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The chiral auxiliary [(1R)-exo]-3-exo-(diphenylmethyl)borneol, synthesized from (1R)-(+)-camphor in three steps, was highly effective for the
stereoselective hydrocoupling of its cinnamates by electroreduction. From the resulting hydrodimers, (3R,4R)-3,4-diaryladipic acid esters and
(3R,4R)-3,4-diarylhexane-1,6-diols were synthesized in 87-95% ee.

Electroreduction ofy,3-unsaturated compounds in aqueous and well-known chiral auxiliaries such as optically active
solution is a well-recognized method to obtain the corre- alcohols, oxazoline%, and oxazolidinone®* We have
sponding hydrodimersin addition, the electroreduction of already reported thatS[-4-isobutyloxazolidinone was the
cinnamic acid esters in an aprotic solvent affords cyclized most effective chiral auxiliary among themThe best
products of hydrodimefsas all-trans isomers stereospecifi- selectivity for thedl-hydrodimer, however, waBR/SS =
cally (Scheme 133 ¢¢ These results prompted us to inves- 85:15. Therefore, a more effective chiral auxiliary is desir-
tigate enantioselective hydrocoupling of cinnamic acid able. Although the electroreduction of cinnamates derived
derivatives, because the obtained hydrodimers can be con-

verted into severaC-symmetrc compounds s shown in |G

Scheme 1. We have started our study using readily available Scheme 1
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from (—)-menthol, )-8-phenylmenthol, and —)-endo steric hindranc& Consequently, the cinnamatebivas pre-
borneol gave poor result8we investigated effective chiral  pared in three steps (Scheme 3): acetylatioh, aondensa-
auxiliaries based on a modification of Rk(+)-camphor,
since it is readily available and inexpensive. We report herein
that [(1R)-exd-3-exa(diphenylmethyl)bornebl(1) is a highly
effective chiral auxiliary for the electroreductive hydro-

coupling of its cinnamates. ,’;\\fac,_: Ph /A'-r'gﬁo
The synthesis ol from (+)-camphor was carried out in [ —

Scheme 3

) . ) " dioxane
three steps as shown in Scheme 2. To improve the total yield oxane OAc THE
3 90%
Scheme 2 Ph Ph
KHSO, Ph
) n-Buli PhyCHCI o Ph A — - O AT
/Et20 TiCly Y xylene )
CHCl O OH o]
TMSCI . 2V 5a 90%
OSiMes 4a (Ar=Ph) 98% a 9%
(+)- camphor 93%
Ph tion of the acetat® with benzaldehyde, and dehydration of
Ph LAH the resulting hydroxy esteda (Ar = Ph) gavetrans
_— . . . .
THF cinnamatebain 79% overall yield. Several aryl-substituted
) 98(3/ trans-cinnamate5b—h were prepared similarly (Table 1).

Table 1. Synthesis otrans-Cinnamate$ from 1

of 1, we modified the reported metho®The trimethylsilyl Ar %yieldof 42  %yield of 5°
enol ether of 4)-camphor was prepared in 93% yield by  Ph 4a 98 5a 90
the successive treatment of \-camphor withn-BuLi and 0-MeOCsH, 4b 81 Sb 86
TMSCI in EtO. The reaction of the silyl enol ether with ~ ™M-MeOCsHa 4c 82 5¢ 85
chlorodiphenylmethane in the presence of Fi@l—50 °C p:gg%C6H4 22 35? :g ;z
for 1 h gave (R)-3-exc(diphenylmethyl)campho®j in 98% g_nash&y, 4£ 83 5f 75
yield with a small amount of its stereocisomer. Thex3> 1-furyl 49 98 59 64
ketone2 was identified by its'H NMR spectrum, which 3,4-methylenedioxyphenyl 4h 87 5h 85
showed the C3 endo proton as a doubletva2.91 ppm a|solated yields.

coupled to the C11 protond & 12.1 Hz). If the C3 proton
was exo, it should also couple to the C4 protdn«4—5
Hz) and C5 exo proton)(= 1—2 Hz) & The following LAH Electroreduction obawas carried out at a constant current
reduction of2 in THF gavel with a small amount of its ~ of 75 mA in 0.33 M EfNOTs/acetonitrile using an undivided
stereoisomer. Recrystallization of the crude product afforded cell and a Pb cathode, according to the reported method.
isomerically pure [(R)-exd-3-exc(diphenylmethyl)borneol ~ The noncyclized hydrodimega was obtained in 68% yield
(1) in 86% vyield. The 2exo3-exo configuration ofl has along with7a (Scheme 4). It is noted that the cyclized hy-
been suggested by Pear¥vand was also confirmed by its
IH NMR analysis. Namely, the C2 endo prot@n3.83 ppm)
gave a double doublet coupled to the C3 endo profos (

7.5 Hz) and the OH protonl(= 3.2 Hz), and the C3 endo Scheme 4
proton gave a double doublet .70 ppm) coupled to the Ph IAA U
C2 endo protonJ = 7.5 Hz) and the C11 protod & 13.0 Ph i
Hz). In addition, NOE observed between the C2 and C3 O\n/\/Ar 0.067M 5a/0.33M Et4NOTs
protons shows that these protons are located on the same 0 undivic;g;g(ej;\lker cell
side (Scheme 2). 5a (Ar=Ph)
Unfortunately, all attempts for direct cinnamoylationlof Ph Ph
failed. Pearson has reported that ester formation and hy-
drolysis of 1 was very difficult to accomplish because of O\HT\/AF * O\P\/Ar
o T2 o
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drodimer could not be detected, since Dieckmann condensa i N NG

tion of 6ais ir)hibited by the steric hindrance as mentioned 1,p1e 3. Transformation o to 9 and8
above. The diastereomeric excess (de) of the hydrodimer

seemed to be more than 90% by ik NMR spectrun?. Ar %yield of 92 % yield of 82 (% ee)®
To confirm the selectivity and stereochemistry, the dimer Ph 9a 88 8a 80 (92)
6a was transformed to known dimethyl es@sf (Scheme m-MeOCeH, 9c 84 8c 75 (92)
5). Hydrolysis of6a by normal methods failed owing to the P-MeOCsHq 9d 90 8d 78 (92)
p-FCsHa 9e 90 8e 80 (87)
2-naphthyl 9f 68 8f 52 (95)
1-furyl 9g 56 (87)°
Scheme 5 3,4-methylenedioxyphenyl  9h 70 (89)°
Ph alsolated yieldsP Determined by!H NMR analysis with Eu(hfe)
LAH Ars,, OH ¢ Determined from the corresponding diacetate!HyNMR analysis with
O\HT\/AT — N o + 1 95% Eu(hfc.
o 'z 3R4R-9a 88% . o .
RA6a (Ar=Ph) ’ (e_ntry 6). The _enantloselectlvmes (_)f diest&cs-f and the
diacetates of diol9g,h were determined to be 8R05% ee
\ 3 Jones Oxa. by 'H NMR spectra with Eu(hfg) The &R 4R configuration
was confirmed for8c—e by *H NMR and chiral HPLC
A, analyse® and was assumed f@f and 9g,h by 'H NMR
/‘CCOQMe correlation of6f—h with 6a
Ar COoMe The reaction mechanism of the hydrocoupling5o€an
3R 4R-8a 80% be speculated to be similar to that reported previously for
(92% ee) cinnamic acid ester®:>1°An anion radical is produced by

one-electron transfer t6 and couples with another anion
radical. Semiempirical (UHF/AM1) and DFT (UB3LYP
3-21G* and 6-31G*) calculatioAk of anion radical of5a

gave two optimized structures and B (Figure 1). From

the results described above, it seems that the coupling occurs

steric hindrance. Alternatively, LAH reduction 6& afforded
diol 9ain 88% yield together with in 95% yield. Oxidation
of 9afollowed by esterification in methanol gave dimethyl
ester8a, which consisted of only thdl-isomer; themese
isomer was not detected Bt NMR analysis. The absolute
stereochemistry and enantiomeric exces8avere deter-

mined to be & 4R and 92% ee byH NMR spectrum with Ph 1o
Eu(hfc) and chiral HPLC analys®.This result showed that © *
the hydrodimer6a was obtained as a mixture of two Fh ¢ oMo
stereoisomersikR,Rform (major) andS,Sform (minor), in o P \Q
92% de. N

The electroreduction of aryl-substituted cinnantibe-h © Ph
and the subsequent transformation of the dinéersh were - a
carried out by the same procedures as above, and the results ? o
are summarized in Tables 2 and 3. Although ortho substitu-
tion inhibited the electroreductive hydrocoupling significantly ® o q '
(Table 2, entry 2), para and meta substitution (entrie$§,3 L o ,‘ a
7, and 8) did not hinder it except for thfenaphthyl group ..“‘!. QQ.

Y ‘o0 %%
[ .
. . ® ® ...

Table 2. Electroreduction ofrans-Cinnamate$
entry Ar % yield of 62 % yield of 72 .{}'

1 Ph 6a 68 7a 30 A ¢ o 5

2 0-MeOC6H4 6b 3 7b 77

3 m-MeOC6H4 6c 54 7c 28

4 p-MeOC6H4 6d 54 7d 35 method energy A-B (kcal/mol)

5  p-FC6H4 6e 62 7e 24

6  2-naphthyl 67 18 7F 57 UHF/AMI -3.12

7 1furyl 6g 52 7931 UB3LYP/3-21G* 5.48

8  34-methylenedioxyphenyl  6h 64 7h 22 UB3LYP/6-31G* -5.99

a|solated yields. Figure 1. Minimized structures of anion radical &6&.
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from the more stabld at the less hindered Si facg-6ide)
and gives theR,Rdimer selectively (Scheme 6).

Scheme 6
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At present [(R)-exd-3-exc(diphenylmethyl)borneoll)
is the most effective chiral auxiliary for the electroreductive

(7) Full details of the madifications are in Supporting Information.

(8) (a) Coxon, J. M.; Hartshorn, M. P.; Lewis, A.Alust. J. Cheml971,
24, 1017-1026. (b) Taber, D. T.; Raman, K.; Gaul, M. D. Org. Chem
1987 52, 28—-34.

(9) TheH NMR spectrum of6a showed major ¥ 90%) three singlets
for methyl protons at 0.19, 0.67, and 1.20 ppm with mined. (%) three
singlets at 0.11, 0.65, and 1.14 ppm.

3244

hydrocoupling of cinnamates. From the resulting hydrodimers
5, theR R-enantiomers o€,-symmetric 3,4-diaryladipic acid
diesters8 and 3,4-diarylhexane-1,6-did®swere obtained in
87—95% ee. The utility ofl as a chiral auxiliary in other
reactions is now being investigated.
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