)] to give product (-)-21a (0.03 g, 65%; 
Rf = 0.38; ee 298%) besides the unreacted ester (-)-21c (0.01 g, 
19%; Ri = 0.74; ee 398%). 
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2-Hydroxy-2-phenyl-I -(2,4,6-triisopropyIphenyl) - I  -propanone 
[(+)-24 and (+)-241: A solution of sBuLi in cyclohexane/hexane 
(92: 8) (12%, 1.1 ml, 1.5 mmol) was added dropwise to a solution 
of ester (+)-16 (0.352 g, 1 mmol) in freshly distilled THF under 
argon at -78°C. The mixture was allowed to warm to -20°C and 
was then treated with THF/water. Volatiles were removed in vacuo. 
The residue was taken up in CH2Cl2, and the solution was washed 
with 2 N hydrochloric acid, a saturated aq. solution of NaHCO,, 
water, dried with MgS04 and concentrated in vacuo. The residue 
was purified by flash chromatography [PE/Et20 (20: 1); Rf = 0.251 
to yield (?)-24 (0.22 g, 63'%), m.p. 96°C (PE). The optical rotation 
of enantiomerically pure hydroxy ketone 24 was determined by res- 
olution by MPLC on triacetylcellulose as [a]g = -18.7 (c = 1.85, 
EtOH)['5,29]. An analogous reaction was carried out with (R)-( +)- 
16 in toluene/20'% diethyl ether to yield hydroxy ketone (+)-24 
(0.05 g, 140/0), [a]:: = +0.85 (c = 1.18, acetone). The recovered 
starting material (0.02 g, 5%) was racemic. - IR (Si): 3 = 3467 
cm-', 2963, 2932, 2869, 1697, 1605, 1569, 1492, 1460, 1446, 1384, 
1363, 1217, 1151, 1099, 1070, 1054, 1028. - 'H NMR (400 MHz, 
CDCI,): 6 = 0.90 [d, J = 6.9 Hz, 6H, CH(CH,),], 1.05 [d, J = 6.9 
Hz, 6H, CH(CH,),], 1.25 [d, J =  6.9 Hz, 6H,  CH(CH,)z], 1.85 [s, 
3H, C(OH)CH,], 2.05 [sept, J = 6.9 Hz, l H ,  CH(CH,),], 2.40 
[sept, J =  6.9 Hz, 1 H, CH(CH3),], 2.90 [sept, J =  6.9 Hz, 1 H, 
CH(CH,),], 3.20 (s, 1 H, OH), 6.95 (s, 2H, 3-H and 5-H of Ar), 
7.25 (m, 3H, Ph), 7.50 (m, 2H, Ph). - C24H32O2 (352.52): calcd. 
C 81.76, H 9.16; found C 81.33, H 9.42. 

2-Phenyl-2-(2,4,6-triisopropylbenzoylo,vy/-I-propanol [(f)-25 or 
(-)-251: A solution of DIBAH in hexdne (1 M, 1 ml, 1 mmol) was 
added by means of a syringe to a solution of diester (+)-21d (0.08 
g, 0.2 mmol) in toluene at -78°C under argon. The mixture was 
allowed to warm slowly to -25°C (in the cooling bath) and then 
treated with water. Volatile components were removed in vacuo. 
The residue was taken up in CH2C12 and the solution was washed 
with 2 N hydrochloric acid, a saturated aq. solution of NaHCO,, 
water, dried with MgS04 and concentrated in vacuo. The residue 
was purified by flash chromatography [PE/Et20 (5: I ) ;  Rf = 0.171 
to yield (-)-25 (0.06 g, 74'!4n), [a]g = -20.8 (c = 1.98, acetone). 
By using racemic diester (+)-21d, racemic alcohol (?)-25 was iso- 
lated in 70% yield. - IR (Si) (-)-25: P = 3468 cm-', 2959, 2928, 
2870, 1728, 1606, 1496, 1461, 1448, 1430, 1383, 1363, 1285, 1252, 

CDC13): 6 = 1.25 [2 X d overlapping, J =  6.9 Hz, 12H, 

OCCH,), 2.95 [3 X sept. overlapping, J = 6.9 Hz, 3 H, CH(CH,).], 
3.92 (AB system, J = 12.4 Hz, 2H, CH,OH), 7.05 (s, 2H, 3-H and 
5-H of Ar), 7.40 (m, 5H, Ph). - C25H3403 (382.54): calcd. C 78.49, 
H 8.96; found C 78.56, H 9.15. 

1186, 1154, 1138, 1103, 1066, 1028. - 'H NMR (250 MHz, 

CH(CH,),], 1.26 [d, J =  6.9 Hz, 6H, CH(CH,)2], 2.10 (s, 3H, 

Synthesis of MoJher's Ester of Alcohols (a)-25 and (-)-25: A 
solution of (2)-24 (0.02 g, 0.05 mmol), (S)-(+)-MTPA-CI (0.06 g, 
0.24 mmol) and a catalytic amount of 4-(dimethylamino)pyridine 
in dry pyridine ( 1  ml) was stirred for 48 h at room temp. under 
argon. Pyridine was removed in vacuo. The residue was taken up 
in CH2C12 and the solution was washed with 2 N hydrochloric acid, 
a saturated aq. solution of NaHCO,, water, dried with MgS04 and 
concentrated in vacuo. The residue was purified by flash chromd- 
tography [PE/EA (9: 1); Rf = 0.471 to yield a mixture of diastereo- 
meric esters (R)-MTPA-(R)-25 and (R)-MTPA-(S)-25 (0.02 g, 
75%). The diastereomeric excess of 25 can be determined by 'H- 
NMR spectroscopy. The assignment of signals to the individual 
components of the diastereomeric mixture was possible by a com- 
parison of the 'H-NMR spectra of Mosher's esters derived from 
racemic and enantiomerically enriched alcohols 25. 

(R)-MTPA-(S)-25: 'H NMR (400 MHz, CDCl?): 6 = 1.09, 1.18, 
1.19 [3 X d, J = 6.9 Hz, 18H, CH(CH3),], 2.05 (s, 3H, CH?), 2.90 
[3 X sept overlapping, J = 6.9 Hz, 3H, CH(CH3)2], 3.25 (s, 3H, 
OCH?), 4.72 (AB system, J = 11.3 Hz, 2H, CCH20), 6.91 (s, 2H, 
3-H and 5-H of Ar), 7.30 (m, 10H, 2 X Ph). 
(R)-MTPA-(R)-25: 'H NMR (400 MHz, CDCI3): 6 = 1.04, 1.12, 

[3 X sept overlapping, J = 6.9 Hz, 3H, CH(CH,),], 3.27 (s, 3H, 
OCH3), 4.70 (AB system, J =  11.3 Hz, 2H, CCH20), 6.91 (s, 2H, 
3-H and 5-H of Ar), 7.30 (m, 10H, 2 X Ph). 

2-Phenyl-I,2-propanediol[(+)-26 and (-)-261: A solution of (f)- 
21d (0.14 g, 0.4 mmol) in freshly distilled diethyl ether ( 5  ml) was 
added to a suspension of LiAlH4 (0.08 g, 2 mmol) in freshly dis- 
tilled dry diethyl ether (5 ml). The reaction mixture was refluxed 
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