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Reactions of glutaric anhydride and methyl- or phenyl-substituted ones with (a-alkoxycarbonylethylidene)-
triphenylphosphorane (2a, ethoxy; 2b, t-butoxy) gave the corresponding 6-alkoxycarbonyl-5-hepten-5-olides (3)
and 6-alkoxycarbonyl-4-hepten-5-olides in good yields. The reaction proceeded highly stereoselectively to give
(E)-3. The stereochemistry of 3 was determined by an X-ray crystallographic analysis. The reaction of adipic
anhydride with 2a afforded 7-ethoxycarbonyl-5-octen-6-olide, 7-ethoxycarbonyl-5,6-octadienoic acid, and (4E,
6E)-7-ethoxycarbonyl-4,6-octadienoic acid. A treatment of nonanedioic anhydride with 2a gave 10-ethoxy-

carbonyl-8,9-undecadienoic acid, (7E,9E)-10-ethoxycarbonyl-7,9-undecadienoic acid, and diethyl 2-methyl-2,4-

undecadienedioate in low yields.

Enol lactones as well as a-methylene lactones
exhibit strong biological activities such as antibiotic
activity, carcinogenic properties, and control activity
of plant growth.!) Many naturally occuring enol lac-
tones have been isolated. For example, protoane-
monin,? tetrenolin,d and bovolide* are well-known.
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Recently, some synthetic methods of enol lactones
have been developed.5~® We have also reported a
facile, highly stereoselective synthesis of (E)-enol 6-
lactones by the Wittig reaction of glutaric anhydrides
(1, n=3) with (a-alkoxycarbonylethylidene)triphenyl-
phosphorane (2).? Here, we report a full description
of the previous communication® and its further exten-
tion to other cyclic anhydrides.
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A typical method for the synthesis of enol lactones is
the Wittig reaction between stabilized phosphoranes
and cyclic anhydrides.'® The Wittig reaction of stable
phosphoranes with phthalic anhydride or succinic
anhydride provides enol y-lactones in good yield;!®10
it has been successfully applied to the syntheses of nat-
urally occuring enol y-lactones.!'-1¥) However, Wittig
reactions of glutaric anhydrides and acid anhydrides of
larger ring with phosphoranes have remained almost
uninvestigated. Only Chopard et al. reported that an
attempt to prepare enol 8-lactones by the Wittig reac-
tion failed, but resulted in the formation of the ring-
opened products.'®

Recently, we found that a reaction of glutaric anhy-
dride with (a-ethoxycarbonylethylidene)triphenylphos-
phorane (2a) gives 6-ethoxycarbonyl-5-hepten-5-olide
(3a) (13%) and its endo-enol lactone (4a) (20%), in con-
trast to the above result.!®
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The generality of this Wittig reaction was examined
by a reaction of various methyl- or phenyl-substituted
glutaric anhydrides with phosphorane 2; the results
are shown in Table 1. Most of the reactions gave mix-
tures of exo-enol é-lactone 3 and endo-enol é-lactone
4. The geometry of 3 was tentatively assigned as
E-configuration by a 'H NMR analysis.?” Namely, the
coupling constant between methylene protons of C,
and methyl protons of the ethylidene group showed
a small value (J=1.5 Hz).1® The reaction of 2 with
B-substituted glutaric anhydrides gave predominantly
exo-enol é-lactone 3 in good yields. Especially, the
reaction of 3-methylglutaric anhydride (le) with 2b
yielded exo-enol d-lactone 3f in a high yield (86%)
along with endo-enol 6-lactone 4f (6%). On the other
hand, a reaction of 2 with glutaric anhydride and a-
substituted ones afforded exo-enol é-lactone 4 as the
major product (except for the reaction of 1d with 2b).
Treatments of 2-methylglutaric anhydride with 2 pro-
vided (E)-6-alkoxycarbonyl-2-methyl-5-hepten-5-olide
regioselectively. All of the reactions proceeded highly
stereoselectively to give only (E)-exo-enol 8-lactone 3.
A trace amount of the other stereoisomer, (Z)-enol -
lactone, could not be detected.

In order to definitely determine the stereochemistry
of exo-enol é-lactone 3, an X-ray crystallographic
analysis of 3d was carried out representatively; this
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Table 1. Reaction of Glutaric Anhydride 1 with (a-Alkoxycarbonylethylidene)triphenylphosphorane 2
R R ‘ R2 R3 R3
Rl Rb _cogR R 4 Rl 4
. Ph3P=C\ —_— o . 0-R
oo CHs 00 R o 2
. 2a, R = CyHg 3 4
b, R= CLHg-t
Products (yield/%)®

No R, R: R3 R4 R

3 4
a H H H H CzHs 13" 20%
b H H H H C4sHo-t 0 35
C CHs H H H CzHs 12 27
d CH3s H H H C4Ho-t 38 33
e H CHs H H CzHs 55 12
f H CH3s H H C4Ho-t 86 6
g H CeHs H H CoHs 58 13
h H CH; CHs H CeHs 30 0
i H CHs CH3s H C4Ho-t 57 0
j CH; H H CH; CzHs 219 0

a) Isolated yield unless otherwise indicated. b) Estimated by GL.C. Analytical sample was purified by
preparative GLC (column, 200°C carrier gas, He, 25 ml min=!): 3a, R; 2.6 min; 4a, R: 1.6 min. ¢) Produced
together with 5.

Fig. 1. Perspective view of 3d drawn by DCMS-3.17
Only one of the two conformations is shown for the
sake of clarity.

revealed that it has an (E)-configuration. A perspec-
tive view of 3d drawn by DCMS-3!7 is shown in Fig. 1.

The reaction of meso-2,4-dimethylglutaric anhy-
dride (1j) with 2a also afforded a mixture of exo-enol
é-lactone 3j (21%) and 2,6-dioxocyclohexanecarboxylate
5 (7%). The photochemical rearrangement of 1,3-
cyclohexanedione to enol 8-lactone is well-known.!®
Irradiation of 5 with a high-pressure Hg lamp in ben-
zene provided 3j although in a low yield (10%).

(Y CHj3
1j 2a
O2Et +
(o]
3 05Et
5 2
4 )
hy

Attempted conversion of 3j to Prelog-Djerassi lactone
or its stereoisomers by hydrogenation resulted in the

formation of ring-opened product 6 in 91% yield.
IBCNMR analysis revealed that it consists of three
stereoisomers. It has been reported that the reduc-
tion of B-keto ester 6 affords stereoisomers of the
racemic Prelog-Djerassi lactone although the stereo-
chemistry could not be evaluated.'?

H2
06t ——»
g\/oj;/c 2= “Eron EtOZC)\)\H/’\COzE:
3 6
OI.I’/QOZH

Stereoisomers of
(t)-Prelog-Djerassi Lactone

A further extention of the present reaction to other
cyclic anhydrides was attempted. The reaction of
adipic anhydride with 2a gave endo-enol ¢-lactone 7
in 13% yield, accompanied by the formation of ring-
opened products, a-allenic ester 8 (4.2% yield) and its
isomer 9 (6.3% yield), and ethyl hydrogen adipate
(10). The structural elucidation of half esters 8 and

Qo . Ph3P=C-C02Et —_ .
o0 éH3 o O,Et
2a 7
Hozc/\/\éfl\coﬂ_:t . Hozc/\/WCOzEt .
8
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9 was carried out by an analysis of the spectral data
of the correspending methyl ethyl esters. The stereo-
chemistry of 9 was determined by 'HNMR spectral
data. Namely, the signal due to Cg H which appeared
considerably down field (7.25 ppm) showed «,-trans
geometry.?? A large coupling constant (J=15.3 Hz)
between C, H and C; H revealed the +,8-trans
geometry.

A treatment of nonanedioic anhydride with 2a gave
10-ethoxycarbonyl-8,9-undecadienoic acid (12) unex-
pectedly, although in a low yield. Allene 12 is pro-
duced by a prototropic rearrangement of the initially
formed exo-enol n-lactone 11. The prolonged reaction
gave (7E,9E)-10-ethoxycarbonyl-7,9-undecadienoic acid
(13) (20% yield) and its diethyl ester 14 (23% yield), both
of which can be produced by a prototropic rearrange-
ment of 12. The structural assignment of 13 was car-

(CH2)7
. PhaP= (;.-COZEt —_—
() CH3
2a

0 oH
b—</—’C02Et
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Synthesis of Enol Lactone with Wittig Reaction 691

ried out after a conversion to its methyl ester 15 with
diazomethane.

Enol lactones 3 and 4 prepared in this study gradu-
ally decomposed with moisture to yield an acid ester.
For example, compound 4f produced 6-t-butoxycarbonyl-
3,6-dimethyl-5-oxoheptanoic acid (16) as a 1:1 diaste-
reomeric mixture after 40 days at room temperature.

0
&WBJ Ho " 2c\)\/ﬂ\/¢°23‘}
4f 16

The structural assignment of the products obtained
in the present study was made on the basis of IR and
NMR data (Tables 2—5). IR absorptions of exo-enol
8-lactone 3 at 1770, 1705, and 1640 cm™! indicate the
presence of a 8-lactone ring and a «,8-unsaturated ester
group. The exo-enol lactone skeleton is also sup-
ported by the TH NMR spectra in which a singlet or a
triplet (J=1.5 Hz) at 1.80—1.92 ppm due to methyl
group attached to the double bond was exhibited. IR
absorptions of endo-enol 8-lactone 4 at 1770 and 1740
cm™! indicate the presence of a 8-lactone ring and an
isolated ester carbonyl group. The structure of 4 was
also supported by 'HNMR data, which exhibited a
doublet at 6=1.38 due to the methyl group attached to
a-carbon of the ester group and a signal at §=5.23 due
to a olefinic proton of endo enol structure. As a part of
a continuing 3C NMR study of organic compounds,

ROZCWCOZEQ Ho2¢” VA, the BCNMR spectra of enol 8-lactones 3 and 4 were
13, R= 12 Co-El measured and assigned with the aid of an off-reso-
14, R=Et 2 nance decoupling technique. For the assignment of
15, R= Me IBCNMR spectra of 3h, two peaks due to secondary

Table 2. Spectral and Analytical Data of exo-Enol é-Lactones 3
bp® R Found (%)
Compd  (mp) S — IHNMR (8)” (Calcd)

(°C) cm™! C H

3a 1770, 1705, 1.21 (3H, t, J=7Hz), 1.90 (3H, t, J=1.5Hz), 1.59—2.14 60.39 7.04
1640 (2H, m), 2.63 (2H, t, J=6 Hz), 3.07 (2H, t, J=6 Hz), 4.17 (60.59) (6.97)

(2H, q, J=7THz)
3c 1770, 1700, 1.25 (3H, d, J=7Hz), 1.33 (3H,t, J=7Hz), 1.83 (3H, t, 62.10 7.67
1640 J=1.5Hz), 2.0—3.4 (4H, m), 4.08 (2H, q, J=7 Hz) (62.25) (7.60)
3d (711=72) 1770, 1700, 1.24 (3H, d, J=7Hz), 1.45 (9H, s), 1.80 (3H, t, J=1.5 Hz), 64.92 8.34
1630 2.0—3.5 (4H, m) (64.98) (8.39)
3e 1770, 1705, 1.08 (3H, d, J=6Hz), 1.28 (3H, t, J=7 Hz), 1.86 (3H, s), 62.41 7.51
1640 1.97—3.00 (4H, m), 3.34, 3.59 (1H, 2br. s), 4.14 (2H, q, (62.25) (7.60)
J=7Hz)

3f 1770, 1700, 1.11 (3H, d, J=6 Hz), 1.48 (9H, s), 1.84 (3H, s), 1.94—2.84 64.89 8.38
1640 (4H, m), 3.14—3.36 (1H, m) (64.98) (8.39)

3g (65—65.5) 1780, 1705, 1.23 (3H, t, J=7Hz), 1.90 (3H, br. s), 2.21—3.50 (4H, m), 70.12 6.52
1640 3.63 (1H, br. s), 4.06 (2H, q, J=7Hz), 7.16 (5H, s) (70.06) (6.61)

3h 1770, 1710, 1.07 (6H, s), 1.92 (3H, t, J=1.5Hz), 2.49 (2H, br. s), 2.95 63.71 8.18
1640 (2H, s), 4.20 (2H, q, J=7Hz) (63.70) (8.02)

3i 160/0.259 1770, 1700, 1.24 (6H, s), 1.47 (9H, s), 1.86 (3H, t, J=1.5Hz), 2.37 66.22 8.75
1640 (2H, s), 2.87 (2H, s) (66.12) (8.72)

3) 1780, 1710, 1.15 (3H, d, J=7Hz), 1.21 (3H, d, J=7Hz), 1.31 (3H, t, 63.72 7.97
1640 J=7Hz), 1.86 (3H, s), 2.0—3.0 (3H, m), 4.15 (2H, q, (63.70) (8.02)

J=7Hz)

a) If not indicated, the boiling point was not measured although the material was an oil.
3e, 3f, and 3g were measured in CCl4 and others in CDCls.

b) Compds 3a, 3c, 3d,
¢) Bath temperature on bulb-to-bulb distillation.
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Table 3. Spectral and Analytical Data of endo-Enol 8-Lactones 4
Found (%
IR (neat) (Calc(g) )
Compd? — IHNMR (CCly, 8)
cm™ C H
4a 1770, 1740, 1700 1.21 (3H, t, J=7Hz), 1.30 (3H, d, J=7 Hz), 2.04—2.86 (4H, 60.54 6.97
m), 3.24 (1H, q, J=7Hz), 4.10 (2H, q, J=7THz), 5.23 (1H, t, (60.59) (7.12)
J=4Hz)
4b 1770, 1740, 1690, 1.28 (3H, d, J=7Hz), 1.42 (9H, s), 2.42 (2H, J=4Hz), 2.02— 63.80 8.06
1640 2.72 (2H, m), 2.08 (1H, q, J=7Hz), 5.10 (1H, t, J=4 Hz) (63.70) (8.02)
4c 1770, 1740, 1700, 1.23 (6H, d, J=7Hz), 1.25 (3H, t, J=7 Hz), 1.80—2.90 (3H, 62.16 7.54
1640 m), 3.17 (1H, q, J=7Hz), 4.09 (2H, q, J=7Hz), 5.10 (1H, t, (62.25) (7.60)
J=4Hz)
4d 1770, 1740, 1700, 1.26 (3H, d, J=7Haz), 1.31 (3H, d, J=7 Hz), 1.40 (9H, s), 64.89 8.33
1640 1.8—2.9 (2H, m), 3.04 (1H, q, J=7Hz), 5.03 (1H, t, J=4 Hz) (64.98) (8.39)
4e 1770, 1740, 1696 1.16 (3H, t, J=7Hz), 1.32 (6H, 2d, J=7 Hz), 1.84—2.89 (3H, 62.41 7.51
m), 3.14 (2H, q, J=7Hz), 5.01 (1H, d, J=4Hz) (62.25) (7.60)
4f 1770, 1740, 1700 1.12 (3H, d, J=6.5Hz), 1.30 (3H, d, J=7Hz), 1.45 (9H, s), 64.79 8.25
1.77—2.80 (3H,m), 3.05 (1H, q, J=6.5 Hz), 4.98 (1H, d, (64.98) (8.39)
J=4Hz)
4g 1770, 1740, 1690 1.23 (3H, t, J=7Hz), 1.35 (3H, d, J=7Hz), 2.23—2.97 (2H, 70.08 6.45
m), 3.21 (1H, q, J=7Hz), 3.48—3.88 (1H,m), 4.08 (2H, q, (70.06) (6.61)
J=7Hz), 5.17 (1H, d, J=4Hz), 7.13 (5H, s)
a) All compounds are liquid.
Table 4. 13C NMR Data (CDCls, 6) of exo-Enol é-Lactone 3
7
COzR
3
Compd C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 Others
3a 168.2 30.8 25.4 18.0 158.8 110.0 167.4 11.8 14.3(q), 60.6 (t)
3c 1709 36.2% 26.0 25.7% 158.9 109.0 168.2 11.8 14.3(q), 16.0(q), 60.4(t)
3d 170.9 36.0 26.0 25.7 157.9 111.1 167.4 12.2 28.2(q), 16.0(q), 80.5(s)
3e 1679 38.3 25.3 33.2 158.7 109.3 166.7 11.8 14.3(q), 20.5(q), 60.4(t)
3f 167.6  38.5 25.2 33.2 156.7 111.6 167.4 12.2 20.6(q), 28.2(q), 80.8(s)
3g 168.0 37.7 35.5 32.8 157.5 110.4 166.8 11.9 14.2(q), 60.5 (1),
126.5(d), 127.4(d),
129.0(d), 141.3 (s)
3h 1680 44.1® 295 386 1578 1104  166.6 11.7 14.2(q), 27.7(q), 60.3(t)
3i 167.5 44.3 29.6 38.6 156.3 112.2 167.1 12.2 28.2(q), 27.9(q), 60.3(t)
3j 172.8 349 30.9 34.1 162.3 112.5 167.7 12.3 14.2(q), 15.0(q), 60.6(t)
a), b) Distinguished by selective decoupling technique.
Table 5. BCNMR Data of endo-Enol 8-Lactone 4
3
2 4
1 5 7
o0 8§ ~CO5R
8 4
Compd C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 Others
4a 1720 283 187 101.6 1514 432 1685 145  14.1(q), 61.1(t)
4b 171.0 28.3 18.6 101.2 151.9 44.0 168.1 14.5 14.5(q), 27.8(q), 80.7(s)
4c 172.7° 335 268 1012 1521 430  172.3% 145 14.1(q), 15.4(q), 61.1(t)
43.2 14.7
4d” 171.0” 335 268 1008 1525 439 17117 144 15.4(q), 27.9(q), 80.8(s)
171.4” 101.0 4.1
4e 172.5 36.9 26.1 108.4 151.2 43.5 169.0 14.6 15.1(q), 20.6(q), 61.7(t)
4g 1718 368 367 1055 1520 433  167.4 145  14.1(q), 61.3(v),
14.7  126.9(d), 127.4(d),
129.1(d), 141.4(s)

a) Diastereomeric mixture.

b) May be interchangeable.
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carbon could be assigned using a selective-decoupling
technique. The 13C NMR data summarized in Tables 4
and 5 are apparently the first reported for substituted
enol 8-lactones, making structural assignments unam-
biguous.

We briefly discuss the reaction mechanism regard-
ing the present reaction. In contrast to our results, the
reaction of (ethoxycarbonylmethylene)triphenylphos-
phorane (17) with glutaric anhydride gave a ring-
opened product 18, which would be stabilized by
prototropic rearrangement. Therefore, it would be

o/l/:-\ALo Ph3”=C'.;C°2Et o@io —CO4Et
v

2a, R=Me R PPh
17, R=H l
0,Et
Phgﬁ—c\/RC 2
-Ph3P0 0 ©2
0,Et
OI%/C 2 /COzEt
R Ph3P=C
3, R=Me 5(CH2)3COR
18, R=H

necessary for the formation of the desired enol &-
lactones that an alkylidenephosphorane has no hydro-
gen atom on the a-position. The present reaction is the
first synthesis of enol 8- and &-lactones, and 2,3- or
2,4-dienedioic esters by the Wittig reaction. It will be
useful for the synthesis of these derivatives.

Experimental

The melting and boiling points are uncorrected. Elemen-
tal analyses were carried out by Eiichiro Amano of our
laboratory. IR spectra were obtained with a JASCO Model
A-102 infrared spectrophotometer. 'HNMR spectra (60
MHz) were recorded with a JEOL JNM-PMXG60SI appa-
ratus. 'HNMR (100 MHz) and 3CNMR spectra (25 MHz)
were obtained with a JEOL JNM-FXI100 apparatus, with
CDCl; as a solvent. All chemical shifts are reported in 8
units downfield from the internal Me,Si; J values are given
in hertz. Analytical determinations by GLC were performed
on a Hitachi Model 163 gas chromatograph fitted with 10%
Apiezone Grease L. on Chromosorb W column (3 mm o.d. X1
m). Preparative GLC was performed on a Yanagimoto
Model G-80 gas chromatograph fitted with 10% Apiezone
Grease L. on Chromosorb W column (3 mm o0.d.X1 m).
Column chromatography was accomplished with a 100—200
mesh Wakogel C-200. Chloroform was dried over CaCl; and
distilled prier to use. The Wittig reaction was carried out
under dry conditions.

(a-Ethoxycarbonylethylidene)triphenylphosphorane (2a)
and (a-t-buthoxycarbonylethylidene)triphenylphosphorane
(2b) were prepared by the method described in the litera-
ture.?! Glutaric anhydride was purchased from Tokyo
Kasei Kogyo Co., LTD. Substituted glutaric anhydrides
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were obtained by the known methods:?2-2" 2-methylglutaric
anhydride, bp 130°C/10 Torr (1 Torr=133.322 Pa) (1it,2¥
180—182°C/25 Torr); 3,3-dimethylglutaric anhydride, bp
122°C/12 Torr (1it,?® 181 °C/25 Torr); 2,4-dimethylglutaric
anhydride, bp 117—119°C/4.5 Torr (1it,?8 154—158 °C/20
Torr); mp 91—92°C (1it,?® 91.5°C); CNMR (CDCly)
6=15.8 (q), 33.0 (1), 36.8 (d), 170.4 (s); 3-phenylglutaric
anhydride, mp 104—105 °C (1it,2” 105 °C).

Some Wittig reactions were shown representatively.

6-t-Butoxycarbonyl-4-hepten-5-olide (4b). To a mixture
of glutaric anhydride (0.50 g, 4.39 mmol) and 2b (2.1 g, 5.49

~mmol) was added 4 ml of dry CHCIl; under N, and the solu-

tion was heated at the reflux temperature for 21 h. After
removing the solvent, 30 ml of petroleum ether was added
and the mixture was stirred at 40 °C for 3 h and then cooled.
After filtration, concentration of the filtrate gave 0.962 g of
crude 4b, which was distilled to give 0.342 g (35%) of 4b: Bp
135—155°C/0.22 Torr. Spectral and analytical data are
shown in Tables 3 and 5.

(5E)-6-t-Butoxycarbonyl-2-methyl-5-hepten-5-olide (3c) and
6-t-Butoxycarbonyl-2-methyl-4-hepten-5-olide (4c). A solu-
tion of 2-methylglutaric anhydride (0.50 g, 3.91 mmol) and
2b (1.50 g, 3.92 mmol) in 7 ml of dry CHCI; was heated at the
reflux temperatere for 12 h.  After concentration, the residue
was mixed with petroleum ether. After filtration, the filtrate
was concentrated to give 0.938 g of crude product; this was
chromatographed on SiO, (hexane/ether (20:1—1:1)) to
give 0.355 g (38%) of 3c as crystals (mp 71—72°C) from the
early fraction and 0.307 g (33%) of 4c as a clean oil from the
later fraction. Spectral and analytical data are shown in
Tables 2, 3, 4, and 5.

(5E)-6-t-Butoxycarbonyl-2-methyl-5-hepten-5-olide (3f) and
6-t-Butoxycarbonyl-2-methyl-4-hepten-5-olide (4f). A solu-
tion of 3-methylglutaric anhydride (0.22 g, 1.72 mmol) and
2b (0.85 g, 2.18 mmol) in 2 ml of dry CHCI; was heated at the
reflux temperature for 12 h. After concentration, the residue
was mixed with petroleum ether and then filtered. After
filtration, the filtrate was concentrated and the residue was
chromatographed on SiO; (hexane/ether (20:1—2:1)) to
give 0.354 g (86%) of 3f from the early fraction and 25 mg
(6%) of 4f from the later fraction. Spectral and analytical
data are shown in Tables 2, 3, 4, and 5.

(5E)-2,4-Dimethyl-6-ethoxycarbonyl-5-hepten-5-olide (3j)
and Ethyl 1,3,5-Trimethyl-2,6-dioxocyclohexanecarboxylate
(5). A solution of 2,4-dimethylglutaric anhydride (0.50 g,
3.52 mmol) and 2a (1.30 g, 3.59 mmol) in 4 ml of CHCl; was
heated at the reflux temperature for 13 h. After removing the
solvent, the residue was mixed with petroleum ether and
filtered. The filtrate was concentrated to give 0.434 g of the
residue. Preparative TLC (SiO;; hexane/ether (3:1)) gave
0.169 g (21%) of 3j as an oil at R¢ value 0.31. Spectral and
analytical data are shown in Tables 2 and 4. The component
of R¢value 0.18 gave 53 mg (7%) of 5 as an oil: IR (neat)1760,
1740, 1705 cm™!; TH NMR (CDCls) 6=1.16 (6H, d, J=7 Hz),
1.24 (3H, t, J=7 Hz), 1.47 (3H, s), 1.62—2.50 (2H, m), 2.5—
3.28 (2H, m), and 4.22 (2H, q, J=7 Hz); BCNMR (CDCl;)
6=13.7 (q), 14.2 (q), 14.5 (q), 20.1 (q), 35.1 (t), 43.1 (d), 62.4
(t), 71.0 (s), 168.9 (s), 202.4 (s). Found: C, 63.41; H, 7.78%.
Calcd for CpH,304: C, 63.70; H, 8.02%.

X-Ray Crystallographic Analysis of 3d. The unit-cell
constants and intensities were measured at room temperature
using Ni-filtered Cu K« radiation on a Rigaku four-circle
diffractometer. Crystal data are as follows: C;3H004, M=
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240.3, monoclinic, space group P2,/a, a=24.452(5), b=
6.089(2), ¢=9.206(3) A, B=99.72(3)°, V=1351.0A3, Z=4, D=
1.18 gcm™3; Due to broad diffraction profiles w-scan tech-
nique was applied with a scan width of 2.0°+0.15°tan8. The
backgrounds were counted for 4 s at the start and end points
of the scan. Of the 2001 independent reflections measured
up to 26=120°, 1579 reflections with F>3¢ were used for the
structure analysis. The intensities were corrected for the
Lorentz and polarization factors. The structure was solved
by the direct method,?® and refined by the block-diagonal
least-squares method.?® Each of the two carbon atoms (C(2)
and C(3)) has two sites, and their occupancies were fixed to
be 0.5 during the refinement. Most of the hydrogen atoms
were located in the difference Fourier synthesis calculated
after the refinement with anisotropic temperature factors for
the non-hydrogen atoms; the electron density distribution
around C(13) was too broad to locate hydrogen atoms. The
two positions were calculated for each hydrogen atom
bonded to C(2), C(3), and C(4), and their occupancies
given 0.5. The contribution of these hydrogen atoms were
included in the refinement with their parameters being
fixed. The other hydrogen atoms were refined with isotropic
temperature factors. The unit weight was given for all
reflections. The final R value was 0.066 for 1579 reflections.
The atomic-scattering factors were taken from the Interna-
tional Tables for X-ray Crystallography.3® The final atomic
parameters are given in Table 6.3

Photochemical Rearrangement of 5 to 3j. Following a
procedure described in the literature,'® a solution of 5 (0.20
g, 0.83 mmol) in 10 ml of benzene was irradiated with a
200-W high-pressure Hg lamp (quartz jacket) from a dis-
tance of 4 cm under an N, atmosphere at room temperature
for 65 h. After evaporating the solvent, the residual oil was
purified with preparative TLC (SiO,, hexane/ether (3:1)) to
give 21 mg (10%) of 3j: R; value 0.31. Spectral data were
identical with those of an authentic sample. The fraction of
R value 0—0.2 gave a mixture of unidentified materials.

Preparation of Diethyl 3-Oxo-2,4,6-trimethylheptanedioate
(6)! by the Hydrogenation of 3j. A mixture of 3j (0.10 g,
0.42 mmol), dry ethanol (3 ml), Pd/BaSO, (14 mg),3 and
FeCl; (60 mg) was stirred under H, atmosphere for 8 h at
room temperature. After filtration, the organic materials
were extracted with ether. The combined extracts were
washed with water, and dried over MgSO,. Removal of the
solvent gave a pale brown oil, which was purified by prepar-
ative TLC (SiO,, hexane/ethyl acetate (4: 1), R; value 0.47) to
give 74 mg of 6:9 IR (neat) 1740, 1720, 1182, 760 cm™;
!H NMR (CCly) 6=1.1 (9H, m), 1.20 (6H, ¢, J=7 Hz), 1.5—3.0
(4H, m), 3.6 (1H, q, J=7 Hz), 4.07 (2H, q, J=7 Hz), 4.12 (2H,
q, J=7 Hz); BCNMR (CDCl,) 6=12.8 (q), 13.0 (q), 14.0 (q),
14.2(q), 15.9 (q), 16.4(q), 17.2(q), 17.5(q), 17.6 (q), 17.8 (q),
17.9 (q), 35.9 (1), 36.1 (t), 36.5 (t), 36.9 (d), 37.1 (d), 37.3 (d),
43.2 (d), 43.5 (d), 43.7 (d), 51.0 (d), 51.3 (d), 52.0 (d), 60.3 (q),
60.4 (q), 170.3 (s), 175.9 (s), 176.1 (s), 176.2 (s). Found: C,
61.47; H, 8.91%. Calcd for C)yH,4Os: C, 61.74: H, 8.88%.

Reaction of Adipic Anhydride with 2a. Synthesis of 7-
Ethoxycarbonyl-5-octen-6-olide (7), 7-Ethoxycarbonyl-5,6-
octadienoic Acid (8), and (4E,6E)-7-Ethoxycarbonyl-4,6-
octadienoic Acid (9). A solution of adipic anhydride (0.90
g, 7 mmol) and 2a (2.69 g, 7.4 mmol) in 7 ml of dry CHCl;
was heated at the reflux temperature for 13 h. After concen-
tration, the residue was chromatographed on SiO, (hexane/
ethyl acetate (10:1-1:1)). Concentration of the early frac-
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Table 6. Final Atomic Coordinates and
Equivalent Temperature Factors

x y z Beq
C(1) 0.1252(2)  0.2566(8) 0.2937(6) 5.8
C(2a) 0.1130(4) 0.5003(15)  0.2970(10) 5.1
C(2b) 0.1145(4) 0.4735(17)  0.3692(12) 6.6
C(3a) 0.1579(4) 0.5694(15)  0.4402(9) 49
C(3b) 0.1558(4) 0.6298(18)  0.3677(13) 7.0
C4) 0.2146(2)  0.5553(8) 0.3913(6) 5.9
C(5) 0.2212(2)  0.3610(7) 0.2964(5) 4.6
C(6) 0.2640(2)  0.3080(7) 0.2302(5) 4.5
C(7) 0.2635(2)  0.1083(8) 0.1338(6) 5.9
C(8) 0.3147(2)  0.4469(7) 0.2551(5) 5.0
C(9) 0.4071(2)  0.4760(8) 0.1847(5) 5.5
C(10) 0.4026(2) 0.7186(9) 0.1400(7) 7.4
C(11) 0.4321(2) 0.3441(9) 0.0714(6) 7.1
C(12) 0.4395(2) 0.4402(11) 0.3375(6) 7.7
C(13) 0.0533(2) 0.5343(11)  0.3288(8) 8.8
O(1)  0.0924(1) 0.1089(6) 0.2783(4) 7.5
O(2) 0.1782(1) 0.2084(5) 0.2756(4) 5.6
O(3)  0.3515(1) 0.3769(5) 0.1723(3) 5.3
O(4)  0.3230(1) 0.6004(6) 0.3386(4) 6.8

Beq = %‘ 4 Zﬂijaiaj~

i

tion gave 0.187 g (13%) of 7: IR (neat) 1760, 1735, 1680 cm™;
!HNMR (CDCly) 6=1.23 (3H, t, J=7 Hz), 1.38 (3H, d, J=6
Hz), 1.6—3.0 (6H, m), 3.25 (1H, q, /=5 Hz), 4.12 (2H, q,
J=7 Hz), 5.42 (1H, t, J=6 Hz). Found: C, 62.42; H, 7.46%.
Calcd for C;;H,604: C, 62.25; H, 7.60%. Concentration of the
second fraction gave 0.246 g of carboxylic acids which were
treated with diazomethane. HPL.C analysis [SA-I, 6¢4X250;
hexane/ethyl acetate (2:1)] of the methylated products
showed 4 peaks. The peaks, retention times (min), and inte-
grated percentages are as follow: 1, 12.6, 25%; 2, 13.7, 38%; 3,
15.2, 19%; 4, 16.6, 16%. Each component was collected by
preparative HPLC and identified.

1-Ethyl 8-Methyl 2-Methyl-2,3-octadienedioate (Methyl
Ester of 8): Peak 1; 4.2% yield; IR (neat) 1961, 1740, 1710,
1270, 1110 cm™!; 'H NMR (CDCl;) 6=1.28 (3H, t, J=7 Hz),
1.86 (3H, d, J=3.5 Hz), 1.60—1.92 (2H, m), 2.12 (2H, t, J=7
Hz), 2.36 (2H, t, J=7 Hz), 3.67 (3H, s), 4.18 (2H, q, J=7 Hz),
and 5.40 (1H, m). Found: C, 63.55; H, 7.78%. Calcd for
C12H1304: C, 63.70; H, 8.02%.

(2E,4E)-1-Ethyl 8-Methyl 2-Methyl-2,4-octadienedioate
(Methyl Ester of 9): Peak 2; 6.3% yield; IR (neat) 1740, 1710,
1640, 1240, 760 cm™!; 'H NMR (CDCl;) 6=1.29 (3H, t, J=7
Hz), 1.92 (3H, s), 2.46 (4H, s), 3.67 (3H, s), 4.18 (2H, q, J=7
Hz), 6.0 (1H, m), 6.39 (1H, dd, J=10.6 and 15 Hz), 7.25
(1H, d, J=10.6 Hz). Found: C, 63.64; H, 8.11%. Calcd for
Cy2H;504: C, 63.70; H, 8.02%.

Peak 3: N-Methyl-N-nitroso-p-toluenesulfonamide (dia-
zomethane source). IR and 'H NMR spectra were identical
with those of an authentic sample.

Ethyl Methyl Adipate (Methyl Ester of 10):33 Peak 4: 3.2%
yield: IR and 'H NMR spectra were identical with those of
an authentic sample.

10-Ethoxycarbonyl-8,9-undecadienoic Acid (12). A solu-
tion of azelaic anhydride (2.26 g, 0.0133 mol) and 2a (4.88 g,
0.0133 mol) in 14 ml of dry CHCI; was heated at the reflux
temperature for 12 h. After removing the solvent, 40 ml of
petroleum ether was added and the mixture was stirred for 3
h and then filtered. The concentration of the filtrate gave an
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oil (0.706 g) which was chromatographed on SiO; (hex-
ane/ether (20:1-1:1)). Concentration of the early fraction
gave 0.255 g of a mixture of unidentified products. The later
fraction gave 0.338 g (10%) of 12 as an oil: IR (neat) 3700—
2200, 1960, 1740, 1705 cm~!; 'THNMR (CDCl;) 6=0.6—1.8
(10H, m), 1.83 (3H, d, /=3 Hz), 2.02—2.60 (4H, m), 4.19 (2H,
q, J=7 Hz), 5.40 (1H, m), 10.2 (1H, s); ¥CNMR (CDCl;)
6=14.3 (q), 15.2 (q), 24.6 (t), 24.9 (1), 27.9 (), 28.6 (1), 28.9 (¢),
34.0 (v), 60.8 (t), 93.7 (d), 95.7 (s). Found: C, 65.98; H, 8.68%.
Calcd for C“H22041 C, 66.12; H, 8.72%.

(7E,9E)-10-Ethoxycarbonyl-7,9-undecadienoic Acid (13)
and 1-Ethyl 11-Methyl (2E,4E)-2-Methyl-2,4-undecadienedi-
oate (14). A solution of azelaic anhydride (0.172 g, 1.01
mmol) and 2a (0.366 g, 1.01 mmol) in 2 ml of dry CHCI; was
heated at the reflux temperature for 21 h. After removing the
solvent, 30 ml of petroleum ether was added and the mixture
was stirred for 1 h and then filtered. Concentration of the
filtrate gave a semisolid (0.445 g) which was separated by
preparative TLC [SiO,, hexane/ethyl acetate (1:1)]. 14: 64
mg (23% yield); R¢0.90; IR (neat) 1730, 1702, 1640, 1235, 1100
cm”!; 'THNMR (CDCl;) 6=1.23 (3H, t, J=6 Hz), 1.30 (3H, t,
J=6 Hz), 1.2—1.8 (6H, m), 1.92 (3H, 5), 2.0—2.5 (4H, m), 4.13
(4H, m), 5.9—6.6 (2H, m), 7.10 (1H, d, J=11 Hz). The com-
ponent of the carboxylic acid (R¢0.37—0.63) was treated with
diazomethane to give 172 mg of a clean oil which was chro-
matographed on preparative HPLC [column, SA-I, 6¢X250
mm; eluent, hexane/ethyl acetate (5: 1), 1.3 ml min™!].

(2E,4E)-1-Ethyl 11-Methyl 2-Methylundeca-2,4-dienedioate
(15) (Methyl Ester of 13): R, 10.0 min; 52 mg (19% yield); IR
(neat) 1740, 1703, 1640, 1235, 1102, 970, 750 cm~!; 'HNMR
(CDCl;) 6=1.30 (3H, t, J=7 Hz), 1.58 (6H, s), 2.24 (4H, m),
3.66 (3H, s), 4.18 (2H, q, J=7 Hz), 6.33 (1H, dd, J=11 and
14.7 Hz). Found: C, 67.15; H, 8.81%. Calcd for C;sH;,0,: C,
67.14; H, 9.01%.

Ethyl Methyl Nonanedioate:*¥ R, 10.5 min; 43 mg; IR
(neat) 1740, 1175, 1100, 1035 cm™1; 'H NMR (CDCl;) 6=1.24
(3H, t, J=6 Hz), 1.60 (10H, m), 2.32 (4H, m), 3.67 (3H, s), 4.12
(2H, q, /=6 Hz). The other component (55 mg, R: 15 min)
was identified as N-methyl-N-nitroso-p-toluenesulfonamide
by a comparison of the spectral data with that of an authen-
tic sample.

6-t-Butoxycarbonyl-3,6-dimethyl-5-oxoheptanoic Acid (16).
Compound 4f (25 mg) was left at room temperature for 40
days to give 26 mg (97% yield) of 16 as a mixture of two
diastereomers: IR (neat) 3500—2500, 1740, 1715 cm™};
!HNMR (CCly) 6=0.95 (3H, d, J=6 Hz), 1.20 (3H, d, J=7
Hz), 1.42 (9H, s), 1.6—2.6 (5H, m), 3.25 (1H, q, J=6 Hz), 7.40
(1H, s); 3CNMR (CDCl3) 6=12.5 (q), 19.8 (q), 25.7 (d), 27.8
(q), 40.2 (t), 47.3 (v), 53.9 (d), 54.1 (d), 81.8 (s), 169.5 (s), 178.0
(s), 204.9 (s), 205.0 (s). Compound 16 was converted to its
methyl ester with diazomethane, purified by preparative
TLC [hexane/ethyl acetate (3:1), R;0.37], and analyzed.

1-t-Butyl 7-Methyl 2,5-Dimethyl-3-oxoheptanedioate: IR
(neat) 1730, 1705, 1365, 1155, 1010, 845 cm™~!; 1H NMR (CCl,)
6=0.98 (3H, d, J=6 Hz), 1.19 (3H, d, J=6 Hz), 1.43 (9H, s),
2.06—2.78 (5H, m), 3.30 (1H, q, J=7 Hz), 3.59 (3H, s). Found:
C, 61.83; H, 8.96%. Calcd for C;4H,,O5: C, 61.74; H, 8.88%.

We thank the whole staff of the Crystallographic
Research Center of Osaka University for permitting us
to use the fourcircle diffractometer.
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