0040-4020/81/152527-12$02.00/0

Tetrahadron Vol. 37, No. 15, pp. 2527 to 2538. 1961
i © 1981 Pergamon Press Lud.

Printed ia Great Britain.

STEREOCONTROLLED SYNTHESIS OF CLERODIN HOMOLOG
—— A SYNTHETIC APPROACH TO STRUCTURE-ACTIVITY RELATIONSHIPS!) —

YASUHIRO KOJIMA and NATSUKI KATO*

Department of Agricultural Chemistry, Nagoya University,

Chikusa-ku, Nagoya 464, Japan

(Received in Japan 31 January 1981)

In order to elucidate the structure-activity relationships of -the antifeeding di-
terpenes, clerodin homolog é was stereoselectively synthesized through 18 steps via
a key intermediate 12. The perhydrofuro(2,3-b]furan ring in the synthesized homolog
was less stable than”that of .the natural product, and its reactivity on methanolysis
and potency of the antifeeding activity were almost the same as those of a 2,6-di-
methylphenyl derivative 19 which is more sterically restricted than a phenyl deriva-
tive 2. The findings supported the hypothesis for the relationships on the structure
(stef@ostructure) and activity of biological active substances. The methodology is
conceptually termed "Dynamic structure-activity relationships,”" and is effective
from the standpoint of drug design.

In the course of elucidating the structure-
activity relationships of the antifeeding
substances?) having a neo-clerodane skeleton3a)
such as clerodin 3P), clerodendrin A3¢), and
caryoptinSd), we have recently reported both
the synthesis of perhydrofuro(2,3-b]furan
derivatives (% and %)4'5), which have a partial
structure in the natural products. Though it
is considered that the perhydrofuro(2,3-b]-
furan ring is an active center of the anti-
feeding activity2¢»d), antifeeding activities
of the synthetic derivatives®) for the larvae
of Spodoptera litura F. were only 1/10~1/20
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l. R=t-tutyl
3. R=phenyl

fold as compared with those of the natural
products. As one of the reasons for the latter
results, it was assumed that the model com-
pounds, % and %. had a less stable perhydro-
furo{2,3-b]furan rings) than those of the
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natural products. Then, we sought to confirm
relationships between the potency of the bi-
ological activity for the compounds and chemi-
cal stability of the active center for some
chemical reactions. Quantitative experiments
of { with MeOH by catalysis of 70% HC104 gave
a tri-MeOH adduct % at room temperature,
whereas clerodin was only converted into a
mono-MeOH adduct é under the same condition.
It has been concluded that the instability of
the model compounds may be attributed to the
flexibility and ease of the free-rotation of
the perhydrofuro(2,3-b]furan rings as compared
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with those of the natural products. Thus, it
presented a new problem, namely, as to whether
the decalin ring portion except for thc methyl
groups or the C8 and/or c9 methyl groups to-
gether with it were required for the stabili-
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zation of the perhydrofuro[2,3-b]furan ring
If the C8 methyl

group is responsible for that, an ortho-di-

in the natural products.

methylphenyl derivative may be the simplest
model system for the stabilization of the
furo-furan ring. Then, we planned to synthe-
size the clerodin homologs (é'vg) and ortho-
mono and dimethylphenyl derivatives 2 and kpcl
In the present study, we describe in

detail both a stereocontrolled svnthesis of
clerodin homolog é and the antifeeding activi-
ty of é and its derivatives for the larvae of
S. litura F. Since the transformation of a
furan alcohol g& to é could be carried out

with a methodology recently reported by us4+9),
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oxide oxidation?) of methyl gentisate, with
butadiene (SnCl,, 0°C) gave a desired adduct
13 in 90.8% yield from methyl gentisate. The
14 NMR spectrum exhibited signals at §6.58 and
6.80 (ABq, J=10.2 Hz) and 66.66 (s) with a
ratio of 1 : 4. In fact, since the vinyl
protons in the related compound with the cis
junction appeared as a singlet at 66.568), it
was proved that the Diels-Alder adduct 14 con-
sisted trans- and cis-adducts in the ratio of
1 : 4. The adduct Lé was then converted into
a dihydro derivative Lé by the reduction with
zinc-acetic acid?®) in 97.2% yield. Epimeri-
zation of k? by sodium methoxide in MeOH

(-20°C) improved the ratio of the cis- and

an epoxy acetonide 12 was chosen as a key trans-decalin derivatives to 1 : 3.3. Since
HO
! 5. R1=R2:H
9, Rl=H, RZ=CH;
10, R1=RZ=CH3
Scheme |
5 @ tlﬂ!i‘.} <
o (o]
13
4"
intermediate. However, we supposed that the the mixture was difficult to separate on TLC,

determination of the relative configuration
at a cl! position may be accompanied by con-
siderable effort. The trans-decalin ring in
&? would be constructed by a Diels-Alder
reaction of butadiene with a carbomethoxy-
quinone Lé, which has the required functional
groups at C°, C®, and C9 positions; moreover,
an epoxide ring would be synthesized through
elongation of a C, unit (e.g., ketone —
nitrile —vinyl —epoxide) at the c? po-
sition (Scheme I).

Synthesis of the key intermediate, epoxy

acetonide 12.

We commenced a preparation of the key
intermediate kg via a Diels-Alder reaction
with methyl gentisate readily obtained by
The Diels-Alder

reaction of a p-quinone a}, prepared by silver

methylation of gentisic acid.

we resorted to the next reaction without sepa-
ration. Catalytic hydrogenation of the deriva-
tives gave a mixture of a trans-diketo ester
L? and its isomer &] in 98.8% yield with a
ratio of 3 : 1, which was separated by silica
gel column chromatography. The reaction rate
of the reduction at a trans-dihydro derivative
of the epimerized k? was much faster than that
of the corresponding cis derivative. In the
case of the reduction of a large amount of the
epimerized g?. a trans-diketo ester Le was
purified through a silica gel column chromato-
graphy at the stage in which the trans-dihydro
derivative alone was reduced and the recovered
cis-dihydro derivative was again transformed
into Ls through epimerization followed by a
catalytic reduction (Scheme II).
Transformation of g? into the key inter-

mediate &3 requires both a selective reduction
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at the c® position and the selective C) carbon
elongation reaction at the c9 position.
According to expectations based on the pre-
vention by an axial methoxycarbonyl group at
the €5 position, a reducing agent may attach
selectively a C® carbonyl group from a B-face.
In fact, selective reduction of 16 with NaBHy
gave a single product k?, as expected, in
87.8% yield [CO-11: 63.96 (1M, dd, J=12.0,

4.0 Hz)].
into a ketal diol R? via a ketal alcohol %9 by

The alcohol 18 was then transformed

treatment with ethylene glycol (p-TsOH, refiux,
90.5%) followed by reduction with LiAlH, (Et20,
0°C, 88.0%). Both removal of the protective
ketal group and simultaneous protection of
dihydroxy groups were achieved by treatment of
k? with acetone in the presence of a catalytic
amount of p-TsOH, affording a keto acetonide

%} in 91.0% yield. Its !H NMR spectrum showed

position. It was proved which of the re-

actions, 18- %p or 5)* %}.'caused the epimer-
ization at the Cl0 position as follows.
Acetyvlation of [? (Ac20, Py. rt) afforded a
diacetate 24 [c®-H: 65.28 (1M, br.t, J=7.3 Hz,
W1/2=16.7 Hz)), which was transformed into a
mixture of keto diacetates, %? and %} [C6—H
85.08 (1H, t, J=8.2 Hz)],

[t became apparent from consideration of these

in a ratio of 1.7 : 1.

results that the epimerization of the trans to
cis ring junction occurred in the deketal-
lization step (Scheme IV).

The high yield of ?\'l is because, if 2\11
takes the trans ring junction, its acetonide
linkage causes serious steric interaction
with the decalone ring. This conclusion is
also well confirmed by the following equi-
librium experiments: the epimerization of %}

by KOH (MeOtl, rt or reflux) was unsuccessful,

Scheme 11
OH OH ) aq HO HoO
503 d::? Zn-AcOH
2) Butadiene S
HOC OH HOC OM  snCly, rt MeOC O MeO,C O
18 15
1} NaOMe
2) Hp, 10Pd/C
EtOAc
Scheme 111
p-TsOH

“mm o o cb e diﬁ
16 =
v p-TsOH H

1? 29

a broad triplet (J=3.0 Hz) at 63.74 ascribed
to a methine proton at the c® position. It
was therefore assumed from consideration of
the Dreiding model that the obtained compound
21 held a cis ring junction, occurring by epi-
merxzatlon at a C10 position (Scheme 111).
Confirmation of the structure of gJ was
achieved by its conversion into a keto diace-
tate %? via a keto diol %} with treatment of
80% AcOtl-H20 in the presence of a catalytic
amount of p-TsOH followed by acetylation.
Thus, the cis ring junction of the keto ace-
tonide 21 was established since 22 exhibited a
triplet’YGS.SZ, J=5.2 Hz, N1/2=l{%4 Hz) at-
tributable to the methine proton at the cé

19 21 7\
N

4

but, under the same condition, %} was con-
verted into a mixture of a trans-keto diol ;9
and %} in a ratio of 5 : 1. As mentioned so
far, because the acetonide protection of the
1,3-diol system caused the epimerization of

the trans to cis ring junction under the acidic
condition, the further reactions proceeded by
using a tetrahydropyranyl group as a pro-
tective group.

Treatment of the ketal diol &? with 80%
AcOH-H,0 in the presence of a catalytic amount
of p-TsOH followed by KOH work up gave a
mixture of a trans-keto diol gs and a cis-keto
diol %? in a ration of 5 : 1. The former was

then transformed, by treatment with dihydro-
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Scheme 1V

HO H
A
{ 7& 80vAcOH-H20 i

Scheme V

Hg?)n p-TsOH HO
80%ACOH- Hzo

wo’ ' OH

1) LDA
7)) NHgLY, ag v

{29 :30=3:2)
LS

pyrane, into a tetrahydropyranyl ether %7 in
89.0% yield.
€9 position in %7 was initiated by transfor-

Elongation of the {3 unit at the

mation of it into a nitrile derivative %? by

using TosMIC!®) (tert-BuOK, DME-tert-BuOH, rt,
74.7%).
into a single product, nitrile acetonide %?.

The nitrile %? was then converted

by treatment with dimethoxypropane (p-TsOH,
acetone, 0°C, 91.0% from %?]‘

configuration with respect to the nitrile group

The relative

could not be decided by the Iy N spectrum
because the signal of the c? proton overlapped
with other proton signals. Treatment of gg
with LDA followed by quenching with aqueous
NH4Cl afforded a mixture of 29 and its epimer
§9 in a ratic of 3 : 2, The C!7 methylene
protons of g? and 29 appeared as a doublet

signal at 63.68 and 3.80 (J=12.0 Hz), and a

Di h)‘df’O“ H TosMIC
pyrane t-BulkK

—
p-TsOﬂ 1Y

WO
Py i
aco” OAc
22
o
o S
22
An 2+ i~y
Aco” OAc
25

THPO” OTHP

double doublet at 63.86 (J=12.0, 1.0 Hz) and
4.45 (J=12.0, The low
field shift of the latter might be attributed

1.0 Hz), respectively.

to the alignment of the same side, i.e., a-con-
figuration, of the cl? methylene and nitrile
groups. Moreover, the signal at the higher
field, 83.86, showed a long range coupling {(J=
1 Hz) with the €5 methine proton and the other
signal {64.45) coupled with one of methylene
protons at the ¢t position. These findings
agreed with a consideration of the Dreiding
model for g? and 2?.

cluded that %? held a desired B-oriented

1t was therefore con-
nitrile group, Transformation of the nitrile
acetonide 23 into a vinyl acetonide §3 was
smoothly achieved by reduction with DIBAH
followed by a Wittig reaction with methylene
triphenylphosphorane in 75.5% overall yield.
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Scheme VI
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THF-H50 (4:1) '
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—————

(39 : 40 = 93 :
Y

N
Reaction of 2} with mCPBA gave an epoxy aceto-
nide i? in 81.0% yield, which was a mixture
of the key intermediate L? bearing a desired
configuration with respect to the cl! po-
sition and its epimer §é in a ratio of 92 : 8
(Scheqe V).
the cl! position in %3 was determined by ap-

The relative configuration of

plying the combination method of empirical
force-field calculation and lanthanide-induced

shift experiment.

Derivation of the epoxy acetonide 32 to the
M

clerodin homolog 5.

Transformatggn of the epoxy acetonide 2?
into the final product S was initiated by its
reaction with lithium d?(S-furyl)cuprate-Z-
furyllithium-dimethyl sulfide complex!!),
yielding the desired furan alcohol 11 and its
cl1 epimer 34 in a ratio of 92 : 8 ?100%
yield); ll:,%3.74 (1H, br.dd, J=8.8, 4.4 Hz,
>C§70H),q;nd %f: §3.88 (1H, overlapping with
the cl? methylene protons). Treatment of the
furan derivative 11 with 80% AcOH-H,0 yielded
a furan triol if,ﬂénd the crude furan triol
was converted into a perhydrofuro[2,3-b]furan
derivative %? having the natural form in 77.0

% yield by a sequence similar to that previ-

ac0” OAc

BOZACOH-H0

HC104

——

THF-HZO [ /' :
(4:1) Ac0” OAc 3 AcO” OAc

37 S 38

N A N

ously developed for the synthesis of the model
compounds, { and %4'5). Acetylation of %9
gave a triacetate %7 in a quantitative yield
which was an epimeric mixture with respect to
acl® position: 66.24 and 6.26 (each 0.25 and
0.75H, both d, each J=6.0 and 5.0 Hz, CIS-H).
Acid hydrolysis of 27 smoothly provided the
final product é in a quantitative yield: 65.68
and 5.70 (each 0.5H, both d, each J=5.4 and
5.2 Hz, cl6.n),

reveal the existence of the diastereomer %?,

The 1H NMR spectrum did not

but oxidation of i with Cr0z-Py complex gave
a mixture of y-lactones, %? and 19, in a ratio
of 93 : 7; 39: 65.93 (0.93H, d, J=5.2 Hz, C!6-
H) and 40: 65.80 (0.97H, d, J=5.0 Hz, Cl®.H).
It was therefore concluded that the final
product i contained about 7 percent of the
unnatural form 38 analogous with the modcl
compounds, L anglis) (Scheme VI)

As mentioned so far, the clerodin homolog
i was synthesized in 6% overall yield through
18 steps via the key intermediate &3 from
gentisic acid. It is remarkable that i was
not the desired compound which controls the
flexibility and free-rotation of the perhydro-

furo(2,3-b]furan ring.
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Determination of the relative configuration

of the key intermediate epoxy acetonide 12

and its eginerlz].

The relative configuration at the c!!
position of the epoxy acetonide %3, which was
the key intermediate for the synthesis of the
clerodin homolog 3, was difficult to determine
on the NMR spectra, because the epoxy group
rotated freely about a c9-c1l axis and the
C!! methine proton of the acetonide %3 ap-
peared as a broad signal at ca. 2.6 over-
lapping with signals of methylene protons on
a cl2 position. On the other hand, the epoxy
acétonide i? contained a small amount (ca. 10
%) of an epimer from comparison of peak

heights of c® carbon atoms on !3C NMR spectrum.

Scheme VII

While the epimers could not be separated from
each other on silica gel TLC, it was predicted
that their hydroxy derivatives could be sepa-
rated into the two components. For the above
reason and to make sure the binding between
the compound and Eu(fod)s, %} was transformed
into hydroxy acetonides, q& and i}, in a ratio

of 92 : 8 by reduction with LiAlH4 (Scheme VII).

The hydroxy acetonides, i} and {3, which
were the epimer with respect to the Cl1 po-
sition, could be distinguished by 14 NMR in
the following way: signals of a methine proton
at the cl! position and a cll methyl group in
QJ appeared as a broad quartet signal (J=6.5
Hz) at 63.88 and a doublet signal (J=6.5 Hz)
at 81.13, respectively, whereas those in 42

C17 methylene

emerged at 3.8 overlapping with
proton signals and as a doublet (J=6.5 Hz) at
§0.92, respectively. On the other hand, in
preparing Qé via a bromohydrin intermediate,
the ratio of the hydroxy acetonides, Q& and 43,
85 (Scheme VII).

Experimental LIS's for the hydroxy aceto-

reversed to 15 :

nides obtained by addition of Eu(fod)3 were
shown in Table 1-(a). The LIS's of six indi-
vidual protons for both hydroxy acetonides
were on straight lines on the correlation dia-
grams. Even if the lanthanide-induced shift
reagent was added to the compounds having
many equivalent protons, there were few pro-
tons observed as isolated signals with clear
linear relationships.

On the other hand, the energy-minimi:zed
Cartesian coordinates about whole atoms on the
hydroxy acetonides were obtained by using
Allinger's force-field (program: MMI. QCPE No.
318)13). The fitness of the coordinate for
each geometry on the hydroxy acetonides was

judged by the agreement between the calculated

The best fit location of

and observed LIS's.

Eu was determined for the respective hydroxy
acetonides using the LIS's, and the coordinate
system was given by Armitage's method!4) .
Calculated LIS's were derived from the McCon-
nell-Robertson equation (Table l—(a))ls). The
best-fit location was taken as the minimum of
the normalized standard deviation [R-factor
(%)) between the observed and calculated
shifts (Table 2-(a)). The values of their R-
factors, 3.6 and 4.5% for i} and %?, re-
spectively, satisfied sufficiently the suit-
ability of their atomic coordinatesi®) . on
the other hand, when the LIS's calculated for
the hydroxy acetonides in which the coordinates
on whole protons were interchanged for each
other, their R-factors led to more than 10%
(Table 2-(a)). Based on the satisfactory
atomic coordinates, their conformational
structures are shown in Figure 1.

Furthermore, since links of chain com-
pounds are generally more mobile than those

of cyclic compounds, conformation of the chain
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Table I-{a) Ohsd. and caled. LIS vasues of hydroxy acctonides, 4V & 42

T s n ntl wls uts’

4] Obsd. 3.71 $.50 11.56 23.38 3.38 4.75
Caled. 3.51 3,56 10.79 25.82 3.71 3.32

43: Obsd., 1.07  15.00 15.33 24.69 2.09 3.1
Caled. 3.6 16.05 14,78 24.59 1.73 3.%6

Table 1-(b) Calcd. LiS values of hydroxy acetonides, 41 § 4?2
‘o .
rotated about the C11.c9 axis.

He ' K9 pl! nis nts’
41: 827" 3,33 8.8 11.23  23.50 3.83 1.39
42: 9=-6"  3.30 14.86 15.33 21,97 227 3.17

Table 2-fa} R-factors betwcen the calcd. and obsd. LIS values.

Hydroxy Hydroxy . R
acetonide gy acetonide 42 [r{A) Y(deg) ¢(deg)])

[2.5 150 150 |
(2.5 110 150 ]

Atomic params. of 4] 3.6 % 17.8 %
"\

Atomic params. of 42 18.1 % 4.5

Table 2-(b) R-factors between the calcd. and obsd. LIS values obgined
by the coordinates rotating about the C11-C® bond axis.

Hydroxy Hyvdroxy o
acetonide 4] acetonide 42 [r(A)  y(deg) o(deg)]
A .
Atomic params. of 4\] 2.7 % 15.9 % [25s 150 140 ]
Atomic params. of 4\2 15.5 % 2.1 % { 2.5 160 130 ]

# r: Oxygen-Eu distance. ¢: Angle betwcen the Eu donor bond and the c“-ou
bond axes. ¢: Azimuthal angle of Eu around the c!1-oH bond axis.

Q @2
Figurc 1. Conformation of hydroxy acctonides vicwcd by ligure 2. Newmann projection of hydroxy aceton:ides
OPTFP through the ¢11.¢9 axix viewed through the ¢11.¢9 axie

ones is relatively alterable with solvents, spectively (Table 2-(b)). Therefore, these
temperature, contaminants, etc. We assumed results confirmed that the epoxy acetonide Lg
that the conformational changes by the ro- obtained by mCPBA possessed the same configu-
tation of a c}l.c9 single bond in comparison ration as that of the natural product. And
with the bonds of the cyclic structure might the small R-factors may show that the calcu-
easily have occurred because of the coordi- lated coordinates are most likely in accord
nation of bulky Eu(fod)z to the c!? hydroxyl with those of the real molecules in the so-
group. Then, by rotating the c11.¢c9 vond lution!®) .
only, i.e., by rotating the coordinates of the
cll proton, the hydroxyl and the methyl groups Entomological tests and structure-activity
around the c11.c9 bond axis, the best-fit lo- relationships on the antifeeding activity of
cation of Eu was determined as described the clerodin homolog S and its analogs.
above. When the axis was turned counter- Clerodin homologvi afforded only a ring
clockwise through 7° and 6° in i} and a?. re- opening product, tri-MeOH adduct e:, by the
spectively (Figure 2), the calculated LIS's reaction with MeOH; Qé: 64.36 (l1H, t, J=5.1
approximated more closely the observed ones Hz, -Cﬂ-(OMe)z), m/z 425 (M*-31). This be-
(Table 1-(b)), and their R-factors showed a havior in é was similar to that of the per-

higher reliability at 2.7 and 2.1%, re- hydrofuro{2,3-b}furan rings on { and %5).
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it was suggested that 8 and/or Cg.nethyl
groups in neo-clerodane diterpenes could

assure a very subtle contribution to the

stability of the perhydrofuro[2,3-b]furan
ring.

The clerodin homolog é together with %
and % was used for the test of the antifeeding
activity for the larvae of S. litura F.
following the known leaf disk method for the
entomological tests2). As a reference, it
showed the results for the methylphenyl de-
rivatives, 3 and &9, were sterically more
restricted than % about the free rotation and
flexibility of their perhydrofuro(2,3-b}furan
ripg6). Since the natural products retained
the same potency for their hemiacetal and
Y-lactone derivatives on the biological test,
the entomological test of the model compounds
was also run with the hemiacetal and y-lactone
derivatives.

In a previous study6), we reported that,

as an approach to clarify quantitatively and

pounds, a chemical reaction at their active
center in the place of their biological reac-
tions at receptor in vivo provided significant
information linking the biological activity
and the structure of the compounds. We ap-
lied this methodology to clarify the chemical
reactivity on the active center of the clero-
din homolog 2; E afforded only the tri-MeOH
adduct {3 at room temperature but, at the
reaction condition of 2°C, yielded a mono-MeOH
adduct 15: 64.90 and 5.02 (each 0.S5H, both d,
each J=5.5 Hz and J=5.0 Hz, >CH-OMe), m/z 378
(M*-32). The proportion and structure of
these MeOH adducts were ascertained by gas
chromatography (GC) and GC-MS spectrometry.
The behavior of i was comparable to that of
the perhydrofuro(2,3-b]furan ring of the 2,6-

MeQ

rapidly structural factors (steric or electro- :
i ; i A<O'/ éAc
nic effects etc.) which were essential for "
the appearance of biological activity of com- *
Table 3
R 2-Me- 2,6-DiMe- Clerodin
t-Buty) 12)  Phenyl ?a) phenyl 9°)  phenyl Lob) homolog §
Reac . temp: v i :
2°C 80 80 90 100 100¢)
10°C £ 30 50 80 80
a): Ref. 5.
b): Ref. 6.
c): mono-MeOH adduct ratios in mono- and tri-methoxy adducts (GC).
Table 4
2-Me- 2.6-DiMs- Clerodin
R t-Buty12) Phenyla) pheny1®) phenylt homolog
ds . 1 2 9 10 5
Conc . {ppm X " s N :
1000 - - + 4+ e+ e
500 + o+ + 4+ e
250 - + -
ds. 46 47 48 49 39
Conc. {ppm X S A s g
1000 - + + 4+ 4 + o+ o+ e + o+ 4
500 + + e+ + o4
250 + + + + 4+
a): Ref. 5.
b): Ref. 6.

c): Degrees of antifeeding activity: ++4+ (100~ 95.), +++ (95-.75.),
++ (75750 ), + (50 25%), - (25~ 0v).
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dimethylphenyl derivative &9; moreover, bi-
ological activity of é was almost identical
with that of k?.

Thus, chemical reactivities at the
active center of these model compounds showed
a tendency to increase with successive, phenyl
deriv. 3 >2-methylphenyl deriv. 3 >2,6-di-
methylphenyl deriv. 19 Xclerodin homolog é
{(>>clerodin hemiacetalsJ) (Table 3). Contrary
to the reactivity, their biological activities
decreased with successive, phenyl deriv. 3 <
2-methylphenyl deriv.'g< 2,6-dimethylphenyl
deriv. Leﬁfclerodin homolog é (<<clerodin
hemiacetal) (Table 4). As predicted before,
these results show unequivocally that, as the
free-rotation of the perhydrofuro[2,3-b]furan
ring is stereocontrolled by substituent groups
(methy! group or decalin ring etc.), the ring
becomes a more stable system and exhibits
more potent activity. Furthermore, it is
noteworthy that, despite the enormous differ-
ence on the structure of support moieties and,
particularly, on stereochemistry, clerodin
homolog 2 and 2,6-dimethylphenyl derivative
10 showed a similar potency of the antifeeding
;Etivity. These findings clearly corroborate
the previous hypothesis6) for the relationship
on the structure and activity of biological
active substances; i) for the appearance of
the biological activity, a definite steric
environment is required around the active
center, ii) when the above condition is satis-
fied, the chemical reactivities on the active
center remain constant regardless of the
structure of the support moieties, iii) the
active center holding a constant reactivity
represents a constant biological activity.
We would expect that the same hypothesis would
apply in the case when electronic effects are
operative as a major control factor in the
appearance of such activity. This methodology
comparing the dynamic changes (reactivity) at
the active center and the variation of biolo-
gical activity accompanied by structural
changes may be conceptually termed '"Dynamic
structure-activity relationships," and is
effective on the standpoint of drug design
creating new active substances from basic ones
by claryfying pertinently and rapidly structur-
al factors for the appearance of the activity.

In order to clarify further the re-

lationship between the antifeeding activity

TET Vol. 37, No. 15—B

of the model compounds and that of the natural
products, we are now carring out the synthesis
of the clerodin homologs (g, z. g) having the
methyl groups at the c8 and/or C° positions,
which should stereocontrol the stability of

the perhydrofuro[2,3-b]furan ring.
EXPERIMENTAL

NMR spectra were recorded on JEOL FX-100 and
MH-100 spectrometers with an internal standard
of tetramethylsilane. Mass and GC-MS spectra
were recorded on a JEOL D-100 spectrometer.
High resolution mass spectra were obtained on
a JEOL 01-SG spectrometer. IR spectra were
determined on a JASCO A-3 spectrometer. GLC
analysis was performed on a JEOL CC-1100 spec-
trometer with a 3% OV-1 glass column (¢3mm x
Im) at 160°C. Force-fieid calculation was
performed on FACOM M-200 (Computer Center of
Nagoya University) and HITAC M-200H (Computer
Center of Institute for Molecular Science)
computers.

Diels-Alder adduct 14

To a sol of methyl géntisate (800 mg, 4.6 mmol)
in 40 ml of dry benzene was added, anhydrous
K2CO3 (800 mg) and then Agy0 (2.4 g). The
mixture was stirred for 10 min at 50°C and
then filtered through celite. The filtrate
was evaporated in vacuo in the dark. To a

sol of the residue (crude p-quinoe 13) in 20
ml of MeCN was added with stirring at 0°C,
butadiene (ca. 2 g) in 40 ml of dry MeCN and
then a catalytic amount of SnCl4. After
stirring for 30 min at room temperature, the
reaction mixture was poured onto ice-water and
extracted with EtOAc. Organic layer was
washed with sat. NaHCO3z, water, and then
brine, dried (NajSO4), and evaporated in
vacuo. The purification of the residue on
silica gel TLC gave 952 mg of the Diels-Alder
adduct 14 (90.8%), IR(CHCI3): 1735, 1600 cm-!;
Iy NMR (CDC13): 62.187 2.66 (4H, m), 2.92 (0.8
H, m, trans-adduct), 3.56 (0.2H, cis-adduct),
3.66 and 3.78 (each 2.4 and 0.6H, both s),
5.66 (2H, m), 6.62 and 6.82 (0.2, ABgq, J=10.2
Hz), 6.66 (0.8H, s); MS: m/z(%) 188 (M*.32,
17), 161 (100).

Dihydro derivative 15

A sol of 14 (920 mg, 4.18 mmol) in 40 ml of
glacial ACOH was stirred at 60°C for lhr in
the presence of 2.68 g (40.8 mmol) of In.
After cooling, the excessive Zn and ZnOAc was
filtered off through a Buchner funnel. The
filtrate was neutralized at 0°C by NaHCO3 and
extracted with FtOAc. Organic layer was
washed with water and then brine, dried (Naj;-
SO4), and evaporated in vacuo. The purifi-
cation of the residue on silica gel TLC pave
902 mg of the dihydro deriyative k} (97.2%),
IR (CHClg): 1740, 1720 cm™'; TH AMR (CDCI3):
62.10~ 3.00 (84, M), 3.45 (1H, t, J=5.8 Hz),
3.76 (3H, s), 5.60 (2tl, br.s); MS: m/z(%) 222
(M*, 13), 77 (100).

Fpimerization of ]5 by sodium methoxide

To a sol of 15 (850 mg, 3.83 mmol) in 45 ml of
dry MeOH was added with stirring at -20°C, 10
ml of dry MeOH containing 122 mg of NaOCH3
After stirring for 1 hr, the mixture was
poured onto ice-water and extracted with Ft-
OAc. The sol was trcated in the manner des-
cribed above to afford 765 mg of the epi-
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merized dihydro derivative (90%, trans : cis
=3.3 : 1), IR (CHClz): 1720, 17407¢m-T; ‘H MR
(CDC13): €2.0%3.2 (84, m), 3.44 (0.7H, t,
J=5.6 Hz}, 3.62 and 3.72 (each 0.3H and 0.7H,
both s), 5.58 (1H, br.s); MS: m/z(%) 222 (M*,
10), 77 {100).

trans-Diketo ester 16 and cis-diketo ester 17
A sol of the epimerized dihydro derivative
(750 mg, 3.39 mmol) in 30 ml of EtQAc was
hydrogenated at room temperature overnight in
the presence of 30 mg of 10%Pd/C. After re-
moval of the catalyst, EtOAc was evaporated
in vacuo. The purification of the residue on
silica gel TLC gave 558 mg of the trans-di-
keto ester 16 (77.4%) accompanied by 186 mg
of the cis-diketo ester 17 (24.8%). |f: mp
89.5%90.0°C (needle); IR CHCl3): 1740, 1720
em=1; 14 NMR (CDC13): 61.04~%1.86 (8H, m),
2.00 2.80 (5H, m), 3.66 (3H, s); MS: m/z(%)
224 (M, 23), 81 (100). 17: mp 86.5%87°
(prism); IR (CHClg): 1740, 1720 cm-l; In NWR
(CDC14): 81.24~ 1780 (8H, m), 2.72 (4H, m),
3.10 (1H, dd, J=8.7, 5.0 Hz), 3.72 (3H, s);
MS: m/z(%) 224 (M*, 36), 81 (100) [Found: C,
64.12; H, 7.25. Caled. for CysHy404: C,
64.27; H, 7.19%].

a-Hydroxy derivative |8

To a sol of 16 (500 mg, 2.24 mmol) in 9 ml of
dioxane-iso-PrYOH-Hy0 (2 : 2 : 1) was added
dropwise at room temperature, a sol of NaBHA
{(42.4 mg, 1.32 mmol) in I ml of water, After
stirring for 5 min, 1 ml of aq. Hy50, (10%)
was added at 0°C to the reaction mixture.

The chilled mixture was extracted with EtOAc.
The sol was treated in the manner described
above to afford 444 mg of the (6 a-alcohol A8
(87.8%), IR (CHC13z): 3420, 1740, 1720 em-1;
Iy NMR (CDC13): 81.0~ 2.6 (13H, m), 3.74 (3H,
s), 3.96 (1H, dd, J=12.0, 4.0 Hz); MS: m/z(%)
226 (M*, 4), 81 (100).

Ketsl derivative 20
A sol containing 400 mg (1.76 mmol) of I8 dis-
solved in 20 ml of dry benzene was refluxed
overnight with 0.5 ml of ethylene glycol and
a catalytic amount of p-TsOH in a8 30 ml flask
fitted with a water separater. The chilled
benzene sol was treated in the manner de-
scribed above to afford 452 mg of the ketal
20 (95.0%), mp 120~ 121°C (prism); IR (CHCl3):
30, 1710 em™}; IH NMR (CDCl3): &1.20~ 2.32
(13H, m), 3.35 (1H, m, disappeared with D20),
3.72 (3H, s), 3.92 (5H, m); MS: m/z(%) 270
(M*, 15}, 99 (100} [Found: C, 62.00; H, 8.05.
Caled. for Cy4H205: C, 62.20; H, B.20%].

Ketal diol 19

To a stirrea’suspension of 112 mg of LAH in 4
ml of dry ether was added at 0°C dropwise dur-
ing 5 min, a sol of 400 mg (1.48 mmol) of 29
in 5 ml of dry ether. After additional stir-
ring for 1 hr, EtOAc was added to the reaction
mixture. And then the mixture was poured onto
ice-10%HC1 and extracted with EtOAc. The sol
was treated in the manner described above to
afford 316 mg of the diol 19 (88.0%), IR (CH-
Clz): 3450 cm-l; 1n MR (CDE1g): 61.02n2.28
(134, m}, 2.88 (2H, s, disappeared with D30},
3.48 (1H, d, J=11.0 Hz); MS: m/z(%) 224 (M*,
6), 99 (100).

Keto acetonide 21

A catalytic amount of p-TsOH was added at
room temperature to a stirred sol of 300 mg
{(1.24 mmol) of 18 in 5 ml of acetone, After
12 hr, the reaction mixture was poured onto

water and extracted with EtOAc. The sol was
treated in the manner described above to
afford 254 mg of the keto acetonide 21 {91.0%),
mp 99 100°C (prism); IR (CHCI3): 170% cm-l;
TH NMR (CDC13): 81.2011.70 (88, m), 1.46 (3H,
s), 1.52 (3H, s), 1.80n2.30 (3H, m), 2.70
(14, m), 3.12 (1H, br.s), 3.56 (14, d, J=12.0
Hz), 3.74 (1H, t, J=3.0 Hz), 4.06 (IH, d, J=
12.0 Hz); MS: m/z (%) 238 (M*, 2}, 85 (100)
[Found: C, 70.52; H, 9.30. Calcd. for CygHp3-
03: C, 70.55; H, 9.31%].

trans-keto diol 26 and cis-heto diol 23

A sol of 600 mg (2.48 mmol) of 197in 6 ml of
AcOH-H20 (4 : 1) was stirred overnight at

room temperature in the presence of a cataly-
tic amount of p-TsOH. The reaction mixture
was added at 0°C to sat. methanolic KOH for
quenching AcOH, and extracted with EtOAc.

The sol was treated in the manner described
above to afford 366 mg of the trans-keto diol
26 and 72 mg of the cis-keto diol 33 (13.2%).
3B, IR (CHCI3): 34507 1710 cm-}; LH'NMR (CD-
Ciz): 81.0n 2.2 (13H, m), 2.86 {2H, s, disap~
peared with D20}, 3.68 (1H, dd, J=9.0, 3.0 Hz),
3.82 (2H, s), Ms:m/z(%) 180 (M*-18, &), 139
(100). 23, IR (CHCi3): 3430, 1705 cm-1; 1y
NMR (CDCI3): 81.0n2.8 (13H, m), 3.62 (IH, d,
J=11.3 Hz), 4.00 (IH, 4, J=11.3 Hz), 4.08 {1H,
t, J=4.7 Hz); MS: m/z(%) 180 {M*-18, 7), 138
{100).

Tetrahydropyranyl ether 27

To a sol of 360 mg (1.82 mmol) of 26 in 10 ml
of dry CH2Cl; was added at 0°C, 0.42 ml (ca.
2.5 eq.) of dihydropyran and then 3 mg of p-
TsOH. After stirring for 3 hr, the reaction
mixture was poured onto ice-sat. NaHCO3 and
extracted with EtOAc. The sol was treated in
the manner described above to afford 549 mg
of the pyranyl ether (89.0%), IR (CClg): 1715
em-1; IH NMR (CCl4): 61.27%2.6 (23H, m), 3.3n
4.1 (7H, m), 4.50 (2H, m); MS: m/z{%) 281 (M*
-85, 1), 85 (100).

Nitrile derivative 28

To a stirred mixture of 1.75 g of t-BuOK (15.5
mmol) in 20 ml of dry t-BuOH and 569 mg of %9
in 20 ml of dry dimethoxymethane was added at
room temperature under argon, dropwise {during
5 min), a sol of 594 mg of TosMIC (3.1 mmol)
in 5 ml of dry dimethoxyethane. After 3 hr,
the reaction mixture was added to ice-water
and extracted with EtDAc. The sol was treated
in the manner described above to afford 438 mg
of the nitrile derivative 28 (74.7%), IR (CCl4)
: 2250 cm~1; IH NMR (CCl4):61.242.4 (26H, m),
3.1n400 (TH, m), 4.60 (2H, m); MS: m/z2(%) 292
(M*-85, 2), 85 (100).

Nitrile acetonide 28

A 50l of 400 mg (1.06 mmol) of 28 in 5 ml of
MeOH was stirred for 4 hr at rooh temperature
in the presence of 4 mg of p-TsOH. The re-
action mixture was then added to sat. NaHCO3
and extracted with EtOAc. The dried organic
layer was evaporated in vacuo. To a sol of
the residue in 5 ml of acetone was added at
0°C, 1.4 ml of dimethoxy propane and then Smg
of p-TsOH. After stirring for 7 hr, the re-
action mixture was added to sat. NalCO3 and
extracted with EtOAc. The sol was treated in
the manner described above to affored 226 mg
of the nitrile acetonide 29 (81.0%), mp 101~
101.5°C; IR (CClg): 2250 ch-1; TH NMR (CCla):
81.38 (3H, s), 1.42 (3H, s), 1.12~2.60 (14H,
m)}, 3.48 (iH, 44, J=8.0, 5.3 Hz), 3.74 (1H, d,
J=12.0 Hz), 3.86 (1H, d, J=12.0 Hz); MS: m/z
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(%) 234 (M*-15, 65), 174 (100), [Found: C,
72.Q0; H, 9.37; N, 5.56. Calcd. for CjgHsp-
0,N; C, 72.25; H, 9.30; N, 5.62%].

Vinyl acetonide 31

To a sol of 200 mg (0.80 mmol) of Zg in 5 ml
of dry toluene was added at -78°C under argon,
1.6 ml (ca. 2 eq) of 10%DIBAH (in hexane).
After stirring for ! hr, 1 ml of MeOll and then
0.5 ml of H20 was added and stirring was con-
tinued at -78°C for 10 min and then 0°C for 1
hr. The reaction mixture was passed through
neutral alumina (Aluminiumoxid 90, aktive T,
Merck) using CHCl2 as a eluting solvent. The
eluate was condensed in vacuo. The crude
aldehyde was slowly added at -78°C under argon,
to methylene triphenylphosphorane in THF [pre-
pared from 411 mg (1.15 mmol} of methyl tri-
phenylphosphonium bromide and 0.8 ml of 1.4 M
n-BuLi (in hexane)]. The reaction mixture was
stirred at -78°C for 30 min and then at 0°C
for 1 hr, poured onto ice-water, and extracted
with EtOAc. The sol was treated in the manner
described above to afford 152 mg of the vinyl
acetonide 31 (75.5%), IR (CClg): 1640 cm™1;

1lI NMR (CDCIg3): 81.072.6 (14H, m), 1.40 (3H,
s), 1.46 (3H, s), 3.40 (1H, d, J=11.0, 5.3 Hz),
4.88 (1H, dd, J=15.6, 1.8 Hz), 4.90 (1lH, dd,
J=11.6, 1.8 Hz0, 5.40 (1H, m); MS: m/z(%) 235
(M*-15, 36), 95 (100).

Epoxy acetonide 32

To a sol of 200 mg (0.80 mmol) of 3l in 5 ml
of CHyCl2 was added at 0°C, 152 mg (1.04 mmol)
of sodium phosphate, dibasic, and then 186 mg
(1.04 mmol) of mCPBA. After stirring at room
temperature overnight, the reaction mixture
was poured onto a cold 5% NaOH sol and ex-
tracted with EtOAc. The sol was treated in the
manner described above to afford 170 mg of the
epoxy acetonide 32 (80.0%) as a colorless
crystal (recrystallized from n-hexane for ele-
mental analysis). 32, mp 84.5~85°C; !H NMR:
81.0%v2.6 (17H, m), H.ZS (3H, s), 1.34 (3H, s),
3.30 (1H, dd, J=9.0, 4.3 Hz), 3.68 (2H, s); MS
m/z(%) 251 (M*-15, 71), 91 (100), [Found: C,
72.49; H, 10.06. Caled. for CjgHp603: C,
72.14; H, 9.84%).

Furan alcohol 11 and its epimer 34

To a stirred ethereal lithium di(3-furyl)cup-
rate-2furyllithium-dimethyl sulfide complex
{prepared from 1.66 g (11.3 mmol) of 3-bromo-
furan, 8.0 ml (11.3 mmol) of 1.4M n-BuLi, 538
mg (2.83 mmol) of Cul, and 1.2 ml of (CH3),S]
was added at 0°C under argon, 150 mg (0.57
mmol) of the epoxy acetonide 32 in 3 ml of
dry ether. After 48 hr, the reaction mixture
was quenched with sat. aq. NH,Cl at -78°C,
diluted with EtOAc, and filtered to remove
suspended solids. The sol was treated in the
manner described above to afford 173 mg (92.0
%) of the furan alcohol 11 and 15 mg (8.0%) of
its epimer 34 as a colorless crystal. 1l1: IR
(CC1,): 34504 870 em-1; ln NMR (CCl,): 61.0 ~
2.2 (14H, m), 2.38 (1H, dd, J=12.8, 4.4 Hz),
2.56 (1H, dd, J=12.8, 8.8 Hz), 3.36 (lH, d,
J=5.6, 3.3 Hz), 3.58 (2H, s), 3.74 (1H, br.dd,
J=8.8, 4.4 Hz), 6.20 (1H, br.s), 7.22 (lH,
br.s), 7.30 (lH, br.s); MS: m/z(%) 319 (M*-15,
70), 82 (100). 34; mp 148.54150°C; IR (CCla)
: 3450, 870 cm~!IH NMR (CDCl3): 61.0n 2.6
(16H, m), 1.36 (3H, s), 1.41 (3H, s), 3.42
(1H, dd, J=9.2, 5.0 Hz), 3.78 (lH, d, J=12.8
Hz), 3.80 (1H, overlapped with C17 methylene
signals), 3.94 (1H, d, J=12.8 Hz), 6.28 (1H,
br.s), 7.28 (lH, br.s). 7.36 (1H, br.s): MS:
m/z(%) 319 (M*-15, 24), 82 (100), [Found: C,

72.15; H, 8.96. Calcd. for CpgH304: C, 71.82
; H, 9.04%].

Conversion of the furan alcohol 11 into the
perhydrofuro[2,3-b]furan derivative 36

A sol of 150 mg (0.45 mmol) of L1 in 3 ml of
AcOH-HZO (4 : 1) was stirred at room tempera-
ture for S hr. The reaction mixture was then
poured onto EtOAc. The sol was treated in the
manner described above to afford the crude
furan-alcohol 35. The crude product 35 (ca.
130 mg) was converted onto 108 mg (77.0%) of
the perhydrofuro[2,3-b]furan derivative 36
followed by the method: i) methanolysis of the
furan ring, ii) catalytic hydrogenation, iii)
acid catalvzed demethylation and epimeri-
zation. 36: IR (CClg) 3450 cm~!; ln NMR (CD-
Cl3): 61.0"v2.4 (18H, m), 2.08 (2H, br.s, dis-
appeared with D,0), 2.80 (1, m), 3.40 (lH,
dd, J=9.8 , 5.57l2), 3.80 (lH, d, J=11.5 Hz),
3.97 (14, br.s, disappeared with D,0), 4.0
(1H, overlapped with cl methylene proton
signals), 4.06 (1H, d, J=11.5 Hz), 5.50 (lH,
s), 5.68 (and 5.70 (each 0.S5H, both d, each
J=5.3 Hz and 5.1 Hz); MS: m/z(%) 294 (M*-18,
3), 111 (100).

Clerodin homolog triacetate 37

A sol of 100 mg (0.32 mmol) of ;9 in 3 ml of
pyridine was added. The mixture was warmed to
room temperature and stirred overnight. The
reaction sol was then poured onto ice-5%HC1
and extracted with EtOAc. The sol was treated
in the manner described above toafford 140 mg
(100%) of the triacetate %7 as a colorless
oil. 37: IR (CClg): 1735 cm-l; 1 NMR (CDCI3):
61.2~.2°4 (18H, m), 2.00 (3H, s), 2.02 and
2.04 (3H, each s), 2.06 (3H, s), 2.86 (lH, m),
4.06 (14, d, J=12.0 Hz), 4.08 (1H, overlapped
with C17 methylene signals), 4.56 (1H, dd, J=
11.7, 5.7 Hz), 4.60 (1H, 4, J=12.0 Hz), 5.60
and 5.70 (each 0.25H and 0.7SH, both d, each
J=4.8 Hz and J=5.5 Hz), 6.24 and 6.26 (each
(+.254 and 0.75H, both br.d, each J=6.0 Hz and
J=5.0 Hz); MS: m/z(%) 379 (M*-60, S}, 111 (100).

Transformation of the triacetate 27 into the
final produc

A catalytic amount of 70%HC10, was added at
0°C to a stirred sol of 100 mg (0.23 mmol) of
37 in 3 ml of THF-H,0 (4 : 1). After 1 hr,
the reaction mixture was poured onto sat. Na-
HCO3 and extracted with EtOAc. The sol was
treated in the manner described above to
afford 90.0 mg (100%) of }he final product 5,
IR (CCl4): 3450, 1735 cm™!; 14 NMR (CDC15): 8
1.0v2.2 (18H, m), 2.00 (3H, s), 2.06 (3H, s),
2.90 (1H, m), 4.04 (1H, d, J=12.0 Hz), 4.06
(1H, overlapped with C17 methylene signals),
4.50 (1H, overlapped with cl? methylene
signals), 4.60 (1H, d, J=12.0 Hz), 5.50 (1lH,
m), 5.68 and 5.70 (each 0.5H, both d, each J=
5.4 Hz and J=5.2 Hz); MS: m/z2(%) 379 (M*-18,
2), 111 (100), [High MS, Found: 378.2018.
Calcd. for CpH3p0g: 378.2040).

Clerodin homolog y-lactones, 39 and 40

A large excess of Cr0z-2Py was added at 0°C to
a stirred sol of 10 mg (0.025 mmol) of i in
0.5 ml of dry CH2Cl;. The reaction mixture
was warmed to room temperature and stirred for
additional 2 hr. The mixture was added to a
cold aq. 5%HC1 and extracted with EtOAc. The
sol was treated in the manner described above
to afford 10 mg (100%) of a mixture of the
y-l?ctones, i? and 19, IR (CCl,): 1795, 1740
cm~}; 14 NMR (CDC13)% 61.2~2.2 (16H, m), 2.00
(3H, s), 2.06 (3H, s), 2.40 (1H, dd, J=17.7,
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3.0 Hz), 2.74 (lH, dd, J=17.7, 9.3 Hz), 3.04
(1H, m), 4.06 (iH, 4, J=12.0 Hz), 4.24 (iH,
dd, J=9.0, 5.3 Hz), 4.56 (lH, dd, J=11.0, 5.0
Hz), 4.64 (1H, d, J=12.0 Hz}, 5.80 and 5.93
(each 0.07H and 0.93H, both d, each J=5.0 Hz
and J=5.2 Hz); MS: m/z(%) 335 (M*-59, 5), 334
(M*-60, 12), 147 (100), [High MS: Found: 334.
1773. Calcd. for CigHy¢0g; 334.1780].

Clerodin homolog tri-MeOH adduct 44

A catalytic amount of BfTSOH stirred sol of
10 mg (0.02S mmol) of 5 in 3 ml of MeCH.
After 3 hr, the reaction mixture was poured
onto sat. NaHCO and extracted with EtOAc.
The sol was treated in the manner described
above to afford 10 mg (100%) of the tri-MeOH
adduct 44, IR (CCl,): 1740 cm™ -1, 14 NMR (CD-
Clz): 81" 7'\«2 1 (ISH m), 2.00 (SH, s), 2.06
(SH, s), 3.31 (SH, br.s), 3.68 (1H, m), 4.11
(14, 4, J=12.3 Hz), 4.36 (1H, t, J=5.1 Hz),
4,64 (1Y, d, J=12.3 Hz), 4.66 (2H, overlapped
with C!7 methylene signals); MS: m/z(%) 425
(M*-31, 2), 157 (100).

Clerodin homolog methyl acetal 4S

To a stirred sol of 10 mg (0.025 mmol) of

in 1 ml of ether were added at 0°C, 1 ml o
MeOH and a catalytic amount of p-TsOH. After
3 hr, the reaction mixture was poured onto
sat. NaHCO3 and extracted with EtOAc. The

sol was treated in the manner described above
to afford 7.2 mg (70.0%) of &? IR (CClg):

1735 cm=1; 1H NMR (€DC13): 6172v2.2 (18H, m),
2.00 (3H, s), 2.06 (3H, s), 2.80 (1H, m),

3.30 (3H, br.s), 4.06 (1H, d, J=11.5 Hz),
4.08 (IH, overlapped with one of ci7 methylene
signals), 4.62 (1H, d, J=11.5 Hz) ca. 4.62
(1H, overlapped with one of c1? metﬂ—lene
signals), 4.90 and 5.02 (each 0.5H, both d,
each J=5.5 Hz and J=5.0 Hz), 5.62 and 5.70
(each 0.5H, both d, each J=5.1 Hz and J=5.3
Hz); MS: m/z(%) 378 (M*-32, 2), 111 (100).
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