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Hydrogen vs. Deuterium Transfer in Asymmetric 
Reductions: Reduction of Phenyl Trifluoromethyl Ketone 
by the Chiral Grignard Reagent from 
(S) -2 -Pheny l - l -bromoethane- / , l , 2 -< / 3 

Sir: 

W e wish to report on an asymmetr ic reduction by a Gri 
gnard reagent that is chiral by virtue of a hydrogen and deu
ter ium dispari ty at the asymmetr ic /3-carbon. W e find that 
(5 ' ) -PhCHDCD2MgBr(5) not only reduces a prochiral ketone 
asymmetrically, but shows a higher asymmetric induction for 
deuter ium transfer than for hydrogen transfer. 

T h e chiral Gr ignard reagent 5 was synthesized1 from 
(/?)-(—)-mandelic acid 1 according to Scheme I, and used to 
reduce phenyl tr if luoromethyl ketone, 6, to the mixture of 
chiral carbinols, 8. 
Composit ion of 8: 

SH-8 AH"8 

45.8 ± 0.8% 16.5 ± 0.5% 
62.3 + 0.6% H transfer 
47 .1 ± 1.6% e e S H - 8 

OD"8 RD'S 

8.6 ± 0.5% 291 ± 0.6% 
37.7 ± 0.6% D transfer 
54.4 ± 2.2% ee R0-S 

Product analysis of the enant iomeric and isotopic four-
component carbinol mixture 8 was achieved by conversion to 
the mixture of the a-methoxy-a- t r i f luoromethyl phenylace-
tates 9 ( M T P A derivatives).2 At 254 M H z , the 1 9 F N M R 
spec t rum 3 of the dias teromeric esters 9 showed completely 
resolved resonance signals of the carbinyl CF3 group for the 
four components , shown in Figure 1. 

This difference in stereoselectivity between hydrogen vs. 
deuter ium transfer cannot be ascribed to any differences in 
reagents or conditions in contrast to previous incidental stud
ies5 , 6 since the competing react ions are taking place s imulta
neously and internally within the same mixture. Reduction by 
a single electron transfer process ( S E T ) or by a magnes ium 

Figure 1. A 254-MHz 19F NMR spectrum in the carbinyl CF3 region of 
9. 
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The mechanist ic situation can be conceptualized in te rms 
of four models for the competing transition states (Scheme II) . 
Two of these models (pro-Sn-iQ and pro-Ro-W) involve 
transfer of hydrogen from the reagent 5 to the prochiral faces 
of the ketone 6 to give enantiomeric protio carbinols ( S H - 8 and 
/ ? H - 8 ) and two (pro-So-lO and pro-Ro-10) involve transfer 
of deuterium to give enantiomeric deuteriocarbinols (SD-S and 
RD-S). The preferred transition state for hydrogen transfer is 
represented by / W J - S H - I O and that for deuter ium transfer by 
pro-Ro-10 as anticipated.7 The differences in stereoselectivity 
can be viewed as the sum of a t least two effects—namely, the 
differences associated with the transfer of hydrogen vs. deu-
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terium and the differences due to the nonbonding interactions 
of H vs. D with CF3 and Ph. Deuterium has a slightly smaller 
steric requirement than hydrogen which is manifest only under 
conditions of severe steric overcrowding.8 We believe that this 
effect would be barely perceptible in the present case. The 
observed difference in stereoselectivity then must be a direct 
consequence of the hydrogen vs. deuterium transfer. 

Three factors, not necessarily unrelated, associated with the 
direct transfer of hydrogen vs. deuterium may account for the 
observed stereochemical differences: (1) bond distance; the 
average C-H bond distance is about 0.008 A longer than the 
C-D bond distance;9 (2) the difference in rate of transfer per 
se; (3) tunneling. Evidence bearing on the second and third 
points can be obtained by a temperature study and this is in 
progress.10 It may be that the stereoselectivity is extremely 
susceptible to the proximity of approach of the carbon centers 
in the C--H--C vs. C - D - C transition states. Hydrogen (hy
dride), with a de Broglie wavelength greater than that of 
deuterium, may be able to transfer from reagent to substrate 
from a greater distance than can deuterium (deuteride). The 
logical presumption is that the closer the proximity of the two 
carbon centers, the greater the steric compression in the 
transition state. This should lead to greater stereoselectivity 
for deuterium transfer, as observed. 

The overall low kinetic isotope effect is consistent with a 
nonlinear hydride transfer. However, a larger kinetic isotope 
effect (kH/kD = 1.92 ± 0.04) was found for the formation of 
i?H-8 and S^-S (the least favored products arising from pro-
RH-10 and pro-SD-l0) compared to that (kH/kD = 1.58 ± 
0.04) for the favored products (.SH-8 and RQ-S arising from 
/7/1O-SH-IO and pro-Rr,-\Q). These observations are qualita
tively consistent with proton tunneling arguments. 

(/?)-(—)-Mandelic acid, 1, was converted via the methyl 
ester, 70.5 g, mp 54-55 0 C, [ a ] 2 0

D -174.2 (c 4.05, CHCl3), 
>99% enantiomerically pure, into (R)-(—)-methyl O-mesyl-
mandelate, 2, mp 115-116 0 C [a ] 2 0

D -113.6 (c 6.67 CHCl3), 
77.6 g. Treatment of 2 (63 g in 800 mL of THF) with LAD 
(10.8 g in 600 mL of ether) for 4 h at room temperature gave 
crude 3(73% crude yield of a 9-91 mixture of 1 - and 2-phen-
ylethanols). Fractionation through a 28-plate glass-helices 
column gave 3, a2 0o —1.10 (neat, / = 1). Analysis by GLC 
showed 99.8% 2-phenylethanol and by NMR indicated 99 ± 
1% 2-phenylethanol-/, 1,2-d^. This alcohol, 4.5 mg in CDCl3 

in the presence of 43 mg of the chiral shift reagent Eu(dcm)3, la 

showed signals for the benzylic protons of the S and R enan-
tiomersat 1492 and 1520 Hz in the ratio of 86.8 to 13.1 (73.7 
± 1.5% ee). The enantiomer NMR chemical shift differences 
with the chiral Eu(hfbc)3

u reagent were observable but the 
signals were not completely separated. 

5 - ( - ) - 3 , 13 g, was converted into 5-(+)-4 (PPh3, 7.7 g, 
NBS, 19.8 g, benzene, 65 mL, 0 0C) to give 13.7 g, 63.5%, of 
redistilled 4, a20

D +0.855° (neat / = 1), from which the Gri-
gnard reagent 5 was prepared (sublimed Mg, Et20). An ali
quot was oxidized (O2, —78 0 C) to regenerate 3 which was 
purified by preparative GLC and shown1 to be an 86.7:13.3 
mixture of S and R enantiomers (73.4 ± 2% ee, i.e., no race-
mization in 3 —>• 4 —* 5 —• 3). An aliquot of the same Grignard 
solution was treated at 0 0 C with 6, to give a. 66% yield of 8 
(purified by GLC 20 ft X % in. Carbowax, 215 0 C) . The 
MTPA derivatives 9 were analyzed by 1 9 F N M R (Figure 1). 
Identity of signals and quantitative analysis were determined 
by samples of known configuration and composition. 
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Selective Carbon-Carbon Bond Formation via Transition 
Metal Catalysis. 4.1 A Novel Approach to 
Cross-Coupling Exemplified by the 
Nickel-Catalyzed Reaction of 
Alkenylzirconium Derivatives with Aryl Halides 

Sir: 

We wish to report a novel approach to the selective cross-
coupling which involves the reaction of organozirconium de
rivatives with organic halides under the influence of nickel 
complexes, such as Ni(PPh3)4. Although the scope of the 
present discussion is restricted to the alkenyl-aryl coupling 
represented by eq 1, the applicability of the methodology 
presented below appears general. 

R1 H(R2) 
R1C^CH(R2) ^ ^ * N > = C < 

H ^ 
/ 

ZrCp2 

Cl 

R1 H(R2) 
ArX \ _ _ / 

-* C=C. cat Ni<PPh3)4 / \ 
H Ar 

(D 

Within the past few years, hydrozirconation2a has emerged 
as a unique hydrometalation with some attractive features, 
such as the facile formation of terminally Zr-substituted de
rivatives from internal alkenes2b and high regioselectivity 
observed with alkynes2c and dienes.2d Moreover, our prelimi
nary study indicates that the reaction can tolerate certain 
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