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SYNTHESIS OF cis-PERHYDROINPflNE AND CYCLONONANE 

ANALOGUES, OF CECROPIA JUVENILE HORMONE'

ABSTRACT

The present Chapter describes the synthesis of cis-oerhydro- 

indane analogues of Cecropia juvenile hormone, from a critical 

and common starting point —— cis-bicyclo (4,3,0)nonan-3-S-dione 

uhich uas prepared from indene; and cyclononane analogue of 

Cecropia juvenile hormone from 5-mathyl-cyclonon-4(Z)-en-1-one; 

which was preoared from 2-methy1-cyclo-pentan-1,3-dione.



INTRODUCTION

The biological profile of natural products, including

their derivatives, and synthetic analogues, served to formulate
the early ideas about possible relationship between chemical
structure and biological activity. It soon realised that

certain structural units of the molecules of biologically active

compounds are also to be found in those of other qompounds having

similar properties. This provided a guiding thought in mapping
the structure of further compounds with analogous activities,
hopefully more potent, more specific, or less toxic. The
molecular modification of a promising ’’lead” compound is still

1 ba major stream of investigation to novel analogues. Structural 
changes produce new physical properties, and alter the reacti­

vities of a molecule, which in turn may create changes in 
distribution in cells, and tissues, in access to active sites 
of enzymes and receptors, in reaction rates at such sites, and 
in excretion patterns. Even an apparently very minor variation 
in chemical structure may thus uncover biological effects that 

have been dormant or overshadowed by side effects in the 

parent compound.

One interesting aspect of molecular modification is the 
designing compounds, by opening of cyclic or closing of acyclic
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Structures - uhich have comparable physical properties and 

shapes, especially if such features as rigid bonds or intra­
molecular hydrogen bonds provide an impetus for pseudocyclic 

conformations.

Among.the best known examples are the potent estrogens.
The natural estrogenic hormone estrodiol (T-1) can be simulated 

by the synthetic .diethyIstilbestrol (l-2). The latter is about

as active as the natural hormone (T-1}* and is much more potent
3Cthan it’s tetracyclic analogue with two terminal phenolic rings.

In anticholinergic diethylaminoethy1 esters,
, ,, 1d,1s /. ,the aromatic rings enhanced the activity U ”4

than T-3) .

tying back 
is more active



In the muscone series, the smell of (T-6) is more animal 

like and closer to natural musk than the purified ring ketones 
such as civetone (T-5), and muscone which possess a somewhat 
sweet and flowery note.1-^

This approach to the synthe 
(3H-I, 1; 3H-II, 2; 3H-III, 3)2

is of Cecropia juvenile hormones 
mimics has not been exploited,

1_ I R a R1 = Et 
_2 : R = Et, R1 » Me
_3 S R « R1 “ Me

3 4 5, 6 ,though several analogues with three, four, five, and
six-membered5’7,8 rings (Fig. 1) have been reported invariably.
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additional carbon atoms have also been incorporated. Many o.f 
these compounds were found to be effective growth regulators, 
though on different insect gneciss * The present investigation 
was undertaken to see how by closing a part-structure of 3H-l 
(T), the 3H-activity would be affected. Of the very large 
number of-structures that can be generated from such an exercise, 

we have restricted our #for.t to those schematically shown in 
piq. 2.- These novel modifications would result.in molecules 

having 2 or 4 hydrogens less than 3H-I (1_) anb having a molecular 
shape which may be likened to certain frozen conformations of

Also it is revealed that- in going to structures such 
as 4, 5, 6 and''7 there will be some distortion in the shape of 

the original molecule (D > but this is not significant as 
verified from molecular models, the overall essentially linear 

disposition of the functionality having maintained. The 
synthesis of 4, 5, 6 and 2 is described in ihe present chapter,

which form the subject matter of subsequent sections.
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SECTION-I

CIS - PERHYDROINDANE ANALOGUES OF 
CECROPIA JUVENILE HORMONE ( Part - I )

dl-Methyl 7” : 9, 7” : 13 - and dl-Methyl 7” : 13, 9 : 13 - cis - cyclo 
cis - 10, 11 - epoxy - 7 - ethyl - 3, 11 - dimethyl - 

trans -2, s - 6 - tridecadienoate.
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cis-PERHYDROINDANE ANALOGUES' OF 
CECROPIA 3UVENILE HORMONE (Part I)

INTRODUCTION

The synthesis of dl-metbyl 7" * 9, 7" j 1.3 - and dl-methyl 
7M : 13, 9 : 13-cis-cyclo-cis--10, 11-epoxy-7-ethy1-3,11-dimethyl- 
trans-2, % - 6-tridecadienoate*; 4 and 5 is described in the present 
section. Their relation to 3H-I (Fig. 2) is interesting in 
so far as they can be visualized as derived Prom 3H-I ring 
closures at positions 7M i 9, 7'* : 13; and 7" I 13, 9 : 13 

respectively.

RESULTS AND DISCUSSIONS

cis-Bicy clo(4,3,0)nonan-3,8-diohe

For the synthesis of 4 and 5j, cis-bicy clo(4,3,0) nonan-3, 

8-dione (10) appeared to be a critical and common starting 
point. The preparation of 10 has, apparently, not been reported 
so far. Suitably constructed indan-2,5-diols can be hydrogenated

^ Either E or Z geometry

+ This nomanclature is based on the name of the parent 3H-I?
7" ; 9, 7" : 13; and 7* 13, 9 ; 13 indicate that these
positions are joined together to form perhydroindane ring. 
Similar nomanclature is uell-knouin in steroid field.
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under pressure, in presence of catalypt to yield saturated 
dial, in which the ring junction between five- and six-membered 
ring formed is exclusively 'cis.9 The diols then can be readily 

oxidized10 to diketones.' This approach (Fig. 3) appeared most 

suitable for the synthesis of 10.

The required diol 8. was prepared from ind.ene, along the 
lines indicated in fig. 4. Indene Il_was converted to the 
ketone 1_2 with HCaOH/H^,11 diluted H2S04-; and thence to the 
alcohol 1_3 with LAN/Ether12- or with NaBH^/CH-jOH. Acetylation 

of 13_ with aceticanhydride-pyridine. furnished the acetate 1_4.
The acetate 14 was acylatsd at Cg position with AlClg/CHgCOCl, 
CS213 to yield the ketone 15_.. Baeyer-Villi'ger oxidation14 of 

15 with perfortnic acid produced a mixture of diol formate-acetate 
which uoon alkaline hydrolysis gave a diol which oh further 

acetylation afforded the desired diacetate 1_6. Refluxing of 1_5 
with KOH in CHgOH furnished indan-2,5-diol £§_; Mass; m/e 150.- 
IR (Fig., 1): (KBr-pellet): OH 3380 cm"1]. " High’pressure 
hydrogenation9 of 8 .with Raney Ni, U215/EtOH in presence of 

alkali afforded, in excellent yield, the required saturated diol 

9; in which the junction of five-and six-membered ring is
considered to be cis (9),' in view of the known9 high pressure

* -| g

hydrogenation of. hydroxy indahes. Bone’s oxidation of 9_
furnished the expected cis-bicyclo(4,3,0) nonan-3,8-di'one Cl2.»

Mass (Fig. 4A): m/e 152. IR (Fig. 3): (CCl*): five-membered
C»Q 1755 cm”1, six-rmembered C=0 1 725 cm 1. PMR. (fig. 4):

CH, CH2, 12H, 1.6-3.0 ppm, 6m}.



REAGENTS : 1- Raney Ni.Wj / H2/EEoH , 2: CvO,/d.l.^S04/AcAone

FIG. 3

REAGENTS *. V HCOsH /di\.V^604l9feamchdh\\aY\ovr ;2.HoBH4/EVoH 
3. AcjO/FV^ine . 4-. MeCOCWA\C\3/CS2 . 5-HCqW. G.NaOH/HeQ^

FI6. 4~ • S'/nVhesis of m<kin-2,&-<iia\



eis-Per hydro inclan e analogue of 3H-I

The synthesis of 4_ from 10_ uas achieved' according to the

scheme briefly outlined' in Fig. 5. The starting diketone 1_£

uas. converted to the olefin 1_7, with methylenetriphenyl - phos- 
1 fiphorane. Conditions for this selective Uitti'g -reaction at 

six-membered carbonyl were critical, but .the process became 

efficient when carefully executed (strictly anhydrous conditions, 
inverse addition1** of on.e equivalent of the reagent and temperature 

in the range of 0-3°). The olefin exhibited spectral character­

istics expected of ,17 (j»lass: m/e 150. IR (Fig. 5) j f ive-membered 
C=0 1 745 cm"1, C=C 1658, 1450 cm"1. PMR (Fig. 6) i C=CH2, 2H,

4.73 ppm, d, 0=6Hz].

Refluxing of 1_7 uith p-toluene sulfonic acid in benzene 
furnished the desired isomerized olefin (1-B; Mass? (Fig. 8A): 
m/e 150. IR (Fig. ,7): five-memb.ered C=0'1745 cm 1, C=C 1458,

.1442 cm"1. PMR (Fig. 8): Me G=C, 3H, 1.68 ppm,, bs;_ Me C=CH, 1H, 

^5.36 pom, d, 3=2Hz]. Uittig reaction of the ketone 1_8 uith 

the phosphonium salt 1£1-7 in presence of potassium-t-butoxide/
THF'afforded the ketal-20. which upon hydrolysis uith p-toluene 

sulfonic a'cid/acetone'furnished the dienoic ketone exhibiting 
spectral characteristics expected of 21_ (_Mass: (Fig. 10A)*438.

C-C,. 3H, . 1.65 ppm, bsj COMre, 3H, 2.16 ppm, ss; Me C=CH,
CH«C, 2H, 5.12 ppm, UH=1?Hz; 5,-30 ppm, W^UHz, tuo bra.



UVo>\cJe/W } 4 PS/AceVonu 3S.l ttO)2P(O}CH/O/le/N&0tt^ 
VV\f ; 6. rn-Cl - Ph3cqn / CH2CI2

FIG. 5 ■ Synthesis of eis-perhydYOindaite analogue of JHi3 4



Glc: 4.5 min (9Tfa), 5% carbouax 20H, 6', 200°, 60 ml/min ;

the (either 2 or E) geometry of double bond remains

unsolved from the PHR data or from • analysis of-similar cases.17

1 8Condensation of the ketone 21_ with methyldiethyIphosphonoacetate 
in the presence of NaOHe/DHF1^ gave rise to a mixture of £ - and 

2-esters (22 and 23) , could readily be separated by inverted- 

dry-column-chromatography (IDCC) , and identified as, one would 

expect different chemical shift in PMR. (fig. 12 and 14) for’ Cg-He 

signals for the £-(22, 2.1-5 ppm) and 2-isomers (23, 1.88 ppm) 

Epoxidation22 of-E-ester 22 with m-Cl-PhC03H23/CH2Cl2 at 0° 

followed by tic purification afforded the targeted pis-pisrhy- 

droindane analogue of 3H-I, in the racemic form £"4; Hass (Fig. 16A) $ 

m/e -290. IR (Fig. 15): C=0 1720 cm-1, C=C 1 648,' T43 2, 8 60 'em-1.

PHR (Fig. '16): He.C—C, 3 H, 1.26 ppm, ss; 2-He_. C=C. COOHe, 3 H,
\q/

2.16 ppm, ss; COOHa, 3 H, 3.-62 ppm, ss; He Cf*C, 3 H, 1.66 ppm, 

bs, is it due to contamination of 24?; CHf=C, 1 H, 5.10 ppm, m, 

Uh=14Hz; 5.28 opm, m, UH=10 Hz*, C^CK COOMe, 1 H, 5.58 ppm, bs],

cis-Psrhydroindane analogue of 3H-I (5)

The synthesis of 5_ from 1_0 was accomplished by the path shown 
in pig, 6. The diketone 1_0 was selectively reduced24 with NaBH^/

EtOH25 at 0° to produce the anticipated hydroxy-ketone 26 Hass: m/e

— 1 —1
154. IR '(Fig. 17): OH 3460 cm , five membered C=0 1740 cm .

PHR: CHQH, 1H, 3.5-4.0 ppm, bm . Action of-five-fold excess' 

PhgP+HeI- on the hydroxy ketone 2jS, in presence of potassium-t-



Pyv'Qme —supposed on /CVyC^ ; T■ PT51t 6- ^ P "
UVox.de/TW •, e PTS/Aco-ont ;7T\VeO)plOK.«a;-le/MuOlVe/B«F;

8. tn-C\- PhCOjM /CV\2C(2

FIG- 6• ‘bynffresis ot ci&'Pevhydroinda.ne <mafc><|u.e of JH-J - 5_
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butoxide/THF furnished the expected hydroxy olefin 27 (IR (Fig. 18): 

OH 3340 era"1, C=C 1 660, 1452' era" . PflR^ CH2=C, 2H, d, 4.83 ppm,
270-2Hz). Chromium trioxide-pyridine (supported on silica ,gel) 

oxidation'of 27_ furnished in high yield, the required olefinic 

ketone 28. Refluxing of 28 with p-toluene sulfonic acid in 

C Hc yielded a mixture of isomarized olefins (29 and 30), could 

readily be separated by preparative gas chromatography, and 

identified by PMR, as one would expect 2-protons (2.8 ppm, d),

B B

Fig. 7
as singlet on decoupling Y-proton (2.08 ppm, -in) which in turn 

was located by decoupling x proton (5.16 ppm, d) in -29. Similar

. i rH a nnt' affpdt the doublet of 2r protons,decoupling experiments did not arrecc me uuuu
, , . r,n (c\ n - The ketone 29 on exposure to as expected m 30- l Fig. ') » >nB

-y - — . 7
(4,4-ethylenadioxy) pantylene triphenylphoephprane in 

tetrahydrofuran, yielded the deeited Uittig ketal 31 which on 

hydrolysis with p-toluena sulfonic acid-acetone furnished 

dienoic ketone exhibiting spectral characteristics expected 
of 32 04 ass (Fig, 27A) : m/e 218. IR (Fig- 26)-. C=0 1730 cm 1, 

c=c 1450, 868 cm-1. PUR (Fig. 27): C-C. 3H, 1.70 ppm, be i

a



cone, 3H, 2.05 ppm, ssj We C=CH, CHfC,s2H, 5.10 ppm, UiH»21Hz,
bm, Glc.: Rf 4.96 min (98$),. 5$ carb.owax 20W, 6’, 190°, 60 ml/

v 5 6*
min}, the $ (either 2 or E) geometry of double bond
remains obscure from the PWR data or from .analysis of similar 
cases J 7 The ketone '32, on. interaction with trimethylphos- 

phonoacetate in presence, of potassium—*t—butoxide/THF, under*** 

went Uittig reaction to furnish a mixture of trienoic _E- and Z- 
esters (33_ and. 34) could readily'be resolved by inverted-dry- 
column-chromatography (IDCC)20, and identified, as one would * 

expect different chemical shift in PWR for pg-We signal for the 
E-f33, 2.13 ppm (Fig. 29)] and 2-isomers \J3_4, 1.88 ppm (Fig.
31) ] 22. Selective epoxidation ,22 of the jE-ester 33 with , 

m-Gl-perbenzoic acid2-3 in methylenedichloride afforded a mixture 

of'epoxides from which the targeted cis-perhydroindane analogue 

of 3H-I (5) was obtained by preparative-layer-chromatography 
(PLC) . C§-»- Wass (Fig* 33A)S. m/s 290* IR (Fig* 32): 0=0 1730 cm ,
C=C 1 65 6, 14 42 , 8 68 cm“1 . PWR (Fig. 33): Be C-pC, 3H, 1.35 ppm, 

ss; 2-We.C=G.COOWe, 3 H, 2.16 ppm, bs; COOWe, 3 H, ' 3.62 ppm, ss; 
We.C=C, 3H, 1.70 ppm, bs, is it due to contamination of 35?*,

CH=C, 1H, 5.0 ppm, m, UH - 21* Hz; C-CH.COOBe, 1H, 5.57 ppm, 

d, 3 » 4 Hz').
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EXP ERIMEWTAt.

All m.ps and b.ps are uncorrected. Light Petroleum 
refers to the fraction b.p. 60-80°. All solvent extracts 

were finally washed with brine and dried (Na2S0^).

The following instruments- were used for spectra^/ 

analytical data: PerkinEimer, model R-32 (90 MHz) NMR ^spectro- 
meter;- Varian Mat CH-7 Mass spectrometer (70 e\/, direct inlet 
system); Hewlett-Packard 5712A and 7624A gas chromatographs 

(Al columns, 180 cm x 0.6 cm? support, 60-80 mesh chromosorb U; 
carrier gas, H2) . All PMR spectra were recorded with 15-20% 
soln in CCl^ (unless otherwise stated) with TMS as internal 

reference, signals are reported in ppm (rf)s while citing PMR 
data the following abbreviations have been used: s, singlet; 
d, doublet; t, triplet; q, quartet; m, multiplet; bs, broad 
singlet; ss, snarposinglet; bm, broad multiplet. U/hile 
summarising mass spectral data, besides the molecular ion, 
ten most abundant ions (m/e) are reported with their relative 

intensities.

Silica gel for column chromatography (-100, +200 mesh)

was washed with hot water till sulphate-free, dried, activated 
o 4-3at 125-30 for 6-8 hrs, and standardised. Tic was earned 

out on Si02~9e^ ■*-aV,ers (0.25 mm) containing 15% gypsum and



and activated at 110-115° (2 hrs).

All the Uittig and Grignard reactions were carried out 
in an atmosphere of dry Ng* ’ ' , . '

2-Indanone; 1 2

To._a soln of HCQOH (700 mi,, 85?S), and (140 ml,
30^) was added with vigorous stirring, and maintaining the 
temp between 35-40°, indene, 1_1_ (117.3 ml) over a period of

2 hrs. After ‘vigorous stirring for 7 hrs at room- temp, HC00H 
evaporated (b.p. 35-40°/20-25 mm)§ residue diluted with dil. 

f-^SO^ (2 1;, 1% >by vol), and, steam distilled. The white 
crystalline product from the distillate Was collected on a 
sintered funnel, and dried (90 gms, 69^),; m.p." 57-58° (lit1,? 
rn.p. 57-58°).

2-IndanPl »lsL ’ ' ’ “

(i) To a slurry of LAH (5.86 g) in dry ether (100 ml),
was added with stirring, and cooling at 0°, a soln of.the

ketone 1_2_-(20 g) in dry ether (250 ml), and further stirred for-
1.5 hrs. This was then decomposed with Na^SO^ aq soln, and
filtered. The residue was washed with ether (50 ml x 2), and 
filtered. The combined filterate was dried, and, evaporated;



yellowish crystalline solid of 13. (18.9 g, 90$), m.p. 67-
0/14 o

68 (lit. 68-70 ).

(ii) To a stirred soln of the ketone j_2 (13.2 g) in 

2^09.(150 ral) at 25°,• was added NaBH^ (1.9 g) in portions 

(15 min), and stirred for 3 hrs, CH^OH evaporated, residue 

diluted with f^O (150 ml), extracted with CHClj (75 ml x 3), 

washed, dried, and evaporated! yellowish crystalline solid of 

_13_ (12.9 g,' 90$), m.p. 67-68° (lit* 68-70°). IR(CC14): OH

3460 cm”1, 3080, 3035, 2970, 2920, 2850, 1490, 1468, 1430, 

1340, 1310, 1260, 11 65, '1045, 955, 932 cm”1. PNR: CH2, 4H, 

two q, 2.72 ppm, ,0^=16Hz, 32=402? 3,05 ppm, 3^17Hz, 32=6Hz; 

0H0H, 1H, bm, 4.45 ppm, U^=T6Hz? OH, 1H, bs, 3,04 ppm.

2-Indanol acetate; 14

A mixture of the alcohol 1_3_ (20g), Ac20 (150 ml), 

and dry pyridine (10 ml) was uarmed, and left overnight at 

room temp. - Then decomposed with H2Q (300 ml), extracted with 

light petroleum (75 ml x 3), washed with (50 ml x 1), dil. 

HCl (50 ml x 1, 1:1), H20 (50 ml x 3), washed, dried and 

evaporated: colorless liquid of 1_4_ (31g, 95$).. b.p. 120°(bath)/ 

2 mm. Rf 0.65 (Tic: 10$ EtOAc in CgH,6). IR.(CC14): 3084,

3040,. 2968, 2918, 28-60, 2850 cm”1, 0=0 1748 cm”1, 1492, 1470,- 
1430, 1382, 1254, T220, 1195, 1055, 1035, 985 cm"1 i



PjvjR* OCOCHjj 3H, ss, 1,94ppm| CH2, 4H, two q, 2.93ppm, 3^

16HZj 3 2=4Hz; 3.30 ppm, 3^=:16HZj 32~6Hz;, CHOCOCrl^,

5.46ppm» UH=15Hz; ■ Aromatic, 4H, s, 7.18 ppm'.

5-Acaty1-2-indanol acetate; 15

To a cooled (0°) solrt of the -acetate 14. (26.4, g) , dry 

CS9 (40 ml), and CHgCOCl (19.6 g) .was added powdered'anhydrous 

AlCl, (45.3 g) during 45 min and stirred for 3 hrs (the AlCl..
J

was contained in a wide mouth flask attached to the reaction 

vessel by a short length wide bore Tygon tubing.’ In this way 

the solid could be added in,controlled portions without 

exposure to the air). After stirring ,at room temp for 3 hrs, 

the reaction mixture was decomposed with cold H20» extracted 

with ether (150 ml x 3), washed, dried, and evaporated; white 

crystalline solid of 15.(30 g, 95%), b.p.' 200-210°(hath)/1 mm. 

Hi.'p. 64°. Rj, 0.45 (Titos 10$> EtOAc in CgHg). IR (CCl^)* 2970, 

2918, 2860» 2840' cm"1, C=0 1745, 1 694 cm"1, 1 620, 1580, 1434, 

1380, 13 65, 131B, 1248, 1218, 11 92, 1170, 1052, 1032, 980 cm 1. 

PflR; 0C0CJ3, 3H, ss, 1.95 ppm;- Ar.COCHg,, 3H, ss,, 2.47 ppm; CH2» 

4H, two q, 2,95 ppm, 3^=16Hz, 3'2=4Hz; 3.27 ppm, 3^=1 ?Hz, 32~6Hz 

CHOCOCHt. * 1H, bm, 5.46 ppm, U»H=15Hz; Aromatic, 3H, two d, 7.24 

ppm, O^BHz;, 7.72 ppm, 3 = 7Hz.

2, 5-Diacetoxyindane; 1_6

To a stirred soln of HC00H ( 60 ml, 8555)» and H202 (14 ml,



30%), was added the ketone 15^ (10.9 g) during 15 min, and 
stirred at room temp {22 hrs) . HC0OH evaporated (b„p. 35-40°/ 

20-25 mm)s brownish liquid of formate-acetate and diol with 

0.70, 0.75, and 0.5 (Ties 50$ 'EtOAc in CgHg) , which 'Was 

mixed with K0H (? g), H20 (5 ml), CH^OH (50 ml), and refluxed 

for 5 hrs.'GHjOH evaporated, residue diluted with H20 (100 ml), 

acidified with dil. HC1 (1:1), extracted with EtOAc (75 ml x 3), 

washed, dried, and evaporated: brownish liquid of dio.l with 

Rp 0.5 (Tics 50$ EtOAc in CgHg), which was acetylated with 

Ac20 (30 ml), dry, pyridine (5 ml), and left overnight at room 

temp. This was then decomposed with cold H20 (150 ml), extracted 

with EtOAc (50 ml x 4), washed, dried, and evaporateds white 

crystalline solid of 1_6 (8.9 -g, 75.5$), b.p. 180°(b,ath)/1mm, 

m.p. 70-71° (lit? 72-73°). IR (CCl4)s 3035, 2970, 2918, 2B6B, 

2842 cm”1 ? .C»0 1 770, 1 742 cm”1 *, 1490, 1440, 1430, 1378, 1255, 

1216, 1138, '1052, 1032, 980, 955, 900 cm”1'. PflRs QCOCHg, 3H, 

ss, 1.95 ppm; Ar.OCOCHj, 3H, ss, 2.18 ppm? CHOCOCHg, 1H, m,

5.46 ppm, U^=15Hz? CH2, 4H, m, 2.76-3*5 ppm? Aromatic, 3H, two 

d, 6.82 ppm, 3=9Hz; 7.12 ppm, 3=7Hz. Plasss m/e 174 (M* - 60, 

28.7$), 135 (38..8$), 134 (100$), 133 (35.7$), 11*9 (32.6$),

118 (99.2$), 117 (67.4$), 107 (35.7$), 105 (46.5$), 93 (31.8$),

79 (51.2$).

Indane-2, 5-diol; 13

The diacetate 1j5 (.10 g) was mixed with CHjOH (60 ml),



KOH (6 g)j H20 (15 ml), and refluxed for 5 hrs. CH^OH evaporated, 
residue diluted with H20 (100 ml), acidified with dil. HC1 
(1:1), extracted with' EtOAc (50 ml x 4) , washed dried, and 

evaporated: crystalline solid of 8_ (4.2 g, 65. &i), b.p. 215-220° 
(.bath)/lmm, m.p. 112-113°. Rf 0.5 (Tic: 50$ EtOAc in CgHg).
IR (KBr-pellet): (fig. 1): OH 3380 cm“1} 3140, 2928, 2830,

1605, 1474, 1428, 1330, 1280, 1250, 1235, 1132, 1045, 940,
862, 810, 750 cm"*1 . Mass: m/e 150 (M+, 68.2$), 121 (27.1$),

108 (27.9$), 107 '(61,2$) , 94 (25,#), 93 (100$), 92 (41.9$),

91 (43.4$), 8tl (54.3$), 78 (38.8$), 54 (27.1$).

cis-Bicyclo.(4,3, 0) nonan-3,8-dial; 9

A mixture of aromatic diol £ (13.9 g), EtOH (300 ml),
10$ MaOH aq sain (10 ml), and Raney Mi, U'2 (2 g) uas hydrogenated 
in Parr-apparatus at about 1600 psi at 155-1 60° for 8 hrs.

After filtering out the catalyst, EtOH evaporated, residue 
diluted uith H20 (50 ml), neutralized uith dil. HCl (1:1), 

extracted uith EtOAc (75 ml x 3), washed dried, and evaporated: 
colorless thick liquid of £ and hydrogenyled product (14 g) 
uith Rp 0.2, and 0.8 (Tic: 50$ EtOAc in CgHg), which was placed 

on a silica gel column (30 cm x 4.5 cm), and eluted uith EtOAc: 

CgHg (1:1), EtOAc to yield hydrogenyled product (4 g) , and 
the required saturated diol £ (9.8 g, 68$). IR (Nujol): (pig.2):



OH 3320 pm"1, 2920, '2850, 1445, 1360, 1338, 1065, 10'20, 970 cm"

cis-8icyclo(4,3,Q)nonarT"3,8~dlone; 10

To a stirred sain of saturated diol £ (7,7 g) in acetone 

(40 ml), was added lone's reagent (17 ml), slowly at 5-8°, till 

color of Jone's reagent persisted (6 hrs) , This was then 

diluted with ('15 ml), acetone evaporated, residue diluted 

with H^0 (75 ml), neutralized (solid NaHCO^), extracted with 

CHClg (75 ml x 3), washed, dried, and evaporated: colorless 

liquid of W (7,3 g, 96$),’ b.p. 1 50-1 55°(bath)/0.1 mm, n^6 

1.4981, Rf 0.55 (Tic: 50$ EtOAc in-CgHg). (96?0 purity by glc,

5$ carbouax 20M, 6", 190°, 60 ml/min, R^ 5.0 min). IR (Fig. 3) 

(CCl^): 3030, 2950 cm"1, five-membsred 0=0 1755 cm”'*, six- 

membered 0=0 1725 cm"1, 1420, 1372, 1315, 1290, 1240, 1215, 

1170, 1150 cm"1..PMR (Fig. 4); CH,CH2, 12H, bm, 1.6-3.0 ppm. 

Mass (Fig. 4A): m/e 152 (M+, 100$), 123 (22.1$), 111 (32.9$), 

96 (30$), 83 (21.4$), 70 (29.3$), 69 (95.7$), 68 (26.4$),

56 (83.6$), 55 (31.4$), 54 (21.4$). (Founds C, 72.5; H, 7.4. 

CgHi2°2 requiresl C, 71.05; 7.89$).

3-Methylen e-cis-bicyclo(4,3,0)nonan-8-on e; 17

Methvl triphenvl ohosohonium iodide: To a cold soIn of Ph^P 

(13i'6 g) in dry CgHg (80 ml) uas added CHgl (9.2 g), and 

left overnight at 10-15°. The separated opt was filtered,



70

washed with CgHg, and dried* white crystalline solid (20.6g, 

100g), m.p. 186-188% '

To a stirred suspension of freshly prepared K-t-butoxide 

(2.7 g) in dry CgHg (130 ml) was added Ph3P+Mel"* (8.88 g) and 

stirred at room temp, under N2 for 30 min. The resulting 

intense yellow sain was' transferred with dry N2' into the 

addition funnel fitted with another flask which previously 

contained a stirred sain of the diketone 1_0_ (3.0 g) . The 

yellow phsphorane- was then .added slowly at 0t3° (1 hr), and 

further stirred for 2 hrs. After stirring at room temp (5 hrs), 

the brownish reaction mixture was decomposed with H20 (50 ml), 

CgHg layer separated, aq. layer extracted with light petroleum 

(?5 ml x 3), washed, dried* and evaporated: semi-solid mass 

with Ph3P0 which was taken up in light petroleum (50 ml), 

digested on water bath (10 min), chilled at;r10 to -15° (2 hrs), 

filtered, and evaporated: yellowish oil, which was placed on

a silica gel column (2Q cm x 2 cm), and eluted with light 

petroleum: CgHg (1:1) to furnish colorless liquid ,of 1/7 

(2.4 g, 80^), b.p. 90-92°(bath)/0.1 mm, 1.5066, 0.35

(Tic: 3015 light petroleum in 'CgHg). (‘95% purity by glc, .5% 

carbowax 20M, 6*, 180°, 60 ml/min,' Rfc 2.5 min). ‘ IR(Fig. 5); 

(CC14)* 2920 cm"1, 5-membered C=0 1745 cm"1, C=*C 1 658, 1450 cm"1, 

1410, T150, 900 cm"1. PPIR (Fig. 6): CH2~C» 29» d» 4«73 PP^t



3=6Hz; Crf, CH2» 12H, ru, 1.6-2.5 ppm. Mass: m/e 150 (Fl+, 100%), 

108 (41.956), 107 (54$), 95 (100%), 94 (43.556), 93 (99,2%), 92 

(56.5%), 91 (4$), 81 (54.8%), 80 (90.7%), 68 (44%). (Found:

C, 79.5; H, 9.3. Q^H^O requires: C, 80$ H, 9.33%).

3-iylgfchyl-cis-bicyclo(413,0) non-2-ene-B-one; 1_8_

A' mixture of an olefin 1_7_ (3 g) , p-toluene-sulfonic 

acid (0.3 §)', and dry CgHg (50 ml) was refluxed for 10 hrs.

The reddish reaction mixt was then diluted with H^O (40 ml), 

neutralized (NaHCO^), extracted with CgHg (50 ml x 3), washed, 

dried, and evaporated: colorless liquid of 1_8 (2.6 g, 86, £%),

-b.p. 90-92°(bath)/o.1 mm, n^6 1.4988, R 0.35 (Tic: 30% light 

petroleum in CgHg), (97% purity by glc, 5% carbowax 2014, 6 , 

”180°, 60 ml/m in, Rt 2.25 min). IR (Fig. 7): (CCl4): 3010,

2922 cm"1, 5-membered C=0 1745 cm-1, C=C 1458, 1442 cm”1, 1410 

1385, 1220, 1115 cm”1. PMR (Fig. 8): CHg C-C, 3H, be, 1.68 

ppm; CH=C, 1H, d, 5.36 ppm, 3=2Hz; CH, CH2, 10H, m, 1.51-2.4 

ppm. Mass: m/e 150 (M+, 40%), 122 (14%), 107 (40.7%),' 94(100%), 

93 (27.3%), 92 (33.;3%) , 82 (14.3%), 80 (40.7%), 78 (28%),

59 (33.3%), 54 (22.7%) .'"(Found: C, 79.5; H, 7,3. C^H^Q 

requires: C» 80; H,- 9,3%).

o*-fi.cetyl-V-butyro lactone^

(i) To a mechanically stirred sain of NaOH (20 g),

H20 (125 ml), EtOH (45 ml), was added a mixture of ethylene
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oxide (22 g), and acstoacetic ester (65 g) , (previously cooled

to 0°) at 0-5° (20 min), further stirred (2 hrs), and 'left 

at 0-5° (48 hrs). The resulting soln was neutralized with 

HOAe (30 ml), extracted with CgHg (75 ml x 3) , washed, dried, 

evaporated, and fractionated; colorless liquid (18.2 g, 3Q&), 
b.p. 107-108 /5 mm (lit. 107-108°/5 mm).

(ii) To a soln of Na (6 g) in EtOH (100 ml), was added 

a spin of acetoacetic ester (33 g) in - EtOH (35 ml) slowly at 

room temp and refluxed for 30 min. To this soln uas added a 

mixture of ethylene oxide (11 g), and EtOH-(13 ml), (previously 
cooled to 0°), at 0-3°, further-stirred (2 hrs), and left 

overnight. EtOH evaporated, residue neutralized with HOAc (1:1), 
extracted with CgHg (50 ml x 4), washed, dried, evaporated, and 

fractionated: colorless liquid (16.2 g, 55^), b.p. 142-145°/
30 mm (litt5 142-145°/30 mm).

5-Chloro-2-pentanone

A mixture of con. HC1 (22.5 ml), H2O (26.5 ml), and 
o<-acsty 1-Y-buty ro lactone (19.2 g) - was - placed in a, flask fitted 

with a bulb-type condenser, and a receiver immersed in an 

ice-water bath. C02 evolved, temp.- of reaction mixture was 

raised at such a rate that it did not foam over into the 

condenser. After rapid collection of distillate (45 ml),



H20 (25 ml) was added to the distilling flask, and another 

distillate (5 ml) was collected. The combined distillate was 
extracted with ether (50 ml x 4), dried (CaCl2)> and evaporated: 
colorless liquid (11.4 g, 89%), b.p. 70-75°/20 mm (lit^C 70- 

72°/20 mm),

(4, 4- Cthylen edioxy) pentyl tri phenyl phosphonium iodide; 1_9_

A mixture of 5-cl-2-pentanone (11 g), acetone (80 ml), 
and Nal (42 g) was refluxed for 5 hrs and filtered. Acetone 
evaporated, residue diluted with ether (200 ml), washed with 
10% Wa2S2^3 aCl s°^n (25 ml x 1), washed, dried, and evaporated: 
brownish liquid of 5-I-2-pentanone (19.2 g).

To this iodide in dry CfiHg (100 ml), was added Ph^P (26 g), 

and refluxed for 15 hrs. The precipitated 4-oxo-pentyl 
triphenyl phosphonium iodide was filtered, washed with little 
dry C6H6, and dried (33.4 g, 71.1%), m.p. 228-229°, (litfb 

m.p. 230°).

This ketophosphonium salt (33 g), p-toluenesulfonic 
acid (1 g) , ethylene glycol (30 ml), and dry CgHg (350 ml) 

were refluxed in a Dean-Stark unit for 24 hrs'. This was then 
neutralized (solid f^CO^), CgHg evaporated,, and the residue 

shaken well with H^O (300 ml) to precipitate fine white



crystals of the required phosphoniura salt, 1_9. which was 
filtered and dried (30 g, 83.1$), m.p. 211-213° (litf7*-211.5°) .

6":8,6":12-cis-Cyclo-1Q-methyl-6-ethyl-S-5, cis-9- 
dodecadiene-2-one; 21

- To a stirred suspension of freshly prepared K-t-butoxide 
(2.46 g) in THF (40 ml), was added the phosphonium'salt 1_9 
(10.36 g), and stirred at room temp (30 min), under • A
soln of ketone 1_§_ (1.5 g) in THF (3 ml), was added to this 

orange-phosphorane soln, and stirred for 1 hr at room temp, 
and 3 hrs at 45-50°. After leaving for 12 hrs at room temp,

THF from the reaction mixture was evaporated, residue diluted 
with H20 (35 ml), extracted with light petroleum (40 ml x 4), 

washed, dried, and evaporated; semi-solid mass with Ph^PO 
which was taken up in light petroleum (50 ml), digested (10 min), 
chilled at -10 to -15° (2 hrs), filtered, and evaporated: 

yellowish oil of 20 which stirred with acetone (20 ml), H20 
(5 ml), and p-toluene-sufonic acid (100 mg) for 12 hrs at 

room temp. Acetone evaporated, product diluted with H20 
(15 ml), neutralized (solid K2C03), extracted with light 
petroleum (50 ml x 4), washed, dried, and evaporated; pale 
yellow oil which was filtered through a silica gel column 
(20 cm x 2 cm) with light petroleum: CgHg (1:1) to yield 
colorless liquid of 21_ (1.4 g, 70$), b.p. 150°(bath)/0.1 mm, 
n^6 1.5032. Rf 0.42 (Tic: 30$ light petroleum in CgHg).



(97# purity by glc, 5% carbowax 20M, 6* , 200°, 60 ral/min,
Rt 4.5 min). IR (Fig. 9): (CC14): 3008, 2920 cm”1, C=0
1720 ,cm"1, 1510 cm”1, C=C 1440 cm"1, 1412, 1370, '1235, 1170 cm"1.

PMR (Fig. 10): CH3 C-C, 3 H, bs, 1.65 pp'mj CHg'CO, 3 H, ss,

2,16 ppm J CH,CH2, 14H, m, 1.4-2.6 ppm; CHj.C^CH, CH=C, 2 H, 
two bm, 5.12 ppm, 5.30 ppm, Uj'^=13Hz. Mass? (Fig. 10A) S
m/e 218 (M+, 87.5#), 162 (61,4#)', 148 (55.7#), 145 (69.3#),

10? (71.06), 106 (33#), 95 (100#), 94 (82.4#), 93 (63.1#),
80 (4 96), 78 (40.9#), 72 (26.1#). (Found: C, 82.8; H, 10.3. 
C15h22° requires: C, 82.57; H, 10.09#).

Methyl trans,%,cis-and cis,3,cis-7M:9,7"s13-cis-cyclo-7- 
ethyl~3,11 -dimethyl-2,6,10-tridecatrienoate;22 and 23

Methyl diethyl phosphonoacetate was prepared from ( EtQ)3P,

and 8rCH2C00Me by following the procedure described by Uolinsky,
IfJand Erickson for triethyl phosphonoacetate.4

To a stirred suspension of NaOMe (l.74g) in DMF (15 ml) 
was added ( EtO) 2?( 0) CHgCOOMe (5.78 g) at 20-25°, and stirred 

for 1 hr, under «2. A soln of ketone 21_ (1.5 g) in DMF (3 ml) 

was added to this clear gain of the Ma-salt of methyl diethyl 
phosphono'aceate, and stirred (24 hrs) at room temp. The resulting 
dark brown soln was diluted with H20 (35 ml), extracted with 

light petroleum (25 ml x 5), washed, dried, and evaporated: 
pale yellow oil (1.6 g, 88.9#), which was chromatographed on



a silica gel column (13 cm x 2 cm) with light petroleum:

CgHg (1:1) to furnish a mixture’ of 22 and 23_ (0 = 86 g) . j[l00% 

purity by gic, 5% carbouax 20P1, 6’, 190°, 60 ml/min,

5.5min (23_, 2 5%), 6.75 min (22, 75%)], mixture of 22, 23 and 

21_ (0.265 g), and 2± (0.273 g) .

Inverted-dry-crilumn-chromatography separation of 22_ and 23

A mixture of 22 and 23_ (1 g) was applied to a column, 

and developed in the solvent system (light petroleum: CgHg, 

60:40) upto the height of 20 cm at 500 mm pressure. The 

digging of cuts (each 0.5 to 1 mm thickness) were made and

thoroughly extracted with ether, 

and similar cuts were lined up.- 

are given below*

1. Ut„ of the mixture taken

2. 8^ (tic) of components

3. Ratio of components, 22:23

4. Ut. of silica gel taken

5. Column dimension

Each cut was tested on tic 

Results and detailed data

... 1 g

... 0.62, 0.65

... 75:25

... 250 g

... 24 cm x 4.6 cm

»

6. Method of loading the mixture ...

7. Solvent system, light petroleumSCgHg ...

8. Time taken for development ...

9. No. of cuts made for extraction ...

TO. Total recovery -

absorbed on 
silica gel (2 g)

40: 60

2.5 hrs

60

95%



11. lJt of pure trans-(or E) component ... 470 mg

12. Ut of pure cis-(0r 2) component .., 1 20 mg

13. ut of pure mixture of 22_ and 23_ ... 2 60 mg

14. ut of polymeric impurities ... 100 mg

15. Physical data: F-Ester 22.% b.p# 170° (bath)/0.05

n^6 1.5122. Rf 0.62 (Tic: 40% light petroleum in CgHg).' (94%

purity by glc, 5% carbouax 20m, 6', 190°, 60 ml/min, Rt 6.75

min). IR (Fig. 11): (CCl^): 2905 cm"1, C=0 1720 cm 1, C=C

1644, 1430 cm**1, 1372, 1352, 1320, 1272, 1220, 1142, 1045,

915 cm**1 . PF1R (Fig. 12): CHj.C-C, 3H, bs, 1.64 ppm; Z-CH3*

C-C.COOPIe, 3 H, ss, 2.15 ppm; COOCHg, 3 H, ss, 3.61 ppm; CH,

QH2» 14H,. m, 1.4-2.6 ppm; CH3.C=Cj^, CH_~C, 2H, m, 5.10 ppm,

u-15Hz; 5.28 ppm, W;u=12 Hz| C*CH.C0QFIs, 1H, bs, 5.55 ppm,
H n

y =»4Hz* Mass: m/e 274 (!¥!+, 44.3%), 161 (100%), 133 (50%),
H

119 (25%), 114 (74.2%), 105 (72.5%), 91 (58.2%), 81(54.9%),

79(49.6%), 77(37.7%), 55(28.7%), 41 (45.1%). (Found: C, 79.1;

H, 9.1. C1BH26°2 recluiress c» 78»83* 9.49%).

Z-Fster 25: b.p. 170°(bath)/0.05 mm. n^6 1.5097. Rf 0.65 

(tic: 40% light petroleum in CgHg). (92% purity by glc, 5%
t

carbouax 20F1, 6‘‘ , 190°, 60 ml/min, Rg 5.5 min). IR (Fig. 13): 

(CC14): 2910 cm”1, C=0 1718 cm*"1, C^C 1 640, 1430 cm”1 , 1372, 1320, 

1272, 1232, 1145, 1050, 915 cm"1, C=C 850 cm"1 . PFIR (Fig. 14): 

CHj.C-C, 3H, bs, 1.64 ppm; .E-CHN^ «C-C. COOFle, 3H, ss, 1.88 ppm;



COOCHg, 3H, ss, 3.62 opm; CH, CH2, 14H, m, 1.5-2.8 ppm; 

CH3.C=CH, CH=C, 2H, m, 5.16 ppm, UH=11Hz; 5.2? ppm, 14?h»13Hz. 

Mass; m/a 274 (M+, 55.5%), 161 (100%), 159 (32.9%), 160 

(32.3%), i/33 (87.7%), 114 (60%), 105 (78.1%)., 93 (71.Qg),

91 (47.1%), 81 (47.1%),. 79 (39.4%). (Found; C, 79.1; H, 9.1. 

C18H26°2 rsquires; C3 78.83; H, 9.49%).

dl-Methyl 7";9, 7M;13-cis-cyclo-cis-10,11-epoxy-7-ethy1- 

3,11 -dlmethy 1-trans-2,^-6-1 rid scad ieno ate; £

A sain of m-Cl-PhCO^H (131.6 mg, 65.5%) in CH2Cl2 (8. ml), 

was added to a soln of E> ester 22_ (137 mg) in CH2C12 (5 ml) 

at 0°. The mixture was left to stand overnight at 0° in a 

refrigerator (preadjusted at 0°). This was then diluted uith 

CH2Cl2 (15 Uashed uith 5% Wa2C03 aq soln» hashed, dried,

and evaporated; colorless oil (127 mg), which was purified by 

preparative layer chromatography (PLC: silica gel; 20 cm x.20 

cm x 0.5 mm? solvent system; light petroleum; EtOAc, 18:2). 

Desired cis-perhydroindane analogue of 3H-I £ (41 mg) was 

obtained from a band at 0.5. The starting trienoic-_E- 

ester 22_ (32 mg) was recovered from a band at Rf 0.73. The 

diepoxide 2J5 (9 mg) was obtained from a band at R^ 0.27.

PMR examination of 4 indicated that it w.as contaminated uith 

small amount of other isomeric epoxide 2£ which was homogeneous



on TLC, and could not be separated. 4s IR (Fig. 15)s (CCI.)

2920 cm-1 ____ -1C=0 1720 cm

1275, 1222, 1148, 1035, 920 cm~1, OC 8 60 cm"1

, C=C 1648, 1432 cm ’, 1378, 1360,

PFIR (Fig. 16);

C<H'i«C-"— C, 3H, ss, 1,26 ppm; 2-Cfi, .C=C. CGOMe, 3H, ss, 2,16 ppm;
J XO''' J

CH^'C-C, 3H, bs, 1.66 ppm, is it due to contamination of 24?;

COOCjjg* 3H, ss, 3; 62 ppm; CH^C, 1H, m, 5.10 ppm, UH=14Hz;

5.28 ppm, UH » 10 Hz; C=CH..C00Fle, 1H, bs, 5;58 ppm, UH=8Hz;

e.H,CH2, 15H, m, 1.4-2.9 ppm. Mass (Fig. I6fl); m/e 290 (M+,

11.3%), 159 (67.5%), 133 (100%), 114 (56.3%), 105 (55.6%),

93 (08.1%), 91 (64.7%), 81' (93.7%), 79 (75.8%), 57 (74;6%),

55( 64.3%). (Found; C, 74.7; H, 9.2. f--)g^26^3 reciuires»

C, 74.48; H, 8.97%).

25: IR (CC14): 2.918 cm“1, C=0 1720 cm"1, E=C 1644, 1430 cm"1,

13 74, 1355, 1220, 1145 cm"1. PMR: CH„ . C 3 4, d, 1.25 ppm,
3

0=3Hz; Z-CH3.C=C.C00Me, 3H, ss, 2.15 ppm-;' CQODHg,. 3H, ss, 3.62 

ppm; C-C_H.COOMe,. 1H, bs, 5.61 opm; CH-, CH'9, 16H* m, 1.45- 

2.87 ppm. Mass: m/e 306 (M+, 2%), 183 (33.3%), 140 (38.1%),

109 (27.2%), 95 (32%), 93 (34%), 91 (24.5%), 81 (100%), 79 

(3 6.7%), 55 (32%),, 43 ( 70.7%).

^s-Bi cyc'lo ( 4,3,0) non an-3-ol-8-one; 2jS

To a well-,stirred soln of the diketone 1_0_ (6.0 g) in 

EtOH (100 ml) was added a sain of NaBH^' (0.38 g), in EtOH (15 ml) 

at 0° during 20 min, and.stirred for 2 hrs. H20 (5 ml) -



was added, EtOH evaporated, residue diluted uith CHClg (200 ml), 
washed, dried and evaporated? thick liquid (5*5 g) which was 
chromatographed on a silica gel column (60 cm x 2;5 cm), uith 
C6H6 (50 ml x 2) . CgHgJ Et0Ac-9:1 (50 ml x 2), 3;2 (50 ml x 2) , 
7*3 (50 ml x 4), 6; 4 (50 ml x 6), 1:1 (50 ml x 10), 6s 4 (50 ml x 
10) to afford unreacted diketone 1_0_ (0.405 g), required
hydroxy ketone 26 (4.8 g, 77.9%), and diol (0.376 g) at
R 0.55, 0,35, and 0.2 respectively (Tic:'50% EtOAc in CgHfi).

26: b.p. 1 60-1 63°(bath)/0.1 mm, Rf 0.35 (Tic: 50% EtOAc in

CgHg). IR (Fig.17): (CHC13)s OH 3460 cm"1, 2990, 2940, 5- 
membered C=0 1740 cm"1 , 1625, 1460, 1412, 1375, 1170, 1060,

968 cm"1. PMR (CDClj): CH0H, 1H, bm, 3.5-4.0 ppm; OH, 1H, bs, 
2.51 ppm; CH, CH2, 12H, m, 1.2-2.6 ppm. Mass: m/e 154 (n+, 

79.$), 13 6 (67.$)', 108 (9 6.8#), 95 (65.$), 94 (100$),

93 (41.9%), 82 (40.936), 79 (62.4%), 70 (36.$), 67 (60.2%),

55 (36.6%) , (Found: C, 70.8; H, 9.4. CgH1202 requires:

C, 70.13; H, 9.09%).

8-ivlethylenB-cis-blcyclo(4,3>0)nonan-3-Ql; 27

To a stirred suspension of freshly prepared R-t-butaxide 
(7.1 g) in THF (70 ml) uas added Ph3P+CH3J~‘(24 g), and stirred 

under N2 for 30 min. A soln of hydroxy ketone 2J> (1.8 g) in 

THF (3 ml) uas added to this intense yellow phosphorane soln, 
stirred (5 hr) at room temp and left overnight. THF evaoorated,



residua diluted with tt^O (25 ml), extracted with light petro­

leum (50 ml x 4), washed, dried and evaporated: semi-solid mass 

uhic;h was taken up in light petroleum (50 ml), digested at 50° 

(10 min), chilled at -10 to -15° (2 hrs), filtered, and 

evaporated: yellowish oil which was filtered through a silica

gel colum (10 cm x 2 ) with light petroleum: CgHg (1:1) to 

give colorless liquid of 27_(1.28 g, 70$), bip. 110°(bath)/

0.1 mm, n^6 -1.5051 . (94.8$ purity by glc, 5% carbduax 20M, 6 , 

.160°, 60 ra 1/rain, Rt 3.68 min). IR (Fig. 18): (CCl4):0H 33 40 cm' 

3070, 2920, 2830 cm"1, C-C 1 660, 1452 cm"1 , 1432, 1368, 1320, 

1292, 1240, 1162, 1060, 1010,, 985 cm"1,- C=C- 944 cm"1, 926,

878 cm-1, PAR (Fig. 19):.CH0H, 1H, m, 3.3-4.0 pom? OH, 1H, 

bs, 2.82 ppm; CH, CH2, 1H, m, 1 .06-2.64 ppm. Mass: m/e 152 

(N+, 23.9$), 138 (100$), 119 (47.9$), 106 (42.3$), 105 (26.1$), 

94 (29. 0$),- 93 (98.6$), 92 (63.4$), 91 (46.5$), 79 (50.7$), 

78,(57.7$). (Found: C, 79.9; H, 9.9. g0 requires: C,

. 78.95; H, 10.53$).

R-Methy lens-ds-b icy do (4,3,0) non an-3-one; 2jB

To a soln of olefinie alcohol 2_7 (1.5 g) in ^^2^2 

(60 ml), was added Cr03-Py•complex supported on silica gel 

(28.6 g; 2.B§'reagent contained 400 mg of CrO^j 4 eq.), and 

shaken at room temp (20 hrs). The reagent was filtered off, 

and washed with Cl-^Clg (20’ ml x 3). The combined washings



were washed with dil. HCl, 1:1 (25 ml x 1), H2Q (25 ml x 2), 

washed, dried and evaporated; colorless liquid of 28 (1.1' g,
75%), b.p. 90°(bath)/0.1 mm. 1.4966. (98% purity by glc,

10% S E 30, 6’, 170°, 60 ml/mm, 6.08 min; 92% purity by glc,

5% carbowax 2On, 6', 60 ml/tnin, 3.2 min). IR (Fig. 20):
i ^ -I ^ ■i(CCl^)i 3060, 2930 cm , 6-membered C-0 1720 cm , C^C 1 652 cm" , 

1430, 1358, 1342, 1330, 1278, 1230, 1142, 882 cm-1, PMR (Fig. 21) 

CH2-C, 2 H, d, 4.85 ppm, 0=2Hz; CH, CH2» 12H, m, 1.6-2.5 ppm.
Mass: m/e 150 (M+, 36.8%), 107 (1T.8%),‘ 95 (13.2%), 94 (11.8%),

93 (42.4%), 92 (100%), 91 (10.4%), 80 (25.7%), 79 (23.6%),

77 (7.6%), 55 (8.3%), (Found; C, 80.2; H, 9.9. C^gH^O requires; 

C, 80; H, 9.33%).

8-Pf|ethyl-cis~bicyclo(4,3,0) non-8-sne-3-one;29 and 
B.-'Methyl-cis-bicy clo(4,3,0) non-7-ene-3-one; 30

This was prepared from 28_ (3 g) in the same manner as 
described for 1_8 in 85% yield, b.p. 90°(bath)/0.1 mm. R^ 0.35 

(Tic: 30% light petroleum in CgHg). .(96% purity by glc, 5% 
carbowax 20M, 6*, 130°, 60 ml/min, R_t 6.56 min (29, 65%) , 7.-3 6 

min (30, 35%).

GLC Separation of 29 and 30

The mixture (28_ + 29) immediately described above was 

separated by preparative gas chromatography (Glc: 20% carbowax
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20M on chromosorb U (45-60 mash), 12s x 3/8", Al, 160°,

100 ial/min). The compound 2£ showed following physical 

properties: b.p. 90-92°(bath)/0.1 mm. 1.4919 (99#

purity by glq, 10# carbouax 20FI, 6', 170°, 60 ml/min, R^. 5.6 

min). IR (Fig. 22): (CCl4): 2910, six-membered C=0 1710 cm"1, 

C-C 1438 cm”1, 1400,. 1372, 1330, 1315, 1220, 1120, 1005,

925 cm"1, C=C 855 cm"1; P'FIR (Fig. 23'): Pl£.C=CH, 3H, d, 1.70 

ppm, 3*1 Hz J CH,CH2, 10H, m, 1.3-3.2 ppm; Fle.C=CH, 1H, d, 5.13 

ppm, 3=2 Hz. FI ass (Fig. 23A): m/e 150 (Fl+, 19%), 107 (19.7#), 

g5 (12.4%) , 94 (21 .2#), 93 (96.4#), 92(32.1%) , 91 (35.8#), 

80(100#), 79 (75.2#), 77 (43.1#), 57 (16.8#)* (Found; C,

80.3; H, 10. C1qH140 requires: C, 80; H, 9.33#).

The compound 3_0 showed following physical properties: 

b.p. 90-92°/0.1 mm. n^6 1.4950. (97# purity by glc, 10# 

carbouax 20FI, 6', 170°, 60 ml/min, F?t 6.24 min). IR (Fig.24): 

(CC14): 2916, six-membered 0=0 1710 cm"1, C=?C 1440 cm"1, 1400, 

1372, 1312, 1224, 1010,'955, 875 cm"1. PFIR (Fig. 25): CHg.C^CH, 

3H, d, 1,70 ppm, 3*1 Hz; Fle.C=CH, 1H, d, 5.12 ppm, 3=2Hz; CH,CH2r 

10H, m, 118-3.2 ppm. Mass (Fig* 25A): m/e 150 (fl+, 66.7#),

135 (15.5#), 107 (56#), 95 (26.2#), 94 (25#), 93 (100#),

92 (31#), 91 (23.8#), 80 (13.1#), 79 (20.2#), 77 (14.3#),

65 (14.3#). (Found: C, 80.1; H, 9.8. C10H140 requires: C, 80;

H, 9.33#).



6"j12,8:12-cis-Cyclo-10-methyl-6-ethycis-9- 
dodecadiene-2-one; 32

This uas prepared from 2£ (0.75 g) in the same manner

as described for 21_ in 74$ yield, b.p. 150-155°( bath) /0.1 mm.

bp 1.4990. 0,42 (Tic: 30$ light petroleum in CgHg).

(98$ purity by glc, 5$ carbouax 20M, 6’, 190°, 60 ml/min,

Rg 4.96 min).. IR (Fig. 2 6): (CCl4): 2940, 2870 cm-1, C=0

1730 cm"’1, C=0 1450 cm”1, 1365, 1252, 11 66 cm”1, C=C 8 68 cm”1.

PMR (Fig. 27): Me.C=C, 3H, bs, 1.70 opm; C0CH3, 3H» ss, 2.05

ppm; CH, C;H2» 14H, m, 1.2-2.9 ppm Me.C=CH, C'H=C, 2H, bm,

5.10 ppm, U -2Hz-. Mass (Fig. 27A): m/e 218 (fl+, 73.1$),
H . v ,

200 (19.4$), 1 60 (35.5$),- 145 (25.8$), 133 (59.1$), 105 (17.2$), 

94 (15.1$)', 93 (.96.8$), 92 (,18.3$), 81 (20.4$), 80 (100$). 

(Found: C, 82.6; H, 10.2. C15H22Q requires: C, 82.57; H, 10.09$)

Methyl trans-y-%, cis-' and cis,f , cis-711:13, 9: 13-cis-cyclo-7- 
ethyl-3,11-dimethyl-2, 6,10-tridecatrienoate; 33 and 34

Trimethyl phosphonoacetate (1.16 g) uas added to a stirred 

suspension of NaOMe (0.347 g) in DMF (6 ml), under N2> and 

stirred for 30 min at room temp (30°). To this clear soln 

of sodium enolate uas added a soln of ketone 32_ (0.7 g) in 

DMF (2 ml) at 20°, and stirred (24 hr) at room temp. This uas 

then decomposed with H20 (20 ml), extracted with ether (20 ml x 

washed, dried, and evaporated: colorless liquid of 32_ and



33 ( 0 . 624 gi 71%), b.p. 1 70°( bath)/0.05 mm. R 0.63, 0.66 

(Tic: 30% light pstroleum in CgHg). (96% purity by glc, 5% 

carbouax 20M, 6's 190°, 60 ral/min, Rfc 8.64 min) (34_, 34%),

11.2 min (33.j6£%) .

Inverted-dry-column-chromatography separation of 33_ and 3_4

These isomers (600 mg) were1 separated in the same manner 

as described for the separation -of 22 and 23. , The _£-ester 3|>_ 

showed the following ohysic'al properties: ‘b.p. 170°(bath)/

0.05 mm. n^6 1 .5084. Rf '0.63 (Tic: 30% light petroleum in 

CgHg) . (95% purity by glc, '5% carbouax 20FI, 6‘, 1'90°, 6.0 ml/

min, Rt 11.2 min). IR (Fig. 28): (CDl4) *. 2960, 2880, 28 60 cm"1, 

0=0 1735 cm"1., C=C 1 660, '1450 cm"1* 1'390, 13 70, 1340, 12 62,.

12 40, 11 62 , 968 , 8 7 2 cm"1. PMR (Fig. 29); Me.C=*C, 3 H, ba,

1.70 ppm; 2-ne.C“C.C00ne, 3H, as, 2.13 ppm;‘ -COOTJe, 3 H, sa,

3.62 ppm; CH,CH2>- 14H, m, 1 .2-3.0 ppm; Fie.C=CH, CH-C, 2H, bm,

5.11 ppm, U=17Hz*, C^CH.COOMa, 1H, bs, 5.57 ppm.' Mass; rn/e
H •*-

274 (Pl+, 97.8%), 161 (100%), 1 60 (22.2%), 145 (18.2%), 133 (50.5%) 

119 (18.2%), T14 (39.4%), 105 (26,8%), 93 •(63.q%)* 81 (22.2%),

80 (40.4%) f (Found; C, 78.5; H, 10.1. C'18H2602 requires; C»

78.83; H, 9.4 9%).

The 2-ester 3_4 exhibited-the following physical properties; 

b-.p. -170°(ba'th)/Q.05 mm., hg^ 1.5080.- R ^ 0.66 (Tic.; 30% light



petroleun in CgHg) (94$ purity by glc, '5$ carbouax 20PI, 6*,

190°, 60ml/mln, Rfc 8.64 min). IR (Fig. 30): (CC14): 2930,

28 60, 2840 pm"1, C=0 1730 cm”1, C=C 1652, 1450 cm”1-, 1440, 1380, 

13 65, 13 2 5, 12 40, 123 0, 1196, 11 65, 10 90, 10 65 , 92 6 cm"1,

C=C 870 cm”1. PMR (Fig. 31): Me.C*!:, 3H, bs, 1.70 ppm; E- 

MB.C^C.COOne, 3H,'ss, 1.8 8- ppm, COOMe, \3H, ss, '3.62 ppm;

CH,CH2» 14H, m, 1.2-2.9 ppm; Me.C-CH,. CH-.C, 2H, Bin, 5.11 ppm, 

U;h-13Hz; C=CH_.COQMe, 1H, bs, - 5.5.7 ppm. (lass; m/e- 274 (fi*’,

90. 4$ ) j 161, (100$),. 1 60 ,(20. I^), 1.33 (65,4$)^ 132 (17.6$),

11,9 (24.3$), 144 (44.1$), 105 (40.4$), 93.(86,8$), 91 (19.9$),

81 (3?,.?$), 80 (80.1$). .(Found: C, 78.8; H, 9.5.. CraH2g02 

requires: C, 78.83 ; H, 9.49$),

dl-Flethyl 7,*;43., 9j 13-cis_-cyclo-£is_-r1D, 11 -epoxy-7-etby 1--3,11- 

dimethyl,-rtran£-2jS-6-tridecadienoate;. 5_

This was prepared from the ,|-ester 33_ (13 7 , mg) in the 

same manner as-described for 4.

5_‘displayed fallowing physical properties: R^. 0.5 (Tic: 

light patroleum: EtOAc; 18:2). IR (Fig. 32): .(CCl^): 2940,' 

28 64 cm”1, C-0 1730 cm"1, C-C 165 6, 1442 cm'1 , 1381, 1362, 

1330, 1252, 1230, 11-55, 'T085, 912 cm"1, C=C, 8 68 cm"1. PMR 

(Fig. 33): We.C G, 3H, ss, 1.35 ppm; 2~Re.-C=C. COOMb, 3H,bs,
'; x0/ _ •

2.16 ppm; COOiTe, 3 H, ss, 3.62 ppm; fle.C^C, 3H, bs, 1.70 ppm,



I 81

is-it dua to contamination of 35?; Me.C----- CH, CH, 'CH~, 14H,
~ 2

m, 1.43-3.31 ppm; CH=C , 1H, m. 5.0 ppm, U4=21Hz; C=CH> COOFIs,

1H, d, 5.57 ppm, 3=4Hz» Mass (Fig. 33A); m/e 290 (Fl+, 15.2$), 

177 (40.2$), 133 (42.915), 119 (60.7$), 114 (46.4$), 105 (41.1$), 

93 (100$), 92 (70.5$), 91 (70.5$), 81 (72.3$), 80 (53.6$),

79 (66.1$). (Found; C, 74,3; H, 8.94. cieH2 6°3 rec!uires:

C, 74.48; H, 8.97$).
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SECTION-11

CIS — PERHYDROINDANE ANALOGUE 
0F CECROPIA JUVENILE HORMONE (Part - II)

dl - Methyl 3” : 7”, 5 : 7” - cis - cycle — 10, 11 — epoxy - 
Methyl - 3, 7 - diethyl -2, 7 - dodecadienoate.



cis’-PERHYDROINDANE ANALOGUE OF 
CECROPIA JUVENILE HORMONE (Part II)

introduction

The present section represents-, the efforts directed 

towards the synthesis of dl-methyl 3-» : 7% 5 : 7« -cis-cyclo- 
10,11 - epoxy"11-methyl-3,7-diethy1-2,7-dodecadienoate 6*. The 

cis-perhydroindane*of 6 is formed_from 3" : 7" and 5 ; 7n carbon 

atoms (Flq. 2). The regidity of the molecule caused by the 

presence of cis-parhydroindane ring has been further increased 

by shifting the double from 6,7 to 7,8 positions.

R ESUI TS AND DISCUSSION

For-the synthesis of IS, the scheme followed is deoicted in 
pj.q> 8. The starting diketone IjD. was converted to the hydroxy

ketone
26 with NaBH//EtOH2S*25, and thence:to the Grignard

.29

addition product'37. with 4-methy 1-3-p.entenyl bromide\ — 
magnesium-ether.30 Chromium trioxide-pyridine31 oxidation of 

37, furnished the ket'one'38 {meat m/e 236. IR (Fig. 34): OH
1 six-membered' C=0 1715 cm"1, C-C 1450, 840 cm .

3520 cm ,

+ This' nomenclature is based on the name of the' parent OH-I 
3" * 7«, 5 : 7” indicates that these positions are joined
together to form perhydroindane ring. Similar 
nomenclature is well-known in steroid field.



HO

REAGENTS ; 1. NaBH41 EfoH .2. Aa/bV Mg / £*2° j 3. Cv<^/Retime 
/ CH2Cl2 J 4. (EK^PfOKHjCQjMe. / HaOMe } DMF . 5. m-Cl - 

Ph COsH / CH2Ci2 ■ fc.TsCI / Pyridine.

I" *0.0 » Towavtis Vhe synVhe&is of ci6- pev-by<Jy-o'tr\dane
* analogue of jh-1 ; G



m

PMR (Fig. 35): Me_2 0*0, 6H, two ss, 1.61 ppm, 1.66 ppm; CH=C,

1H, t, 5.06 ppm, 3 = 8Hz]. Modified Uittig reaction of the 

ketone 38. with methyIdiethylphosphonoacetate in presence of 

NaOMe/DflF1 ^ yielded a mixture of tuo geometrical isomers 

(Z and E) of 3^9 (/lass; m/e 292. IR (Fig. 36),; OH, 3540 cm 

C=0 1744 cm""1, C~C 1 652, 1448, 845 cm”1. PMR (Fi§. 3 7),; We^

C=C, 6H, tuo bs, 1.61 ppm, 1.66 ppm; COOfl.e, 3H, d-, 3.62- Dpm, 
3=2Hz; CH-C, 1H, t, 5.06 ppm, 3=8Hz; C^CIjCOQMe, 1 H, bs, 5.50 pom,
U; =12 HzT. Epoxidation22 of 39 with m-Cl-PhCQ^H in CH2CI2

H J
afforded, in excellent yield the required epoxide 40 m the 

racemic form [Mass*, m/e 308. IR (Fig. 38); OH 3560 cm'1, C=0 

1 740 cm"1,, C=C 1 642, 8 60 cm'1. PPIR (Fig. 39); Qs2 C—C, 6H, 

tuo ss, 1.02 ppm, 1.12 ppm; COOMe, 3H, ss, 3.62 ppm; C=CHC00Me,

1h, bs, 5.46 ppm, UH=14Hz]. In an attempt of converting 40 to 

targeted 3H-mimic 6 uit.h TsCl/pyridine, starting, epoxide 40. • 

uas recovered.
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EXPERIMENTAL

For general remarks, see Section-I.

4-PIethyl-3-pentenyl bromide; 36

To a mechanically stirred soln of tMaQH (18 g) in H20 

(1B ml), was added 5-C1 -2-pentanone (36.1 g) during 15 min, and 

heated to boiling for 1 hr. To this uas then added H20 (37 ml) 

slowly (20 min), and refluxed (1 hr). Then the condenser uas 

arranged for distillation, and a H20-ketane mixture uas 

distilled off, from the reaction mixture. The aq layer uas 

saturated (solid KgGOg), extracted with Et^O (20 ml x 4), 

dried (CaCl2)» and fractionated: colorless liquid of acetyl- 
cyclopropane (19.2 g, 77$) ; b.p. 110-112° (li^fbp.110-112°) .

This acetyl cyclopropane (27 g) in dry Et20 (100 ml) uas 

added at room temp, to a mechanically stirred soln of Grignard 

reagent prepared from Pig (12.3 g), and CH^I (72 g) in dry Et20 

(200 ml), under dry N2» After stirring for 6 hrs at room temp, 

it uas decomposed with sat. NH^Cl soln, extracted with Et20 

(75 ml x 4), washed, dried, and evaporated: colorless liquid
n ■as

of methyl cycloDropyl carbinol (27 g, 84$); b.p. 120-121 (lit. 

b.p. 121-122°).

This carbinol (20 g) uas added (2 min) to an ice-cold,



and vigorously stirred sain of HBr -(60 ml, 4B%) at 10-15°, 

and further stirred (10 min). It uas then extracted with 

light petroleum (75 ml x 3), washed, dried, and evaporated;
ncolorless liquid of 3j5 (24 g, 74%); b.p. 62 - 64 / 25 mm (lit.-

b.p. 60°/25 mm).

1;7", 5;7"-cis-Cyclo-11-methy 1-7-ethy1-10-dedecene-3,7- 

diol; 37

A soln of hydroxy ketone 26_ (2.5 g) in dry ether (5 ml) 

was added to a stirred and ice-cooled soln of Grignard reagent 

prepared from the bromide 3_6 (8.15 g)and Fig (1.2 g) in

ether (50 ml), under |\| . After stirring (10 hrs.) at room 

temp, the reaction mixture was decomposed with sat. NH^Cl soln, 

extracted with EtgO (50 ml x 3), washed, dried, and evaporated; 

olefinic diol of 4_6 (2.3 g, 57%).

1; 7” ,5; 7ll-cis-Cyclo-7-hydroxy-11-methy 1-7-ethy1-10- 

dodecene-3-one; 38

To a stirred soln of olefinic diol 3_7 (2 g) in acatone 

(25 ml) was added Jane’s reagent ( 2.5 ml) at 5 to 7°, till the 

color of the reagent persisted (4 hrs). Then H^ (15 ml) was 

added to the reaction mixture, acetone evaporated, residue 

diluted with H20 (15 ml), neutralized (solid NaHCOg), extracted



with EtgO (30 ml x 3), washed, dried, and evaporated: yellowish 

oil (1.4 g) which was chromatographed on a silica gel column 

(25 cm x 1 .'5 cm) with CgHg to EtOAc to furnish pure desired 
ketone. 38_ (1,1 g, 55%); b.p,. ..1-52-156°(bath)/0.1 mm, n*6 1.5000.

R|j, 0,66 (Tics 50% EtOAc in CgHg) (95% purity by gib, 5% 
carbowax 20M, 6*, 190°, 60 ml/min,.R^. 6.5 rain)'. . IR (Fig. 34); 
(C.HCl^): OH 3520 cm”1, 2955 •cm"*1*, six-m'embered c=0' 1715 cm”1,

C=*C' 1450 pm”1,'13 90, 12 40, 1120, 10 60 , 960 , 920 cm”1, C=C
-1 ' ' '840 cm .. PWR (Fig. 35); Me2» C=C, 6H, ■ two ss, 1,61 ppm, 1.66

ppm.; CH, CH'2» 16H, m, 1.2-2,7 ppm; OH,- 1H',' bs, 2.25 ppm; CH=£,
1H, t, 5.06 ppm, 0=8Hz. Class.: m/e 23 6 (M*, 3.3%), 218 (100%),

160 ('46.2%), 151 (35.2%) ,- 147 (22%), 135 (30.8%), 95 (52.7%),

92 (28.6%), 83 (41.8%), 82 (69.2%), 69 (74,7%), 55 (34.1%).

(Found; C, 76.2; H, 10.4. • El5H2402 r0quites, 76.27; h, 10.17%)

Plethyl 3; 7", 5; 7"-cis-cyclo-7-hydroxy-11 -methyl-3,7-diethyl-2, 

10-dodecadenoate; 39

(EtCl)^ P(0) GH2C00M‘s (1.26 g) was added to a stirred 
suspension of NdpMp (O'. 65. g)' in DMF (10 ml), and stirred 

(30 min) at room temp, under N2« To this clear soln of 
phosphonate carbanion, was added a soln of keton'e 38_ (0.7 g) 

in DMF (2 ml), stirred (6 hrs) at room temp, and left overnight. 

This was then diluted with H'20 (50 ml), extracted with ether 

(20 ml x 4), washed, dried, arid evaporated; colorless oil'of



39_ (0.59 g, 67.3$); b.p. 1 65-1 67° (bath)/0.05 mm. n^6 1.5020.

Rf 0.72 (Tics 50$ EtOAc in CgHg). [98$ purity by glc, 5$ 

carbouax 20i¥l, 6’, 210°, 60ml/min, two geometrical isomers 

uith Rt 8.75 min ( 6Q&) , 10.5 min (34$)]. IR (Fig. 3 6): (CHClg)* 

OH 3540 cm’1, 3010, 2950 cm"1, C=0 1744 cm"1, C=C 1 652, 1448 cm 

1390, 1270, 1170, 1130, 1040, 985, 902 cm"1, C«C 845 cm’1.

PMR (Fig. 37): Fle^C-C, 6H, tup bs, 1.61 ppm, 1.66 ppm; 0_H, 1H, 

bs, 2.9 ppm; COORe, 3H, d, 3.62 ppm, 3=»2Hz; CHfC, 1H, t, 5.06 

ppm, 3=8Hz; C=CH. COOFIe, 1 H* bs, 5.50 ppm, U.'H=12Hz; CH, CH2»

16H, m, 1.2-2.6 ppm. Mass: m/e 292 (M+, 3.8$), 274 (100$),

145 (20$), 131 (25$), 119 (15$), 109 (16.3$), 107 (16.3$),

91 (43.8$), 82 (22.5$), 81 (20$), 69 (46.3$). (Found: C, 74.1; 

H, 9.4. C18H2g03 requires: C, 73.9| H, 9.59$).

dl-FI ethyl 3 ": 7", 5; 7M -cis-cyclo-10,11 -epoxy-7-hy droxy- 

11-methy1-3,7-diethy1-2-dodecenoate; 40

A soln of m-CI-PhCO^H (131.7 mg,' 65.5$) in pH2Cl2 (6 ml) 

has added to a stirred soln of the dienoic ester 3J9 (146 mg) 

in CH2Cl2 (5 ml) at 0° during 10 min. After stirring (4 hrs) 

at 5-10°, the reaction mixture uas diluted uith CH2C12, washed 

uith 5$ NaHCOg aq (5 ml x 1), H20 (5 ml x 2), washed, dried, 

and evaporated: colorless oil of 40^ (130 mg, 85.5$). 0.5

(Tic: 50$ EtOAc in CgHg) . IR (Fig. 38): (CCl4): OH 3560 cm’1,. 

2930 cm’1, C-0 1740 cm’1, C=C 1 642 qm’1, 1430, 1370, 1330, 1242,
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1218, 1148, 1048, 1015, 945 cm”1, C=C 8 60 cm”1* PFIR (Fig.

39); Fie_-C«——C, 6H, two ss, 1.02 ppm, 1.12 ppm; OH, 1H, bs,^ s q /
2.9 ppm; OOOMe, 3H, as, 3.62 ppm; C=CH_.C00Fie, 1H, bs, 5.46 ppm,

(tti-MAV.
U»=14Hz; CH, CHol 17H, m, 1.2-2.6 ppm. Massrt m/e 308 (FI ,

H Z
3.3$), 290 (13?6), 250 (60,. ?$), 217 (50$), 207 (55..4$),

204 (34.8$),.- 145 (32.6$), 131 (37$), 93 (41.3$), 79 (37$),

59 (76.1$). (Found; C, 70.-2; H, 9.4. C-jgH^O^ requires; C, 

70.13; H, 9.09$).

dl-Methyi 3";7”,5;7w-cis-cyclo-10,11-epoxy-11-methyl- 

3, 7-diethy 1-2, 7-dodecadi'enoate; 6

A soln of epoxy alco.bol 40_ (76 mg), Tosyl chloride (110 

mg),- and pyridine (5 ml) was refluxed (3 hrs). This uas then 

diluted with H20 (15 ml), extracted with ether (5 ml x 4), 

washed, dried, and evaporated to give starting epoxy alcohol

40
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SECTION-III

CYCLONONANE ANALOGUE OF 
CECROPIA JUVENILE HORMONE

Methyl 7” •. 13 - cyclo - ds - 10, 11 - epoxy - 7 - ethyl - 3, 
11 - dimethyl - traos - 2, % - 6 - tridecadienoate.
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CYCLONOWANE ANALOGUE OF CECROPIA 
3UVENILE HORMONE

INTRODUCTION

This section describes the efforts directed for the 
synthesis of dl-methyl 7" : 13-cyclo-cis-10,.11-epox'y-7-ethyl- 
3.11 -dimethyl-trans-2, % -6-tridecadienoate;+ 7. 7 has been

derived from 3H—I ring closures at positions 7"j13 (Fig» 2) 

and has 2 hydrogens less and decreased conformational flexibility 

than 3H-I.

RESULTS, AND DISCUSSION 

5-Plethyl-rcy clonon-4(2) -en-1 -one; 42_

For the synthesis of T, 5-methyl-cyclonon-4(Z)-en-1-one;

(42) appeared to be a logical and convenient starting point.
The preparation of 42_ has, apparently, not been described so far. 

Suitably constituted 1,3-glycols can be made to fragment 
generating olefinic ketones, in which the ethylenic linkage is
formed in a stereospecific manner.^ This reaction (Fig._9)

appeared most suitable for the synthesis of 42_.

^ Either Z or £ geometry.

+ This nomenclature is based on the name of parent Cecropia 
juvenile hormone (1_) ; 7": 13 indicates that these positions 
are joined together to form cyclononane ring. Similar 
nomanclature is uell-knoun in steroid field.



!4§
1

The required diol 52 was prepared from the known 2-methyl
<7 n '

cyclopentane-1,3-dione, along the lines indicated in Fig. 10.
The diketone 43_ was transformed to the triketone ,44 with 
methyl vinyl ketone/H20.34 Aldol- condensation of 44 with 

p-toluene sulfonic acid in benzene furnished' the required 
bicyclic dione 45_.35’36 Sodium borohydride-ethanal35*36 reduction 

of 45 yielded, in high yield the known bicyclic keto alcohol 
46. The ketol 46 was converted to the olefinic alcohol 48_ 
via the thioketal 47 either by desulfurization with Raney Ni,

*7 por with sodium-liquid ammonia. The olefin 48_ on exposure 
to perbenzoic acid in dichloromethane, furnished the desired 
epoxy derivative, invlhich the oxirane function is considered 

to be^-oriented (49), in view of the known assistance from 
a hydroxyl function in directing the par acid attack in a non-polar 

solvent. Refluxing of 49 with LAH in T HF yielded, in excellent 

yield, a crystalline diol, which from it's PMR spectrum was 
clearly the required 50, as anticipated. Pyridine-chromic 

acid41 oxidation of 50 furnished ketol 51_. Hydride reduction 
of'51 was expected to occur from the convex face of the molecule, 
possibly further assisted4^ by the -hydroxyl, to give 

essentially 52. In practice, NaBH^-fleOH reduction of' 51 
afforded a single crystalline diol, which was distinct from 
50 (m.p. IR, PfiR)43 and is thus clearly the required 523 The 

secondary hydroxyl in 52_ was readily ,esterified with p-toluene 
sulfonyl chloride and pyridine to give This mono-tosylate
(41_) on treatment with NaH in THF ( 35°, 24 hr) smoothly
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underwent the expected cleauage (Fig. 9) to furnish the anti­

cipated 5-methyl“cydonon-4(Z)-en-1 -one {*42» Hass (Fig.53A)s 

ra/e 152. IR (Fig.52): C=0 1705 cm"VC=C 1450, 860 cm"1. PHR

(Fig. 53): He D*CH, 3H, 1.-63 ppm, bs; He-C-CH, 1 H, 5.50 ppm, bm,
32U; =14Hz), the 2 geometry of the olefinic linkage arising fcorr 

the anti-configuration of the methyl and t,he leaving group in 

41. •

Since the configuration of the tertiary hydroxyl in 41. is 

not relevant for fragmentation to 42, attempts were made in the 

initial stages of this' investigation for inversion of the hydroxyl 

configuration in 4£ by several methods-44, but without much success

Cy.clononane analogue of OH-Xj 7,

The reaction sequence successfully followed for the synthesis

of cyclononane analogue of 3H-I; l_ from 42 is briefly summarised

in Fig. If. The olefinic ketone 42 was transformed to the .dienoic
_ ,17

ketal 53_ by .Uittig reaction with the phosphonium salt 1_9, in 

presence of ootassium-t-butoxide-tetrahydrofuran. This ketal 53 

was readily hydrolysed with p-toluene sulfonic acid-acetone to 

afford the dienoic ketone, displaying spectral characteristics 

expected of 54 (Hass (Fig. 55 A): m/e 220.. IR (Fig.54): C=0 1720 cm 

C=C 1445, 855 cm"1. PMR (Fig.55): ' Me C-C-, 3 fi, 1.60 ppm, bs;

G0H£, 3H, 2.04 ppm, ss*, CHfC, 1H, 5.18 ppm, t, 3«6Hz; He C=CH,

1 h, 5.46 ppm, bm, UH=15Hz. Glc: Rf 7.0 min (98?S), 5% carbouax

-1

20M, 6’, 60 ml/min, 190°], the % (either 2 or E) geometry of Zl-
.S.fc
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double bond remains unsolved^ because it is not possible to

deduce steriochemistry from the PMR data or from analysis of

similar cases* Condensation of the kstone 54 with trimethyl—
phosphono acetate2 in presence of sodium methoxide—dimethyl—

f ormamide1 ^ gave rise to a mixture of JE and 2L_ isomers (5_5_ and 56)

of the trienoic ester, could readily be separated by inverted-

dry-column-chromatograDhy (IDCC) and identified, as one would

expect different chemical shift in PMR (Fig* 57 and 59) for

C„-methyl signal for the £-(55,2.13 ppm) , and Z-isomers (5J5,
o o1.88 ppm).2' The E-ester was epoxidized with m-Cl-perbenzoic 

acid23 in dichloro.methane at 0°. Tie separation of the resulting 

epoxides (7 and 57} afforded the targeted cyclononane analogue 
of Cecropia juvenile 'hormone in racemic form (7_; Mass (Fig* 61 fl): 
m/e 292,. IR (Fig* 60).: C=D 1 720 cm'1, C=C 1 645, 143 2 cm"1. PPIR 

(Fig* 61): Me C—C, 3H, 1.20 ppm, ss; Z-Me C-C COOfle, 3H, 2.13 ppm,
\q/ "

ss; COOMe, 3H, 3.62 ppm, ss; CHfG, 1H, 5.12 ppm, m, U'H~12Hz;

C=CH COOfle, 1 H, 5.58 ppm, bs] .
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For general remarks, see Section-I. 

2-Plethyl-cyclopentane-1,3-dione; 43

Propionyl chloride was prepared by following the procedure
4-7

of H.C. Brown et al.

To a stirred soln of Wei\l02 (200 ml), and anhydrous AlCl^

(200 g) was added succinic acid (59 g) in portions during 1 hr 

at room temp, and further stirred (3.5 hrs) till the evolution 

of HCl gas had subsided. To this thick brownish slurry was 

added CH^C^COCl (139 g) during 30 min at room temp, and stirred 

(3 hrs) at 80°. The reddish reaction mixture was then poured 

onto ice-pieces (400 g), and left overnight at -10°, the 

precipitated product was filtered, Washed with 10% NaOl aq, 

toluene, dried, taken in hot HjO (1500 ml), treated with 

charcoal (6.5 g) at 90° (20 min), filtered, concentrated (300 ml), 

and cooled (0 ), whereupon white crystals of 43_ precipitated 

which was filtered and dried (38g, 72%)°, m.p. 212-214° (lit?2, 

212-214°)c

2-flethy l-2-(3-oxobutyl) -cy.clopentane-1,3-dionej 44

To a suspension of the diketone 43_ (32.5 g) in demineralized 

H20 (68 ml) was added at once freshly distilled methyl vinyl



ketone (48 ml) and stirred (5 days) at 25°, under It

uas then extracted with CgHg (50 ml x 6), dried, and 

evaporated to afford the tirude triketone 44 (49.5 g, '94.6$)

uhich an fractionation furnished pure 'triketone 44_ (45 g,
8 606); b.p. ’90-95°/0.05 mm (lit^b.p. 1 00-1 09°/0.8-0.1 mm).

6-flethy 1-bicy clo( 4,3', 0) non-1-en-3, 7-dione; 45_

A soln of triketone 44 (45 g) in C gHg (250 ml) uas 

refluxed with p-rtoluene sulfonic acid (2 g) in a Oean- 

Stark unit for 2 hrs. After that again p-toluene-sulfonic 

acid (2 g) uas added and further refluxed (5 hrs). The 

reddish soln uas then filtered, neutralized (solid ^CQg), 

filtered, washed, dried, and evaporated: pale-yellou oil 

(32 g, 79.3$), b.p. 100-108°/0.1 mm uhich on cristallization 

from ether; light petroleum (2:1) furnished large cristals of 

45_ (30 g, 74.3$),- m.p. 71-72° (lit?* m.p. 72-73°).

6P-P1ethy 1-bicyclo (4,3,0) non-1 -en-7^-01 -3-one; 4j5

To a stirred soln of bicyclio dione 45 (16.4 g) in 

EtOH (250 ml), uas added a soln of NaBH^ (1.02 g) in EtOH 

(100 ml) at 0-5° during 1 hr, and further stirred (2 hrs). 

The resulting dark greenish soln uas then neutralized with 

HOAc (2.5 ml), EtOH evaporated, residue dissolved in CHCl^ 

(350 ml), washed, dried and evaporated; pale yellow oil



(13 g, 82%), b.p.- 139-144°/0.05 mm. (lit. ' b.p. 14D-14*f/

0.05 mm). IB (GCl4): OH 3420 cm"1, 2980, 2860 cm"1, C=0 

1705 cm"1, C*C 1 662, 14 62 cm"1, 1420, 13 65, 1320, 1268, 1220, 

1135, 1090, 1078, 1008,. 9-60, 872 cm"1. 'PMR (CDClj): [1b.C,

3H, ss, 1.15 ppm? CH2, 0H_, 9H, m, 1.6-3.0 ppm; CHOH, 1H,- t, 

3.84 ppm, 3*4.5 Hz; C=CH.Q0, 1H, bs, 5.78 ppm.

3,3- Ethyl en edit hid- 6p-methy l-bicyplo( 4,3,0) non-1 -en-TP-Ol; 47

To a sain of the o4,^’-unsaturatsd ketone 4J5 (16.6 g), 

and sthanedithiol (14,1 g) in CHgOH (120 ml), was added BFg. 

Et^O (14 ml) at 0-5° during, 10 min, and left, overnight to 

coma at room temp. The resulting sain was then poured into 

ice cold 10% NaOH aq (250 ml), extracted with CHClg (75 ml x 4), 

washed with H20 (100 ml x 2) , washed, dried,- and evaporated* 

white crystalline solid of 47 (21.7 g, 90%), m.p. 105-106°.

IR (Fig. 40): (CHClg):- OH 3420 cm"1, 2910, 2840, 1 660 cm"1,

C=C 1450 cm"1, 1440,, 1425, 1370, 1330, 1270-, 1210, 1060, 1025, 

998, 972 898, 865 cm"1, C»C 844 cm"1. PMR (Fig. 41); (ODClg): 

Fle.C, 3H, ss, 0;97 ppm; S.C^.G^.S, 4H» q, 3.33 ppm, 3^=7Hz, 

32=4Hz; CHOH, 1H, t, 3.65 pDm, 3=8Hz; C*CH-S.CH2.CH2.S, 1H, 

bs, 5.47 ppm,. U =5Bz; CH0, OH, 9H, -m, 1 .3-2.5 ppm. Mass; m/a 

242 (M*, 84•8%), 214 (55.1%), 182 (54.5%), 149 (27.2%),

138 (41-*7%), 131 (53.2%), 118 (67.9%), 105 (100%)', 91 (37.8%),

61 (41.7%), 60(30.1%), 59 (.28.B%) .



6p-Methyl.-bicyclo(4,3,G)non-1-sn-7P-ol; 48

(i) A mixture of thioketal 4_7_ (2 g), Raney Ni.,

(10 g), and EtOH (150 ml) was refluxed (20 hrs) under N2- It 

was then transferred to a.Soxhlet unit and continuously extracted 

(24 hrs). EtOH evaporated to afford yellouish solid which 

was filtered through a silica gel column (30 cm x 1.4 cm) with 

C_Hc: EtOAc (9:1) to furnish white crystalline solid of 48_
DO

(0.82 g, 6536); b.p. '9Q-95Q( bath)/0.05 mm; m.p. 51-52%.(96^

purity by glc, IO36 carbouax 20M, 6*, i90%, 60 ml/min, 4.9

min)/ IR (Fig. 42): (CCl4): OH 3360 cm”1, 2920, C=C 1455 cm"1,

1430, 1370, 1335, 1315, 1295, 1260, 1120, -1055, 1020, 984,

925, 878 cm , C=C_852 cm . PMR (Fig. 43); Me_.C, 3H, ss,

0.88 ppm; CH0H, 1H, t, 3.52 ppm, 3-8 Hz; CHf=C, 1H', bm, 5.23 ppm,

U =9Hz; CH„, 10H, m, 1.4-2.5 ppm; OH, 1H, s* 1.75 ppm. Mass:
H £

m/e 152 (M% 72.5%), 134 (41.3^),. 1 19 (34.856), 109 ( 65.2$),

97 (47.856), 95 (39.936), -93 (100J6), .91 (51.456), 81 (39.9^),

79 (52.2?6) , 67 (34.856).. - =

(ii) The thioketal £7 (12 g) in dry ether (500 ml) was 

added to .anhydrous liq. NHj ( 1500 m,l) . To this Ha (12 g) uas 

added in small pi.ecies during 10 min with continuous stirring. 

After 15 min, the blue color of the soln was discharged by
' v

addition of EtOH. Liq. NH3 was evaporated, residue diluted 

with brine (150 ml), extracted with ether (75 ml x 4), washed
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dried, and evaporated* white crystalline solid ( 6 g, 78.9%); 

b.p. 90-95°(bath)/0.05 mm; m.p. 51-52° which was identical with 

48_ (IR, PMR, Mass) .

Epimerization of 7/J-hydroxyl group of 48_

(i) A soln of alcohol 48_ (0.5 g) in pyridine (8 ml) 

was cooled to 0°, TsCl (1 §) was added in portion, and left 

(24 hrs) at 10-15°. The reaction mixture was then diluted 

with cold (30 ml), extracted with ether (25 ml x 3), washed

dried and evaporated at 20° to furnish oily tosylate (0.9 g,

81.836) •

To this tosylate (0.8 g) DPIF (5 ml) and h^O (0#7 ml) 

was added fused KOAc (0.8 g) and stirred at 70° for 12 hrs.

The contents were then diluted with H20 (25 ml), extracted 

with ether (15 ml x 3), washed, dried, and evaporated to give 

an oily product which was taken up in CH^OH (15 ml) and 

H20 (1.5 ml). K0H (0.24 g) was then added and refluxed (3 hrs) 

under' N2. PleOH evaporated, residue diluted with H20 (15 ml), 

acidified with dil. HC1 (1:1), extracted with ether (15 ml x3), 

washed, dried, and evaporated: white solid of 48_ (0.25 g, 50%); 

b.p. 90-95°(bath)/0.05 mm; m.p. 51-52°. IR, PFIR examination 

indicated it to be the starting material 48.
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(ii) A mixture of Al-isopropoxide (1 g), isopropanol
(5 ml), acetone (5 ml), and'the alcohol _4B (100 mg) was stirred 
(3 days) at 45-50°. After usual work-up, the product obtained 

uas the starting /3-alcohol 48_ (80 mg).

(iii) Ethylazodicarboxylate uas prepared follouing the
A8procedure of 3.C. Kauer.

To a stirred sain of /^-alcohol 48_ (0.38 g) , Ph^P (1.3 g), 

and HC00H (0.23 g) in THE (30 ml) uas added dropuise a soln of 
diethyl azodicarboxylate (0.87 g) in THE (5 ml) and stirred 
(14 hrs) at room temp. THE evaporated: syrupy product uhich 
uas chromatographed over a silica gel column (8 cm x 0.5 cm), 
aR-d—el-u-t-sd uith light petroleum: CgHg ( 60:40) to yield the 

starting /3-alcohol 48 (0.35 g).

1,2-0-Epaxy-6/s-methyl-bicyclo(4,3,O) nana*r7P-ol; 49_

To a soln of olefinic alcohol 48_ (6.04 g) in 0H2Cl2 (50 ml) 

uas added a soln of PhC03H (6.98 g, 85%) in CH2Cl2 (50 ml) over 
a period of 30 min at 0-5°, and further stirred for 2 ,hrs. The 

contents were then diluted uith HgO (100 ml), extracted uith 
CH2C12 (50 * 3)» washed uith 15% aq (50 ml x 3) ,
uashed, dried, and evaporated: colorless oil of 4_9 (5.82 g, 87.3%); 

R 0.45 (Tic: 10% EtOAc in CgHg). IR (Fig. 44): (CC14): OH
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3460 cm-1, 2 9 5 0, 14 68, 144 4, 13 8 0, 121 5, 1140, 10 90, 10 40 , 91 2,

880 cm"1, PMR (Fig. 45): Me.C, 3H, ss, 0.97 ppm; C----- CH,
N0^

1H, m, 3.03-3.3 ppm; CHOH, 1H, m, 3.7-4.1 ppm; GH2, OH, 11H, 

m, 1.0-2.4 ppm. Mass; m/e 168 (M+, 24,4%), 124 (100%), 111 

(32.1 %), 109 (38.5%), 97 (55.1%), 95 (34.6%), 93 (37.2%), 

81.(39.7%),, 79 (38.5%), 66 (41%), 55 (38,5%).

6p-Methy 1-bicy clo( 4,3,0) nonan-1P , 7P-diol; 50_

To a stirred slurry of LAH (1.14 g),in THF (40 ml) was 

added a soln of epoxy alcohol 49_ (5 g) in THF (10 ml) during 

15 min at room temp, and refluxed for 6 hrs, The reaction 

mixture uas then decomposed with minimum.of cold H20, filtered, . 

and residue uas uahsed thoroughly with ether, The combined 

filterate was dried and-ewaporated; white crystalline solid of 

50_ (4.59 g, 90%); m.p. 1'14-115°, IR (Fig, 46): (CHClj): OH

3430 cm"1', 2960, 2884, 1462, 1425, 1390, 1340, 1185, 1155, 1080, 

1035, 1012, 988, 858 cnT1 . PMR (Fig» 47); (CDd3): MefC, 3H, 

ss, 1*06 ppm; CHOH, 1H, t, 3,70 ppm, 0 = 6Hz; OH, 1H, bs, 2.06 

ppm; OH, 1H, bs, 2*9 ppm; CM2, 12H* m, 1*16-2*4 ppm* Mass: 

m/e 152 (A+-18, 100%), 137 (78.2%), 134 (51.5%), 123 (51.0%),

109 (99%), 108 (85,1%), 107 (49,5%), 105 (69,3%), 104 (42.6%), 

103 (55,'4^ 81 £47# 5%) . (Found; C, 70.8; H, 10.8. C1QH10O2 

requires!-; C» 70.59; H, 10.59%).



SS

$ 1

6Methyl-bicyclo(4,3,0)nonan-1g-ol-7-one? 51_

CrOg (18 g), was added to a magnetically stirred soln 

of pyridine (28.4 g) in CH2C12 (450 ml), and the deep burgandy 

soln was stirred (15 min) at room temp. The diol 50 (5.1 g)

in CH2C12 (10 ml) was, added in one portion. A tarry black 

deposit separated immediately. After stirring (15 min) at 

room temp, the soln was decanted from the residue, which was 

again washed with ether (100 ml x 3). The combined organic 

layer was uashed with 10% Ma©H aq (100 ml x 3), 10% HCl aq 

(100 ml x 1), 10% NaHCOj aq (100 ml x 1), washed, dried, and 

evaporated: brownish residue which was taken up in ether 

(200 ml), filtered, 'washed with 10% MaHCO^ aq (50 ml x 2), 

uashed, dried, and evaporated: white crystalline solid of 51_

(3.49 g, 68.7%)*, b.p. 95-100°/0.05 mm; m.p. 89-90% IR (Fig.

48); (CHC13): OH 3 460 cm-'1 , 2940, 2870 cm"1, five-membered 

C=0 1740 cm"1, 1455, 1410, 1380, 1218, 1090, 1065, 960, 885 cm 1. 

PMR (Fig. 49): (CDC13) : We.C, 3H, ss, 1.02 ppm; CH2? OH, 13H, 

m, 1.16-2.6 ppm. Hass; m/e 168 (M + , 83%), 150 (27.7%),

121 (22.6%), 112 (46.5%), 111 (25.2%), 109 (37.7%), 108 (100%),

97 (44.7%) , 95 (57.9%), 93 (39%), 67 (25.2%), 55 (31.4%).

(Found: O, 71.2; H, 9.8. C10H1g02 requires: C, 71.43; H, 9.52%).

6£-Hethyl~bicyclo(4,3,0)nanan-IP ,7^-diol; '52

To a stirred soln of hydroxy ketone 51_(3.36 g) in



EfijOH (30 ml) was added NaBH^ (0.75 6 g) in small portions 

(15 min), and stirred (15 hrs) at room temp. Cold aq tartaric 

acid soln was added with ice cooling until the white precipitate 

redissolved. Almost all of the CH^OH was evaporated, the aq. 

soln was' extracted with ether (50 ml x 4) , washed dried, and 

evaporated: white crystalline'solid of 52_ (2.97 g, 87.3%);
122r123°. IR (Fig. 50): (CHCi,3)i OH 3470 cm"1, 2950, 2970, 

1480, 1470, 1392, 1355, 1145, 1070, 1025, 982, 955, 900, 870 cm"1 

PFIR (Fig. 51): (CDClg): We.C, 3H, as, 1.02 ppm; CH0H, 1 H, t,

4.22 ppm, j=7Hz; CH, CH2, OH, 14H, m,. 1.1 -2.5 ppm. , i*!ass: m/e 

152 (PI+-18, 93.8%), 137 (87.5%), 11,2 (56.3%), 109(100%), 108 

(73.4%), 97(78.1%), 95(100%), 93 ( 62.5%), 85 (59.4%), 83 (56.3%),

81 (71.9%), 67 (78.1%), 55 (71.9%). (Found: C, 71; H, 10.3;
\

G^QH-jgOg requires: C, 70.59; H, 10.59%).

?<*.-Tos.y loxy-6P-methyl-biny clo(4,3,0) nonan-1Jl-ol; 41_

To a soln of ..the diol 5J2 (2^6 g) in pyridine (40 ml) 

was added p-toluene sulfonyl chloride (3.5 g) at 0° and left 

overnight, at 10-15°. The reaction mixture was then diluted 

with cold H20 (250 ml), extracted with ether (30 ml x 3), 

washed with HjO (30 ml x 1), 50% HCl aq (30 ml x 2), washed, 

dried, and evaporated (20-22°) to yield pale yellow oil of 41_

(4.48 g, 97%). This tosylate was satisfactory for subsequent

reactions



5-lvlethyl-!-cyclononan-4(2) -en-1 -one; 42

A soln. of tosylate 41_ (3.24 g) in THF (5 ml) uas added 

to a' stirred suspension of freshly prepared K-t-butoxide 

(3.3 6 g) , in THF (30 ml) at room temp under Ng., After stirring 

(20 hrs) at' room temp, the resulting yellow soln uas' diluted 

with (50 ml), brine (50 mi), extracted with ether (40 ml x3),

washed, dried, and evaporated: yellow oil which was filtered 

through a silica gel column (15 cm x 1 pm) with light petroleum: 

CgHg, 1:1 to give colorless liquid of 42 ('1.17' g, 77.4$>); bip.

11 5-1 20°(bath)/4 mm; n^6 1.4869. Rf 0.37 (Tic: 30^ light ' 

petroleum ' in CgHg) . (96$ purity by glc, 10$ carbowax 20F1, 6* , 

170°, 60 ml/min, Rt 10.75min). IR (Fig. 52); ( CC14) 293 6,

2880cm-1, C=0'1705rcm“1, 1470 cm"1, C=C 1450 cm-1, 1434,

1375, 1335,'1248, 1235, 11 64, 1148, 11 15, 1042, 1020, 980 cm"1, 

C=C: 8 60 cm"1, 830 cm"1. PMR (Fig. 53): Me.'C=CH, 3H, bs, 1.63 

ppm; Me.C=CH_, 1H, bfn, 5.50 ppm, U^=14Hz; CH2» 12H, m, 1.5-2.7 

ppm. Mass (Fig. 53ft): m/e 1-52 (M+, 32.9$), 150 (34.3$),

108 (41.4$), 95' (47.1$) , 93 (100$), 91 (42.936), 81' (48.656),

80' (51.4%) 79 (78.6$), 77 (45.7$), 66 (75.7$), 55:(71.4$),

53 (51.436)'. (Found: C, 79.2; H, 10.6. C^IijgO requires: C,

78.95; H, '10.5336).

6M: 1 2-Cyclo-10-methyl-6-ethyl-%-5, cis-9-dbdscadiene-2-one; 54

To a stirred suspension of freshly prepared K-t-butoxide



(1.85 g) in THF (30 ml) was added (4,4-ethylene dioxy) pentyl 

triohenyIphosphonium iodide (19, 7.7 g), and stirred (30 min) 

at room t.emp under N2 • To' this orange-phasphorane uas added 

a soln of olefinic ketone,£2 (1.52 g) in THF (3 ml) and 

stirred (2 hrs) at room temp. After stirring (12 hrs) at 

5O0, THF uas evaporated, residue diluted with light petroleum 

(100 ml), filtered, washed, dried, concentrated (50 ml), 

chilled at -10 to -15° (-3 hrs), filtered, and evaporated: 

yellowish oil of 53_ which was mixed with acetone (20 ml),

H20 (5 ml), p-toluene sulfonic acid (0.1 g), and stirred (12 hrs) 

at room tamo. Acetone evaporated, residue diluted with H20 

(25 ml), neutralized (solid K2C0g), extracted with light 

petroleum (30 ml x 4), washed, dried, and evaporated: yellow oil 

uhich was placed ,on a silica gel c.olumn (20 cm x 2 cm) , and 

eluted with light petroleum: CgHg (1:1) to furnish colorless 

liquid of 54 (1.46 g, 73%); b.p. 125-I30°(bath)/0.01 mm.

n^6 1.4983. Rf 0.43 (Tie: 30% light petroleum in CgHg).

(98% purity by glc, 5% carbowax 20M, 6', 190°, 60 ml/rnin,

Rj. 2.25 min; 98% purity by glc, 10% SE-30, 6’, 190°, 60 ml/min, 

7.0 min; 98% purity by glc, 3% carbowax, 20FI, 6', T90°,

60 ml/min, Rt 2.37 min). IR (Fig. 54): (CCl4); 291 6, 2850 cm-1, 

C=0 1720 cm"1, C=G 1445 cm"1, 1352, 1268, 1220, 1155, 1022,

945 cm-1, C=C 855 cm"1. PMR (Fig. 55): Me.C=CH, '3 H, bs,

1.60 .ppm; CO Me,, 3H, ss, 2.04 ppm; CH=C, 1H, t, 5.18 ppm,

0-6Hz; ne.E*CH, 1H, bm; 5.46 ppm, U =_15Hz. Mass (Fig. 55A):



<e flJJ

m/e 220 (P)+, 27,4%). 1 62 (66.4%), 146 (42.5%), 135 (53.1%),
107 (32*7%), 95 (42.9%), .94 (72.6%), 93 (40.7%), 81 (40.7%),
79 (100%), 66 (44.2%), 55 (40.7%). (Found; C, 82; H, 11.2. 
^15^24^ requires C, 81.82? W, 10;91%).

Methyl, trans,3,cis-and cis,% , cis-7w; 13-cyclo-7-athyl- 
3,11-dimethyl-2, 6,10-trxdecatrienoate; 55_ and 5_6

To a stirred suspension of NaOFIe (0.552 g) in DFIF (15 ml) 
uas added (PleO) 2P(0) Cf-^COOMe (1.87'g) at 25°, and stirred 

(30 mi-n) under » To this clear soln of phosphonate carbanion 
uas added a soln of ketone 54_ (1.1 g) in DMF (2 ml) at 20°, 
and stirred (24 hrs) at -room temp. The resulting yellou 
soln uas then decomposed with t^O (35 ml), extracted with 
^2*3 (25 ml x 4), washed, dried, and evaporated; pale yellow 
oil of 55 and 56 (0.-90 g, 72%); b.p. 155-1 60°/0.01 mm. Rf 
0. 63, 0.66 (Tic; 30% light petroleum in CgHg). £96% purity 
by glc,.5% carbouax 20PI, 6' ,.220°, 60 ml/min, R^ 8.5 min'
(56, 3-4%), 11.5 min (55_, 6^%)] .

These isomers (750 mg) were separated by inverted- 
dry-column-chromatography (IDCC) in the same manner as 
described for the separation of 22_ and 23. The _E-isomer 55_ 
(340 mg) displayed the following physical properties; b.p. 
155-1 60°/0.01 mm.. n^6 1 .5081 . Rf 0.63 (He; 30% light 

petroleum in CgHg) . (95% purity by glc, 5% carbouax 20PI,



6', 220°, 60 nil/m in, Rfc 11..5 mi-n), IR (Fig. 56).# (CC14):

2918, 28 64 cm"1, C=0 1726 era"1, C=C 1652, 1440 era"1, 1382, 

1366, 1230, 1158, 11 64, 930, 870 cm"1. PRR (Fig*-57); Re.C=C,

3H, bs, 1.60 ppm; 2-Re.C=C. COORe,'' 3H, ss, 2.13 ppm; COORe,

3 H, ss, 3,62 ppm; EHfC, -1H, bm-, 5.12 ppm, Uh=12Hz;- Re.C*CH,

1H, bm, 5.48 ppm, Uh-14Hz; C«CH.'C0QRe,. 1 H,. bs, 5.58 ppm; CH2,

16H, m,.- 1.2-3 .0 ppm), Rass; m/e- 2.76 (R- , 14.5%), 163 (41.8%),

T35 (47.2%),- 114 (51 .8%),•T&? (60%), 103 (54.5%),, 101 (52.7%),

95 (67,3%), 82 < 63.665), 81 (;94-.5%) 79' (90.9%), 67 (80%),

55 (100%), 53 ('56.4%)'. (found#-- C, 78.4; H, 10.2'.- C10H28O2 

requires;, C» 78.26; „H, '10*15%)’.

The 2-ester 5j5 (160 mg) .showed the following physical 

properties; b.p. 155-160°/0,01 mm. n^® 1.5067. 0.66 (Tics

30% light petroleum in CgHg).. (-94% purity by glc, 5% carbowax 

20R, 6f, 220°, 60 ml/min, Rt 8.5 min). .IR (Fig. 58): (CC14):

2930, 2860 cm"1, 00 1735 cm"1, G-C -1 648, 1448 cm"*, 1380,

1322, 1228, 11 60, 1064, 926 cm"1, C=G .860 cm"1.' , PfflR (Fig. 59); 

Re.C=CH, 3H, bs,1.60 ppm; C-^fle.C^C.COOfle, 3H, d, 1.88 ppm,

0=2Hz; JC00Re, 3f+, ss, 3.62 -ppm; CHfC, 1 Hj t‘j 5.22 ppm, 3 = 7Hz; 

Re.C=CH, 1H, bm, 5.48 ppm, UU=1.4HZ; C=CH.CD0Re, 1H, bs, 5.58 

ppm; CH2» 16H» m, 1.2-2.8 ppm). Hass; m/e 276 (R+, 44.4%),

1 63 (58.1%) ,. 135 (75,4%), 114 .(56.5%), 107 (89.5%), 95 (69.4%),

93 (53.2%) ,. 81 ■ (100%) , 79 (89.5%), 67 (74.2%), 55 (66.5%).

(Found; C,. 78.6;,H, 10.5. C1BH20O2 requires; C, 78.26;' H» 10.15%).



A p, o’I'sK

dl-Methyl 7tls~13-cyclo-cis-1 0,11 -epoxy-7-ethy 1-3,11- 

dimQthyl-trans-2,fr -6^-tridecadienoate; 1_

A soln of m-CI-PhCOjH (232.2 mg, 65%) in CH2Cl2 (10 ml)

uas added to a soln of E-ester 5T5 (276 mg) in CH?C12 (10 ml)
at 0°. The mixture uas then left to stand overnight at 0° in

'a refrigerator (preadjusted at 0°). This uas then diluted

with CH2Cl2s washed with 5% Na2C03 aq, washed, dried, and
evaporated: colorless oil (254 mg) which uas purified by

preparative layer chromatography (PLCs silica gel, Tic grade,
20 cm x 20 cm x 0.5 mm) developed by light petroleum: EtOAc,
18:2. Required cydononane analogue of 3B-I (7j mg) uas

obtained from a band at R^ 0,52. The starting E-ester 5_5

(36 mg) was recovered from a band at 0.75. The diepoxide 5_7
(20 nig) was obtained from a band at 0.23 (Tic: light

petroleum: CgHg, 18:1). The'3R-mimic 7 showed the following
properties: 0.52 (Tic: light petroleums CgHg, 18:1). IR
(Fig. 60): (CC14): 2930, 2860 cm"1, C“0 1720 cm-1, C=C 1645 cm"1,

1432, 1378, 1356, 1325, 1275/ 1245, 1220, 1145, 1035, 900,
812 cm”1. PFiR (Fig. 61): Fie.C-- C, 3H, ss, 1.20 ppm; Z-He.C-C.

x0^
COOPIe, 3H,.ss, 2.13 ppm; COOMe, 3H, ss, 3.62 ppm; CH_=C, 1 H,

.5.12 Ppm, 1^*12 Hz; C^CH.COQFle, lH,.bs, 5.58 ppm; CH, CH2» :
Fle.C-- CH, 16H, m, 1.24-3.0 ppm. Flass (Fig'. 61 A) : m/e 292 (FI*,

x0^
4.3%), 161 (91.5%) j 135 ( 63.8%)., 121 (53.2%), 114 (59.6%), 107 

(59. Q6), 95. (89.4%), 93 (78.1%), 80(10056), 78 (70.2%), 67(76.6%),' 

55(72.3%). (Found: C, 74.2; H, 9.7. C18H2B03 requires;

C, 73.97; H, 9.59%).
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