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SYNTHESIS OF cis~PERHYDROINDANE AND CYCLONONANE
ANALOGUES OF CECROPIA JUVENILE HORMONE

ABSTRACT

The present Chapter describes the synthesis of cis-perhydro-
indane analogues of Cecropla juvenile hormone, from a critical
and common starting point -~ cis-bicyclo (4,3,0)nonan~3-8-dicne
vhich was prepared from indene; and cyclononane analogue of
Cecropia juvenils hormone from S-methyl—cyclmnon—a{gj—en~1-one;

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

The biological profile of natural products, including
their derivatives, and synthetic analogues, served to formulate
the early ideas about possible relationship betwsen chemical
structure and biologieal abﬁiviéy. It soon realised that
certain structural units of the molecules of biologically active
compounds are alsoc to be found in those of other compounds 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
mﬁlecular modification of a promising "lead" compound is gtill
a major stream of investigation to novel analogues.1b Structural
changes produce new physical properties, and alter the reacti-
vities of a molecule, which in turn may Ereate changes in
distribution in'cellg, and tissues, in access'to active sites
of enzymes and receptors, in reaction rates at such sites, and
jin excretion patterns. Even an apparently very minor variation
in chemical struc%ure may thus uncover biological effects that
have been dormaﬁt 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



1 . . .
Structures - which have cOmparable physical properties and
shapes, especially if such features as rigid bonds or intra-
molecular hydrogen bonds provide an impetus for pseudnoyclic

conformations.

Among:the best known examples are the potent egtrogens.
The natural egtrogenic hormone estrodiol {T-1) can be simuylated

by the synthefic,diethylstilbesﬁrol {(1-2). The latter is about

oW - oM
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as active as the natural hormone (T-1), and is much more potent

than it's tetracyclic analogue with two terminal phenolic rings.aC

In anticholinergic diethylaminoethyl esters, "tying back

1d,1e

the aromatic rings enhanced the activity (T~4 is more active

than T-3).
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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 someuwhat

sweet and flouery note.w

o g HQ\\\“ (——-is new bend )
T-5 ‘ T

This approach to the synthesis of Cecropia juvenile hormones

(JH-1, 135 IH-II, 23 JH-III, §_)2 mimics has not been exploited,

1: R=R =t
2: R=Et, R, = Me
3 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.



R=

C}‘(ZOMQ 3 Cq"‘e

NS COZMe

NS

A

P2

C

NS




59

additional carbaﬁ atoms have als0 been incorporated. Many of
these compounds were found to be effective growth regulators,
though on diFFerent insect pecies. The present investigation
~was undertaken to see how Ey closing a part-structure of JH-1
(1, tSe JH~activity would be affected. Of the very large
number of- structurés that can be generated from such an exercisé,
we have restricted our #fort to those schematically shown in

Fig. 2.- These nouai modifications would result in molecules
having 2 or 4 hydrogens less than 5H—I (1) and having a molaculaf
shape which may be likened to certain frozen conformations of
JH-1 (1). Also it is revealed that. in going to structures such
as 4, 5, 6 and’7 there will be some distortion in the shape af
the original molscule (1); but this is not significant as
verified from molecular mmd@ls,’the overall essentially linear
disposition of the Functiohality having maintained. Thse

synthesis of 4, 5, 6 and 7 is described in tie present chapter,

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

CIS - PERHYDROINDANE ANALOGUES OF
€ECROPIA JUVENILE HORMONE ( Part - 1)

dl-Methy! 77 : 9, 77 : 13 - and dl-Methyl 7” : 13, 9 : 13 - cis = cyclo
cis = 10, 11 - epoxy - 7 - ethyl - 3, 11 - dimethyl -
trans - 2, € - 6 - tridecadienoate.
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cis-PERHYDROINDANE ANALOGUES OF
CECROPIA JUVENILE MORMONE (Part I)

INTRODUCTIGN

The synthesis of dl-methyl 7" ¢ 9, 7" ¢ 13 - and dl-methyl
7% ¢ 13, 9 : 13-cis-cyclo-gis-10, 11-epoxy-7-ethyl-3,11-dimethyl-
Eggg§¢2,ZL-6~tridecadienoate*; 4 and 5 is described in the present
section. Their relation to JH-I (Fig. 2) is interesting in
so far as they can be visualized as derived from JH-1 ring
closures at positiohs 7% ¢ 9, 7* s 135 and 7" 3 13, 9 3 13

respectively.

RESULTS AND DISCUSSIONS

cis-Bicyclo(4,3,0)nonan-3,8-dione

For the synthesis of 4 and 5, cis-bicyclo(4,3,0)nonan-3,
B~-dione (12) appeared to be a critical and common starting
point. The preparation of 10 hes, apparently, not been reported

so far. GSuitably constructed indan-2,5-diole can be hydrogenated

% Either E or Z geometry

* This nomanclature is based on the name of the pa;ent JH=-13%
70 3 9, 7% 3 133 and 7" = 13, 9 s+ 1% indicate that these

.

positions are joined together to form perhydroindane ringe.

Similar nomanclature is well-known in sterocid field.



under pressure, in presence of catalyst to yield saturated

diol, in uhiéh the rihg Junction bgtﬂeen.FiVe— and six-memhered
ring formed is exclusively'gii.g The diols %hen can be readily
oxidized10 ta diketonss. This aﬁﬁruéah (Fig. 3) appeared most

suitable for the synthesis of 10.

Thehraquired diol 8 was prepared‘from indene, along the

lines indicated in Fig. 4. Indene 1l.maé gonverted to the

ketons 12 with HCOOH/H,O,, ' o3
"2 or with NaBH,/CHLOH. Acetylation

diluted HZSO and thence to the
alcohel 13 with LAH/Ether '
of 13 with gceticabhyéridefpyridine.furnishad the acetate 14.
The acetate 14 was acylated at Cg position with Alcl3/CH3CGCl,

14

¢s.1® to yield the ketone 15. Baeyer-villiger oxidation * of

2
15 with performic acid produced a mixture of diol formate-acetate
uhicﬁ upon alkaline hydrolysis gave a diol which on further
acetylation afforded the desired diacetate 16. Refluxing of 18
with KOH in CH OH Purnished indan-2,5-diol [83 Mass:_ﬁ/é 150.-

IR (Fig. 1): (KBr-pellet): 09 3388,9m‘1)Q " High pressure
hydrogenation9 of Qﬁuiﬁh Raney Ni, wzqgkﬂﬁﬂH in presence of
alkali a%Forded, in éxcelient yield, ?he required saturéted diol
9; in which the junction of five-and six-membered ring is
gonsidered to bé cis (9), in view of the knowng high pressure
hydregenation'cf,hydroxy indanes. Jone's Dxidation1g of 9
furnished the expected g;gybicycld(a,z,ﬂ)nonan—S,8~dfone {10;
Mass (Fig. 4A)s m/e 152. IR (Fig. 3): (CCla): five-membered

G=g 1755 cn™!, six-membered C=0 1725 cim . PMR (Fig. 4):

CHy, CH,» 12H, 1.6=3.0 ppm, 6m}.
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REAGENTS : 1. Raney Ni, Wy / H, /EFOH ; 2: GrO, Il H50, /Acetone

FIG. 3 .

—

‘éEAGEN% : HCOH Ids\'.HzBo&,‘Steam didrilla¥ion ; E-NQBH4’E}OV'\;
3. A0/ Ryvidine | 4. MeCOC / AIC\, 1 C5, ; 5.HCOR, 6.NaOH/MeOH

FIG. 4 : Synthesis of indan-25-dicl
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eis-Perhydroindane analogue of JH;i (&)

The éynthesis of Q.FrOm 10 was achieved according ﬁo ths
scheme briefly outlined in Fig. 5., The starting diketone 10
was  converted to the olefin 1? with methylenetrlphenyl phos=-
ahorana.16 Conditions for thls selective wittlg reactlan at
six-membered carbonyl were critical, but the procees became
efficient when carefully exacuted (strlctly anhydrous cond tlons,
inverse addltlon16 of one equ;valent of the reagent and temperature
in the range of 0—30). The alefin exhibiteé spectral character-
isties expected of. 17 (Mass: m/e 150. IR (Fig. 5): fiue—membered

-1 1

C=0 1745 em ., C=C 1658, 1450 em '« PMR (Fig. 6)s C=CH,, 2H,

2’

ﬂefluiing af 17 with p~t01uane aulfonic acid in benzene

furnished the desired isomerized olefin (1B; Masss (Fig. 8A):

-1

m/e 150. IR (Figs 7): five-membered C=0- 1745 ecm ~, C=C 1458,

1442 ca~'. PR (Fig. 8): fle C=C, 34, 1.68 ppm, bs; Me CZCH, 1H,
S‘s.36 pom, d, ~2Hz) Uittig reaction of the ketone 18 with

17 in presence of potassium-t-but0x1de/

the phosphonlum Salt 19~
THF - afforded the ketal 20 uhich upen hydrolysis ‘with p-toluens
sulfonic acld/acetone Furnlshed the dienoic ketone exhlbltlng
spectral characterisﬁlcs expected of 21 {Wass' (Fig. ?8&) Q18.
PMR:(Ggine c=C,. 3H, 1.65 ppm, bs; COMe, 3H, 2.16 ppm, ss; Me C=CH,

CH=C, 2Hy 5.12 ppm, W,=17Hz; §.30 ppm, W, =13Hz, tuo bm.
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REAGENTS : 1. PhPMel” /Kt -buroxide /THF | 2. PT6/CM ; 3. Kk -
butorde/ THE ; 4. P15 /Actone ;5.1 EFO)ZPCO)CHZCOEMEI NaOMe/
DIF ;6. m-Cl-Ph,COH ] CHCly

FIG.' 5. Synthesis of @—Pe\;hydvo\name analoguc of W1, “j:



€lc: R, 4.5 min (974), Sk carbowax 20M, 6', 200°, 60 ml/min ;

the (either Z or E) geomstry of AE’E double bond remains
unsolved from the PMR data‘ér from analysis of similar 03365.17
Condensation of the ketone 21 Qith méthyldieﬁhylphasphondacetate18
in the presence of NaDMé/DﬂF19 gavé rise to a mixture of E - and
ggesters‘(ggiand 23), could readily he separa£éd by inverted-
dry—column—chromateraéhy (IDCC)ZD,‘and!identified as one would
expect different chemical shift in PMR (Fig. 12 and 14) for C ~Ma
Slgnals for the E—(zz, 2.15 ppm) and z -isomers (23, 1. 88 ppm)

Epoxidation®? of E-estér 22 with m-Cl-PhCO.HZ/CH,C1, at 0°

2
followed by tle purification afforded the targeted cis-perhy-
droindane analogue of JH-I in the racemic Form{rﬁ; Mass (Fig. 16A)3
m/e 290. IR (Fig. 15): £=0 1720 cm‘7, £=C 1648, 1432, 860 cm .
PMR (Fig. 16): ﬂg;q;;p, 34, 1.26 ppm, ssj gyﬁg.c=c.coqmé, 34,
2.16 ppm, ss; COOMe, 3H, 3.62 ppm, ss; Me C=C, 3H, 1.66 ppm,
bs, is it due to‘qontamination of 24?3 CH=C, 1H, 5.10 ppm, m,

W,=14Hz}; 5.28 opm, m, W =10 Hzj C=CH CpoMe, 1H, 5.58 ppm, bs ]

cis-Pe:hydioindane analogue of JH-I (5)

Tﬁe synthesis of 5 from 10 was accomplished by the path shown

24

in Fig. 6. The diketone 10 was selectively reduced”” with NaBH,/

£Lon?® at 0% to produce the anticipated hydroxyketone 26 Mass: m/e

154, IR (Fig. 17): 04 3460 cm-1, five membered £=0 1740 cm‘1.

' L . 26
PRR: CHOH, 1H, 3.5-4.0 ppm, bm . Aotion of §ive-fold excess’

PhEP+Mef— on the hydroxy ketone 26, in presence of potassium-t-
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35 L ¥
REAGENTS : 1.NaBH, [EFOH ; 2.PhPMel / K b-butouide 1T | 3.0e0, /
Pyridine —Supporred on 510,98 /EH,Q, ; A PTBIN, B. Kk -
buboxide I TAF 5 & P18 {Accione ; 7. (MeO)POILR T e Naoiie/ DMF;
8. wm-Ci- PhCOM /CH,Cly )

F16. 6. 5ynrhesis of Cig-Pevhydroindane analoque of hi. 5

—————————



butaxide/THF furnished the expected hydroxy olefin 27 (IR (Fig. 18):
oH 3340 em” ', c=C 1660, 1452 cm™ . PNRSFEQEZC, 2H, d, 4.83 ppm,
J=2Hz). ‘Chromium trioxide-pyridine (supported on silica,gel)2
oxidation of 27 furnished ig high yield, the required olefinic
ketone 28. Refluxing of 28 with p-toluens sulfonic acid in

CeHg yielded a mixture of isomerized olefins (29 and 30), could

readily be separated by preparative gas chromatography, and

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

© e ()

W
A %
29 30
Fi. 7

as singlet on decoupiing Y-pratéﬁ (2.08 ppm, m) which in turn
was located by deccupllng x proton (5 16 ppm, d) in 29. Similar
decoupling experiments did not’ affect the doublet of Z protons,
as expected in 30 (Fig. 7)» The ketona 29 on exposure to
(4, 4—ethylenedlaxy) pentylene trlphenylphosphoraneq? in
tetrahydrofuran, yielded the desired Wittig ketal 31 which on
hydrolys;s with p-toluene sulfonic acid-acetone furnished
dienéic Qetone exhibiting spectral characferistios expected

of 32 (Mass (Fig. 27A): m/e 218. IR (Fig. 26): €=0 1730 em™ T,

C=C 1450, 868 cm '. PWR (Fig. 27): Mg €=C, 3H, 1.70 pem be 3



COMe, SH, 2.05 ppm, Ss3 Me C=CH, CH~C,\2H, 5.10 me, %H~21Hz,

bmy Glec: R 4.96 min (98%),43% carbowax 20M, 6' 190 60 ml/

f
min)}, the ¥ (either Z or E) geometry of é§'6 douhle bond
remains obscure From the PMR data or from analy51s of sxmllar
_ casesl17 The ketone 32, on, interactlon Ulth trlmethylphos—
phonoacetateza in aresence of potasslum-t butsxlde/THF, under-
went Wittig reaction to furnish a mlxture of tranDlC E- and Z-
esters (33 and, 3&}, cauld readlly be resolued by inuerted dry-
calumn~chromatography (IDCC) , and 1dent1fled, as one would
expect different chemical shlft in PMR . for Cj~ma slgnal for the
E—{SS, 2.13 ppm (Fig. 29)] and Z-isomers {34, 1.88 ppm (Fige
31) ] « Seledgtive epoxxdaﬁlon‘22 of the E—ester 33 with |
m-Cl=- perbenzoic acidzz in hethylenédichloride affurded a mlgture
of epoxloes from Wwhich the targsted cis perhydrolndane analogue
- of JH-I (_) was obtained by prepanative-layer chramatography
(PLG). (53 Mass (Fig. 33A): m/e 290. . IR (Fig. 33,2)‘. c=0 1?30 cm
c=C 1656, 1442, 868 cn . PPR (Fig. 33): fle g;—/c, 3H, 1.35 ppm,
ssj Z-Me.C=C.COOMe, 3H, 2.16 ppm, bs; comm@,;zH,'z 62 ppm, ss}
Me.C=C, SH, 1.70 PR, bs, is it due to contamlnatlon of 3573
CH=C, 1H, 5.0 ppm, m, UH = 21-Hz,'C~Bﬂ:COUNe, 1H, 5.57 ppm,
d, J = 4 Hz).

-1
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EXPERIMENTA AL

all m.pé and bo.ps are uncorrected. Light Petroleum
refers to the fraction b.p. 60~886.' All salvent extracts

were finally washed with brine and dried (NaZSDé).

The following instruments were used for spectral/
analytical datas Perkinﬁlmer,\model R-32 (90 MHz) NMR jspectro-
meter; Varian Mat CH-7 Mass spectrometer (70 eV, direct inlet
system); Heulett-Packard 5712A and 7624A gas chromatographs
(Al cﬁlumns, 180 cm x 0.6 cmg support, 60-80 mesh chromosorb W;
carrier gas, Hz)g All PMR spectra were recorded with 15-20%
soln in CL'.‘l4 {(unless otherwisse stated) with TMS as internal
reference, signals are reported in ppm (J); while citing PMR
data the following abhreviations have been usad: s, singlet;
d, doublet; t, triplet; g, quartest; m, multiplet; bs, broad
singlet; ss, snarppsinglet; bm, broad multiplet. While
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

. 4
at 125-30° for 6-8 hrs, and standardised.s Tlc was carried

out on Siﬂz“gel layers (0.25 mm) containing 15% gypsum and



and activated at 110-1157 (2 hrs).
All the Wittig and Grignard reactions were carried out

in an atmqéhhare o% dry Nz‘ T . )

2-Indanone;v12‘

A——

To.a soln af'chsﬂ'(ﬁeo ml, 85%), and H,0, (140 ml,
30%) was added with UlgorDUS stirrlng, and maintalning the
temp between 35 40 y indene. 11 (117 3 ml) ouer a period of
2 hrs. After UlgBrOUS stlrrlng«For 7 hrs at room. temp, HCOOH
evaparated (b. p. 35~40 /20-25 mm),_residue diluted with dil.
H,80, (2 1, 7% hy vol), and steam dlStllled. " The white’
crystaillna product from the distlllate Was collected on é

sintered-ﬁunnel,,and ‘dried (BD gms, 53%}, m.p. 57=58° {lit.

, o -
MeDe 57=58 )

2-Indanol;13

(i) To a slurry o?nLAH:(S.BG §) in dry'ether (100 ml),
was added with stirring, and co6ling at DG, a soln of_fha ‘
‘ketone 12-(20 g) in dry sther (250 ml), and further stirred for.
., 1.5 hrs.  This was then decOmposed with Na2504 aq soln, and

filtered. The residue was washed with ether (50 ml x 2), and
filtered. The combined filterate was dried, and. evaporateds

-
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yellowish crystalline solid of 13 (18.9 g, 90%), m.p. 67-
12
8% (1it. 68-707Y.

(ii) To a stirred solp of the ketone 12 (13.2 g) in
QHSDH.(15U ml) at 250; was added NaBH4"(1.9 g) in portions

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

3
diluted with H,0 (150 ml), extracted with CHEl, (75 ml x 3),

washed, dried, and evaporated: yellowish crystalline solid of
13 (12.3 g, 90%), m.p. 67-68° (1itl e8-70°). IR(CCl,): OH

3460 cm', 3080, 3035, 2970, 2920, 2850, 1430, 1468, 1430,

1340, 1310, 1260, 1165, 1045, 955, 932 cm™'. PMRs CHyy 4H,

two g, 2.72 ppm,,31=16Hz, J,=4Hz§ 3.05 ppn, J1=17Hz, 32=6Hz;

2
C*j_ﬂH, 1H’ 'bm, 4,45 PpRim, U;Hz‘lsHZ; U.’i, 15“', ‘bs, 3.04 Ppme.

2-Indancl acetate; 1

a———

A mixture of the alcqhal'lg_(ZDg), Ac,0 (150 ml),
and dry pyridine (10 ml) was uarmed, and left overmight at
roam temp. - Then decomposed with H,0 (300 ml), extracted with
1ight petroleum (75 ml x 3), uashed with H,0 (50 ml x 1), dil.
Htl (59 ml g 1, 1:1), H,0 (50 ml x 3), washed, dried and
evaporated: colorless liquid of 14 (31g, 95%).. b.p. 120°%(bath)/
2 mme R, 0.65 (Tlc: 10% EtDAc in CH.). IR (CCl,)s 3084,

1 1

, C=0 1748 cm ', 1492, 1470,

1430, 1382, 1254, 1220, 1195, 1055, 1035, 985 cm '«

3040, 2968, 2918, 2860, 2850 cm



PMRs DCOCﬂa, 3H, ss, 1,94ppm} CHQ? 4H, two g; 2.%3ppm, J1=
15Hz,‘32=4uz; 3.30 ppm, J,=16Hz, J,=6Hzj CHOCOCHg, 1H, m,

5,46p0M, UH=15H2;-Aromatic; 44, s, 7.18 ppm.

S5-fAcetyl-2-indanol acetate; 15

To a cooled (0°) soln of the acstate 14 (26.4.9),
cs, (40 ml), and CH,COCI (19.6 g) .was added gaudered‘anhydrous
AlCl, (45.3 g) during 45 min and stirred for 3 hrs (fhe AlCl.,
_was contained in a wide mouth flask attached to théhreactian
vessel by a short length wide bore Tygon fubing;‘ In this way
the solid could be added in, cchtrolled pmrﬁions uifhaut
@xposure to ‘the alr) After stlrrlng at room temp For 3 hrs,
the reaction mlxture was descomposed with cold Hzﬂ, extracted
with ether (150 ml x 3), uashsd, dried, and evaporateds white
crystalline solid of 15 (30 g, 95m), bep. 200-=210 (bath)/? mma

mep. 64°. Rp 0445 (Tleéz 10% EtDAc in CEHE). IR (ccl 2970,

L
2918, 2860, 2840 cm_1, C=0 1745, 1694 cm“?; 1620, 1580, 1434,
1380, 1365, 1318, 1248, 1218, 1192, 1170, 1052, 1032, 980 em™ .
PHR: OCOCHg, 3H, ss, 1.95’ppm;/ﬂr.CGCﬁ3,|3H, s, 2.47 ppm; CHo,
44, two q, 2,95 ppm, J1=ﬂ6Hz,AJéé4Hz; 3.27 ppm, 3?=1?HZ, 32=6Hz;
CHOCOCH,, TH, bm, 5.46 ppm; W =15Hz; Aromatic, 3H, two d, 7.24

ppm, J=8Hz;(7{72-ppm, J=7Hz,

2, 5=Diacetoxyindane; 16

To a stirred solp of HCOOH (60 ml, 85%), and H,0, (?& ml,



30%), was added the ketone 15 (10.9 g) during 15 min, and
stirred at room temp (22 hrs). HCOOH evaporated (b.p. 35—400/
20-25 mm): brounish liquid of formate-acetate and diol with

R, 0.70, 0475, and 0,5 (Tle: 50% EtOAc in cﬁHﬁ), which was

£
mixed with KOH (7 g), H,0 (5 ml), CH,OH (50 ml), and tefluxed

for 5 hrs. CHEDH evapnrated9 re31due diluted with H, U (100 ml),
acldl?led with dil, HCl (1:1), extracted with EtDAc (75 ml x 3},
washed, dried, and evaporated' brounlsh lquld of dlol with

Re 0.5 (Tlc: 50% EtOAc in C Hﬁ), which was acatylated with

Ac,0 (30 ml), dry pyridine (5 ml), and laft ouern;ght at room
temp. T%ia was thgn deccmgosed with céld‘H20¢(i58 mi), extracted
uitﬁ ft0ac (50 ml x 4); uashed; dried, and evaporateds white
crystalline solid -of 16 (8.9 g, 75.5%4), bep. 180°(hath)/1mmn,

m.p. 70-71° (1it?® 72-73°). IR (ccl,): 3035, 2970, 2918, 2868,

2842 cm” '3 £=0 1770, 1742 cm '3 1490, 1440, 1430, 1378, 1255,

1216, 1138, 1052, 1032, 980, 955, 9D0'0m~1l PMR: OCOCHg, 3H,

ss, 1.95 ppmj Ar,0COCH,s 3H, S8, 2.18 ppms CHOCOCH,, 1H, m,

3’

5.46 ppm, W, =15Hz3 CH,, 4H, m, 2,76-3.5 ppm; Aromatic, 3H, tuo

H 29
dy 6,82 ppm, 3=0Hz; 7.12 ppm, I=7Hz. Mass: mfe 174 (M’ - 60,
28:7%), 135 (38.8%), 134 (100%), 133 (35.7%), 1139 (32.6%),

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

79 (51.2%) .

Indane-2,5-diol} ‘8

The diacetate 16 (10 g) was mixed with CH.OH (60 ml),
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KOH (6 g), H,0 (15 ml), and refluxed for 5 hrs. €H,O0H evaporated,
residue diluted with H,0 (100 ml), acidified with dil. HCl

(121), extracted with EtOAc (50 ml x 4), washed dried, and
evaporateds crystalline solid of 8 (4.2 g, 65.6%), b.p. 215-220°
(bath)/1mm, mep. 112-113°. R, 0.5 (Tlc: 50% EtDAc in CH ).

IR (KBr-pellet): (fig. 1): OH 3380 ém;1; 3140, 2928, 2830,

1605, 1474, 1428, 1330, 1280, 1250, 1235, 1132, 1045, 940,

852, 810, 750 cm . Mass: m/e 150 (Mm%, e8.2%), 121 (27.1%),

108 (27.9%), 107‘(51,?%), 94 (25.6%), 93 (100%), 92 (41.9%),

91 (43.4%), 80 (54.3%), 78 (38.8%), 54 (27.1%).

¢cis-Bicyclo(4,3,0)nonan-3,8~diol; 9

A mixture of aromatic diol 8 (13.9 g), EtOH (300 ml),

‘1&% NaOH ag soln (10 ml),‘and Ransy Ni, W, (2 g) was hydrogenated
in Parr;aﬂparatus‘at about 1600 psi at 155-160° for 8 hrs.

After filtering out the catalyst; EtOH evaporated, residue
diluted with H,0 (50 ml), neutralized with dil, HCll(1:1),
extracted with EtOAc (75 ml x 3), washed dried, and esvaporated:
colorless thick liquid of 9 and hydrogenyled product (14 qg)

with R, 0.2, and 0.8 (Tle: 50% EtOAc in CéHﬁl, which was placed

f
on a silica gel column (30 cm x 4.5 cm), and eluted with EtOAc:
¢6H6 {(1:1), FEtDAc to yield hydrogenyled préduct (4 g}, and

the required saturated diol 9 (9.8 g, 68%). IR (Nujol): (Fig.2):



o
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1 1

, 2920, 2850, 1445, 1360, 1338, 1065, 1020, 970 cm '.

c~

OH 3320 cm

cis-Bicyclo(4,3,0)nonan«=3,8~dione; 10

To a stirred soln of saturated dicl 9 (7.7 g) in acetone
(40 ml), vas added Jons's reagent (17 ml), slouly at 5-8°, till the
color of Jons's reagent persisted (6 hrs). This was then
diluted with HZD (15 ml), acetons evap;rated, residue diluted
with H 0 (75 ml), neutralized (solid NaHCO,), extracted with
CHC1, (75 ml x 3),vuashed, dried, and evaporated: colorless

liquid of 10 (7.3 g, 96%), b.p. 150-155°(bath)/0.1 mm, nZ°

1.4981, R% 0.55 (Tlc: 50% EtOAc in»téHﬁ). (967 purity by glc,
£ .0 . .
5% carbowax 20M, 6 , 190", 60 ml/min, R, 5.0 min). IR (Fig. 3):

t
1

1, five-membered C=0 1755 cm ', six-

(ccl,): 3030, 2950 cm”
L

membered C=0 1725 cm™ |

1

1170, 1150 cm”'. PUR (Fig. 4): CH,CH,, 12H, bm, 1.6-3.0 ppm.

29
Mass (Fig.laa): mfe 152 (Mm%, 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;&%5, 54 (21.4%). (Founds C, 72.5; Hy, 7.4.
ch1202_require8£ c, 71.05; 7.89%5;

%-Methylene-gig-bicyclo(4,3,0)nonan-8-one; 1

Methyl triphenyl ohosphonium ijodide: To a cold soln of Ph3P

(1356 g) in dry CH, (80 ml) was added CHyT (9.2 g9), and

laft overnight at 10-15°, The separated ppt was filtered,



70

washed with C H., and dried: white crystalline solid (20,69,

100%), m.p. 186-188°

To a stirred suspension of freshly prepared K-t-butoxide
(247 ) in dry CH (130 ml) vas added Ph,P'Mel” (8.88 g) and
stirred at room temp, under Nz for 30 min. The resulting

intense yellow soln was transferred with dry‘Nz‘inta the

addition funnel fitted with another flask which previocusly
contained a stirrsd soln ef the diketone 10 (3.0 g)» The
yellow phsphorane was then added slouly at 0%3° (1 hr), and
further stirred for 2 hrs. After stirring at room temp (5 hrs),

the brownish reaction mixtdre was decomposed with H 0.(50 ml),

2

C.H_. layer separated, ag. layer extracted with light petroleum

66
(75 m1 x 3), washed, dried; and evaporated: semi-solid mass

with Ph,P0 which was taken up in light petroleum (50 ml),
digested on water bath (10 min), chilled at' -10 to -15% (2 hrs),
filtered, and evaporated: yellowish o0il, which was placed on

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

petroleum: (131) to furnish colorless liquidiofvlz

Cels
(2.4 g, 80%), b.p. 90-92°(bath)/0.1 mm, n2® 1.5066, R 0435

(Tlc: 30% light petroleum in‘EGHG)o (95% purity by glc, .59

2.5 min). IR (Fig. B):
1

1
carbowax 20M, 6 , 180°%, 60 ml/mim, R
1

t
, S-membered C=0 1745 cm

1410, 1150, 900 cm 1. PMR (Fig. 6): THy=C, 2H, d, 4.73 ppm,

1

(ccl,)e 2920 om” , C=C 1658, 1450 cm ,



/
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s

J=6Hz; GH, CH,s 12H, m, 1.6=2.5 ppm. Mass: mfe 150 (MW", 100%),

29
108 (41.9%), 107 (54%), 95 (100%), 94 (43.5%), 93 (99.,2%), 92
(56.5%), 91 (46t), 81 (54.8%), 80 (90.7%), 68 (44%). (Found:

Cy, 79.53 H, 9.3, CigHq 40 requires: ¢, 803 H, 9.33%) .

E—Methyl—gggfbicycla(é,3,D)non—2~ene~8-one; 1

A'mixture of an olefin 17 (3 g),)p-toluena~sulfonic
acid (0.3 g), and dry'CGHé (50 ml) was refluxed for 10 hrs,
The reddish reaction mixt was then diluted with H,0 (40 ml),

neutralized (NaWCO,), extracted with CH. (50 ml x 3), washed,

66
dried, and evaporated: colorless liquid of 18 (2.6 g, 86.6%),

‘b.p. 90-92°(hath}/C.1 mm, néﬁ 1.4988, R, 0.35 (Tlc: 30% light

' ‘ . ' '
petroleum in CGHS)' (974 purity by gle, 5% carbowax 20M, 6 ,
180°, 60 ml/min, R
1

2.25 min). IR (Fig. 7): (cCl,): 301q,

1, c=c 1458, 1442 cn”', 1410

t

2922 cm ,_S-memberéd C=0 1745 cm

' 1385, 1220, 1115 cm™' . PWR (Fig. B): CH; C=C, 3H, bs, 1.68
©opmi CHeC, 1H, d, 5.36 ppm, J=2Hz; bH,*CHZ, 10H, m, 1.51=2.4
ppM. Mass: mfe 150 (m*,)ao%), 122 (1&%),'107‘(40.2%); 94(100%),
93 (27.3%), 92 (33.3%), 82 (14.3%), 80 (40.74), 78 (28%),

59 (33.3%), 54 (22.7%).“(rohnd: Cy 79.53 Hy 743. CygH,,0

requiress C, B0; H,- 9.3%).

a—RcetleY-butyralactOneés

(i) To a mechanically stirred soln of NaOH (20 q9),

HZD {125 ml), EtOH (45 ml), was added a mixturs of sthylene



oxide (22 g), and acetoacetic ester (65 g), (previously cooled

-

to DD) at 0-5° (20 min}, further stirred (2 hrs), and left
at 0-5° (48 hrs), The resulting soln was neutralized with
HOAc (30 ml), extracted with CeHg (75 m1 x 3), washed, dried,
evaporated, and fractionated: colorless liquid (18.2 g, 30%),

A%
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 s0ln of acetoacetic ester (33 g) in.EFtOH (35 ml) slowly at
room temp and refluxed for 380 min. To this soln was added a
mixture of ethylene oxide (11 g), and EtOH. (13 ml), (previously
cooled to 0°), at 0-3°, Furthér;étirred (2 hrs), and left
overnight. EtOH evaporated, residue nsutralized with HOAc (1:1),
extracted with CeHe (50 ml x 4), washed, dried, evaporated, and
fractionated: colorless liquid (16.2 g, S55%), b.p; 142-145°/

30 mm (11t 142-145°/30 mm).

S—Chlorc-z—péntanoneM

A mixture of con. HCLl (22.5 ml), H,0 (26.5 ml), and
< -acety l-Y-butyrolactone (19.2 g)rQaS-placed in a flask fitted
with a bulb-type eondenser, and % receivsr iémersed in an
icenpatef bath. C02 syolved, temp, of resaction mixture was
raised at such a rate that it did not foam over into the

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



Hy0 (25 ml) was added to the distilling flask, and another
distillate (5 ml) was gollected. The combined disyillate was
extracted with ether (50 ml x 4), dried (CaClz), and evaporateds:
colorless liquid (11.4 g, 89%), b.p. 70-75°/20 mm (1it%° 70-

?23/20 mm) .

(4, 4-Ethylenedioxy)pentyl triphenyl phaosphonium iodide; 19

A mixture of 5-cl-2-pentansne (11 g), acetone (80 ml),
and Nal (42 g) was refluxed for 5 hrs and filtered. Acetone
svaporated, residue diluted with ether (200 ml), washed with
10% Na,S,0; ag soln (25 ml x 1), washed, dried, and evaporateds

brownish liquid of 5-1-2-pentanone (19.2 g).

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

and refluxed for 15 hrse. The precipitated 4-oxo-pentyl

triphenyl phosphonium iodide was filtered, washed with little

17b

dry C and dried (33.4 g, 71.1%), m.p. 228-229°, (1it!

eHgr
MePo 2360) .

This ketophosphonium salt (33 g), p-toluenesulfonic

acid (1 g), ethylene glycol (30 ml), and dry C (350 ml)

676
were refluxed in a Dean-~Stark unit for 24 hrs. This was then
nsutralized (solid KZEDS)’ 86H6 evaporatedy, and the residue

shaken well with HZD (300 ml) to brecipitate'fine white



“e.
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crystals of the required phosphonium salt, 19 which was

filtered and dried (30 g, 83.1%), m.p. 211-213° (1it¥"*211.5%),

E":8,6":12-cis-Cyclo-10-methyl-6-ethyl-3~5, cig=-9~
dodecadiene-2-one; 271

To a stirred suspension of freshly prepared K-t-butoxide
(2.46 g) in THF (40 ml), was added the phosphonium salt 19

(10.36 g), and stirred at room temp (30 min), under N A

2°
soln of ketone 18 (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 Ph3PU

which was taken up in light petroleum (50 ml), digested (10 min),
chilled at -10 to -15° (2 hrs), filtered, and svaporated:
yellouish 0il of 20 which stirred with acetone (20 ml), H,0

(5 ml), and p-toluene-sufonic acid (100 mg) for 12 hrs at
‘room'temp. Acetone avaporated, product diluted with H20
(15 ml), neutralized (solid K,C0,), extracted with light
petroleuﬁ (50 ml x 4), washed, qried, and evaporated: pale
yellou 0il which was filtered through a silica gel column

(20 em x 2 cm) with light petroleum: C_H,/ (1:1) to yield

colorless liquid of 21 (1.4 g, 70%), b.p. 150°(bath)/0.1 mm,

26

T

1.5032. RF 0.42 (Tlcs 30% light petroleum in CGHG)'



(974 purity by gle, 5% carbowax ZCM, 6', 200°, 60 ml/min,

1

Ry 4.5 min). IR (Fig. 9): (CCl,): 3008, 2920 cm ', €=0

t
1 1 1

1720 cem” " 1

, 1510 em™ ', €=C 1440 cm ', 1412, 1370, 1235, 1170 em ' .

PWR (Fig. 10)s CHy C=C, 34, bs, 1.65 ppm; CHCO, 3H, ss,

2-?6 ppmj CH,CH -C':Cﬂ_, Cﬁ':C’ 2H,

3

y=17Hz; 5.30 ppm, W =13Hz. Masss (Fig. 104):s

m/e 218 (M*, 87.52), 162 (61.4%), 148 (55.7%), 145 (69.32),

2!
tHO bmp 5'12 ppm, U'

14H, m, 1*?4-2.6 me; Ci'i

107 (71.6%), 106 (33%), 95 (100%), 94 (82.4%), 93 (63.1%),
B0 (46%), 78 (40.9%), 72 (26.1%). (Found: C, 82.8; H, 10.3.
CqgHpo0 Tequires: C, B2.57; Hy 10.09%).

Methyl trans,%,cis-and cis, 3,cis-7":9,7":13-cis~cyclo-7-
ethyl-3,11~-dimethyl~2, 6, 10~tridecatrienoate}22 and 23

Methyl diethyl phosphonoacetate was brepared from (EtU)SP,
and BrCHZCUDMe by following the procedure describéd by Wolinsky,

and Ericksa&sfor triethyl phosphoﬁoacetate:

To a stirred suspension of NaOMe (1.74g) in DMF (15 ml)
was added (Et0),P(D0)CH,CO0Me (5.78 g) at 20-25°, and stirred
for 1 hr, under N,. A soln of ketone 21 (1.5 g) in DMF (3 ml)
was added to this claaf s0ln of the Na-salt of methyl diethyl
éhosghondaceate, and stirred (24 hré) at room ‘temp. The resulting
dark broun soln was diluteéd with H28 (35 ml), extracted with
1ight petrolsum (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:

CeHg (1:1) to furnish a mixture of 22 and 23 (0.86 g). {100%

purity by glc, 5% carbowax 20M, 6!, 1900, 60 ml/min, R

f.

5.5min (23, 25%), 6.75 min (22, 75%)), mixture of 22, 23 and

21 (0.265 g), and 21 (0,273 g).

Inverted4dry«cdlumn—chrohatography 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 petroleums C_H

6'6%

603 40) upto the height of 20 cm at ~ 500 mm pressure. The

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

thoroughly extracted with sther.

and similar cuts were lined up.:

are given belows

1.

2.

9.

10.

Wt., of the &ixture taken
Re (tle) of components

Ratié of components, 22:23

Wt, of silica gel taken
Columh dimeﬁsicn

Method of loading the mixturs

Solvent system, 1ight petrdleum;CBHs
Time taken for development
Nno., pof cuts made for extraction

Total recovery

Each cut was tested on tlc,

Results and detailed data

19
0.62, 0.65

752 25
250 g
24 cm %X 4.6 cm

absorbed on
silica gel (2 g)

403 60
2.5 hrs
60

959,

g
ot}

~



1. Wt of pure Eggggf(or E) component coe
12, Wt of pure cgis-(or Z) component cer
13. Wt of pure mixture of 22 and 23 es s
14, Wt of polymeric impurities w0

15. Physical data: E-Ester 22: b.ps 170°(bath)/0.05 mm.

26

) £

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

min). IR (Fig. 11): (CC1,): 2905 em” ]

1644, 1430 em™ 1, 1372, 1352, 1320, 1272, 1220,

915 cm-1. PMR (Fig. 12): CH,-C=C, 34, bs; 1.64 ppm; Z-C

3

c=C.C008Me, 34, ss, 2.15 ppm; CDDC_%_!_,Z,,g 34, ssy, 3.61 ppm; CH,

CHZ’

UH=15H2; 5,28 ppm,‘uh=12 Hzj C=CH.CB80Me, 1H, bs, 5.55 ppm,

U, =4Hz, Mass: mfe 274 (m¥, 44.31), 161 (100%), 133 (50%),
119 (25%), 114 (74.2%), 105 (72.5%), 91 (58.2%), B1(54.9%),
79(49.64), 77(37.7%), 55(28.7%), 41 {45.7%). (Found: C, 79.7;

Hy 9.1, C18H2602 requires: C, 78,833 H, 9.49%)

26

7-Ester 23; b.p. 170°(bath)/0.05 mm. np

(tlc: 40% light petroleum in CGHE)‘ (92% purity by glc, 5%

4
k]
carbowax 20M, &, 190°, 60 ml/min, R, 5.5 min)

(ccl,): 2910 on™', c=0 1718 om~1, c=c 1640, 1430 cm”

1 1

1272, 1232, 1145, 1050, 915 cm ', C=C B50 ¢m_

‘ ng.cec, 3H, bs, 1.64 ppm; E-CH,

.C=C.C00Ms, 34,

470
120
260

100

mg
mg
mg

mg

1.5122. R, 0.62 (Tlc: 40% light petroleum in CEHE).-(QQ%

, C=0 1720 cm~

1142,

105097{

14H,. my 1+4=2.6 ppm; CH,.C=CH, CH=C, 2H, m, 5.10 ppm,
3 Sy LI

R

IR (Fig. 13)

PMR (Fig. 14):

S8,

1.88 ppm;

‘:4:,.‘_3‘5
w®
¥

1320,



CUUCES, 3H, ss, 3,862 opms CH,\CHZ, 14H, my 1.5-2.8 ppm;

CH =13Hz.

3 H
Mass: m/e 274 (M, 55.5%), 161 (100%), 159 (32.9%), 160

.C=CH, CH=C, 2H, m, 5.16 ppm, MH=1?H2; 5.27 ppm, U

(32.3%), 933 (87.7%), 114 (60%), 105 (78.1%), 93 (71.6%),
91 (47.1%), 81 (47,1%),. 79 (39.4%). (Founds C, 79.73 H, 9.1,
818H2602 requi‘res:'c3 78.83%; H, 9.49%).

dl-Mmethyl 7%:9, 7":313-cis~-cyclo-cis~10,11-epoxy~7~ethyl-

3,11=-dimethyl-trans-2,%~6~tridecadienocate; 4

—

A soln of m-Cl-PhCOLH (131.6 mg,VSS.S%) in CH2012 (8 ml),
waé added to a soln of E-ester 22 (137 mg) in CHzélz (5 ml)
gt DO. The mixture was left to stand overmight at 0% in a
refrigerator (preadjusted at OO). Thié was then diluted with
CH2812 (15 ml), washed with 54 Na,CD

2773
and evaporated: colorless oil (127 mqg), which was purified by

aq soln, washed, dried,

preparative layer chromatography (PLC: silica gel: 20 cm x. 20
cm x 0.5 mmi solvent systems light petroleums EtOAc, 18:2).
Desired cis-gerhydroindane analoguse of JH-I 4 (41 mg) was

obtained from a band at R, 0.5. The starting trienoic-E-

F
ester 22 (32 mg) was recovered from a band at Rf 0e¢73. The
diepoxide 25 (9 mg) was obtained from a band at R, 0.27.

PMR examination of 4 indicated that it uas contaminated with

small amount of other isomeric epoxide 24 which was homogeneous



G

on TLC, and could not be separated. 43 IR (Fig. 15): (CCIA):

L T, c=C 1648, 1432 cn”', 1378, 1360,

1 c=c 860 cn”'. PMR (Fig. 16):

2920 em ', C=0 1720 cm

1275, 1222, 1148, 1035, 920 'cm
Cig +G=C» 3Hy o8y 1,26 opm; Z-CHy .C=C.CODMe, 3H, ss, 2.16 ppm;
CH3~C=C, 3H, bs, 1.66 ppm, is it due to contamination of 247;
€00CHz» 3Hy Ssy 3.62 ppm; CH=C, 1H, m, 5.10 épm, W, =14Hz;

' y = 10 Hz; C=CH.CODOMe, H, bs, 558 ppm, UH;BHz;

CHy CHyy 15H, m, 1.4-2.9 ppm. Mass (Fig. 16A): m/e 290 (m*,

5.28 ppm, W

11.5%), 159 (67.5%), 133 (100%), 114 (56.3%), 105 (55.6%),
93 (88.1%), 91 (64.7%), 81 (93.7%), 79 (75.84), 57 (74:6%),

55(64.3%) . (Founds C, 74.7; H, 9.2. CqgHy g0y reguires;
Cy 74.483 Hy, B.9M). ' |

25: IR (CCl,): 2918 om™', C=0 1720 cm™ ', C=C 1644, 1430 cm ',
1374, 1355, 1220, 1145 cm™'. PHR: CHysC—C, 34, d, 1.25 ppm,
- \ B/

J=3Hz} g;C§5o6=C.CUDMe, 34, ss, 2;15 ppm;"CQDGH3, 3H, ss, 3,62

—

PPm; C=CH.COOMs, 1H, bs, §.61 opms CH, CHy, T6Hs m, 1.45-
2;87 ppm. Mass: mfe 306 (h+, 2%); 183 (33,3%&, 140 (38.1%),
109 (27.24), 95 (32%), 93 (34%), 91 (24.5%), 81 (100%), 79
(36.78), 55 (32%), 43 (70.78).

cis-Bicyclo(4,3,0)nonan-3~0l-8-one; 26

To a wellestirred soln of the diketone 10 (6.0 g) in
EtOH (100 ml) was added a soln of NaaH4~(0.38'g) in EtOH (15 ml)

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



was added, EtOH evapeorated, residue diluted with CHEl3 (200 ml),
washed, dried and evaporateds thick liquid (5;5 g) which uas
chromaibgraphed on a silica gel column (60 cm x 235 cm), with
CeHg (50 ml x 2). CoHgs ELOAG-921 (50 ml x 2}, 8:2 (50 ml x 2),
733 (50 ml x 4), 6:4 (50 ml x 6), 1:1 (50 ml x 10), 6i4 (50 ml x
10) to afford unreacted diketone 10 (0.405 g), required

hydroxy ketone 26 (4.8 g, 77.9%), and diol 9 (0.376 g) at

Rf 0.55, 0,35, and 0.2 respectively (Tlc: 50% EtOAc in CHe) e

Re 0435 (Tlc: 50% EtDAc  in
. OH 3460 cm |

26: b.p. 160-163°(bath)/0.1 mm,

l\) .

CGHG). IR (Fig.17): (cac13)
membered ¢=0 1740 cm™ ', 1625, 1460, 1412, 1375, 1170, 1063,
968 cm~1. PHR (CDCLE): CHOH, 1H, bm, 3.5-4.0 ppm; OH, 1H, bs,

, 2990, 2940, 5-

2.51 ppm; CH, CH,, 12H, m, 1.2=2.6 ppm. Mass: m/e 154 (M7,

2’
79.6%), 136 (67.7%), 108 (96.84), 95 (65.6%), 94 (100%),
93 (41 9%), 82 (40.9%), 79 {62.4%), 70 (36 &), 67 (60.2%),
55 (36 6%), (Founds C, 70.83 H, 9.4. CgHy,0, requiress

C, 70.133 H, 9.09%).

8~Methylene-cis~bicyclo(4,3,U)nénan»S-oi; 27

To a stirred suspension ofvfreshly arepared K~-t-butoxide

(7.1 g) in THF (70 ml) uas added Ph.P CHSI (24 g), and stirred
under N2 for 30 min. A soln of hydroxy ketone 25 (1.8 g) in
THF (3 ml) was added to this intense yellow phosphorane solny

stirred (5 hr) at room temp and left overnight. THF evaoorated,



33
o

residue diluted with H,0 (25 ml), extractedlwith light petro-
leum (50 ml x 4y, washed, dried and evaporated: semi=-solid mass
which was taken up in light petroleum (50 ml), digested at 50°
(10 min), chilled at =10 to -15° (2 hrs), filtered, and
evaporateds yellowish oil which was filtered through a siiica
gel colum (10 cm x 2 ) with light petroleums CHg (%:1) to

give colorless liquid of 27 (1.28 g, 70%}, beps 110%{bath)/

. . ) : 1
0.1 mm, nga~1.5051.'(94.8% purity by glp, 5% carbowax 20M, 6 ,

160°, €0 ml/min, R, 3.68 min). IR (Fig. 18): (CCl,):OH 3340 em™

T C=c 1660, 1452 cm™', 1432, 1368, 1320,

1292, 1240, 1162, 1060, 1010, 985 cm™ ', C=C 944 cm”', 926,

3070, 2920, 2830 cm”

878 om~'. PMR (Fig. 19): CHOH, 1H, m, 3.3=4.0 oom; OH, 1H,

bs, 2.82 ppm3 CH, CH 1H, m, 1.06-2.64 ppm. Mass: m/e 152

2’
(m*, 23.9%), 138 (1002), 119 (47.9%), 106 (42.3%), 105 (26.1%),
94 (29.6%),. 93 (98.6%), 92 (63.4%), 91 (46.5%), 79 (50.7%),

78 (57.7%). (Founds C, 79.93 Hy, 9.9. CqqH,g0 requires: ¢,

78.953 H, 10.53%).

8~Methylene—§i§7bicyclo(4,3;Djnonan~3-one; 28

To a soln of olefinie algohol 27 (1.5 g) in CH,CI,
(60 ml), was aaded CrQS—Py.cOmﬁlex supported on silica gel
(28.6 g; 2.8§ Teagent contained 400 mg of CrO;3 4 Bqe), and
shaken at room temp (20 hrs). The reagent was filtered off,

and washed with DHZClZ (20 ml x 3). The combined washings

?
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vere washed with dil. HCl, 131 (25 ml x 1), HQG {25 ml x 2},

washed, dried and evaporateds colorless liquid of 28 (1.1 g,
B N -

75%), b.pe 90°(bath)/0.1 mm. n2® 1.4966. (98% purity by gle,

10% SE 30, 6', 170°, 60 ml/mm, R, 6.08 min; 92% purity by glc,

5% carbowax 20M, 6', 60 ml/min, R, 3.2 min). IR (Fig. 20):

t
(ccl,)s 3060, 2930 en”!, 6-membersd C=0 1720 cm™, c=C 1652 em™,

1430, 1358, 1342, 1330, 1278, 1230, 1142, 882 cm ', PWR (Fig. 21):

CH,=C, 2H, d, 4.85 ppm, J=2Hz; CH, CH,, 12H, m, 1.6=2.5 ppm.

2 2?
mass: m/e 150 (M*, 36.84), 107 (11.8%), 95 (13.2%), 94 (11.8%),
93 (42.44), 92 (100%), 91 (10.4%), B0 (25.7%), 79 (23.6%),

77 (7.6%), 55 (8.3%), (Found: C, 80.2; H, 9.9. CqgHq 40 Tequires:

14
C, 803 H, 9.33%). ‘

8~Methyl~cis-bicyclo(4,3,D)non~8~ene—3-ohe;gg_and

B~Methyl-gis-bicyclo(4,3,0)non~-7-cne-3-one; 30

—

This was prepared from 28 (3 g) in the same manner as
described for 18 in 85% yield, b.p. 90%(bath)/0.1 mm. R 0.35
(Tic: 30% light petroleum in CGHﬁ)’ (96% purity by glec, 5%
carbowax 20M, 6', 1307, 60 ml/min, R, 6.56 min (29, 65%), 7.36

min (;E_’ 35%)0

GLC Separation of 29 and 30

The mixture (28 + 29) immediately described above was

separated by preparative gas chromatography (Glc: 20% carbouax



20M on chromosorb U (45-68 mesh), 12% x 3/8", Al, 1600,

100 ml/min). The compound 29 showed following physical
26

"D

purity by glc, 104 carbowax 20M, &', 170°, 60 ml/min, R, 5.6

min). IR (Fig. 22): (CCl,)s 2918, six-membered C=0 1710 em™ 1,

1

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

C=C 1438 cm
1

, 1400, 1372, 1330, 1315, 1220, 1120, 1005,

1

925 em ', C=C 855 cm ' PMR (Fig. 23): Me.C=CH, 3H, d, 1.70

ppmy J=1Hz3 CH,CHZ, 10H, m, 1.3-3.2 ppm; Me.C=CH, 1H, d, 5.13
ppm, J=2Hz. Mass (Fig. 23A): m/e 150 (m*, 19%5,X1D7 (19.7%),
95 (12.4%), 94 (2%.2%), 93 (96.4%), 92(32.1%), 91 (35.8%),
80(1004), 79 (75.2%), 77 (43.1%), 57 (16.8%)s (Found: C,

80.35 Hy 10. CygH;,0 requiress C, 803 H, 9.33%) .

The compound 30 showed following physical propertiess

bape 98-920/0.1 mme ng6 1.4950. (97% purity by gle, 10%

carbowax 20M, &', 170°, 60 ml/min, Ry 6.24 min). IR (Fig.24}:

1 1

ccl,)s 2916, six-membered C=0 1710 cm ', C=C 1440 cm ', 1400,
4

1

e

14

1372, 1312, 1224, 1010, 955, 875 cm '. PMR (Fig. 25): CHy+C=CH,

3H, d, 170 ppm, 3=1Hz; Me.C=CH, 1H, d, 5.12 ppm, I=2Hz; CH,CH2

104, m, 138-3.2 ppm. Mass (Fig. 25A): m/e 150 (M', 66.7%),
135 (15.5%), 107 (568), 95 (26.2%), 94 (és%), 93 (100%),

92 (31%5, 91 (23.8%4), 80 (13.1%), 79 (20.2%), 77 (14.3%),

65 (14.3%). (Founds C, 80.73 4, 9.8. C,4H, 0 reguiress C, 803

Hy 9.33%).

-
4

Wh
oy



6":12,8:12-cis-Cyclo-10~-methyl-6-ethyl-§-5, cis-9-
dodecadiene-2-one; 32

This was prepared From 29 (0.75 g) in the same manner

as described for 21 in 74% yield, b.p. ?50~1559(bath)/0.1 mm .

n2® 1.4990. R, 0,42 (Tlci 30% light petroleum in CH).

(98% purity by glc, 5% carbowax 20M, &', 190°%, 60 ml/min,

p 496 min). IR (Fig. 26): (CCl,): 2940, 2870 em™', C=0

T c=¢ 1450 en”’ 1

R

., C=C 868 cm |.

1730 o™ , 1365, 1252, 1166 cm_
PMR (Fig. 27): Me.C=C, 3H, bs, 1.70 opm; COCHg, 3H, 88, 2.05
ppm; CH, QHé, 14H, m,1.2-2.9 pom Me.C=CH, CH=C, 2H, bm,

'5.10 ppﬁ, uHémﬁz. mass'(f;go 27R) s m/e‘218 (M*, 73.1%),

200 (19.4%), 160 (35,5%), 145 (25;3%), 133 (59.14), 105 (17.2%),
94 (15.1%), 93 (96.8%), 92 (18.3%), 81 (20.4%), 80 (100%).

(Found: C, 82+.65 H, 10.2. C15H228 requiress C, 82.573 H, 10.09%).

Methyl ﬁranS$§,cis;'anﬂ cié,;,ci8-7“:ﬁ3, 9:13-cis-cyclo-7-
ethyl~3,11-dimethyl-2, 6, 10-tridecatrienoate; 33 and 34

Trimethyl phosphonoacetate (1.16 g) was added to a stirred
suspension of NaOMe (0.347 g} ig DNF:(G ml), unéer N, and
stirred for 30 min at room temp (30°). To this clear soln
of sodium enolate was added a soln of ketone 32 (0.7 g) in
DMF (2 ml) at 20°, and gtirréq (24 hr) at'rocm temp, This was
then decomposed with H,0 (20 ml), extracted with ether (20 ml x 4),

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



33 (0.624 g; 71%), b.p. 170°(bath)/0.05 mm. R, 0.63, 0.66

(Tlec: 30% light petroleum in CBHS)' (964 purity by glc, 5%

!

carbowax 20M, 6', 190°, €0 ml/min, R, B.64 min)(34, 34%),

t
11.2 min (33 4668).

Inverted-dry-column~chromatography separation of 33 and 34

These isomers (600 mg) were separated in the same manner
as described for the separation -of 22 and 23. The E-ester 38
showed the following ohysical propertidss ‘b.p. 170°(bath)/
n2® 1.5084. R, 0.63 (Tle: 30% light pstroleum in
CeHe) s (95% purity by gle, 5% carbowax 20M, 6', 190%, 60 ml/

0.05 mme

1

min, R, 11.2 min). IR (Fig. 28): (ccl,): 2960, 2880, 2860 cm ',

t N
G=0 1735 om ., C=C 1660, 1450 om™'; 1390, 1370, 1340, 1262,

1240, 1162, 968, 872 cm™ '« PR (Fig. 29): Me.C=C, 3H, bs,

1.70 ppm; Z-Me.C=C.COOMe, 3H, ss, 2.13 pom; COOMe, 34, ss,
3467 me; CH,CHzg 14H’ My 1.2-3.0 me; MBOC':CE CH Cg ZH, Abm,

571 ppm; UH=1?H2; C=CH.CO0Me, 1H, bs, 5.57 ppm. Mass: m/e

274 (m , 97.8%), 161 (100%4), 160 (22 %Y, 145 (18.24), 133 (50.5%),
119 (18.2%), 114 (39 4%), 105 (zsea%), 93 (63, a%), 81 (22.2%),

80 (40.4%) (Found c, 78. 5, H, 10.1. C18H2602 ;equlres. c,

78.833 H, 9.49%).

The Z-ester 34 exhibited -the following physical properties:

726 1.5080.. R, 0.66 (Tle: 30% light

bep. 170°(bath)/0.05 mm.. .



20
&

detrdleun in CGHG) (944 purity by g9lc, 5% qarbguax 20m, 6%,
1200, Gnml/min,'ﬂ

8.64 min)s IR (Fig. 39):‘(QQ1&): 2930,
: , T

1 c=c 1652, 1450 cm™ ', 1440, 1380,

1365, 1325, 1240, 1230, 1196, 1165, 1090, 1065, 926 em™ 1,
1 :

t

2860, 2840 cm ', C=0 1730 cm_

g=C 870 cm™'. PMR (Fig. ‘31)¢ Me.C=C, 3H, bs,‘1.?D ppm; g-\
ﬂg.Q=C.CDDﬁe, 3H, 88, 1.88»bpm; cooMe, ‘34, ss;'E.EQ ppm;
CHyCHyy 14H, m, 1.2-2.9 ppm; Me.C=CH,. CH=C, ZH,Lﬁm;.5911 Ppm,
uﬁ=43az; C=CH.COOMe, 1H, bs, 5.57 ppm. Mass: m/e 274 (M',
90.4%), 161 (100%), 160 (20.85), 133 (65.4%), 132 (17.68),

119 (24.3%), 144 (44.1%), 105 (40.4%), 93{(86.8%){ 91 (19.9%),
81 (39.7%), 80 (80.12). (Founds €, 78.85 H, 9.5, CygHyel,

requiresy C, 78.83; H, 9.,49%).

dl-Methyl 7":13,9:13-cis<cyclo-gis=10,11-gpoxy-7-sthyl-3,11-

dimethyl-trans-2,9-6-tridecadiencate; §

This was prepared from the E-ester 33 (137.mg) in the

same manner as described for 4..
i“ﬁisﬁléyed‘Fbllouiﬁg phxsiéél‘pgopertiés: Rf 0.5 (Tlc:'
light pstroleums EtDAc; 18?2)."¥é (?igL 32):~(c;14Y£ 2940,
.I . .1 . 1 M .
! , 1381, 1362,

1330, 1252, 1230, 1155, 1085, 912 cm'?, ¢fc, 868 gm". PMR

. 2864 em ', £=0 1730 cm~ ', C=C 1656, 1442 cm

.-

0

(Fige 33)’~ﬂ3*qi“j?’ 34, ss, 1.35 ppm; Z-Me.C=C.CO0Me, 3H,bs,
2.16 ppm; COOMe, 3H, ss, 3.62 ppm; Me.C=<C, 3H, bs, 1.70 ppm,



£

=

is-it dua to contamination of 357; Me.C——CH, CH, CHZ,'waH,

22 Ry
my, 1.43-3.31 ppm; CH=C , 1H, m. 5.0 ppm, W, =21Hz; C=CH.COOMe,
1H, d, 5.57 ppm, J=4Hzs Mass (Fig. 33A): m/e 290 (m", 15.2%),
177 {(40.2%), 133 (42.9%), 119 (60.7%), 114 (46.4%), 105 (41.1%),
93 (100%4), 92 (70.5%), 91 (70.5%), 81 (72.3%), BO (53.6%),
79 (66.1%). {(Founds C, 74.3; H, B8.94. CigH,g0; requires:

263
C, 74.483 H, 8.974).
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SECTION-II

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

dl - Methyl 3 : 7°, 5: 7 - cis - cycle - 10, 11 - epoxy - 11 =
Methyl - 3, 7 - diethyl - 2, 7 - dodecadienoate.
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015 PERHYDRDINDANE ANALOGUE OF
CECRG?IA JUVENILE HORMONE (Part II)

INTRODUCTION

The present section reoresents, the ef?orts dlrected
towards the synthesis of dl~msthyl 3n o3 7“ 5 : 7" -cis-cyclo-
10,11-epoxy-11- methyl ~3y 7= dlethyl -2,7- dodecadiencate 6 . The
gigfperhydroindane“of 6 is ?Drmed-From 3m ¢ 7% and 5 ¢ 7" carbon
atoms (Fig. 2). The regidity of the molecule caused by the
presence of Eigfparhydrmindane ring has béan further increased

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

RESULTS AND DISCUSSION

For .the synthesis of 6, the scheme Fallqued(is depicted in

Fig. 8. The starting diketone 10 was converted to the hy droxy-

28,25
’

ketone 26 with NaBH /EtDH and -thence . to the Grignard

addition product 37 ulth 4-methyl-3- pentenyl bromlde 29 _

30

magnésium—ether. GhrOmium trioxl‘de-pyrldl—ne:"1 oxidation of

37, furnished the keﬁoneﬂgg (Mass: m/e 236. IR (Fig.'S&): OH

3520 cm”~!, six-membered C=0 1715 em~!, c=c 1450, B840 cm .

1

* This nomenclature is based on the name of the parent JH-I;

an g 70, 5 ¢ 7 indicates that these positions are joined
together to form perhydrolndane ring. Similar ‘
nomenclature is well-knouwn in steroid field.
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REAGENTS : 1. NaBH, 1 Ebon ; 2. AIAB/Mg/ELO ;3. GO,/ Pyvidine
[ C4L), | 4. (EOLPOYCHLOMe | NaOMe / DMF, 5. m-Cl -
Phioh / CﬁQC"a 6. ToCl { Pyridine

%’-’%68 - Towavds the synthesis of Cig- Pevhydvo‘mduné
\ anglogue of JH-1; ¢




PMR (Fig. 35): Me, C=C, 6H, two ss, 1.6 ppms 1.66 ppmy CH=C,
14, t, 5.06 ppm, J = BHz]}. Modified Wittig reaction of the
ketone 38 with methy ldiethylphosphonoacetate in presence of

Naﬁme/DNF1g yielded a mixture of two geometrical isomers

(z and E) of 29 (Mass: m/e 292. IR (Eig. 36): OH 3540 cm'1,

1 1

C=0 1744 cm |, C=C 1652, 1448, 845 cm. . PMR (Fig. 37}: Me,

g=C, 6H, two bs, 1.61 ppm, 1.66 ppm; COOMe, 3H, d, 3.62 ppm,

J=2Hz; CH=C, 1H, t, 5.06 ppm, J=84z; C=CHCOOMe, 14, bs, 5.50 ppm,

22

=12 Hz)}. Epoxidation®‘ of 39 with m-Cl-PhCOLH in CH,LCL
22 3 2

H 2
af forded, in excellent yield the required epoxide 40 in the

racemic form (Mass: m/e 308. IR (Fig. 38): OH 3560 em™ 1, €=0

1

1740 om™1, C=C 1642, 860 cm . PMR (Fig. 39): Me, C—C, GH,

0
two ss, 1.02 ppm, 1.12 ppm; COOMe, 3H, ss, 3.62 ppm; C=CHCOOMe,
1H, bs,‘5.46 DPMm, NH=14H2]. In an attempt of cénverting 40 to
targeted JH-mimic 6 with TsCl/pyridine, starting epoxide 40. .

vas regovered.
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EXRPERIMENTAL

For gensral remarks, see Section-I.

4-Methyl-3-pentenyl bromide; 36

"To a mechanically stirred soln of NaOH (18 g) in H,0
(18 ml), was added 5-C1<2-pentanone (36.1 g) ering 15 min, and
heated to boiling for 1 hr. To this was then added QZU (37 ml)
slowly (20 min), and refluxed (1 hr). Then the condenser was

arranged for distillation, and a H,0-ketone mixture was

2
distilled off, from the reaction mixture. The ag layer uwas
saturated (solid chog), extracted with Et,O (20 ml1 x 4),
dried (CaClz), and Fréctionated: colorless liquid of acetyl-
cyclopropane (19.2 g, 77%)3 b.p. 110-112° (11€fﬁl110-112°).
This acetyl cyclopropane (27 g) in dry Et,0 (100 ml) was
added at room temp, to a mechanically stirred soln of Grignard
reagent prepared from Mg (12.3 g), and CHe I (72 g) in dry Et,0
(200 ml), under dry N,» After stirring for 6 hrs at room temp,

it was decomposed with sat. NH,C1 soln, extracted with Et,.0

4 2
(75 ml x 4), washed, dried, and evaporated: colorless liquid

, 2
of methyl cyclopropyl carbinol (27 g, 84%)3 b.p. 120-121° (1lit.

b.p. 121-122°).

This carbinol (20 g) was added (2 min) to an ice-cold,
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and vigorously stirred soln of HBr (60 ml, 48%) at 107150,
and further stirred (10 min). It was then extracted with
light petroleum (75 ml x 3), washed, dried, and evaporated:
cnlorlass.liquid-of 36 (24 g, 748); bep. 62—640/é5 mm (lig?
b.p. 60°/25 mm).

137", 537"-cis~Cyclo-11-methyl-7~ethyl-10-dedecene-3,7-

diol; 37

A éOln 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 36 (B8.15 g), and Mg (1.2 g) in

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

20
temp, the reaction mixture was decomposed with sat. NH4C1 soln,
extracted with EtZD (50 ml x 3), washed, dried, and evaporated:

olefinic diol of 46 (2.3 g, 57%).

13 7",53 7" =gis-Cyclo-7=-hydroxy-11-methy 1-7-ethy 1-10-

dodecene-3-one; 38

To a sfirred soln of olefinic diol 37 (2 g) in acetone
(25 ml) was added Jone's raagant‘( 2.5 ml) at 5 to 70, till the
color of the reagent persisted (4 hrs). Then H,0 (15 ml) was
added to the reaction mixture, acetone evaporated, residue

diluted with H,0 (15 ml), neutralized (solid NaHCG3), extracted



34

Fedy

uith‘EtZD (30 m1 x 3), Qéshed,‘Qried,'and evaporated: yellowish
0il (1.4 g) which was chromatOqubhed on a eilica gel column
(25 cm x 15 cm) with CG 6 to FtOAc to furnish pure desired

ketone.38 (1,1 g, 55%); b.p, :152-156"(bath)/0.1 mm, n2% 1,s000.

D
Re 0,66 (Tle: 50% EtOAc in C Hﬁ) (95% purity by gle, 5%
carbowax 20M, 6', 190°%, 60 ml/min, Ry 6.5 min). IR (Fig. 34):

3) BH 3520 ca”q,-zgsslcm“1, six~membered C=0- 1715 cm—1,
C=c' 1450 em™', 1390, 1240, 1120, 1060, 960, 920 cm™ |, C=C

840 cn™'. PMR (Fig. 35): Me,.C=C, 64, tuo ss, 1,61 ppm, 1.66

(CHCl

ppm3 CH, CH. 16H,»m; 142-2.7 ppmj OH, 1Hy bs, 2.25 ppm; CH=C,

2’
1, t, 5.06 ppm, 1=BHz. Mass: m/e 236 (M, 3.3%), 218 (100%),
160 (46.2%), 151 (35.2%),- 147 (22%), 135 -(30.8%), 95 (52.7%),
92 (28.8%), 83 (41.8%), 82 (69,2%), 69 (74,7%), 55 (34:1%).

(Fcuqd: Cs 7?'2; Hy 10.4.° 15H2402 raqu1res’ Cy 76:273 Hy 10217%) oo

t

Methyl 3:7#;5:7"—cié~cyclo-7-hydr0xy—11—msthyif3,7~diethyl~2,

10-dodecadencate; 39

(Etbfé?(ﬂ) CH,C00Me (1.26 g) vas added to a stirred
suspedsion af NabMe (0.65.9) in DMF (10 ml), and stirred

(30. min) ‘at room temp, under N Tb this clear soln of

2°
phosphonate carbanion, vas added a soln of ketone 38 (0. 7 9)
in DMF (2 ml), stirred (6 hrs) at room temp, and left overnight.
This was then diluted uifh-HéU (SOQm}), extracted with ether

(20 ml x 4), Qashed; dried, and eVaporated:'cnlorless 0il of
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n26
) 0
0,72 {(Tlocs 50% EtDAc in CﬁHé). [98% purity by gle, 5%

39 (0.59 g, 67.3%); b.p. 165-167(bath)/0.05 mm. 1.5020.

Re

carbowax 20M, 6!, 2100, 60ml/min,'two geometrical isomers

with R, 8,75 min (66%), 10.5 min (34%)). IR (Fig. 36): (CHCl):

! T, c=0 1744 cm“’, C=C 1652, 1448 cm™’,

1, C=C B45 cm .

OH 3540 em ', 3010, 2950 cm~
1390, 1270, 1170, 1130, 1040, 985, 902 cm~
PMR {Fig. 37): Me,C=C, 6H, two bs, 1.61 ppm, 1.66 ppm; OH, 1H,
bs, 2.9 ppm; COOMs, 3H, d, 3.62 ppm, JI=2Hzj CH=C, 1H, t, 5.06
ppm, J=8Hz; C=CH.COOMe, 14, bs, 5.50 ppm, Uh=12Hz; CH, CHZ,
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;

Hy 9.4. M,n0, requires: C, 73.9§5 H, 9.59%).

Cq8M2pY

dl-Methyl 3":7",5:7“-cis-cycln~10,j1-epoxy-7-hydroxy-

11-methy1-3, 7-diethyl-2-dodecencate; 40

A soln of m-C1-PhCO,H (131.7 mg, 65.5%) in CH c1, (6 ml)

2
Uas added to a stirred soln of the dienoic ester 39 (146 mg)

in CH,Cl, (5 ml) at 0% during 10 min. After stirring (4 hrs)

at 5-10%, the reaction mixture was diluted with CH cl,, washed

2
with 5% NaHCO, aq (5 m1 x 1), H,0 {5 ml x 2), washed, dried,
and evaporated: colorless oil of 40 (130 mg, B85.5%). Re 0.5

(Tles 50% EtOAc in C6H6). IR (Fig. 38): (0514): OH 3560 cm",

1 1

2030 em™ ', C=0 1740 ¢m !, C=C 1642 om ', 1430, 1370, 1330, 1242,



1218, 1148, 1048, 1015, 945 cm™', C=C 860 cm 's PFR (Fig.

39): Me,-C——C, 6H, two ss, 1.02 ppm, 1.12 ppm; OH, 1H, bs,
- ~p~ -

2.9 ppm; COOMs, 3H, ss, 3.62 ppm; C=CH.COOMe, 1H, bs, 5.46 ppm,

(Frg. 39A)"

W, =14Hz3 CH, CH 17H, m, 1.2-2.6 ppm. MassAm/e 308 (mT,

H 2?
3.3%), 290 (13%), 250 (60 S%), 217 (50%), 207 (55.4%),

204 (34.8%),.145 (32.6%), 131 (374), 93 (41.3%), 79 (37%),
59 (76 1%). (Found C, 70.25 Hy, 9.4. Cyg Hyq0, Tequires: C,

70.133 H, 9. 09%)

dl-Methyl 3“-7“ 5% 7“-cls—cycln-10 11- epoxy 11-methyl-

3 ?~dlethyl -2 7~d0decadlenoate, 6

A soln of spoxy alcohol 40 (76 mg), Tosyl chloride (110
mg)y and pyridine (5 ml) was refluxed (3 hrs). This was then
diluted with H,0 (15 ml), extracted with ether (5 ml x 4),
washed, dried, and evaporated.to give‘starting epoxy alcohol

138



137

BE INO-E -IN7DFTOQ~ 0/ - 7AHL7 -2~ 7AHI TN

~l-AXOXTRH ~L -O7240 -5/2 ~LG L SO WNANLOISS JT4E DI

(, #2) AFGANNT AVM
09 005 0oz/ 0o/ 009/ 008/ ooog oosz 0oog 00SE 000t
T T T T 1 0 T T T
3
w
0
%€ wo e SEEN
o NS @ W
5 ,3
e

: 3

' ~ 0~
[ A
[ Q ”
“ 190
: 3
o N
N

- 0”
. 1 3 1 ! i 1 1 1 199
¢ s z/ o-& 0. 0.9 ©-$ o-p o.& sz

SHNO I/



138

FE TNO -5 - INZIF7TOT -01-7AHLA -L~ 7hAHLIN

1l ~AXOY TAH -£ ~O7ILD - w..\u-\ S ] SO WNXLIILS dIWN -SE D/

174

(el
o l KA Y + hu 5 39 £ & 6
T LI T T — 1 1 { - v
\ i
Y
ty
[ o]
S
b
3 _
i g€ wo
O
%
)
™
[
~.
2
|/0ln|l||\l|llll|'
1 { { i IR L 1 N . \
-¥s & [~3 Z 9 5 ” b > - -



139

€ TV ONTITVI700Q -0l C — 7AHLIT ~LE-7hHL IN

1= RXOXTAH - L~ O7IAD 575 L5 LiE TAHLIW SO WHILITTS JT-9% DA

(,46v2) IFFHNINIAVM .
ooy oop Cooys aez/ ecg/ o9/ 4274 coor oosZ? ovo g coSE ooot
"1 T T ~ 1§ T g ! T T T T o
3 3
o N
1 v Ly
Q2
Q Hoz N
Q)
hN
X
{4
3
X
09 2
F g
b )
£ M
L
— 0%."..
i t i 1 1 b 12074
o-F ..0 -z

0./

Q-9
SOOI/

6-5

o



149

ee JIVON 7/OVI3700 -0 T - 7AHLZ/T ~L°E -7TAHLIN
TT-AXOIGAH - 2-07247 ~37> L5 L18 TAHIIW 70 WHRIL23dS aWN L9/

ey

HE&=r 0.5
Iy 2= mos.g -

~r




i1

N

0F " 7LVONTI700F-2 - 7AHL /T L € - 7AHLTH - 17 - AXOTORH - Z-AX OF 7
-J4-0/ - 0724D-570 -L ..,mhu : E7AHLIN - 7T A0 WNILD7SS & T-85 D/

(. 42) IFINANT A m

ooy voy vooys eozys @Oy o0y, cogs coor coSz ooos voss - coos
* _ “ . v ' ! I T ¥ o

P
op Ll

s

Q

o

Vi

/

*

)

o

0E6 s

1 ) 1
N
(%) 2o/t tsenSHIree

08¢
1
ol
%

p . B I 0,
R Y 9/ o6 of 9 ) oG °. 5 o-F m.M\

SO /I



149

OF  TLONTITAOT-C - 7AHL 7/T - L € -7hRHLITN - 17~ AXOSCAH - 2 -AXOdT
/1501 - 07947 577 - L5 L1 2hHLIIN - 70 O WNILDTdS IWN-6S B/F

t
b
LN
K]
N nM
0o o
N N
NS
o
1 1 l l N 1 ! T ——— ! { l
=4 4 £ z /




143

OF FJLVON7IIQOQ -2 -TAMLTIC-L E~TAHLIN Il -AXOI LI - £ - AXOd' 7 -1{" O

T -079hD 515 - 418 “L:E UHIIW - 7T SO whalSTFS SSVW - VBE D1

N\§
00f ofr 98T OLT 09T oST kT ©Otr orr o/r 9°rC cﬂ.\ ogr oLy o9 oI o o_n\ oY/ Q.b. nﬂ.\ o_m o oL 99
1 § ) | | - _... _:_. $ _.. . .. 1 . ] . bt . —
T LA A
»3
! |
Rﬁ&%w A 162
B . 541 S u 61 i
yor s el i’
€7 Sor 62
£¢
[~ Lz — n
L02 oy
191 H
200D
- m.w..
-

L6

n
N
b

Q

ALISHILNI FAILY

b
~

eol



SECTION-III

CYCLONONANE ANALOGUE OF
CECROPIA JUVENILE HORMONE

dl - Methyl 77 : 13 - cyclo - cis - 10, 11 - epoxy - 7 - ethyl = 3,
11 - dimethyl - trans - 2, & - 6 ~ tridecadienoate.
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CYCLONONANE ANALOGUE OF CECROPIA
JUVENILE HORMONE

INTRODUCTION

This section describes the efforts directed for the
synthesis of dl-methyl 7" 3 13-cyclm-gi§;18;11—epoxy-7—ethyl-
3,11~dimethyl-m-2,§-e-tridecadienoate;* 7. 7 has been
derived from JH-I ring closures at positions 7":13 (Fig. 2)

and has 2 hydrogene less and decreased conformational flexibility

than 3H"Ic

RESULTS AND DISCUSSION .

S-Methyl-cyclonon-4(Z)-en-1-ane; 42

For the syntheslis of 7, S—methyl-cyclonon-d(gj—en-1—one;
(42) appeared to be a logical and cdnvenient starting point.
The preparation of 42 has, apparéntly, 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.32 This reaction (Fig. 9)

appeared most suitable for the synthesis of 42.

g Either Z or E geometry.

* This nomenclature is based on the name of parent Cecropia
‘juvenile hormone (1)3 7":13 indicates that these positions
are joined together to form cyclononane ring. Similar

nomanclature is well-known in sterocid field.
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The required diol 52 was prepared from thé known 2-methyl
cyclopentané—1,3—dione,33 along the lines iﬁdicated in Fig. 10.
The diketone 43 was transformed to the triketone 44 with

34

methyl vinyl ketone/HZG. Aldol- condensation of 44 with

p-toluene sulfonic acid in benzene furnished the reguired

.35’36 Sodium borohydride-ethan0135’36

bicyelic dione 45 raduction
of 45 yielded, in high yield the knouwn bicyclic ksto alcohol

46. The ketol 46 was converted to the olefinic alcohol 48

via the thioketal 47 either by desulfurization with Raney Ni,

U237 or with sodium-liquid ammoniaa38 The olefin 48 on exposure
té perbenzoic acid in dichloromethane, furnished the desired

epoxy derivative, inwhich the oxirane function is considered

9 .
3 assistance from

to be B-oriented (49), in view of the knoun
a hydroxyl function in directing the per_acid attack in a non-polar
solvent. Refluxing of 49 with LAH in THF yielded, in excellent
yield, a crystalline diol, which from it's PMR spectrum was

clearly the required 50, as anticipated.éo Pyridine-chramic

acid41 oxidation of 50 furnished ketol 51. Hydride reduction

of ‘51 was expected to occur from the convex face of the molecule,
possibly further assistedaz by the 1B -hydroxyl, to give

essentially 52. In practice, NaBH4~MeUH reduction of 51

afforded a single crystalline'diol; which was distinct from

50 {m.p. IR, PWR)QS and is thus clearly the required 52% The
secondary hydroxyl in 52 was readily esterified with p-toluens
sulfonyl chloride and pyridine to give ﬁl.‘ This moﬁo-tasylate

(41) on treatment with NaH in THF ( 35°, 24 hr) smoothly
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underwent the éexpected cleauagé (?ig.-Q) to Furnish‘the anti-
cipated S-methyl-cyclonon-4(Z)-en-1-one {423 Mass (Fig.53A):

n/e 152. IR (Fig.52): C=0 1705 cm™', C=C 1450, 860 cm™'. PMR
(Fig. 53): Me C=CH, 3H, 163 ppm, bss ME’E=C§gfiH{ 5.50 ppm, bm,
MH=14%m), the Z geometry of the olefinic linkage arising 32 ¢rom
the ggzifcon?igurétidn of the methyl and~t§éfléaking group in
47,

Since the configuration of the tertiary hydroxyl in 41 is
not relevant for fragmentation to 42, attempts vere made in the
initial stages of this inﬂestigaﬁion for inversion of the hydroxyl

configuration in 48 by several methodsaa, but without much success.

Cyclononane analogue of JH-I3 N

The reaction sequence successfully fdl;oﬁed for the synthesis
of cyclononane analogue of JH-I3 7 from 42 is briefly summarised

in Fig. 1T. The olefinic- ketone 42 was transformed to the dienoic

17

‘ketal 53 by Uittig reaction with the shosphonium salt 19, in

presence of notassium-t- butoxlde—tetrahydrofuran. This ketal 53
was readily hydrolysed with p-toluene sulfonic ac1d-acetone to

,af?ard the dienoic -ketone dlSplaYan spectral characterlstlcs

expected of 54 (wass(rlg.ssa). m/e 220. IR (Fig. sa) Cc=0 1720 cm‘1,

C=C 1445, B85S om™ . PWR (Fig.55): Me C=C, 3H, 1.60 pom, bsj

CD?}_E__, SH’ 2.04 :ppm, 85} Cﬂ:C,I‘H, 5.18 ppm, t, 3=6Hz; fe C‘:Ci‘i’
14, 5.46 ppm, bm, UH=15HZ. Glc: R, 7.0 min (98%), 5% carbouax
20M, 6', 60 ml/min, 1980), the§ (elther Z 'or E) geometry 0?4}
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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.17 Condensation of the ketone 54 with trimethyl-
phosphono acetateza in presence of sodium methoxide-dimsthyl-
Formamidqu gave rise to a mixture of E and é_isomers‘(Qg and 56)
of the trienoic ester, could readily‘be separated by inverted-
.dry—column—chramatograohy (IDCC)ZG, and i¢entified, as one would
expect diffsrent chemical shift in PMR (Fig. 57 and 59) for
Cs-methyl signal for the §§(§532.13 ppm), and Z-isomers (56,
1.88 ppm).21 The E-ester was epoxidized22 with m-Cl-perbenzoic

23 in dichloromethane at 0%, Tlc separation of the resulting

acid
epoxides (7 and 57) afforded the targeted cyclononana analogue

of Cecropla juvenile hormone in racemic form {7; Mass (Fig. 61A):
m/e 292, IR~ (Fig, 60): C=0 1720 cm =1 g=c 1645, 1432 cm” . PR
(Fig. 61): Me QE;;; 34, 1.20 opm, ss; Z-Me C=C COOMe, 3H, 2.13 opm,
ss; COOMe, 3H, 3.62 ppm, ssj G4=C, 1H, 5.12 ppm, m, W =12HzZ;]

g=CH COOMe, 1H, 5.58 ppm, bs) .
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EXPERIMENTA AL

For general remarks, see Section-I.

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

Propionyl chloride was preparesd hy following the procedure
&7 '

of H.Ce. Brown st al,

To a stirred soln of MeNO, (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 brownisﬁ slurry was

added CH CHZCDCi (139 @) during 30 min at rodm temﬁ, and stirred

3
(3 hrs) at 80°. The reddish reactiun'migtura was then poursd

onto ice-pieces (400 g), and left overnight at -10°, the
precipitated product was Filferéd, washed with 10%\NaEl aqg,
toluene, dried, taken in hot QZB (Tébﬁ ﬁl), treatesd with

charcoal (6.5 g) at 90° (20 min), filtersd, concentrated (300 ml),
and cooled (DO), whereupon white crystais Sf 43 precipitated
which was filtersd and dried (38g, 72%); m.p. 212-214° (1it3®

212-214°) .

2-Methyl-2-(3~oxobutyl)-cyclopentane-1,3-dione; 44

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

Hy O (68 ml) was added at once freshly distilled methyl vinyl
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ketone (48 ml) and stirred (5 days) at 25°, under N It

2'
was then extracted with C.H. (50 ml x 6), dried, and
evaporated to afford the crude triketone 44  (49.5 g, ‘94.6%)
which on fractionation furnished pure triketone 44 (45 g,

34 .
86%4); b.p. '90-95°/0.05 mm (lit. b.p. 100-109°/0.8-0.1 mm).

G-Methyl;bicyclo(a,E,D)non;T-en—S,7fdions; 45

A soln of triketone 44 (45 g) in CeHg (250 ml) was
refluxed with p=toluene sulfonic acid (2 g) in a Dean-
Stark unit for 2 hrs. After that again p-toluene-sulfonic
acid (2 g) was added and further refluxed (5 hrs). The
reddish soln was then filtered, neutrelized (solid K2€03),
filtered, washed, dried, and evaporated: pale~-yellow o0il
(32 gy 79.$%)% bepe 100-108°/0.1 mm which on cristallization
from sther: light petroleum (2:31) furnished large cristals of

45 (30 g, 74.3%), m.p. 71-72° (11t m.p. 72-73°).

6B-Methyl-bicyeclo(4,3,0)non-1-en-7#-01-3-0ne; 46

To a stirred soln of bicyclic dione 45 (16.4 g) in
EtOH (253 ml), was 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 was then neutralized with
HOAc (2.5 ml), FtOH evaporated, residue‘dissclued in CHCl,

(350 ml), washed, dried and ewaporaﬁed: pale yellow gil
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(13 q, B2%), b.p. 139-144°/0.05 mm. (1it. b.p. 140-148/

0.05 mm). IR (CCl,): OH 3420 cm™', 2980, 2860 cm |, C=0

’, C=C 1662, 1462 cm“1, 1420, 1365, 1320, 1268, 1220,

1

1705 em

1135, 1090, 1078, 1008, 960, 872 om . PMR (CDCl,): Me.C,

3H, ss, 1.15 ppm; CH,, OH, 9H, m, 1.6-3.0 ppm; CHOH, 1H, t,

2
3.84 ppm, J=4.5 Hz; C=CH.CO, 14, bs, 5.78 ppm.

3,3-Fthylenedithio-6p-methy l-bicyelo(4,3,0)non=1~en-78-01; 47

To a sobn of the o,p-unsaturated ketone 46 {(16.6 g),
and sthanedithiol (14.1 g) in CH,0H (120 ml), was added BF,.
Et,0 (14 ml) at 0-5° during. 10 min, and léfg,overnight to
coma:’at room temp, The resulting soln was then per_ed into
ice cold 10% NaOH ag (250 ml), ex£racted with CHC1, (75 m1 x 4),
washed with H,0 (100 ml x‘%),_uashed, dried, and ‘e\/e‘:po_rated:'

white crystalline solid of 47 (21.7 g, 90%), m.p. 105-10%6".

1 1

IR (Fig. 40): (cHClg)s OH 3420 cm” ', 2910, 2840, 1660 cm ,

C=C 1450 cm™!, 1440, 1425, 1370, 1330, 1270, 1210, 1060, 1025,

1 1

998, 972 898, B65 cm ', C=C 844 em . PMR (Fig. 41): (SDcl,)s

@E_'C, SH, SS, 0‘9? DDm; Sf.Cﬂz.EﬁZ.S, 4H’ q, 3.33 Ppm, J1=7HZ,

3,=4Hz3 CHOH, 1H, t, 3.65 pom, J=8Hz} C=CH-S.CH,.CH,.S, H,
2
242 (M*, 84.8%), 214 (55.1%), 182 (54.5%), 149 (27.24),

138 (41.7%), 131 (53.2%), 118 (67.9%), 105 (100%), 91 (37.8%),

61 (41.7%), 60(30.1%), 59 (28.8%).

bs, 5.47 ppm,. MH=SHi; CH,, 0H, 9H, m, 1.3-2.5 ppm. Mass: m/s
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6p-Methyl-bicyclo(4,3,0)non-1-en-7P-0l; 48

(i) A mixture of thioketal 47 (2 g), Raney Ni., U,
(10 g), and Et0H (150 ml) was reFluxe& (20 hrs) under N,- It
was then trgns?errsd to a Soxhlet unit and continuously extracted
(24 hrs). EtOH evaporated to afford yellowish solid which
was filtered threugh a silica gel column (30 cm x 1.4 cm) uwith
CeHgt EtOAC (9:1) to furnish white crystalline solid of 48
(0.82 g, 65%); b.p. 90-95%(bath)/0.05 mm; m.p. 51-52°, (964
purity by gle, 10% carbouax 20, 6', 190°, 60 ml/min, R, 4.9
min). IR (Fig. 42): (ccl,): OH 3360 cm™ ', 2920, C=C 1455 em” T,
1430, 1370, 1335, 1315, 1295, 1260, 1120, 1055, 1020, 984,

925, B78 em™!, c=C 852 em™ . PR (Fig. 43): Me.C, 3H, ss,

- (.88 ppm; CHOH, 1H, t, 3.52 ppm, J=8Hz; CH=C, 1H, bm, 5.23 ppm,

W, =9Hz; CH,,
m/e 152 (Mm%, 72.5%), 134 (41.3%),.119 (34.8%), 109 (65.2%),
97 (47 8%), 95 (39. 9%), .93 (100%), 91 (51, &%), 81 (39.9%),

79 (5? 2%), 67 (34.8%).

10H, my, 1.4-2.5 ppm; OH, 1H, s; 1.75 ppm. Mass:

(11) The thioketal 47 (12 g) in dry ether (500 ml) was
added to ,anhydrous lig. NHq ( 1500 ml). To this Na (12 g) was

added in small piecies during 10 min with continuous stirring.

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

addition of EtOH. Lig. NHS 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%);
bep. 90-95°(bath)/0.05 mm; m.p. 51-52° which was identical with

48 (IR, PMR, Mass).

Epimerization of 7P-hydroxyl group qf 48

(1) A soln of alcohol 48 (0.5 g) in pyridine (8 ml)
was cooled to 0°, TsCl (1 g) was added in portion, and left
(24 hrs) at 10-15°. The reaction mixture was then diluted

with cold H,0 (30 ml), extracted with ethsr (25 ml x 3), washed

2
dried and evaporated at 20° to furnish oily tosylate (0.9 Ty

81.8%) -

To this tosylate (0.8 g) DMF (5 ml) and H,,0 (037 ml)
was added fused KOAc (0.8 g) and stirred at 70° for 12 hrs.

The contents were then diluted with H,0 (25 ml), extracted

2
with ether (15 ml x 3), washed, dried, and evaporated to give
an oily product which was taken up in CHLOH (15 ml) and

H,0 (1.5 ml). KOH (0.24 g) was then added and refluxed (3 hrs)
under N,. MeOH evaporated, residue diluted with H,0D (15 ml),
acidified with dil. HCl (71:1), extracted with ether (15 ml x3),
washed, dried, and evaporated: white solid of 48 (0.25 g, 50%);
BeDs 90-950(bath)/0.05 MMy MaDa 51-52°. IR, PMR oxamination

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 48 (100 mg) was stirred
(3 days) at 45-50°, After usual work-up, the product obtained

was the séartingg@~alcohﬁl ég (80 mg).

(iii) Ethylazodicarboxylate was prepared following the

48

procedure of J.C. Kauer.

To a sti;red soln of P-alecohol 48 (0.38 g), Ph.P (1.3 q),
and HCOOH (0.23 g) in THF (30 ml) was added dropuise a soln of
diethyl azqdicarbaxylate (0.87 g) in THF (5 ml) and stirred
(14 hrs) at room temp. THF evéporated: syrupy product which
was chromatographed over a silica gel golumn (8 cmlx 0.5 cm),
and-elyted with light petroleums ¢6H6 (60:40) to yield the

starting B-alcohol 48 (0.35 g).

1,2—&Epoxy-6ﬁ-m9thyl—hicyclo(d,B,0) nonaw7B-ol; 45

To a soin of olefinic alcohoi 48 (5.84 g} in CHZCIZ (50 ml)
was added}a soln of PhCO,H (6.98 g,.BS%) in CH,C1, (50 ml) gver
a period of 30 min at D~SD, and further stirred for 2 .hrs. The
contents were then dilutea with H,0 (jDD ml), extracted with

CH,C1, (50 ml X 3), washed with 15% K,CO; aq (50 ml x 3),

=2t

uashéd, dried, and evaporated: colorless oil of 49 (5.82 g, 87.3%);

Rp 0445 (Tlc: 10% EtDAc in C6H6). IR (Fig. 44): (CCl,): OH
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3460 em” |

1

, 2950, 1468, 1444, 1380, 1215, 1140, 1090, 1040, 912,

B8O em ', PMR (Fig. 45): Me.C, 3H, ss, 0.97 ppm; C—CH,

~
, 0
1Hy my 3.03-3.3 ppm; CHOH, 1H, my, 3.7-4.1 ppm; GHy» OH, 17H,
ms 1.0-2,4 ppm. Mass: m/e 168 (M', 24.4%), 124 (1004), 111
(32.12), 109 (38,54), 97 (55.1%4), 95 (34.6%), 93 (37.2%),

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

6p-Methy 1-bicycla(4,3,0)nonan-18, 78-dicl; 50

To a stirred slurry of LAH (1.14 g).in THF (40 ml) uas
added a soln of spoxy alcohol 49 (5-'g) in THF (10 ml) during
15 min at room temp, and refluxed for 6 hrs. The reaction

mixture was then decomposed with minimum. of cold H,0, filtered, .

2
and residus wWas Wwahsed thoroughly with ether, The combined
filterate was dried and.evaporated: white crystalline solid of

50 (4.59 9, 90%); m.p. 114-115°. IR (Fig, 46): (CHCL;)s OH

1A

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

1035, 1012, 988, B53 en”'. PMR (Figs 47): (CDC1,): MeiC, 3H,
ss, 1.06 ppmj CHOH, 1H, t, 3.70 ppm, J = 6Hzj OH, 1H, bs, 2,06
spm; OHs 1H, bS, 2.9 pom; CH,, 12H; m, 1416-244 ppm; Masss

n/e 152 (#'-18, 100%), 137 (78.2%), 134 (51.5%), 123 (51.0%),

109 (99%), 108 (B85,1%), 107 (49,5%), 105 (69,3%), 104 (42.64),
103 (55.3%)’ 81 (47.5%). (Founds C, 70.B; Hy, 10.8. C qH;50,

requiresy C,; 70.593 Hy, 10.5%%).
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6B-Methyl-bicycle(4,3,0)nonan-1B ~-0l-7-onej 51

trﬁg (18 -g), was added to a magnetically stirred soln
of pyridine (28.4 g) in CH,Cl, (450 ml), and the deep burgandy
soln was stirred (15 min) at room temp. The diol 50 (5.1 g)

in CH Cl2 (10 ml) was. added in one partion. A tarry black

2
deposit separated immediately. After stirring (15 min) at
Toom temg, the soln was decanted from the residue, which was
again Qashed wiﬁh ether (1QB ml x 3). The combined organic
layer was washed with 10% NadH ag (100 ml x 3), 10% HCl aqg
(100 m1 x 1), 10% NaHCO; ag (109 ml x 1), washed, dried, and
evapmrafed: prownish residus whigh was taken up in ether

(200 ml), filtered, washed with 10% NaHCO; ag (50 ml x 2),
washed, dried, and'evaporgted: white crystalline solid of 51
(3.49 g, 68.75)3 b.p. 95-100°/0.05 mm; m.p. 89-90°, IR (Fig.

9 1

48) s (CHClS): OH 3460 cm~', 2940, 2870 cm ', five-membered

C=0 1740 cm™|, 1455, 1410, 1380, 1218, 1090, 1065, 960, 885 em™t.
PHR (Fig. 49): (CDCl;): Me.C, 3H, ss, 1.02 ppm; CH,, OH, 13H,

m, 1.16-2.6 ppm. Mass: m/e 168 (m*, 83%), 150 (27.74),

121 (22.6%), 112 (46.5%), 111 (25.2%), 109 (37.76), 108 (100%),
97 (44.7%), 95 (s57.9%), 93 (39%), 67 (25.2%), 55 (31.4%).

(Fcund: Cx’ 71-2; H, 9.8. C,‘UH.} 602 r8quir853 C,. 71;&3; H, 9.52%).

6B-Methyl-bicyclo(4,3,0)nonan-1#, 74-diol; 52

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



CH, O (39 ml) was added NaBH, (0.756 g) in small portions

(15 min), and stirred (15 hrs) at room temp. Cold ag tartaric
acid soln was added with ice cooling until the white precipitate
redissolved., Almost al; o% the tHSBH Wwas evaporated, the ag.
soln was extracted with ether (50 ml x 4), washed dried, and I
evaporated: white srystalline solid of 52 (2.97 g, 87.3%);

1

mePy 122<123°. IR (Fig. 50): (chclz): OH 3470 cm™', 2950, 2970,

1480, 1470, 1392, 1355, 1145, 1070, 1025, 982, 955, 3900, 870 cm T,
PMR (Fig. 51): (CDClS): Me.C, 3H, ss, 1.02 ppm; CHOH, TH, t,

4.22 ppm, 3=7Hz; CH, CH,, OH, 14H, m, 1.1-2.5 ppm.  Mass: m/e

2
152 (m*-18, 93.8%), 137 (87.5), 112 (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, 713 H, 10.3;
C1gM1805 requires: C, 70.593; H, 10.59%%).

76;TosyloxyFEB-methyl-bi;yclo(a,3,D)ncnan-1p—ol; 41

To a soln of the diol 52 (2.6 g) in pyridine (40 ml)
was added p-toluene sulfonyl chloride (3.5 g) at 0° and left
gvernight at 10-15%. The reaction mixture was then diluted
with cold H,0 (250 ml), extracted with ether (30 ml x 3),
washed with H,0 (30 ml x 1), 50% HCl ag (30 ml x 2), washed,

dried, and evaporated (20-22°) to yield pale yellow oil of 47
{4.48 g, 97%). This tosylate was satisfactory for sﬁbséquent

reactions.
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5-Methyl-cyclononan<4(Z) -en-1-one; 42

A soln of tosylate 41 (3 24 g) in THF (5 ml) was added
to a stlrred suspension of rreshly prepared K-t-butoxide

(3.36 g) .in THF (30 ml) at roem temp under N, "After stirring

2‘
(20 hrs) at’ room temp, the resulting yellow soln was diluted

with H,0 (50 ml), brine (50 ml), extracted with ether (40 ml x3),
washed, dried, and evapofated: yel;ou 0il which was filtered
through a silica gel column (15 cm x 1 ¢m) with light petroleums

CgHes 131 to give colorléss liquid of 42 (1.17° g, 77.4%); bip.

6’

115—120°(bath)/4 mm; ngﬁ 1.48%69. R,

petroleum in CﬁHE)' (96% purity by gle, 10% carbowax 20M, 6',

0.37 (Tlc: 30% light

170%, 60 ml/min, R, 10.75 min). 4R (Fig. 52)3 (ccl,)s 2936,

£
2880cm™ |, C=0°"1705.cm~ ', 1470 om |, C=C 1450 cm™ ', 1434,

1375, 1335,° 1248, 1235, 1164, 1148, 1115, 1042, 1020, 980 cm |,

C=C' 860 cm™ ', 830 em™'. PHR (Fig. 53): Me.C=CH, 3H, bs, 1.63

me; MEOC=CH~9 1Hy bfﬂ, 5-50 me, U =14HZ; CHzg 12H’ m’ 1.5“2-7

H
ppm. Mass (Fig. 53A}: m/e 152 (Mm%, 32.9%), 150 (34.3%),

108 (41.4%), 95 (47.1%), 93 (100%), 91 (42.9%), 81 (48.6%),
80 (51.4%),. 79 (78.6%), 77 (45.7%), 66 (75.7%), 55 (71.4%),

53 (51.4%). (Founds €, 79.23 H, 10.6. C.

1OH?60 requires: C,

78.95; H, 10.53%).

6":12-Cyclo-10-methyl-6-ethyl=%-5,cis=9-dodecadiene-2-one; 54

To a stirred suspension of freshly prepared K-t-butoxide
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(1.85 g) in THF (30 ml) was added (4,4-ethylene dioxy) pentyl
triohenylphosphonium iodide (19, 7.7 g), and stirred (30 min)

at room temp under N2. To this orange-phaosphorane was added

a soln of olefinic ketone 42 (1.52 g) in THF (3 ml) and

stirred (2 hrs) at room temp. After stirring (12 hrs) at

560, THF was evaﬁarated, residue diluted with light petroleum
(100 ml), filtered, washed, dried, concentrated (50 ml),

chilled at -15 to -155 (3 hrs), filtered, and evaporated:
yellowish o0il of 53 which was mixed with acetone (20 ml),

H,0 (5 ml), p-toluene sulfonic acid (0.1 g}, and stitred (12 hrs)
at room temo. Acetone svaporated, residus diluted with HZD

(25 ml), neutralized (éolid'xzcmé), extracted with Light
petroleum (30 ml x 4), washed, dried, and evaporated: yellow oil
which was placed bn a siliéa gel column (20 cm x 2 cm), and
eluted with light petroleum: CH (1%1) to furnish colorless
liquid of 54 (1.46 g, 73%); b.p. 125-130°(bath)/9.01 mm.

n2% 1.4983. R, 8.43 (Tle: 30% light petroleum in CyHc).

f.‘

(98% purity by glc, 5% carbowax 20M, 6', 190°

, 60 ml/min,

R, 2.25 minj 98% purity by gle, 10% s£-30, 6', 190°, 60 ml/min,

t

Ry 7.0 miny 98% purity by gle, 3% carbowax 20M, 6', 190°,
L ' -1
60 ml/min, Ry 2.37 min). IR (Fig. 54): (ccl,)s 2916, 2850 em

' c=c 1445 em”', 1352, 1268, 1220, 1155, 1022,

945 cm‘l, C=C 855 cm~'. PMR (Fig. 55): Me.C=CH, 3H, bs,

c=0 1720 cm

1.60 ppm; COMe, 3H, ss, 2.04 ppm; CH=C, 1H, t, 5.18 ppm,

J=6Hz3 Me.C=CH, 1H, bm; 5.46 opm, UH=_15H2. Mass (Fig. 55A):



fd
%]
ipwd>

m/e 220 (M, 27.4%), 162 (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%). (Founds C, B23 H, 11.2.

CqgHy,0  Tequires C, 81.82; H, 10.91%).

Methyl,trans,g,cis=~and cis,y,cis-7":13-cycla-7-ethyl-

3,11-dimethyl-2, 6, 10~tridecatrienocate; 55 and 56

To a stirred suspension of NaOMe (0.552 g) in OMF (15 ml)
was added (Meo)zp(u)CHztBome (1.87°g) at 25°, and stimwed
(33 min) under N,. To this clear soln of phosphonate carbanion
was added a soln of ketone 54 (1.1 g) ‘in DWF (2 ml) at 20°,
and stirred (24 hrs) at room temp. The resulting yellou
soln was then decomposed with H,0 (35 ml), extracted with
Et,0 (25 ml x 4), washed, dried, dnd evaporateds pale yellou
0il of 55 and 56 (0.98 g, 72%)3 b.p. 155-160°/0.01 mm. Re
0.63, 0.66 (Tlcs 30# light petroleum in C6H6). (96t purity
by glé,.5% carbowax 20Mm, &',.220°%, 60 ml/min, Ry Be5 min
(56, 34%), 11.5 min (55, 66%)].

These isomers (750 mg) were separated by inverted-
dry-ca;umn-chrcmatography (1pcc) in the same manner as
described for the sep;raticn of 22 and 23. he Elisomer 85
(3&0 mg) displayed the following physical properties: b.p.
gﬁ 1.5081. R, 0.63 (Tlc: 30% light
pstroleum.ih C6H6j' (954 purity byhglc, 5% carbowax 20M,

155-160°/6.01 mm. n



6", 2207, 60 ml/min, R, 11.5 min). IR (Fig. 56): (ccl,)s

2918, 2864 cm™ ', C=0 1726 cm™', C=C 1652, 1440 cm™!, 1382,

1366, 1230, 1158, 1164, 930, 870 em ' PWR (Fig..57): Me.C=C,
3H, bs, 1.60 ppmj Z-Me.C=C.COOMe, 3H, Ss, 2.13 ‘épms COOMe,

3, ss, 3,62 pom; cﬁéc,71H, bm, 5.12 ppm, UH=12HZ}-Mé.C=éﬂ,
1H, bm, 5.48 ppm, U, ~14Hz, C=CHJCOBNE, 1H, bs, 5.58 ppm; CH,»
16H, m,. Te 2-3. 0 ppm), Mass: m/e 276 (mf, 4&.5%), 163 (41.8%),
135 (47.2%), 114 (51.8%), 107 (60%), 103 (54.5%), 101 (52.7%),
95 (67.3%), B2 (63.6%), 81 (94.5%), 79 (90.9%), 67 (80%),

55 (100%), 53 (55 4ty . (Faund' Gy 784 4, H, 1020 C1BH2802

requiress C, 78 26' H, 10:15%)%

The Z-ester 56 (160 mg) showed the follouwing physical

26
D

30% light petroléum in C6H6). (94% purity by glc, 5% carbouwax

properties: b,p. 155-160°/0.01-mm. nS° 1,5067. R 0.66 (Tlc:

20m, 6, 220°, &0 ml/min, R£ 8.5 min). IR (Fig. 58) (cci,)s

“1, c=01735 cn”', o=C 1648, 1448 om™ ', 1380,

!, c=C 860 cn'. PMR (Fig. 59):

2930, 2860 cm
1322, 1228, 1160, 1064, 926 cm
Me.C=CH, EH; bs, 1.60 ppm; E-Me.C=C.COOMe, 3H, d, 1.88 ppm,
J=2Hz; CO0Mse, 3H}\SS, 2.62 ppm; CH=C, ?Hg ty, 5.22 pom, J=7Hz;
Me.C=CH,.19,_bm, S.48 ppm, W =14Hi;‘c=CH.cDDMe, 1H, bs, 5.58

. ppm} CHZ, 16H, my 1.2-2.8 ppm) Mass: m/e 276 (m y 44.4%),
163 (58.1%),. 135 (75 4%y 114 (56.5%), 107 (89. 5%), 95 (69.4%),
93 (53.2%),.81-(100%), 79 (89.5m), 67 (74.2%), 55 (66.5%) .

(Found:s C, 78.6; H, 10.5. C18H2802 fequiress ‘€, 784265 H, 10.15%).



dl-Methyl 7":13-cyclo=~cis=10,11~epoxy-7-ethyl-3,11~

dimethyl-trans-2,% -6-tridecadiencate; 7

A soln of m-C1-PhCO.H (232.2 mg, 65%) in CH ci, (10 ml)

2
was added to a soln of E-ester 55 (276 mg) in CH,CL, (10 ml)

at 0°. The mixture was then left to stand 6uefnight at 0° in
'a‘refrigeratof {preadjusted at Do). This was then diluted

with CHZCIZ, uéshed'uith 5% Na2C03 aq, washed, dried, and

evaporated: colorless 0il (254 mg) which was purified éy
éreparative layer chromatography (PLC: silica gel, Tlc grads,
20 cm x 25 cm x 0.5 mm) developed by light pstroleum: EtOAc,
18:2. Required cydononane analogue of JH;I (Z; 70 mg) wuwas

obtained from a band at Re 0.52. The starting E~ester 55

(36 mg) was recovered from a band at R? D.75. The diepoxide 57
(20 mg) was obtained from a band at R, 0.23 (Tles light
Detroleum:’cﬁHﬁ, 18:1). ‘The'3H~mimic 7 shoued the follouwing

‘properties: R, 0.52 (Tlc: light petroleums C 18:1). IR

f 66’

(Fig. 60): (cCl,): 2930, 2860 cm |, C<0 1720 om’ !

1, C=C 1645 cm ',

1432, 1378, 1356, 1325, 1275, 1245, 1220, 1145, 1035, 900,

812 cmﬂq

. PMR (Fig. 61): Me.C—C, 3H, ss, 1.20 ppm; Z-Me.C=C.
‘ \D/ .
CcoOMe, 3H,.ss, 2.13 ppm; COOMe, 3H, ss, 3.62 ppm; CH=C, 1H,
5.12 ppm, W,=12Hzj C=CH.COOMe, 1H, bs, 5.58 ppm; CH, CH,,
Me.Q:~:pﬁ, 16H, m, 1.24-3.0 ppm. Mass (Fig. 61A): m/e 292 (M+,

0 : 4
4.3%), 161 (31.5%), 135 (63.84), 121 (53.2%), 114 (59.6%), 107
(59.64), 95 (89.4%), 93 (78.7%), 80(100%), 78 (70.2%), 67(76.6%),
Tequiress

55(72.3%). (Found: C, 74.23 H, 9'77 €18H5505

Cy 73.973 H, 9.59%).
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