January 1997 SYNLETT 41

Pinacol Cross Coupling Reactions of Ethyl 2-Alkyl-2-Formylpropionates. Stereoselective Synthesis of
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Abstract: Intermolecular pinacol coupling of ethyl 2-alkyl-2- The ester aldehydes (2) were prepared by formylation of the
formylpropionates (2) (i.e. EtOC(O)CR1MeCHO) with non-chelating corresponding ester enolates (LDA, THF, -78 °C) using ethyl formate.
aldehydes provides high yields of threo diols. The reaction is
promoted by vanadium(II) ions which are conveniently generated in @ 9 H_ _R? 1. 2 VCl(THF)3, Zn
+ -
() EIOJ%(U\H

situ from VCI3(THF)3 and zinc dust. High diastereofacial selectivity \[r -
is observed when starting with chiral 2, or chiral non-chelating O 2. aqueous workup

U
aldehydes. RO e
2 3
We have previously observed that the pinacol cross-coupling reaction O OH ;
between disubstituted a-diphenylphosphinoyl acetaldehydes (i.e. )g/z\/Rz cat. p-TsOH . R
PhoP(O)CRIR2CHO) (1) and a variety of non-chelating aldehydes (+) EtO 7o benzene @) Me™ o
proceeds in high yields.] Furthermore, unusually high diastereofacial RT Me gy o 2
selectivity is found, even in cases where an incoming non-chelating 5 6
aldehyde must choose between encountering an ethyl versus methyl
group (14:1 approach from the methyl side).] The success of this
system led us to examine another class of o,c-dialkyl aldehydes, this Ph o/j‘lo o——0
time possessing an ester function as the chelating unit (i.e. 2). Pinacol 3 = H H%Me H & HN»:,,OX
cross-coupling of such substrates where R1 is not methyl, would lead 4 d oA‘/
to aldol type products bearing a chiral quaternary center alpha to the Ph o OBn
ester, a class of compounds not easily arrived at in high selectivity's 3a 3b 3c 3d
from aldol reactions.2.3 Scheme 1
Table 1
non- 12
ester chelating v-butyrolactones (6)
aldehydes aldehydes
no. R? no. no. product? ds yield
ratiob (D/O)C
2a Me 3a 6a -d -e 79
2b Et 3a 6b -d 5:1 73f
2¢c Bn 3a 6¢c -d 11:1 78
2d Pr 3a 6d -d 20:1 589
Ph
0.0
2a  Me 3b 6e ® Me 6:1 68f
Mo o OH
o/jc-’-o
2a  Me 3c 6f 05 ON0 18:1 90
Oﬁ/
Me s, OH
0 ‘-'°><
2a  Me 3d 6g O ° g 11:1 72
3 OBn
Me: , OH

2 Only the major diastereomer is shown. b The term ds refers to the diastereofacial
selectivity for these reactions. Except for 6a (see footnote ¢), only threo diols were
obtained. The ds was determined by IH NMR, 13C NMR, and (or) GC-mass
spectrometry of the crude product mixture before purification. © Isolated yield of the major
diastereomer. 9 For stereochemistry of the major diastereomer, see 6 in Scheme 1 where
R2 = CHpCH2Ph. © The ratio of threo:erythro was 22:1 (determined by GC-mass

spectrometry). f A minor diastereomer was also isolated (see ref. 12). & 20% of starting
material was recovered.
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The cross coupling reactions were performed by simply combining 2
and a non-chelating aldehyde (3) together with
[V2Cl3(THF)6]2[Zn)Clg] (4) (generated in situ from VCI3(THF)3 and
zinc dust) in CHCl (Scheme 1).4 The fact that both substrates can be
added at the same time is both convenient and consistent with what has
been observed in coupling reactions involving 1. The crude diols (5)
prepared from these reactions were always contaminated with some of
the corresponding y-butyrolactone (6). Therefore, for convenience of
analysis we have converted all diols into 6 by treatment with a catalytic
amount of p-toluenesulfonic acid in benzene (Scheme 1). In order to
ascertain the stereoselectivity associated with diol formation, we began
our studies by reacting 2a, where the geminal substituents are
equivalent, with 3-phenylpropanal. An excellent yield of 6a,
containing the expected threo diol core was obtained (Table 1).5.6

Having established that these reactions produce predominately threo
diols, we turned our attention to the question of diastereofacial
selectivity using chiral aldehydes 2b-d. As can be seen in Table 1,
selectivity's are high, though not as high as that observed in the
analogous reactions of 1.1 However, from a synthetic standpoint, even
a selectivity of 5:1 when comparing the two faces of an aldechyde
discriminated only by a methyl versus an ethyl group is still important.7
The sense of selectivity is predictable from a chelation-control model
where the non-chelating aldehyde (3) binds to vanadium and reacts
with the least hindered face of the chelating aldehyde (2).1.6.8

Finally, we investigated the diastereofacial selectivity of o-chiral, non-
chelating? aldehydes (3b-d) in the pinacol cross-coupling reaction with
2a. All three cases exhibited high diastereofacial selectivity (Table 1).
Moreover, only single diastereomers were obtained after one
chromatographic separation. In these examples (6e-g), the major
isomers are that predicted from a Felkin-Ahn model.10

In conclusion, we have developed an efficient and stereoselective
synthesis of 2,2,4-trialkyl-3-hydroxy y-butyrolactones derived from
pinacol coupling of ethyl 2-alkyl-2-formylpropionates with non-
chelating aldehydes. Since the non-racemic synthesis of ester
aldehydes (2b-c) has already been reported,!! an enantioselective
synthesis of the class of y-butyrolactones described within is clearly
possible.

Acknowledgment. S.F.P. is grateful to the National Institutes of
Health (GM38735) for support of this research.
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Analytical data for lactones 6a-g:

6a. An analytical sample was prepared by recrystallization from
dichloromethane/hexane to give a white solid: mp 126-127 0C;
1H NMR (400 MHz, CDCl3, D20) 8 7.32-7.29 (m, 2H), 7.20-
7.23 (m, 3H), 447 (ddd, J = 8.8, 5.2, 3.6, 1H), 3.90 (d, J =
3.6, 1H), 2.91 (m, 1H), 2.75 (m, 1H), 2.22 (m, 1H), 2.00 (m,
1H), 1.25 (s, 3H), 1.23 (s, 3H); 13C NMR (100 MHz, CDCl3)

8 181.5 (C), 141.0 (C), 128.5 (CH), 128.3 (CH), 126.1 (CH),
80.5 (CH), 76.6 (CH), 45.8 (C), 31.7 (CH2), 30.1 (CH2), 22.7
(CH3), 17.7 (CH3); Anal. Calcd for C14H1803: C, 71.77; H,
7.74; Found: C, 71.95; H, 7.76; TLC (30% ethyl acetate in
hexane) R 0.20.

6b. An analytical sample was prepared by recrystallization from
dichloromethane/hexane to give a white solid: mp 107-108 °C;
1H NMR (500 MHz, CDCl3) & 7.31-7.26 (m, 2H), 7.22-7.20
(m, 3H), 4.43 (ddd, J = 8.6, 5.1, 3.4, 1H), 3.95 (dd, ] = 5.6,
3.4, 1H), 2.86 (m, 1H), 2.74 (m, 1H), 2.43 (d, J = 5.6, 1H,
OH), 2.20 (m, 1H), 1.99 (m, 1H), 1.82 (m, 1H), 1.64 (m, 1H),
1.17 (s, 3H), 0.97 (t, J = 7.5, 3H); 13C NMR (125 MHz,
CDCl3) & 181.1 (C), 141.0 (C), 128.5 (CH), 128.4 (CH),
126.2 (CH), 80.4 (CH), 75.7 (CH), 48.9 (C), 31.7 (CH2), 30.2
(CH?), 23.4 (CHp), 18.6 (CH3), 8.1 (CH3); Anal. Calcd for
C15H2003: C, 72.55; H, 8.12; Found: C, 72.92; H, 8.27; TLC
(30% ethyl acetate in hexane) Rf 0.40. A minor diastereomer
(8%) was also isolated by chromatography as a white foam: 821
NMR (500 MHz, CDCl3) & 7.31-7.28 (m, 2H), 7.22-7.19 (m,
3H), 4.45 (m, 1H), 3.97 (m, 1H), 2.88 (m, 1H), 2.73 (m, 1H),
2.18 (m, 1H), 1.99 (m, 1H), 1.94 (d, J = 5.2, 1H, OH), 1.59
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(m, 1H), 1.49 (m, 1H), 1.20 (s, 3H), 0.95 (1, J = 7.5, 3H); 13C
NMR (125 MHz, CDCl3) & 180.7 (C), 141.0 (C), 128.5 (CH),
128.4 (CH), 126.1 (CH), 80.5 (CH), 75.2 (CH), 49.6 (C), 31.8
(CH2), 30.3 (CH2), 28.3 (CH2), 23.4 (CH2), 14.5 (CH3), 8.5
(CH3); TLC (30% ethyl acetate in hexane) Ry 0.35.

6¢c. An analytical sample was prepared by recrystallization from
dichloromethane/hexane to give a white solid: mp 147-148 °C;
1H NMR (400 MHz, CDCl3) 6 7.35-7.29 (m, 6H), 7.27-7.22
(m, 4H), 4.45 (ddd, J = 8.4, 5.3, 3.1, 1H), 3.86 (m, 1H), 3.38
(d, J = 13.9, 1H), 2.91 (m, 1H), 2.82 (4, J = 13.9, 2H), 2.80
(m, 1H), 2.45 (m, 1H), 2.27 (m, 1H), 2.02 (m, 1H), 1.08 (s,
3H); 13C NMR (100 MHz, CDCl3) & 180.5 (C), 140.8 (C),
136.8 (C), 130.4 (CH), 128.6 (CH), 128.4 (CH), 128.3 (CH),
126.6 (CH), 126.3 (CH), 80.4 (CH), 75.4 (CH), 50.0 (C), 35.8
(CH»), 31.7 (CH2), 30.2 (CH3), 19.3 (CH3); Anal. Calcd for
CooH2203: C, 77.39; H, 7.14; Found: C, 77.22; H, 7.17; TLC
(30% ethyl acetate in hexane) Ry 0.44.

6d. An analytical sample was prepared by recrystallization from
dichloromethane/hexane to give a white solid: mp 102-104 °C;
1H NMR (500 MHz, CDCl3) & 7.31-7.28 (m, 2H), 7.21-7.23
(m, 3H), 4.41 (ddd, J = 8.2, 5.0, 3.1, 1H), 395 (d, J = 3.2,
1H), 2.85 (m, 1H), 2.73 (m, 1H), 2.56 (bs, 1H, OH), 2.20 (m,
2H), 1.98 (m, 1H), 1.19 (d, J = 6.8, 3H), 1.10 (s, 3H), 0.99
(d, J = 6.8, 3H); 13C NMR (125 MHz, CDClz) & 180.4 (C),
141.0 (C), 128.5 (CH), 128.3 (CH), 126.1 (CH), 79.7 (CH),
77.3 (CH), 50.9 (C), 31.6 (CH2), 30.2 (CH2), 28.1 (CH), 18.5
(CH3), 16.6 (CH3), 14.6 (CH3); Anal. Calcd for C1gH2203:

C, 73.25; H, 8.45; Found: C, 73.00; H, 8.48; TLC (30% ethyl
acetate in hexane) Ry 0.53.

6e. An analytical sample was prepared by recrystallization from
dichloromethane/hexane to give a white solid: mp 109-111 ©C;
1H NMR (300 MHz, CDCl3, 35 °C) 8 7.38-7.24 (m, 5H), 4.54
(dd, J = 10.5, 3.2, 1H), 3.63 (m, 1H), 3.26 (dq, J = 10.5, 6.8,
1H), 1.61 (bs, 1H, OH), 1.47 (d, J = 6.8, 3H), 1.22 (s, 3H),
1.21 (s, 3H); 13C NMR (125 MHz, CDCl3) § 181.0 (C), 142.0

(©), 129.0 (CH), 127.5 (CH), 127.1 (CH), 85.1 (CH), 75.9
(CH), 45.8 (C), 38.9 (CH), 22.5 (CH3), 20.2 (CH3), 17.7
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(CHR); Anal. Caled for C14H1803: C, 71.77; H, 7.74; Found:
C, 71.39; H, 7.72; TLC (30% ethyl acetate in hexane) R 0.43.
A minor diastereomer (11%) was also isolated by
chromatography as a white solid: mp 217-219 °C; 1H NMR
(300 MHz, CDCl3, 35 °C) & 7.35-7.20 (m, 5H), 4.48 (dd, J =
10.3, 3.3, 1H), 4.11 (dd, J = 4.8, 3.3, 1H), 3.28 (dq, J = 10.3,
7.0, 1H), 1.78 (d, J = 4.8, 1H, OH), 1.35 (d, J = 7.0, 3H),
1.28 (s, 3H), 1.26 (s, 3H); TLC (30% ethyl acetate in hexane)
Ry 0.26.

6f. An analytical sample was prepared by recrystallization from
diisopropyl ether/hexane: [o]p = -119.8° (¢ 0.0253, CH2Clp);
mp 133-135 0C; 1H NMR (300 MHz, CDCl3,359C) 552 (d,
J =5.0, 1H), 4.66 (dd, J = 8.0, 2.4, 1H), 4.62 (dd, J = 9.6,
3.4, 1H), 443 (dd, ] = 8.0, 1.6, 1H), 4.35 (dd, J = 5.0, 2.4,
1H), 4.13 (m, 1H), 4.04 (dd, J = 9.6, 1.6, 1H), 2.57 4, J =
2.3, 1H), 1.53 (s, 3H), 1.47 (s, 3H), 1.37 (s, 3H), 1.33 (s,
3H), 1.28 (s, 3H), 1.26 (s, 3H); 13C NMR (100 MHz, CDCl3)

3 180.3 (C), 109.4 (C), 109.2 (C), 96.4 (CH), 76.1 (CH), 75.5
(CH), 70.7 (CH), 70.4 (CH), 70.3 (CH), 65.1 (CH), 44.3 (C),
25.8 (CH3z), 25.5 (CH3), 24.7 (CH3), 23.9 (CH3), 22.9
(CH3), 17.5 (CH3); Anal. Calcd for C17H260g: C, 56.97; H,
7.31; Found: C, 56.80; H, 7.26; TLC (30% ethyl acetate in
hexane) Ry 0.26.

6g. An analytical sample was prepared by recrystallization from
dichloromethane/hexane to give a cotton-like solid: [o]p = -73.7°
(c 0.0143, CH2Cl2); mp 155-157 ©C; 1H NMR (300 MHz,
CDCl3, 35 °C) § 7.38-7.28 (m, 5H), 5.91 (4, J = 3.6, 1H),
4.77 (dd, J = 9.2, 3.5, 1H), 4.66 (m, 3H), 4.44 (dd, J = 9.2,
3.0, 1H), 4.16 (d, J = 3.0, 1H), 4.13 (m, 1H), 2.59 (d, J = 2.9,
1H, OH), 1.48 (s, 3H), 1.32 (s, 3H), 1.29 (s, 3H), 1.26 (s,
3H); 13C NMR (100 MHz, CDCl3) § 180.4 (C), 137.1 (O),
128.6 (CH), 128.4 (CH), 128.0 (CH), 127.9 (CH), 127.6
(CH), 112.4 (C), 105.0 (CH), 82.5 (CH), 81.6 (CH), 77.3
(CH), 75.8 (CH), 75.6 (CH), 72.7 (CH3), 44.6 (C), 26.8
(CH3), 26.2 (CH3), 22.9 (CH3), 17.5 (CH3); Anal. Calcd for
CooH2607: C, 63.48; H, 6.92; Found: C, 63.45; H, 6.97; TLC
(50% ethyl acetate in hexane) Rf 0.23.
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