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Reductive Dimerization of 2-Substituted Cyclopropane-1,1-dicarboxylates
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In the presence of samarium diiodide, 2-aryl and 2-heteroaryl cyclopropane-1,1-dicarboxylic esters were
readily dimerized to give 3,4-disubstituted 1,1,6,6-hexanetetracarboxylic esters as diastereomeric mixtures in
moderate to good yields. The diastereomeric mixtures were separated by preparative HPLC and stereo-
chemistries of the isolated meso and racemic compounds were determined on the basis of HPLC analysis on chi-
ral stationary phases. Between the 'H-NMR spectra of the separated diastereomers, the characteristic differences
in the chemical shifts of the C2-H (C5-H) signals were observed and explained based on the MOPAC calculation.
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Kagan and his co-workers reported in 1977 the first work
on the use of samarium diiodide (Sml,) in synthetic organic
chemistry,” and recently the reagent has become important
as a one-electron reducing agent because of its easy handling
and wide range of utility.”» Many synthetic applications of the
reagent have been developed, and we also reported several
new reactions using the reagent.” The cyclopropane ring-
opening is an interesting research subject,” but only a few
examples using Sml, have been reported.*”*“® We previously
reported that treatment of 2-substituted cyclopropanecar-
boxylic esters and cyclopropane-1,1-dicarboxylic esters (1)
in a Sml,~hexamethylphosphoramide (HMPA )-tetrahydrofu-
ran (THF) system in the presence of fert-butyl alcohol (fert-
BuOH) as a proton source gave 4-substituted butyric esters
and/or (2-substituted ethyl)malonic esters (2), which were
raised by the regioselective C1-C2 bond cleavage.**) In the

samarium diiodide; cyclopropane-1,1-dicarboxylate; reductive dimerization; ring-opening; 1,1,6,6-hexanetetracar-

reactions of 1, we found, interestingly, by-production of a
small amount of 3,4-disubstituted 1,1,6,6-hexanetetracar-
boxylic ester (dimer) 3, which was presumed to be derived
from dimerization of a y-carbon radical intermediate (5).

Though dimerizations of various substrates such as acid
chlorides, ketones or aldehydes, o,f-unsaturated esters,
imines, and isocyanates in the presence of Sml, have been
reported,*""” there has been no report on ring-opening/dimer-
ization of cyclopropane compounds using Sml,. This paper
deals with the reductive dimerization of 2-aryl and 2-het-
eroaryl cyclopropane-1,1-dicarboxylic esters (1) giving 3,4-
disubstituted 1,1,6,6-hexanetetracarboxylic esters (3) in the
Sml,-THF system, and stereochemistry of these products.

A plausible mechanism of the present cyclopropane ring-
opening of 1 is shown in Chart 2 and the ring-opening seems
to include the intermediate (5). When HMPA as an additive
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Table 1. Reductive Dimerization of 1a Table 2. Reductive Dimerization of 1
P H QOEL Smls {4eq) - THF R H OOt
H, C COOEt Smiy (degh - THF COOE HACOOB reflux, 4h COOR
PH COOEt P COOEt R COOEL COOEt
H COOEt H COOEt
1a Ja 1 3
Run THF (ml)® HMPA (eq) Temp. Isolated yield (%)” Starting material Product Diastereomeric ratio
Run .
R Isolated yield (%) meso : rac
1 3 2.6 r.t. 20
2 5 2.6 r.t. 30 1 la Ph- 3a 67 5:49
3 8 2.6 r.t. 22 2 1b  4-MeC,H,~ 3b 85 5:49
4 5 15.6 rt. 28 3 lc  4-MeOCH,~ 3¢ 55 10:19
5 3 none r.t. 47 4 1d 3,4-(OCH,0)C(H— 3d 64 3:29
6 3 none reflux 67 5 le 2-Thienyl 3e 93 -
6 1f  1-Naphthyl 3f 94 b
a) 1a (0.5 mmol) was used. b) A diastereomeric mixture was obtained. 7 1g Me,CH- — _9 —
8 1h Et,CH- — —9 —

and fert-BuOH as a proton source existed in the reaction sys-
tem, the ring-opened products (2) via the enolate species (6)
were predominantly obtained (path-a). We therefore assumed
that dimerization of the y-carbon radicals (5) (path-b) would
be preferred in the absence of ter--BuOH.

When 2-phenylcyclopropane-1,1-dicarboxylic ester (1a:
R=Ph) was treated with Sml, (4.0 eq) in THF in the presence
of HMPA (2.6 eq) at room temperature, the reductive dimer-
ization product (3a: R=Ph) was obtained in 20% yield as a
diastereomeric mixture along with diethyl (2-phenyl-
ethyl)malonate (2a: R=Ph) (Run 1 in Table 1). The structure
of 3a was determined on the basis of spectral data. The FAB
high-resolution MS (FAB-HRMS) revealed that the dimer
product (3a) possessed the formula C;)H,Og, and the IR
spectrum (CHCl,) showed carbonyl band absorptions at 1735
and 1722cm™". Though the 'H-NMR spectrum was some-
what complex, it supported that the dimer product (3a) was a
mixture consisting of the meso and the racemic compounds.
Yield of the dimer (3a) could not be improved by altering
amounts of THF and HMPA (Runs 2—4). When the reaction
was carried out in the absence of HMPA at room temperature
(Run 5), the dimer was obtained in 47% yield. Yield of this
dimer rose to 67% when the reaction was carried out in a
THF-refluxing condition (70°C) in the absence of HMPA
(Run 6).Y

Inanaga et al. however reported that hexanedioic acid ester
derivatives were produced (48—90%) when o, 3-unsaturated
esters were treated in the SmI,~-HMPA-THF system in the
presence of a proton source. They also reported that almost
no dimerization reaction or simple reduction of the double
bond took place slowly in the absence of HMPA.” Their re-
action and ours were presumed to proceed via the carbon
radical species such as B-carbon radical esters or y-carbon
radical diesters (5). Although the mechanism of the effect of
HMPA and fert-BuOH in these reactions is not clear, it is in-
teresting that Inanaga’s observation is in contrast to our re-
sults.

To examine the generality of the present dimerization, var-
ious cyclopropyl esters (1b—h) were prepared in the usual
manner*” and subjected to the same reaction conditions as
those of Run 6 in Table 1 to give the corresponding dimers
3b—f in variable diastereomer ratios, except for the cases of
1g and 1h (which were almost completely recovered); the re-
sults are summarized in Table 2.

a) The diastereoisomers were isolated by preparative HPLC and their ratio was de-
termined on the basis of peak area. Each diastereoisomer was subjected to HPLC analy-
sis on chiral stationary phases. b) A diastereomeric mixture was obtained but its ratio
could not be determined. ¢) Most of the starting material was recovered.

The 2-aryl or 2-heteroaryl cyclopropane derivatives (1b—
f) were successfully dimerized in moderate to high yields
while the 2-alkyl derivatives (1g, h) were inactive. These re-
sults suggest that the existence of aromatic groups at 2-posi-
tion in cyclopropane compounds (1) is indispensable for the
cyclopropane ring-opening/dimerization reaction. Namely,
the easy access of the 2-aryl (1a—d, f) and 2-heteroaryl de-
rivatives (1e) to the dimerization products (3a—f) may be at-
tributable to the stability of the corresponding intermediate
benzyl radicals (5a—d, f) or thienylmethyl radical (Se).”

This result supports that the carbon radical (5) is also an
important intermediate in the present dimerization as well as
in the regioselective cyclopropane ring-opening from 2-sub-
stituted cyclopropane-1,1-dicarboxylic esters (1) to (2-substi-
tuted ethyl)malonic esters (2).>

The diastereomeric mixtures of the product 3 could not be
separated into the respective meso and racemic compounds
by simple silica gel column chromatography. After several
examinations, it was found that some of them (3a—d) were
separable by normal-phase preparative HPLC on silica gel as
filling material [Shim-pack PREP-SIL, 20 mm i.d.X25cm
(Shimadzu Co.)]. Pappas’ group determined the stereo-
chemistries of meso and racemic dimethyl 2,3-diphenyltar-
tarate using HPLC analysis on chiral stationary phases.'”
The stereochemistries of the isolated meso (3am—dm; “m”
means meso form) and racemic compounds (3ar—dr; “r”
means racemic form) were determined according to method
of the Pappas group. Namely, the meso compounds showed
only a single peak whereas the racemic compounds showed
two peaks of approximately the same magnitude under iden-
tical HPLC conditions. For example, only one peak at 16.80
min appeared for the meso compound (3cm) on the chiral
stationary phases [CHIRALCEL OD, 4.6 mm i.d.X25cm
(DAICEL Chemical Industries, Ltd.)] using a mixture of
hexane—2-propanol (98:2 in volume) as an eluent, and two
peaks at 14.54 and 17.77 min appeared for the racemic com-
pound (3cr) under the same conditions (Chart 3). The di-
astereomeric ratios of the mixtures (3a—d) were determined
on the basis of their preparative HPLC peak areas. In the
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3er (racemate) 3em (meso form)

17.77min 16.80min

14.54min

N

Coluron  : CHIRALCEL OO0, 4.6mm i.d x 25 em.
Eluent : Hexane / 2-Propanol = 98/ 2

Flow Rate : 1 ml/{ min

Temp. (b (25°0)

Detection  : UV {275 nm)

Chart 3. HPLC Pattern of 3cr and 3cm

Table 3. 'H-NMR Chemical Shift (8 ppm) of Compounds 3a—d*

B 2 oo H 2  cookt
R B 1 R;,_‘ 1
3 COOEL 3' CQOEt
. COOEt 4l COOEt
% ook R™ 2y B cooet

H
3m (meso torm) 3r (racemate}

R Cl,C6-H C2,C5-H C3,C4-H

©/ 3ar (racemate) 3.00 2.14,2.61 2.86
3am (meso form) 286  1.93,1.97 2.79

/©/ 3br (racemate) 2.99  2.07,2.52 2.80
Me 3bm (meso form) 2.87 1.83,1.96 2.70
3cr (racemate) 3.00 2.05,2.51 2.78

M90’©/ 3em (meso form ) 2.88 1.83,1.97 2.69
o 3dr (racemate) 3.02 2.01,2.56 2.73
<Oj©/ 3dm (meso form) 292 1.72,197 2.63

a) 270 MHz, in CDCl,.

cases of 3a,b, and d, their meso and racemic ratios were
5:4—3:2 (Runs 1, 2, and 4 in Table 2). It is noteworthy that
the meso compound (3¢m) was obtained predominantly over
the racemic compound (3cr) (Run 3 in Table 2).

In the "H-NMR spectra of these separated diastereomers
(3am—dm, 3ar—dr), characteristic differences between the
meso and the racemic compounds were observed (Table 3).

Signals of the protons on the C1-C6 group in the meso
compounds (3am—dm) were all observed in a higher mag-
netic field than those in the racemic compounds (3ar—dr),
and an especially significant difference was observed in the
signals of C2-H and C5-H. For example, signals of C2,5-H,
and -H, of 3am and 3ar were observed at 1.93 and 1.97 ppm,
and at 2.14 and 2.61 ppm, respectively. To learn the reason
for the difference, we performed a semiempirical molecular
orbital calculation of these molecules to determine their most
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MaOOCw 4 PR H ¢
4,4 5,CO0Me
MeOOC P4
H Ph COOMa
m
Dihedral angle of Heat of formation
C1-C2-C3--H () (kealfmol)
Tm-I 499 -290.5
Tm-IT 178.7 -2883
Tm-111 343.5 -289.7

Stick Drawing
Only hydrogens of C2, C3, C4, and C35 positions are shown.

Fig. 1.
(7Tm-I)

MOPAC (PM3) Calculation of 7m and the Most Stable Structure

stable structures. The model compound (7m) for the meso
compounds and the model compound (7r) for the racemic
compounds were calculated by the MOPAC PM3 method.!"
In the meso compound (7m), three local minimum dihedral
angles of C1-C2—C3-H were found at 49.9, 178.7, and 343.5
degrees, respectively, and the most stable conformer calcu-
lated was 7m-I as shown in Fig. 1. Heat of formation for the
most stable conformer (7m-I) was lower than those of the
conformers 7m-II and 7m-III by differences of 2.2 and
0.8 kcal/mol, respectively.

In the racemic compound (7r), on the other hand, three
local minimum dihedral angles of C1-C2—C3-H were also
found at 48.8, 168.4, and 305.6 degrees, respectively, and the
most stable conformer calculated was 7r-I as shown in Fig.
2. Heat of formation for the most stable conformer (7r-I) was
lower than those of the conformers 7r-11 and 7r-11I by differ-
ences of 4.1 and 2.4 kcal/mol, respectively.

The differences between the meso compounds (3am—dm)
and the racemic compounds (3ar—dr) in '"H-NMR spectra
might be explained from these calculated results. In 7m-I,
one of the C2(C5) protons locates at the magnetic shield area
of the benzene ring, and the other proton locates at the mag-
netic deshielded area. Due to the average resulting from rota-
tion, the signals of these protons seem to appear at relatively
high magnetic field. In 7r-1, all of the C2(C5) protons locate
at the magnetic deshielded area, so the signals of these pro-
tons seem to appear at relatively low magnetic field. These
results would be useful for determination of the stereochem-
istry of similar compounds.

In conclusion, we found that the reductive C—C dimeriza-
tion at the y-position under ring-opening of cyclopropane-
1,1-dicarboxylates (1) bearing 2-aryl or 2-heteroaryl groups
at the 2-position occurred by Sml, in refluxing THF to give
diasterecomeric mixtures of the 3,4-disubstituted 1,1,6,6-
hexanetetracarboxylates (3), and stereochemistries of 3 could
be determined on the basis of their 'H-NMR spectra.
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MeOOC. 4 PR H ¢
2 ) 8,.CO0Me

MeaQOS 3 7.
Ph

H COOMe
7
Dihedral angel of Heat of formation
C1-C2-C3-H () (kcal/mel)
Te-I 48.8 -201.5
Tr-10 168.4 -287.4
Tr-111 305.6 -289.1

Stick Drawing
Only hydrogens of C2, C3, C4, and C5 positions are shown.

Fig. 2. MOPAC (PM3) Calculation of 7r and the Most Stable Structure

(7r-I)

Experimental

IR spectra were taken with a Shimadzu IR-435 spectrophotometer. 'H-
NMR spectra were measured on a JEOL EX-270 (270 MHz) and a Varian
XL-300 (300 MHz) with tetramethylsilane as an internal standard and chem-
ical shifts are reported in ppm. Mass spectra were recorded with a JEOL
IMS-SX 102A QQ spectrometer. Silica gel 60 PF,s, (Nacalai Tesque Inc.)
were used for preparative TLC (PTLC). HPLC was carried out on a Shima-
dzu instrument unless otherwise stated. As columns, Shim-pack PREP-SIL
[20mm 1.d.X25 cm (Shimadzu Co.)] was used for preparative HPLC and
CHIRALCEL OD [4.6mm i.d.X25cm (DAICEL Chemical Industries,
Ltd.)] for HPLC analysis on chiral stationary phases.

Diethyl 2-substituted 1,1-cyclopropanedicarboxylate (1a—h) was pre-
pared by treatment of diethyl substituted methylidenemalonates with di-
methylsulfoxonium methylide according to Landor’s method.'?

Reductive Dimerization of Diethyl 2-Phenyl-1,1-cyclopropanedicar-
boxylate (1a) Using Sml, (General Procedure) To a suspension of
samarium metal (360 mg, 2.40 mmol) in THF (0.5 ml) was added dropwise a
solution of 1,2-diiodoethane (562 mg, 2.00 mmol) in THF (1.5ml) at room
temperature under an N, atmosphere and the whole was stirred for 1 h. A so-
lution of 1a (131 mg, 0.50 mmol) in THF (1 ml) was added dropwise to the
blue suspension of Sml, at room temperature and the whole was refluxed at
75 °C with stirring for an additional 4 h. After addition of 3% HCl under ice-
cooling, the mixture was extracted with diethyl ether. The combined organic
layer was washed successively with water, saturated Na,S,0; solution, water,
and brine, dried over anhydrous sodium sulfate, and evaporated under re-
duced pressure. The residue was purified with PTLC (ethyl acetate:n-
hexane=1:5) to give tetraethyl 3,4-diphenyl-1,1,6,6-hexanetetracarboxyate
(3a, 88.0mg, 67%) as a diastereomeric mixture. An aliquot of the mixture of
3a was subjected to preparative HPLC separation [n-hexane : 2-propanol=
99.3:0.7; Flow, 4 ml/min; Temp., 25 °C; Detection, UV (260 nm)].

3ar (Racemate): #;, 58.37min. Colorless oil. IR (CHCly): 1737, 1721
cm™'.'H-NMR (CDCl,) &: 1.18 (6H, t, J=7.3 Hz, -OCH,CH,), 1.24 (6H, t,
J=7.1Hz, -OCH,CHj,), 2.10—2.18 (2H, m, ArCHCH,-), 2.61 (2H, t like,
J=12.4Hz, ArCHCH,-), 2.86 (2H, d like, /=10.2Hz, ArCHCH,-), 3.00
(2H, dd, J=4.0, 10.9 Hz, -CH(COOE),), 3.99—4.22 (8H, m, -OCH,CH,),
6.80—6.84 (4H, m, Ar-H), 7.06—7.13 (6H, m, Ar-H). FAB-LRMS m/z: 527
(M+H)*. FAB-HRMS m/z (M+H)": Caled for C;yH;,O4: 527.2645. Found:
527.2632. Analytical HPLC [n-hexane:2-propanol=99:1; Flow, 0.5ml/
min; Temp., 25 °C; Detection, UV (260 nm); g, 34.41, 39.16 min].

3am (Mesoform): tz, 54.24 min. Colorless crystals, mp 67.0—69.5 °C. IR
(CHCly): 1735, 1722cm™". 'TH-NMR (CDCl,) &: 1.10 (6H, t, J=7.1Hz,
-OCH,CH,), 1.19 (6H, t, J=7.1Hz, —-OCH,CH,), 1.88—1.97 (2H, m,
ArCHCH,-), 1.92—2.01 (2H, m, ArCHCH,-), 2.79 (2H, d like, /=9.2 Hz,
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ArCHCH,-), 2.86 (2H, dd, J=4.5, 10.7Hz, -CH(COOE),), 3.95 (4H, q,
J=7.0Hz, -OCH,CH,), 4.12 (4H, q, J=7.2Hz, -OCH,CH,), 7.17—7.37
(10H, m, Ar-H). FAB-LRMS m/z: 527 (M+H)". FAB-HRMS m/z (M+H)":
Caled for C,)H;0O4: 527.2645. Found: 527.2659. Analytical HPLC [n-
hexane : 2-propanol=99: 1; Flow, 0.5 ml/min; Temp., 25 °C; Detection, UV
(260 nm), #y, 39.35 min].

Tetraethyl 3,4-Di(4-methylphenyl)-1,1,6,6-hexanetetracarboxylate
(3b) Purified by PTLC (ethyl acetate : n-hexane=1:5) to give 3b (85%) as
a diastereomeric mixture. An aliquot of the mixture of 3b was subjected to
preparative HPLC separation [n-hexane : 2-propanol=99.2:0.8; Flow, 5ml/
min; Temp., 25 °C; Detection, UV (264 nm)].

3br (Racemate): fz, 33.93 min. Colorless oil. IR (CHCl;): 1738, 1723
cm”'. "TH-NMR (CDCl,) §: 1.17 (6H, t, J=7.1 Hz, -OCH,CH,), 1.23 (6H, t,
J=7.1Hz, -OCH,CH,), 1.99—2.15 (2H, m, ArCHCH,-), 2.24 (6H, s, Ar-
CH,), 2.52 (2H, t like, J/=10.9 Hz, ArCHCH,-), 2.81 (2H, d like, /=10.9
Hz, ArCHCH,-), 2.99 (2H, dd, /=4.0, 10.9 Hz, -CH(COOE?),), 3.93—4.10
(4H, m, -OCH,CH,), 4.17 (4H, q, J=7.0Hz, -OCH,CH,), 6.71 (4H, d,
J=79Hz, Ar-H), 693 (4H, d, J=7.9Hz, Ar-H). FAB-LRMS m/z: 555
(M+H)*. FAB-HRMS m/z (M+H)": Caled for C;,H,;04: 555.2958. Found:
555.2945. Analytical HPLC [n-hexane:2-propanol=98:2; Flow, 0.5ml/
min; Temp., 25 °C; Detection, UV (264 nm), #,, 15.16, 16.29 min].

3bm (Mesoform): f, 29.53 min. Colorless crystals, mp 103.5—106.1 °C.
IR (CHCI,): 1738, 1722cm™". '"H-NMR (CDCl,) §&: 1.10 (6H, t, J=7.3 Hz,
—OCH,CH,), 1.20 (6H, t, J=7.1Hz, -OCH,CH,), 1.75—1.88 (2H, m,
ArCHCH,-), 1.96 (2H, t like, J=11.1Hz, ArCHCH,-), 2.33 (6H, s, Ar-
CH,), 2.71 (2H, d like, J=9.2Hz, ArCHCH,-), 2.87 (2H, dd, /=4.0, 11.2
Hz, -CH(COOE),), 3.96 (4H, q, J=6.7Hz, —-OCH,CH,;), 4.12 (4H, q,
J=6.9Hz, -OCH,CH,), 7.05 (4H, d, J=8.1 Hz, Ar-H), 7.13 (4H, d, J=8.1
Hz, Ar-H). FAB-LRMS m/z: 555 (M+H)*. FAB-HRMS m/z (M+H)":
Caled for C;,H,;O4: 555.2958. Found: 555.2972. Analytical HPLC [n-
hexane : 2-propanol=98: 2; Flow, 0.5 ml/min; Temp., 25 °C; Detection, UV
(264 nm); t, 14.50 min].

Tetraethyl 3,4-Di(4-methoxyphenyl)-1,1,6,6-hexanetetracarboxylate
(3c) Purified by PTLC (ethyl acetate : n-hexane=1:5) to give 3¢ (55%) as
a diastereomeric mixture. An aliquot of the mixture of 3¢ was subjected to
preparative HPLC separation [n-hexane : 2-propanol =98 : 2; Flow, 5 ml/min;
Temp., 25 °C; Detection, UV (275 nm)].

3cr (Racemate): f, 36.68 min. Colorless oil. IR (CHCly): 1738, 1721
em™". 'H-NMR (CDCly) &: 1.18 (6H, t, J=7.1 Hz, -OCH,CH,), 1.24 (6H, t,
J=7.1Hz, -OCH,CH,), 1.99—2.10 (2H, m, ArCHCH,-), 2.51 (2H, t like,
J=10.7Hz, ArCHCH,-), 2.78 (2H, d like, J=10.2Hz, ArCHCH,-), 3.00
(2H, dd, J=4.0, 11.2Hz, -CH(COOE),), 3.74 (6H, s, -OCH,), 4.01—4.22
(8H, m, -OCH,CH,), 6.67 (4H, d, /=8.9 Hz, Ar-H), 6.72 (4H, d, /=8.9 Hz,
Ar-H). EI-LRMS m/z: 586 (M*). EI-HRMS m/z (M*): Caled for C;,H,,0,,:
586.2780. Found: 586.2753. Analytical HPLC [nr-hexane : 2-propanol=98 :
2; Flow, 1 ml/min; Temp., 25 °C; Detection, UV (275nm); tz, 14.54, 17.77
min].

3em (Mesoform): #, 40.70 min. Colorless crystals, mp 111.0—113.5°C.
IR (CHCL,): 1737, 1721 em™". "H-NMR (CDCl,) &: 1.11 (6H, t, J=7.1 Hz,
—OCH,CH,), 1.21 (6H, t, J=7.1Hz, -OCH,CH,), 1.81—1.84 (2H, m,
ArCHCH,-), 1.97 (2H, t like, J=11.6 Hz, ArCHCH,-), 2.69 (2H, d like, J =
9.6 Hz, ArCHCH,-), 2.88 (2H, dd, J = 4.0, 11.2Hz, -CH(COOE}),), 3.81
(6H, s, -OCH,), 3.97 (4H, q, J=6.7Hz, -OCH,CH,), 4.21 (4H, q, J=7.2
Hz, -OCH,CH,), 6.87 (4H, d, /=8.6 Hz, Ar-H), 7.07 (4H, d, J/=8.2Hz, Ar-
H). EI-LRMS m/z: 586 (M"). EI-HRMS m/z (M"): Calcd for C3,H,,0,:
586.2780. Found: 586.2802. Analytical HPLC [nr-hexane : 2-propanol=98 :
2; Flow, 1 ml/min; Temp., 25 °C; Detection, UV (275 nm); tz, 16.80 min)].

Tetraethyl 3,4-Di(3,4-methylenedioxyphenyl)-1,1,6,6-hexanetetracar-
boxylate (3d) Purified by PTLC (ethyl acetate : n-hexane=1:5 ) to give 3d
(64%) as a diastereomeric mixture. An aliquot of the mixture of 3d was sub-
jected to preparative HPLC separation with a Waters instrument [n-hexane :
2-propanol=98:2; Flow, 9 ml/min (recycle 4 times); Temp., 25 °C; Detec-
tion, UV (285 nm)].

3dr (Racemate): fp, 20.18 min. Colorless oil. IR (CHCl,): 1735, 1722
ecm™'. "TH-NMR (CDCl,) §: 1.20 (6H, t, J=7.3 Hz, -OCH,CH,), 1.25 (6H, t,
J=7.3Hz, -OCH,CH,), 1.97—2.04 (2H, m, ArCHCH,-), 2.56 (2H, t like,
J=12.4Hz, ArCHCH,-), 2.73 (2H, d like, J=10.6 Hz, ArCHCH,-), 3.02
(2H, dd, J=3.6, 11.2Hz, —CH(COOEt),), 4.09 (4H, q, J=7.0Hz,
—OCH,CH,), 4.19 (4H, q, J=7.1 Hz, -OCH,CH,), 5.87 (4H, s, -OCH,0-),
6.29—6.57 (6H, m, Ar-H). FAB-LRMS m/z: 615 (M+H)". FAB-HRMS m/z
(M+H)": Caled for C;,H,0,,: 615.2441. Found: 615.2432. Analytical
HPLC [n-hexane : 2-propanol=95:5; Flow, 0.5 ml/min; Temp., 25 °C; De-
tection, UV (285 nm); #,, 24.38, 26.63 min].

3dm (Mesoform): f, 21.12 min. Colorless crystals, mp 144.5—147.5°C.
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IR (CHCLy): 1738, 1722cm ™!, '"H-NMR (CDCl,) &: 1.14 (6H, t, J=7.1Hz,
-OCH,CH,), 1.22 (6H, t, J=7.1Hz, —-OCH,CH,), 1.65—1.77 (2H, m,
ArCHCH,-), 1.97 (2H, t like, J=11.4Hz, ArCHCH,-), 2.63 (2H, d like,
J=9.4Hz, ArCHCH,-), 2.92 (2H, dd, J=3.6, 11.2 Hz, -CH(COOE),), 4.01
(4H, q, J=7.3 Hz, -OCH,CH,), 4.14 (4H, q, J=6.9 Hz, -OCH,CH,), 5.96
(4H, s, -OCH,0-), 6.61—6.76 (6H, m, Ar-H). FAB-LRMS m/z: 615
(M+H)". FAB-HRMS m/z (M+H)*: Caled for C;,H,0,,: 615.2441.
Found: 615.2436. Analytical HPLC [r-hexane:2-propanol=95:5; Flow,
0.5 ml/min; Temp., 25 °C; Detection, UV (285 nm); #y, 24.43 min].

Tetraethyl 3,4-Di(2-thienyl)-1,1,6,6-hexanetetracarboxylate (3e) Pu-
rified by PTLC (ethyl acetate : n-hexane=1:5) to give 3e (93%) as a di-
astereomeric mixture. Colorless oil. IR (CHCL,): 1739, 1722cm™". "TH-NMR
(CDCL,) &: 1.10—1.29 (total 12H, m, -OCH,CH,), 2.15—2.26, 2.60—2.66,
2.75—2.82, and 3.00—3.40 (total 8H, each m, ArCHCH,-, ArCHCH,—,
—CH(COOE),), 4.00—4.50 (total 8H, m, -OCH,CH,), 6.61 and 6.71 (total
2H, each d, J/=3.6 Hz, Ar-H), 6.84—6.97 (total 2H, m, Ar-H), 7.10—7.24
(total 2H, m, Ar-H). E-LRMS m/z: 538 (M*). EI-HRMS m/z (M*): Calcd
for C,4H;,04S,: 538.1700. Found: 538.1702.

Tetraethyl 3,4-Di(1-naphthyl)-1,1,6,6-hexanetetracarboxylate (3f)
Purified by PTLC (ethyl acetate : n-hexane=1:5) to give 3f (94%) as a di-
astereomeric mixture. Colorless oil. IR (CHCL,): 1736, 1722 cm™". '"H-NMR
(CDCly) 6: 0.90—1.30 (total 12H, m, -OCH,CHj,), 2.10—2.20, 2.40—2.55,
2.70—3.10 and 3.30—3.50 (total 8H, each m, ArCHCH,-, ArCHCH,—,
—CH(COOE),), 3.80—4.30 (total 8H, m, -OCH,CH,), 6.50—8.30 (total
14H, m, Ar-H). EI-LLRMS m/z: 626 (M"*). EI-HRMS m/z (M"): Calcd for
CyH,,04: 626.2879. Found: 626.2874.
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