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Abstract—Diastereoselective phenylcuprate addition to (5)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)-trans-2-propenoate has been
achieved in the presence of lithium bromide, copper(I) cyanide, trimethylsilyl chloride and dimethylsulfide cocatalysts. © 2001

Elsevier Science Ltd. All rights reserved.

In the past, relatively few y-oxygen substituted o,p-
unsaturated compounds have been utilized as substrates
for conjugate addition reactions. Perhaps the most
studied substrates are 1 and 2 (Fig. 1) which are derived
from glyceraldehyde acetonide.

Oxygen at the y-position makes the B-carbon much less
electrophilic, and thus these molecules are poor sub-
strates for conjugate additions.! A number of modified
structures have been studied, such as y-oxygen substi-
tuted o,B-unsaturated ketones,> which work well for
these conjugate addition reactions. However, when y-
oxygen substituted o,B-unsaturated esters are used as
substrates, only limited success has been realized, and
the reaction completely failed with a phenyl nucleo-
phile.!* Since these compounds could be useful precur-
sors in further synthetic transformations such as amino
acid synthesis, we decided to find condition(s) which
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Figure 1. Substrates with y,5-oxygen used for conjugate addi-
tion reactions.
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can be applied to conjugate addition reactions with
poor substrates such as methyl (S)-3-(2,2-dimethyl-1,3-
dioxolan-4-yl)-trans-2-propenoate  (3)—a v,0-oxygen
substituted o,B-unsaturated ester.

All of our initial attempts to solve the problem (Eq. (1))
using known techniques and/or additives, such as
dimethyl sulfide,*> TMSCL%® and TMEDA!*!! were
unsuccessful (entries 1-6, Table 1).

After all these failed attempts, we went back to examine
other copper reagents which might promote the conju-
gate addition. It was decided to evaluate relatively
stable copper reagents made from copper(I) bromide
complexed with dimethyl sulfide. If these copper
reagents could promote the reaction, we postulated that
the addition of TMSCI should make the substrate 3
(entry 7, Table 1) more reactive toward conjugate addi-
tion.!! At —78°C, the conjugate addition did take place
and, the substrate was completely consumed and con-
verted almost quantitatively to the desired conjugate
addition adduct based on gas chromatography-mass
spectrometry (GC-MS) results. However, the de of the
major product 4 was only 74% (Table 1).

To improve the de, we investigated the use of lithium
bromide!? ! (entry 10, Table 1) with the substrate (3).
Interestingly, the yield (80% estimated by GC-MS,
73.7% after flash column purification) was lower com-
pared to the reaction without LiBr. However, the
diastereoselectivity was improved dramatically to >92%
by GC-MS. Only one diastereoisomer, 4, could be
isolated. We then decided to evaluate whether any
additive could be eliminated and still allow the conju-
gate addition to take place. When using LiBr with
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Table 1. Conjugate addition from PhMgBr
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Meo\[(\/"\/o_c‘m. Meo\”/\l/-"\/o + MeOY\/\/O
o} O Ph O Pnh (1)
(3) (4) ©)

Entry Reagent Additives® Temp. (°C) de® (%) Yield® (%)
1 PhMgBr Cul —78 (0

2 PhMgBr Cul/TMSCI (1:1) 78 ob

3 PhMgBr CuBr-Me,S/Me,S (1:1) —78 or —100 ob

4 PhMgBr CuBr-Me,S/Me,S (1:1) -23 0

5 PhMgBr TMSCI —78 (0

6 PhMgBr TMEDA —178 (0

7 PhMgBr CuBr-Me,S/Me,S/TMSCI (1:1:1) ~78 74 100°

8 PhMgBr CuCN/TMSCI (1:1) 23 to 1t 78 (85°) 100° (80°)
9 PhMgBr CuCN/TMEDA (1:1) —78 ob

10 PhMgBr CuBr-Me,S/Me,S/TMSCI/LiBr (1:1:1:1) —178 92 (>95° 80° (73.7°)
1 PhMgBr TMEDA/TMSCI (1:1) —78 ob

4 Results were almost the same when additives were used in 0.1, 1 or 1.2 equiv.
® Estimated results from GC-MS (based on the integration of GC peaks for 3, 4 and 5).

¢ Results from RP-HPLC (Vydac C18 column) or separation.

PhMgBr (Fig. 2) the 1,2-adduct 7 was obtained when
the reaction was run at higher temperatures (—40°C to
rt). On the other hand, when using CuBr-Me,S/TMSCI/
LiBr without Me,S as a coadditive, a Claisen condensa-
tion accompanied the conjugate addition, and gave
compound 6 as the only product. Further study is
needed to understand this reaction.

It has been reported that copper cyanide (CuCN)>!6-20
can improve conjugate addition reactions. When CuCN
was used alone, there was none of the desired product
even after a long extension of the reaction time. How-
ever, when a catalytic amount of TMSCI was used in
conjunction with CuCN (entry 8, Table 1), the reaction
went to completion rapidly. All of the starting material
3 was converted to the desired products with a small
improvement in the de (78-85%) compared with the de
(74%) when CuBr-Me,S/Me,S/TMSCI was used Eq.
(1). On the other hand, by adding a Lewis base,
TMEDA, along with CuCN, we were not able to detect
any of the desired products (entry 9, Table 1).

The diastereoselectivity of the major product 4 was
analyzed by '"H NMR. By bubbling pure HCI gas into
the methanolic solution of compound 4, the lactone
bridge was formed rapidly, and the cyclic compound 8
was obtained in quantitative yield (Scheme 1). Rotary
evaporation of all the solvents gave the product. The
large coupling constant (J4s=12.81 Hz) between the
protons at positions 4 and 5 indicate that they are in
anti positions.?! Hence, phenyl copper reagents in our
study attack the less sterically hindered side of the
substrate 3. Consequently, an R chiral center in posi-
tion 3 of the product 4 was obtained (for experimental
procedure, see Ref. 22). When LiBr was used as a
coadditive, the significant increase in diastereoselectiv-
ity might be attributed to chelation between the y-posi-
tion substituted oxygen and the oxygen at the ester
functional group. Such chelation would enhance the
diastereofacial bias of the substrate, resulting in a more
selective attack of the nucleophile from the less hin-
dered side. Consequently, a higher diastereoselectivity
(de 92%) was achieved. Further study is necessary to
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Figure 2. Conjugate addition followed by Claisen condensation.



Scheme 1. Determination of diastereoselectivity for product 4.
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rationalize the role of LiBr in this conjugate addition
and to investigate the mechanism of the reaction, the
diastereoselectivity and further applications.
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A representative experimental procedure is summarized
here for the preparation of 4 by conjugate addition:
Freshly distilled THF (15 mL) was added to a 100 mL
round bottom flask under Ar. After the flask was cooled
by an ethylene glycol-dry ice bath, CuCN (0.25 g, 2.8
mmol, 0.1 equiv.) and 3 (5.0 mL, 5.4 g, 29.0 mmol) were
added sequentially. The mixture was stirred for 10 min
before TMSCI (0.35 mL, 0.30 g, 2.8 mmol, 0.1 equiv.)
was added via a syringe under Ar. After 25 min stirring,
PhMgBr (12 mL, 3.0 M in Et,O from Aldrich, 36 mmol,
1.2 equiv.) was added dropwise over a period of 30 min.
Upon the completion of the addition of PhMgBr, the
cooling bath was removed and the reaction mixture was
stirred for another 3 h at rt. Gas chromatograph (GC)
results indicated that the starting material 3 completely
disappeared. Then the reaction was quenched by the
addition of aqueous saturated NH,CI solution (10 mL).
After workup, the product 4 was obtained by flash chro-
matograph as a thick colorless oil, which became a waxy
solid after a long stand at rt, yield: 80%. Spectra of 4: "H
NMR (250 MHz, CDCl,): ¢ (ppm) 7.36-7.14 (5H, m),
4.28-4.18 (1H, m), 3.78-3.70 (1H, dd), 3.62-3.50 (4H, m),
3.30-3.16 (1H, m), 3.10-3.00 (1H, dd), 2.74-2.60 (1H,
dd), 1.46 (3H, s), 1.34 (1H, s). FAB-MS: calcd for
C,sH,,0,, 264.1; found: m/e 265.1 [M+H"].



