
rmrrkdra vol. n. pp. 1377 la 1581,19m1 
PrintcdmGmtBfimin 

PRODUCTS ACTIVE ON ARTHROPOILIIIt 

INSECT JUVENILE HORMONE MIMICS (PART 3): CYCLONONANE 
ANALOGUE OFCECROPIAJUVENILE HORMONES 

HEKANT A. PATEL and SUKH Dev* 
Malti-Chem Research Ccntre, Nandesari, Vadbra, India 

(Receiued in UK #I AugvJt MU) 

Abdract-Synthcsis of cyclononane analoguc of Cecropia juvenile hormone-1 is described. The analogwe is only 
moderately active against Llysdmw chguhtus. 

Opening of cyclic or closing of acyclic structures has 
often been exploited, sometimes with gratifying results, 
in Qe molecular modification of biologically active 
compounds.’ The approach is essentially based on the 
hypothesis that such transformations may lead to wm- 
pounds with comparable shapes and other physical 
characteristics, and thus, may retain, in a mod&d form, 
the biological activity. Though, several compounds based 
on Cecropia juvenile hormone-I (III-I; l), JH-II (2), and 
JH-III (3)' containing 3-? 5-‘” and 6-membered4J*’ car- 
bicycles have been synthesised, invariably additional C 
atoms have also been incorporated. Many of these com- 
pounds were found to be effective growth regulators, 
though on different insect species. The present in- 
vestigation was undertaken to see how by closing a 
part-structure of JH-I (l), the JH activity would be 
a&ted. Of the very large number of structures that can 
be generated from such an exercise, we have restricted 
our effort to those schematically. shown in Pii. 1. The 
synthesis of 4 is described in the present communication, 
while the preparation of 5 and 6 will form the subject 
matter of a subequent publication. It is real&d that in 
goin9 to .@uctures such as .4, 5, 6 there will be some 
distortion in the shape of the original molecule (l), but 
thie is not signi6cW, as verified from molecular models, 
the overall essentially linear disposition of the func- 
tionalitybeiq maintnined. 

tpart II, Agr. BiuL ckm 44,1483 (MfJ). 
&fRC Communication No. 23. 

I : R = R,=Et 

2 : R=Et. R,=Ms 

3: R = R,= Ma 

S-Methyl-cycionon~Z)-en-l-one 
For the synthesis of 4, S-methylcyclonon4(Z)-en-l- 

one (8) appeared to be a logical and convenient starting 
point. The preparation of 8 has, apparently, not been 
described. Suitably constituted I$-glycols can be made 
to fragment generating oletlnic ketones, in which the 
ethylenic linkage is formed in a stereospecilic manner.* 
This reaction (Fig. 2) appeared most suitable for the 
synthesis of 8. Tbe required diol 15 was prepared from 
the known’* lo bicyclic keto alcohol 9, along the lines 
indicated in Pii. 3. The ketol 9 was converted to the 
oletinic alcohol 11 Z&J the thioketal (lo), either by-dcstd- 
phurization with Rancy Nil’ or with sodium-liquid am- 
monia.‘2 The olefin 11 on exposure to perbenzoic acid in 
dichloromethane, furni&ed the desired epoxy derivative, 
in which the oxinne function is considered to be @- 
oriented (l2), in view of the known” assistance from an 
OH function in directiq the peracid attack in a non- 
polar solvent. Refhrxiq of 12 with L.AH in THF yielded, 
in excellent yield, a crystalline dial, which from its PMR 
spectrum was clearly the required 13, as anticipated.” 

6 
(---- is new bond) 

Fig 1. Some modes of r&korporation in JH-I. 
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Fig. 3. Synthesis of 4,5,6.7,8. Phexahydr~B-mcthylindane-la, 9Bdiil. 

Pyridinc-chromic-acid’J oxidation of 13 furnished ketol 
14. Hydride reduction of 14 was expected to occur from 
the convex face of the molecule, possibly further assis- 
ted” by the 9&OH, to give essentially 15. In practice, 
NaBH,-MeGH reduction of 14 afforded a single crystal- 
line diol, which was distinct from 13 (m.p., IR, PMR)” 
and is thus clearly the required 15. The secondary 
hydroxyl in 15 was readily ester&d with p-toluenesul- 
phony1 chloride and pyridine to give 7, This mono-tosyl- 
ate (7) on treatment with NaH in tetrahydroftunn (35”, 
24 hr) smoothly underwent the expected cleavage (Fig. 2) 
to furnish the anticipated 5 - methyl - cyclonon - 4(Z) - en 
- -1 - one (8. Mass: m/e 152. IR: C=G 1705 cm-’ PMR: 
Me-C=CH, 1.63 ppm, s; MeX=CHXH1, 1 H, 5.50ppm, 
bi., WA = 14Hz). the 2 geometry of the olefinic link- 
age arisir&’ from the an&configuration of the Me and 
the leaving group in 7. 

Since, the configuration of the tertiary OH in 7 is not 
relevant for fragmentation to 8, attempts were made in 
the initial stages of this investigation for inversion of the 
OH configuration in 11 by several methods,‘* but without 
much success. 

Methyl cis - 10, 11 - epoxy - 7”, 13 - cycfo - 7 - ethyl - 3, 
11 - dimetlryl - ttidecu - 2 (E), 6(t) - dhoate (24) 

5-Methylcyclononenone (8) obtained as above, was 
next successfully elaborated into the required HI-1 
analogue #), along the lines depicted in Fig. 4. Conden- 
sation of 8 with the ylide from the much exploited” 

acetat phosphonium salt (16), followed by acid 
hydrolysis,, atTorded the expected dienone (17). The 
product appears to be stereochemically homogeneous 
from its bebaviour on two different GLC columns (Car- 
bowax, SE-30) and,from its PMR spectrum, though this 
conclusion could be mislead&20 the stereochemistry of 
the product also remains obscure.” The dienone (17) was 
next exposed” to dimethyl methoxycarbonyhnethyl - 
phosphonate in presence of base to furnish 6nally a 
mixture 2:1 of the triene esters (18, 19), which were 
readily separated by inverted - dry - column - chromato- 
graphy (IDCC).” As expected,” the major product was 
the E-isomer (la), which was readily recog&e@’ from 
its PMR Spectrum. 

Epoxidation of the E-isomer (18) with mchloroper- 
benxoic acid led to a mixture of the desired monoepoxide 
(20) and the diepoxide (6,7: 10, lldiepoxy), which were 
separated by preparative - layer - chromatography and 
recognized from their spectral characteristics. 

Juvenile konnone acfiutiy 
The targeted compound 20 was evaluau# against 

three insects: Dysdercus cingulatus F. (5th instar larvae), 
Grnphomo italicurn Mull (5th instar larvae), and 
Tenebrio molitor L. (pupae). The inhibition dose-50 (ID- 
50)% was found to be 8.0, > 50 and > 500 repctively 
for the three insects; the corresponding values for JH-I 
being 0.5, 1.0 and 1.0. Thus compound #) has only 
moderate activitp against Pyrrhocorid bugs and is 
completely inactive against the other two insect types. 



8 16 

18 

I 4 

m c”&b./CWMe 

20 

Products active on arthropo&m 

i 

3 

dOOMI 
IS 

Reagents 
1: ‘BuOK. THF 
2: p-TM. aq. acetone 
J: (MeO),P(O)CHGOOMe, 

NaOMe. DMF 
1: m-CI-CaH.COOOH. CH&L 

Fig. 4. Synthesis of cyclononanc analogue of JH-I. 
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ExPmmNTN. 

AU m.ps and b.ps are uncorrected. Liit petroleum refers to 
the fraction b.p. w. All solvent extracts were finally washed 
with brine and dried (anhyd Na&). 

The following instruments were used for spectral/analytical 
data: PerkLElmcr infrared spectsophotometer, model 267; 
Perkin-Ehner model R32 (9OMHz), NMR spectrometer; Varian 
Mat CH-7 Mass spectrometer (7OeV, direct inkt system); Hew- 
ktt-Packard 5712A and 7624A gas chromatographs (Al columns, 
180 cm = 0.6 cm; support 60-88 mesh Chromosorb W; carrier gas, 
H3. All PMR spectra were recorded with 15-2096 soln in CCL, 
(unless otherwise stated) with TMS as internal reference; signals 
are reported in ppm (6); whik citing PMR data the following 
abbreviations have been used: s, singkt; d, doublet; 1, triplet; q. 
quartet; m, muhiplet; b, broad. Whik summarising mass spectral 
data, beside8 the mokcukr ion, ten most abundant ions (m/r) are 
reported with their relative intensities. 

Silica gel for column chromatography (- 100, t MO mesh) was 
washed with hot water till sulphate-free, dried, at 125-130” for 
6-8 hr and stamkrdised.a Tic was carried out on SiOs-gel layers 
(0.25 mm) containing 15% gypsum and activated 1 IO-1 15” (2 hr). 

To a soln of 9 (16.68; 0.01 mole), and ethanedithiol (14.1 g; 
0.15 mole) in dry McOH (120 ml), BF&terate (14 ml) was added 
at O-5’ (10 mitt) and the mixture left aside overnight (14 hr) and 
allowed to reach room temp (25-W). The resulting yellow soln 
was poured into ice-cold 10% NaOH aq (W)ml), extracted with 
CHCC (75 ml x 4), washed with Hz0 (100 ml x 2). dried and freed 
of solvent to furnish 10 as a crystalfine solid (21.79; %I%), m.p. 
10~106°. IR (CHCW: 3420, 2910, 1660. 1425, 1270, 1060, 
865cm-‘. PMR (CDQ): &.C (3H. s, 0.97 ppm). SC&CH S 
(4H, q, 3.33ppm, Jr =7 Hz, Js =4Hz), CHOH (IH, t, 3.65ppm. 
J =8 Hz). Mass: mic 242 (M+; 85%) 214(55%). 182&t%), 
149 (27%), 138 (42%), 131(53%), II8 (68%). 105 (lOtI%), 91(38%), 
61(42%), 60 (38%). 

This product was suit&k for dcsulphurixation to 11 by either 
of the following two methods. 
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(i) With Raney Ni. A mixture of the above thioketal (2g, 
0.0083 mole), Raney Ni-Wzr (log) and EtOH (150ml) was 
refluxed (20 hr, NJ. after which it was filtered and the solid and 
filtrate transferred to appropriate places in a Soxhkt extraction 
set-up. After the Raney Ni had been continuously extracted for 
24 hr, the soln was freed of EtOH to get a yellowish solid, which 
was taken up in benzene-EtOAc (9~1) (1.5ml) and filtered 
through a column of silica gel/H (30 cm x l.lcm), which was 
washed with the same solvent (25Oml). Removal of solvent 
furnished a solid which was puritied by distillation: b.p. 9&w 
(bath)/O.OS mm, m.p. SJ-5T. fR(CCl&OH 3360, 1055 cm-‘; C=C 
1630, 852cm-‘. PKR: Me.C (3H, II, 0.88ppm), CkIOH (LH, 1, 
3.52ppm. J=8Hz). CFC (IH, bm, 5.23ppm. WH=9Hz). 
Mass: m/c 152 (M’; 73%), 134(41%), 119 (35%). 109(65%), 
97(48%), 95(40%), 93(10096), 91(51%), 81 #I%), 79(52%), 
67 (35%). (Found: C, 78.60; H, 10.30. Cl&O requires: C, 78.89; 
H. 10.59%). 

(ii) With sodium-liq. ammonia. The thioketal (12g; 0.05 mok) 
in dry ether (5OOml) was added to lii. NH3 (- 158Oml) and to 
this sodium (12 g. 0.52 g atom), cut in small pieces, was added 
(10 min) with continuous sm After another 15 min, the blue 
color of the reaction mixture was discharged by cautions addition 
of EtOH (25 ml). Ammonia was allowed to evaporate and the 
residue worked up with ether in the usual manbtr to finally 
furnish the required compound (11). m.p. 51-52” (6 g; 79%). 

4QEpoxy+3-methyihydrindon-lb-ol(l2) 
To a stirred soln of 11 (6.08 g; 0.04 mok) in CH&ll (50 ml), a 

CH& soln of PBA (0.7246 N, 55.7 ml; 0.04 mole) was added at 
O-5” (3Omin) and then left aside at tbc same tcmp for aDother 
2 hr. To tbc mixture, water (100 ml) was added. the ether layer 
separated and the aq. part extra&d with CHsClx (58ml x 3). 
Usual work-up furnished 32 as a colorksa oil (5.8~ 87%). JR 
(CHCls): 3460, 2950, 1468, 1040, 912an-‘. PMR: Me.C (3H, s, 
0.97 ppm), epoxy-8 (IH, m, 3.&3.33ppm), CJjUlI (fH, m, 
3.7-4.1 ppm). Mass: m/c 168 (M+, 24%), 124 (lOtI%), 111(32%), 
lO9(39%), 97 (55%), 95 (35%), 93(37%), 81(40%), 79 (39%). 
66 (44%), 55 (39%). (Found: C, 71.6; H, 9.7. C&& rquires: C, 
7 I .43; H, 9.5296). 
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8@MethyIhydrindan-lj?, 9/3-dial (13) 
TO a stirred slurry of LAH (1.1 g; 0.03 mole) in THF (40 ml), 

was added a soln of the above akobol (5s; 0.03 mole) in THF 
(IOml) during 20 min at room temp (25-M”) and refluxed (6hr). 
The reaction mixture was decomposed with cold water and 
worked-up in the usual manner to get the diol 13 as a white solid 
(459g; m) which was crystallized from ether: light 
petroleum/l :2 to get the pure diol (48). m.p. I Ibllf. JR 
(CHCls): 3430, 2960, 2884, 1462, 1012, 886cm-‘. PMR (CDCIs): 
Met (3H, s, 1.06 ppm). CHOH (lH, 1, 3.70 ppm, J = 6 Hz), OH 
(1H, bs, 2.9ppm). Mass: mlr 152 (M+- 18; RR%), 137 (78%), 
I34 I52%), 123 (51%), 109 (99%). 108 (85%), 107 (50%), 105 (69%), 
104(43%), 103(55%), 81(48%). (Found: C, 70.8; H, 10.8. 
CleHllOi requires: C, 70.59; H, 10.5%). 

8p-Methyl-9@-hydmyhydrindan-l-one (14) 
CrO, (l8g; 0.18 mole) was added to a stirred soln of pyridine 

(28.4 g; 0.36 mole) in CHrC12 (450 ml) and the deep burgandy soln 
was stirred (IS min) at room temp. (25X’). The dial 13 (5.1 g; 
0.03 mole) in CHzClz (10ml) was added in one portion with 
stirring. A tarry black deposit separated immediately. After stir- 
ring (15min) at room temp, the soln decanted from the residue 
and the residue washed with Et20 (100ml x 3). The mixed 
organic soln was washed successively with 10% NaOH aq 
(1OOml X 3), 10% HCI aq (100 ml x I), 10% NaHCOs aq (100 ml x 
I), brine and dried. Solvent was removed and the residue was 
taken up in Et20 (200 ml), filtered, washed with brii, dried and 
freed of solvent to furnish I4 as a white solid which was distilled, 
b.p. 95-looO/O.O5 mm, m.p. 89-90”, yield 3.491(69%). IR (CHCIs): 
3460,2940,2870, 1740,1455,1218,1090,960 cm-‘. PMR (CDCI,): 
Me.C (3H, s, 1.02 ppm). Mass: m/e I68 (M*; 83%). l50(28%), 
TTi (23%) 112 47%). 1 I1 (25%), 109 (38%). 108 (l&I%), 97 (45%), 
95 (58%). 93 (39%), 67 (25%), 55 (31%). (Found: C, 71.2; H, 9.8. 
C1&,602requires: C, 71.43: H, 9.5%). 

8@-Methylhydrindan-lrr, 9j?-diof (15) 
To a stirred soln 14 (3.36 g; 0.02 mole) in CHaOH (30 ml) was 

added NaB& (0.756 g; 0.02 mole) in small portions (I5 min) fol- 
lowed by additional stirring at room temp (15 hr). Cold saturated 
aq soln of tartar-k acid was added with ice-cooling until the white 
precipitate redissolved. Almost all of the MesOH was removed 
under reduced pressure and the resulting aq soln was extracted 
with EtsO (50 ml x 4), the extract worked up in the usual manner 
to get 15 as a white solid which was crystallized from ether: light 
petroleum/l:2 to furnish pure dial (2.97g; 87%). m.p. 122-123”. 
IR (CHQ): 3470,2950,1480,1470,1070,900 cm-‘. PMR (CDCI,): 
Me.C (3H, s, 1.02 ppm), CHOH (lH, t, 4.22 ppm, J = 7 Hz). Mass: 
SiJe 152 (M’- 18, 94%), 137 (88%), Jl2(56%), 109(10046), 
108 (73%), 97 (78%), 95 (lOD%), 93 (63%), 85 (59%). 83 (56%), 
81(72%), 67 (78%), 55 (72%). (Found: C, 71; H, 10.3. C,,,H,,& 
requires: C, 70.59; H, 10.59%). 

5-Methyl-cyclonon-4(Ztn-l-one (8) 
To a soln of 15 (2.5 g; 0.015 mole) in dry pyridine (40 ml) was 

added p-toluenesulfonyl chloride (35 g: 0.018 mole) at 0” and left 
overnight at 10-15”. The mixture was then diluted with cold Ha0 
(25Oml), extracted with Et,0 (3Oml x 3). washed with Hz0 
(3Oml x 1). 15% HCI aq (34lml x 2) and further worked up to 
yield 7 as a pale yellow oil (4&g; 97%) which was satisfactory 
for the next step. 

The above tosylate (3.24 g; 0.01 mole) in THF (5 ml) was added 
to a stirred suspension of freshly prepared KOBu’ (3.36g; 
0.03 mok) in THF (38 ml) at room temp (25-30”) under Np After 
stirring (2Ohr) at room temp, the resulting yellow soln was 
diluted with Hz0 (50 ml) and brine (50 ml) and the product taken 
up in Et,0 (40 ml x 3). The organic layer was worked up in the 
usual manner to give a yellow oil which was taken up in light 
petroleum (Zml) and filtered through a silica gel/II column 
(I5 cm x 1 cm), which was further washed with light petroleum: 
C&.)1:1 (500 ml). The eluate was freed of solvent to get 8 as a 
colourless liquid (1.17g; 77%), b.p. 115-120” (hath)/4mm, nDm 
1.4869, (glc purity, 96%: 10% Carbowax 20M; 170’). IR (Ccl,): 
2936, 1705, 1470. 1450. 1375, 1335. 1235. 1148. 1115, 1042. 980, 

860, 83Ocm-’ PMR: Me.C=CH (3H, bs. 1.63 ppm), Me.C.=CH 
(IH, bm, S.H)ppm, G= l4Hz). Mass: m/e 152 (My 33%). 
15004%). I08 (41%), 95 (47%). 93 (l&I%), 91(43%), 81(4%), 
80(51%), 79c1%), 77(46%), 66(76%), 55(71%), 53(51%). 
(Found: C, 79.2; H, 10.6. Cl&O requires: C, 78.95; H, 10.53%). 

6”, I2-Cycle-I~mcrkyl&crkyl-dodccad(U, 9Z)-dim-2-01~ (17) 
To a stirred suspension of freshly prepared KOBu’ (I.85 g; 

0.017 mole) in THF (30 ml) 16 (73 g; 0.015 mole) was added and 
the mixture stirred for another 0.5 hr at room temp (2S3CP). To 
the resulting orange pbosphorane a soln of 8 (152 g; 0.01 mole) in 
THP (3ntJ) was added (5miu) with stirring and tire stirring 
continued for another 2 hr @Jr) at room temp and then for 12 hr 
at 50’. THF was distilled off and the residue treated with light 
petroleum (1OOrnl), filtered and the fiRrate washed with brine, 
and dried and concentrated to -5001. The resulting soln was 
chilled to - 10 to - 1s” (3 hr) and filtered to remove triphenyl- 
phosphine oxide. The filtrate was freed of solvent to furnish a 
yellowish oil which was mixed with acetone (28 ml), Hz0 (5 ml), 
p-tohtene sulfonic acid (0.1 g) and stirred (12 hr) at room temp to 
effect dekemhzation. Acetone was distilled off, tbe residue 
diluted with Ha0 (25 ml), neutrahzed with solid KsCOs (0.15g) 
and extracted with light petroleum (30 ml x 4). The extract was 
worked up in the usual manner to furnish a yellow oil which was 
taken up in light petroleum (3ml) and filtered through a 
column of silica gel/H (28 cm x 2 cm). The column was washed 
with light petrokum: C&/l:1 (800 ml) and the ehrate worked up 
to give 17 as a colorless liquid (1.46g; 73%), b.p. 1%130” 
(bath)/O.Ol mm, noa” 1.4983. (glc purity, 98%; 5% Carlnrwax 
20 M, 190@, 10% SE-30; ZOO”). IR (Ccl,): 2916, 1720, 1662, 1445, 
1352, 1268, 1155, lO22,980,945,855cm-‘. PMR: Me.C=CH (3H, 
bs. l.&lppm), COMe (3H, s. 2.04ppm), C&C (lrt, 5.18 ppm, 
J = 6 Hz), Me.C=C~(IH, bm, 5.46 ppm, WH = 15 Hz). Mass: m/e 
220 (M+; 27%), 162(66%), 146 (43%), 135 (53%), 107(33%), 
95 (43%), 94 (73%), 93 (41%), 81(41%), 79 (lfXI%), 66 (44961, 
55(41%). (Found: C, 82; H, 11.2. C&,0 C, 81.82; H, 10.92%). 

hfethy&Y, 6, Z- andZ, &Z-7’. 13 - cycle -7 -ethyl - 3. I I - dimethyl- 
t&co - 2, c, 10 - t&mate (18 and 19) 

To a stirred suspension of NaOMe (0.552 g; 0.1 mole) in DMP 
(I5 ml) was added trimethylphosphormacetate (1.8~; 0.01 mole) 
at 25” and stirred for 3Otnin under Ni. To the clear soln of 
phosphonate carbanion, thus obta&l was added a aoln of 17 
(1.12~; 0.005 mole) in DMF (2ml) at 20” and stirred (24hr) at 
room temp (Z-30”). The resulting yellow sohr was then decom- 
posed with Hz0 (35 ml), extract4 with Eta (25 ml K 4), washed 
with Mine, dried and freed of solvent to get a mixture of 18 and 
19 (0.98 g; 72%). b.p. 155-160”/0.01 mm. UC purity, 96%; 5% 
Carhowax 20 M; 2uP; 19:18/34&i). 

The above mixture (75Omg) was separated by Inverteddry- 
column-chromatography” (silica gel, 24cm x4.4 cm; Light 
petroleum: C&,/60: 40) to get pure 18 and 19. 

Compound 18 (34Omg): b.p. 155-lacP/O.Ol mm, nDas 1.5081. 
(glc purity, 95%; 5% Carbowax 2OM; 22V.) JR (CC&): 2918, 
2864, 1726, 1652, 1448, 1366, 1230, 1158. 1064, 930, 87Ocm-‘. 
PMR: &C=CH (3H, s, bs. 1.6Oppm), Z-M&X.COOMe (3H, s, 
2.13 ppm), COOMe (3H, s, 3.62 ppm), C&a (IH, bm, 5.12 ppm, 
Wn=l2Hz), Me.C=CH (IH, bm, 548ppm, W,=14Hz), 
C=C:84XKlMe (lH, bs, 5.58ppm). Mass; m/e 276 (M’; 15%). 
163 (4%), 135 (47%), 114 (52%), 107 (&I%), 103 (55%). 101(53%), 
95 (67%), 82 (64%), 81(95%). 79 i.Bl%), 67 @O%), 55 (10096). 
53 (56%). (Found: C, 78.4; H, 10.2. C,,H& requires: C, 78.26; 
H. 10.15%). 

Compound 19 (16Omg): b.p. 155-ltXP/O.Ol mm, II,,” 1.5067. 
(glc purity, 9446: 5% Carbowax NM; 227.) LR (CCI,): 2930, 
2840,1735,1648,1448, lu#), 1244,1228, ltX4,926,86Ocm-r. 
PMR: Me.C=CH (3H, bs, 1.6Oppm), E-Me.C=CH.COOMe (3H, 
d, 1.88~m, J = 2 Hz), COOMe(3H, s, 3.62 ppm, Wu = 14 Hz), 
5.22 ppm. J = 7 Hz), Me.C=CH~H. bm. 5.48 pptn. WH = 14 Hz). 
C=CH.COOMe (IH. bs, 5.58ppm). Masai m/r 276 (M’, 44%). 
163 (58%). 135 (75%), 114 (57%), 107 (Sosa), 95 (69%), 93 (53%), 
81 (lOO%), 79 (90%). 67 (74%), 55 (67%). (Found: C, 78.6; H, 10.5. 
C,,H& requires: C, 78.26; H, 10.15%). 
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Metny&cis - 10, 11 - epoxy - 7’, 13 - cycle - 7 - ethyl - 3, 1 I - 
dimethyi - t&u - 2 (E), 6 (u - diode (a) 

A sola of mCI_PhCOJI (0.232 g; 65%) in CHICI, (10 ml) was 
added to a soln of 16 (0.276 g; 0.001 mole) in CHfi (10 ml) at 0”. 
‘Die mixture was &en kft aside overnight at CP. The usual 
work-up furnished a colorless oil (0.2540) which was puritkd by 
preparative-laterchmatograpby (silica pl. 28 cm X 28 cm X 
0.5 mm; light petroleum: EtOAc/18:2) to get the required an&- 
gut 20 (7Omg; & 0.52). IR (CC&k 2930.2860, 1720, 1645, 1432, 
1378, 1356,12u), 1145, lO35,862cm-i. PMR: Epoxy-& (3H, s, 
L2Oppm), Me.C=C.CGGMe (3H, ss, 2.13ppm), CGOMe (3H, s, 
3.62 ppm), C&C (lH, ltm. 5.12 ppm. J = 12 Hz), C = CHCGOMe 
(lH, bs, 5.58ppm). Mass; mlc 292 (M’, 4%), 161 (92%) 
I35 (64%). 121(53%), 114 (60%). IO7 (60%). 95 (89%), 93 (79%), 
80(10096), 78(70%), 67m%), 55 (72%). (Found: C, 74.2; H, 9.7. 
Ci&Oj requires: C, 73.97; H, 9.59%) 
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