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Ab~~&act-- The title compounds were synthesized by the application of the intramolecular a-ketwarbene 
olefm addition. Some intermediates for the synthesis of (k)-sirenin showed insect juvenile hormone 
activity. 

THE SYNTHESIS of some caran-2-ones (I) by the intramolecular a-ketocarbene- olefm 
addition’ has recently been reported by US.~ This paper describes in detail its appli- 
cation to the synthesis of (+ )-sesquicarene (1Ia)t and a mixture of ( f bsirenin and its 
C-7 epimer; this work has been reported in preliminary foxm3p4 

Racemic sesquicarene 
Sequicarene (deoxysirenin, IIa) is a sesquiterpene hydrocarbon isolated from the 

essential oil of fruits of Schisandra chinensis Bail. by Ohta and Hirose.’ It is the iso- 
preme homologue of A2carenes and postulated to be a precursor of sirenin (IIb) in 
the possible biogenetic scheme! Since its synthesis seemed more feasible than that of 
sirenin, we attacked this problem first as described below. 

4,8-Dimethylnona-3,7dienyl bromide (III)’ was condensed with diethyl methyl- 
malonate to give a disubstituted malonic ester (IVa, 4co/,1 This was hydrolyzed and 
decarboxylated to give an acid (Va, 80%), which consisted of As-truns A’-trans- and 
cis-homers (3.5 : 1) judging from the GLC analysis of the corresponding Me ester (Via). 
The sodium salt of the acid (Va) was treated with oxalyl chloride to give an acyl chloride 
(VIL). This was converted into a diazoketone (VIII@ by treatment with ethereal 
diaaomethane. A cyclohexane solution of the diazoketone (VIIIa) was heated under 
reflux in the presence of powdered copper and cupric sulfate to give a crude product 
(IXa + IXa’) in 59% yield from the acid (Va). This was chromatographed on silicic 
acid impregnated with silver nitrate* to give an analytically pure product (IXa + IXI’) 
whiuh was revealed by GLC analysis to be a mixture of (+ )-sesqui~an-Zone (1X8) 
and its C-7 epimer (IXa’) in the ratio of 2.4: 1. The 7@Me isomer (IXa) was assumed 
to exhibit a longer retention time because of its extending C, side-chain. The assign- 
ment of the a-configuration to the C-3 Me group is based on our previous observa- 

l Part I. K. Mori and M. Mat&, Tetrohcriion 25.5013 (1969) 
t Although the formulae depicted represent only the enantiomer, they are taken to mean a racemate 

in the case of synthetic products. 
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tionZ that ldiaxo-3,7dimethyloct-6-en-2-one yields (+ ~~r~r~caran-2-one upon 
cyclixation. 

The introduction of the C-23double bond was accomplished by the treatment of 
the corresponding oily tosylhydraxone (X + X’) with n-butyllithiumQ*lo to give a 
crude mixture of hydrocarbons (mainly IIa + 111’) in 22”/, yield from the ketone 
(IXa + IXa’). This was purified by preparative GLC to give pure ( f -sesquicarene 
(IIa) which showed IR and NMR spectra identical with those of the natural product. 
The identity was also demonstrated by the GLC comparison kindly carried out by 
Dr. Y. Ohta. 

After the completion of our work, four other syntheses of this hydrocarbon have 
been announced as preliminary communications,ll* I’* 13* ‘* all employing the 
carbene addition as the key step. 

Racemic sirenin 
Sirenin (IIb) is the sperm attractant produced by the femak gametes of the water 

mold Allomyces. Is Its structure was elucidated by Nutting, Rapoport and Machlis6s l6 
Aside from its own importance as a plant sex hormone, sirenin is structurally very 
similar to the bisabolene-type sesquiterpenes with insect juvenile hormone activity 
such as juvabione (XI)“*‘s and dehydrojuvabione (XII).‘a* lg Therefore our syn- 
thetic scheme was planned to include some intermediates such as XVIII, XXa and 
XXIII which might possess juvenile hormone activity. 

The earlier stages of the synthesis leading to a bicyclic ketone (IXb) are entirely 
parallel to those employed for the preparation of IXa. The bromide(III)’ was condensed 
with diethyl malonate to give a monosubstituted malonic ester (IVq 69%). This was 
hydrolyzed and decarboxylated to give an acid (Vb, WA) which was a mixture of 
A’-trans and cis-isomers (2.5 : 1) as shown by the GLC analysis of the corresponding 
Me ester (VIb). The acid (Vb) in benzene was treated with thionyl chloride to give an 
unstabk acyl chloride (VIIb, 73%) which was converted to a diazoketone (VIIIb) by 
treatment with ethereal diazomethane. Its cyclohexane solution was heated under 
reflux in the presence of powdered copper and cupric sulfate to give a crude product 
(IXb + IXb’) in 84”/, yield from the acyl chloride (VIIb). This was chromatographed 
on silicic acid impregnated with silver nitrate* to give an analytically pure product 
(IXb + IXb’). The ratio of IXb to IXb’ was approximately 2 : 1 by GLC analysis. In 
the NMR spectrum of the analytically pure ketone, the signal due to C-7 &Me protons 
appeared at l-13 ppm ( > 2H), while the C-7 a-Me protons absorbed at 1.16 ppm ( < 1H). 
Rapoport et al. report 1.11 and 1.13 ppm for the C-7 Me absorptions of pure IXb and 
IXb respectively?O 

Introduction of the one-carbon unit at C-3 was carried out in the following manner. 
The bicyclic ketone (IXb + IXb’) was formylated with ethyl formate and sodium 
hydride to give a formyl ketone (XIII).* This yielded the n-butylthiomethylene 
derivative (XIV) by treatment with ptoluenesulfonyl chloride and n-butyl mercaptan 
in pyridine.21 Its reduction by sodium borohydride in ethanol afforded a crude alcohol 
(XV), which, without further purification, was treated with mercuric chloride and 
cadmium carbonate in ethanol to give an impure aldehyde (XVI). This was converted 
into an ester (XVIIa) by the method of Corey et a1.22 followed by chromatographic 

l The intermediates XIII-XXII were obtained as stereoisomeric mixtures cpimerk at C-7. For simplicity 
the formulae XIII-XXII were depicted without configurational notation. 
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purification on silicic acid impregnated with silver nitrate to remove bisabolene-type 
by-products generated by the cleavage of the cyclopropane ring However, the recently 
described alternate preparation of the ethyl ester (XVIIb) was more convenient.” 
Thus the ketone (IXb + IXb’) was carbethoxylated with diethyl carbonate and 
sodium hydride in benzene to give a g-keto ester (XVIII) which was reduced with 
sodium borohydride to give a hydroxy ester (XIX& The corresponding benxoate 
(XIXb) was treated with potassium t-butoxide in t-butanol-benzene to yield the 
u&unsaturated ester (XVIII+ Its alkaline hydrolysis gave an acid (XVII@. This was 
methylated to give the methyl ester (XVIIa) identical with the sample prepared via 
the formyl ketone (XIII). The esters XVIII and XVIIb were shown to be mixtures of 
C-7 &Me and C-7 a-Me isomers in the ratio of 2 N 2.6 : 1 by GLC. In the NMR spectra 
of XIII, XIV, XV and XVI, the signals due to C-7 a-Me protons were indiscernible 
because of the complex absorptions at l&1-5 ppm, although the sharp C-7 g-Me 
absorptions (> 2H) were clearly discernible. The presence of the corresponding C-7 
a-Me isomers in the other intermediates was indicated by the appearance of a sharp 
signal ( < 1 H) near the main sharp signal (> 2H) due to the C-7 g-Me protons at lm 
ppm (see Experimental). Although the relative intensity of the two peaks (area ratio) 
was difficult to determine, it was in rough accord with the ratio of the two isomers 
revealed by GLC in the cases of XVIIa and XVIIb. For almost all intermediates 
(XVIIa, b; XVIII; XXa, b; XXII, b; and XXIIa, b) the C-7 f&Me protons absorbed at 
higher field than those of the C-7 a-Me group. In the NMR spectra of the hydroxy ester 
(XIXa) and the benxoate (XIXb), however, the situation was reversed suggesting that 
the conformation of the bicyclic ring system in XIXa, b is different from that in the 
others. 

Modification of the side-chain was accomplished in a somewhat involved manner 
but resulted in the preparation of some new compounds with juvenile hormone 
activity. Treatment of the esters (XVIIa and b) with m-chloroperbenxoic acid in 
dichloromethane gave epoxy esters XXa (94%) and XXb (94x), respectively. The 
epoxides were reacted with periodic acid (HJO,) in ether23 to yield aldehydes XXIa 
(99%) and XXIb (99%) Roth were characterized as their crystalline 2,4dinitrophenyl- 
hydmxones. Although the epoxides and the aldehydes are mixtures of stereoisomers 
at C-7 (C-7 g-Me isomer: a-isomer = 2-25 : 1) judging from their NMR spectra, the 
recrystallized and sharply melting 2,4dinitrophenylhydraxones seem to be the pure 
C-7 &Me isomers, for in their NMR spectra only a sharp 3H singlet due to C-7 Me 
protons was observed (see Experimental) with no other sharp signal at 1~0&160 ppm. 
The aldehydes were subjected to the modified Wittig reaction24 with ethyl a-diethyl- 
phosphonopropinate and sodium hydride in 1,2dimethoxyethane to give diesters 
XXIIa (36% yield after chromatographic puritication on alumina) and XXIIb (39% 
after the purification). The suns geometry of the double bond in the side chain was 
supported by the NMR spectra of XXIIa and h The olefinic proton on that double 
bond absorbed at 6 = 6.6S6.70 ppm. The previously observed values for this type 
of olelinic proton ate 6.42-6.86 ppm while the olefmic proton of cis isomers absorbs 
at 5.35-5-91 ppm. 25 The ratio of the stereoisomers at C-7 in XXIIa and b could not 
be determined by GLC owing to their thermal decomposition (Castor wax column 
at 19p”). The NMR spectrum of XXIIa, however, revealed it to be a mixture of C-7 
g-Me and a-Me isomers (approx 2.5 : 1). Reduction of the diesters (XXIIa and b) with 
lithium aluminum hydride gave a crude product which was chromatographed on 
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TABLE 1. NMR DATA FOR NATURAL SIRENIN AND THE SYNlllEllC PRODUCI 

Natural Product (at 60 MHz) 

6 @pm) splitting Integration (H’s) 

Synthetic Product (at 100 MHz) 

6 @pm) Splitting Integration(H’s) 

Q&M’ s 3 
09b br.s l-2 
1.25 m 2-3 
140 brs l-2 

1.67’ 
1.83 

2.10 
2.20 
2.30 
291b 
3.97” 
5*3Y 
5*&v 

bra 
br.s 

(with shoulders) 
br.s 
br.s 
br.s 

S 

S(J=7Hz) 
br.s(W, = 8Hz) 

3 
l-2 

-2 
-1 
<l 

2 
4 
1 
1 

084 

I?87‘ 
0.98 
1.15 
1.20 
1.28 
140 
166” 
1.78 
1.86 
2.00 
2.10 
2.15 
2.25* 
3.96’ 
5.W 
5.85’ 

S 

br.1 
brs 
br.s 
brs 

S 

br.s 
brs 

br: 
S 

S 

S 

:(J=7Hz) 
br.s(W, = 8Hz) 

<l 
>2 
1-2 
<l 
-1 
-1 
<I 

3 
1-2 
-1 
tl 
-1 
<l 

2 
4 
1 
1 

a Major characteristic absofptions 
b Absorption due to two-OH. Variabk with concentration of the sample. 

alumina15 to afford ( f )-sirenin (IIb) contaminated with some C-7 epimer (IIW) as a 
viscous oil (62% yield). Its acetylation with acetic anhydride-pyridine gave (&)- 
sirenin diacetate (11~) containing some C-7 epimer (11~‘). Attempted GLC analysis of 
the synthetic sirenin and its acetate failed owing to their thermal decomposition on 
the column (Castor wax at 190”). The IR and NMR data for the synthetic sirenin are 
in gross agreement with the spectral data kindly sent to us by Professor H. Rapoport. 
The NMR data for natural and the synthetic sirenin are shown in Table 1. 

Since the high field region of the spectrum of the synthetic product is rather com- 
plicated, it is difficult to discern the absorption due to C-7 a-Me protons. If a shoulder- 
like sharp singlet at 084 ppm is to be ascribed to that Me group, the ratio of IIh and 
IIb’ is approx 25 : 1. Some minor differences observabk in tk spectra of the natural 
and synthetic products are due to the presence of the C-7 a-Me isomer in the synthetic 
product. The difference in the field strength of the two spectrometers is also partly 
responsible. The bis-p-(@trophenylazo) benxoate ester @s-NABS-( f )-sirenin, 
IId) 15sz6 was obtained as orange-red prisms, m.p. 168-170”, after chromatographic 
purification on alumina followed by repeated recrystallization. The crude bis-NABS 
ester, before recrystallization, contained the C-7 a-Me isomer as indicated by the 
presence of a sharp singlet (< 1H) at l-15 ppm in its NMR spectrum in addition to a 
singlet (> 2H) at 098 ppm due to the C-7 &Me protons. The former absorption was 
absent in the spectrum of the recrystallized product The pure bis-NABS-( f )-sirenin 
(IId) was both spectrophotometrically and chromatographically identical with an 
authentic sample. The comparison was kindly carried out by Professor H. Rapoport. 

At about the same time as the submission of our preliminary communication,* 
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IhR=H;IIbR=OH 

Me& = CH(CH,),CMe = CHKH,),Br + 

If1 IV. R’ = Me;IVbR’=H 
R = Me+=CH(CH,),CMe==CH(CH,),- 

R\ R 
,CHCO,R” -. R\ pIcoCl+ > CHCOCHN, -. 

R’ R’ R’ 

VnR’= MeR”= H VIIr R’ = Me VIIIa R’ = Me 
b H H b H b H 

Via Me Me R = Me& = CH(CH,),CMe = CH(CH,),- 
b H MC 

1x8, R = Me C-7 &Me 
IXd Me C-7 a-Me 
IXb H C-7 BMe 
IXb H C-7 a-Me 

CO,Mc 

w..- 
NNHTs 

x c-7 @-Me 
X’ C-7 a-Me 

f 

IIa’ 

2 

I 
COpMe 

. . 

XIII R,R’ = CHOH 
XIV R,R’ I CHSBu” 
XVIII R = H; R’ = CO,Et 

XVI R=CHO 
XVIIa R E CO,Me 

b R = CO,Et 
cR=CO,H 

XV R,R’ = CHSBu’; R” = H 
XIXa R,R” = H; R’ = CO,Et 

b R = H; R’ = CO,Et; R” = COC$, 

XXaR=Me 
bR=Et 
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XXIaR= Me XXIhR=Me 
bR=Et bR=Et 

IIbR=H c’ R = AC 

;;z$QN=N~;- 

0 

TABLE 2. BIOLOGICAL ACTIW’W OP THE SYNTHETIC SIRENIN 

COllLXtltJYItiOJJ 
Male gametes pa 
unit membrane 

Natural sirenin (IIb) 
( f )-Sirenin’ (IIb + IIb3 
Natural sirenen (IIb) 
Natural sirenin (IIb) 
( f ~Sireninb (In + lnq 
( f )-Shxlillb (IIb + IIb3 
( f ~SirenirP(IIb + IIb3 

lo-7M 59 
lo-‘M 15 
10-w 49 
lO?M 7 
10-6M 39 
lo-‘M 9 
lo-%I 1 

- Chemically impure material aent by us was assayed immediately after the 
receipt at Berkeley. 

b Chemically pun material after chromatographic purification WBs stored as 
CH,Cl, aoln for approx 20 days at Berkeley prior ro the assay. 

TABLIS 3. I’E~ECT JWLMLE HORMONE ACTIVITY OF THE SYNIHEITC MATERIALS 

Compounds 
Dosa~ 

0.1 )rg lQPi3 lOP8 

xv118 0 0 NAP 
?0h 0 0 NAI 
XXII8 0 NAI SNb 

( f ghenin (ID + Iw) 0 0 0 
Juvabioue (Xl) 0 NAI SN 

’ Nymphal-adult intermediattactivc. 
b Supernumerary nymph-highly active. 
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three other groups published their results on the synthesis of racemic sirenin, all of 
them employing the a-ketocarbene-olefm addition as the key step?‘* 27* 2* 

The biological activity of the synthetic sirenin on the sperm of Allomyces was kindly 
tested by Professor L. Machlis.2g The results are summarized in Table 2 The activity 
was qualitatively identical with but quantiatively less (l/4-1/10) than that of the 
natural material.* 

The insect juvenile hormone activity of XVIIa, XXa, XXIIa and the synthetic 
sirenin was tested on Dysdercus koenigii (red cotton stainer) by the courtesy of 
Dr. W. S. Rowers, USDA Agricultural Research Service. The results are shown in 
Table 3. All compounds except ( f)-sirenin were active but only the diester (XXIIa) 
was as active as juvabione (XI). Contrary to expectation, the epoxy ester (XXa) was 
not so active. Why the die&z (XXII@ is more active than the epoxy ester (XXa) is an 
interesting question. 

EXPERIMENTAL. 

AU mpa and b.pa were uncorrected IR spectra refa to Nujd mulls for solid samples and Elms for 
liquids NMR spectra wem recorded at 100 MHz in Ccl, with TM8 as an internal standard unless other- 
wise Sated. 

Ethyl 2-cmbcthoxy-~6,l~trhcthyhmdaco-5.9-dim-l-oatc (IVaj A soln of dicthyl methylmalonatc 
(52g) in EtOH (60 ml) was added to a soln of NaOEt (from 7g ol Na) in EtOH (140 ml). To this mixture 
III (58& in EtOH (20 ml) was added with stirring at O-5”. Afta &ring for 30 min at O-S”, tbe mixture 
was heated under tdlux for 4 h with stirring concentrated in onctw, poured into water and extracted with 
ether. The ethered soln was washed with sat Nail aq, dried (MgfSOJ and concentrated The tesiduc was 
distilled to give 32.58 (48%) of IV* b.p. MO-174”/5mm. An analytical sample boikd at 161-162°/4mm, 
4s 14612; v, 1725, 1280, 1250, 1180, 1120, 1040, 860 cm-i; d 125 (6li. t, I = 6Hzj 1.35 (3Ii. sj 1.58 
(6H, aj 166 (3H, sj 6.10 (4H, q, J = 6Hxj 5ti (2H, broad) ppm (Found: C, 7024; II, 9-91. C,sH,sO. 
requims: C, 7@33; y 994%). 

Ethyl 2-cmbcthoxy-6.1(Fdimrthylundrccr-5Qdim-ls (IVbj This was pmpared in the same manner 
as described above from III (60 gj diethyi malonate (48s) and Na (7g) in EtOH (200 ml) h 69% yield (55gj 
b.p 145-160”/3mm. An analytical sample boiled at 135-138”/3mm, 4’ 14630; v_ 1730,1300,1250,1220, 
1145,1090,1050,1030,860 cm-‘; 6 1.25 (6H, t, .I = 6Hxj 156 (6H, sj 163 (3H, sj 406 (SH, q, I = 6Hzj 
5a (ZH, broad) ppm (Found: C, 6966; II, 925. CisHseO, requires: C, 6964; II, 9.74%). 

2,6.10-Btmethylumdeco-5~l+& add (Vaj A K&I c4 IV8 (31 g) in 9Y/, EtOH (50 ml) was mixed 
with KOH aq (31g in 80 mlj Tbe mixture was stirred and beated under mflux for 3 h and concentrated 
in uacw to remove EtOH. After aciditkation with AcOH (100 ml) the mixture was heated under rellux 
for 2 days, cookd, diluted with water and extracted with ether. The ethereal soln was washed with water 
and slrt N&l aq, dried (bIggO,) and concentrated fn vocw. The residue was distilled to give 19.2 8 (80%) 

l Tbe reascn for this low activity may be as follows:(i) Tbe sample oontains Tess C-7 epimer (Mb’) although 
its amount is at most l/3 of the total material (in XVIIb, C-7 fM4e isomer: a-isomer = 2.6 : 1; see also 
the NMR data for the synthetic sirenin and its b&NABS ester). (ii) The sample is racemic. Assuming 
that only ID with proper absolute stereochemistry is biologically active, the activity of our material 
should bc (2/3) x (l/2) = l/3 that of the natural material. (iii) Our sample is not so impute to cause 
such a drop in activity because of the reasonabk IR, NMR and analytical data. Moreover, quite pure 
bis-NABS( f >sirenin could he obtained from our material. (iv) It is possible that our sample partly 
decomposed during& storage as a methylene chloride solution prior to the bioassay (about 20 days). 
This cannot he evaluated at present, since nothing is known about the stability of such a solution. Grieco 
mentioned such a possibihty.‘s (v) Our material may possibly contain some inhibitory compounds, for 
it is nol known what hind of substances am inhibitory. 



2808 K. MOIU and M. M.UWI 

of Va, b.p. 150-160”/@5 mm. An analytical sample boiled at 131-132”/015 mm, 4’ l-4714; v, -3200 - 
-2600, 1700, 1~,1250,1180, 1120,950,900,840 cm-‘; 6 1.18 (3H, d, J = 6Hz), 1.58 (6H, s), l-66 (3~ 

s), 505 (2H. broad) ppm (Found: C, 75=00; H, 1069. C,,H,,OI requires: C, 74.95; H, 1@7Sya GLC (as 
Me ester VII): Castor wax, 45m x @5 mm id, Column temp 190”, Carrier gas, N1, @5kg/cm’, Rt 98 min 
(A”&), 108 mitt As-trans)(cis:trans = 1: 3.5). 

6,10-Dtmethyfundeca-5,9-&n-l-o& acid (Vbj This was prepared in the sax~ manna as d&bed for 
Va starting from MI (118g) in WA yield (72g), b.p. 146155”/1*2 mm. An analytical sample boiled at 
l46-l48o/w mm, 4’ 19732; v, 3~2600,1700,940 cm-‘; 6 158 (6H, s), 1.66 (34 sh 501 (ZH, broad), 
13.71 (lH, s) ppm (Found: C!, 74.17; H, 1050. CI,H1xOP requires: C, 74.24; H, 1@54o/,j Methyl ester 
(Vlb). b.p. 11>115”/4 mm. &* 14630; v, 1742, 1255,12W, 1175,880, g25 cm-‘. (Found: C, 75-02; H, 
1090 CIIH2*OI requires: C 74.95; H, 1078%). GLC: Castor wcy 45m x 05mm i.d, Column temp 190”, 

Carrier &as. NI, DSkg/c&, R, 9.5 min (A’-&~ 103 min (A”-rrans)(cis:trons - 1:2.5). 
2,6,lCr7Wnethylund~5,9-dien-l-oyl chloride (VIIaj A soln of Va (18.2 9) in MeOH (50 ml) was neutral- 

ixed with NaOMe (4.53) in MeOH (100 ml). The sob was concentrated In uacuo. The Na salt of Va was 
suspended in dry benxenc and the &nxene was removed in uacuo. This was repeated several timex to remove 
MeOH and the dry Na salt was suspended in dry benzene (150 ml) containing pyridine (1.2 ml). Oxalyl 
chloride (35g) was added to the suspension with shaking at @-5”. Tbe mixture was stirred for 1 h at O-5”, 
Filtmd through Celite and concentrated fn WEYD to give an oily VIIr This was employed for the next step 
without furtha purification. 

6,10-D~thyIwuicco-5,911im-1-oyl chloride (VIIbj A soln of Vb (34~) in dry benxcne (2C0 ml) was mixed 
with thionyl chloride (2Z5 g) and the mixture was heated unda retlux for 1 h. Afta removal of tbe solvent, 
the residue was distilled to give 27*lg (73%) of VIh b.p. 105-115’/@2 mm; v_ 1790 cm-‘. This was 
unstable and slowly darkened and thus was employed fa the next step without delay. 

l-D&~-3,7,1 l-trimethyldodecu-6,lO-d&n-2-one (VIIIaj A soln of the above described VIIa (from 18.2 g 
of Va) in dry benxcne (50 ml) was added to a soln d CHINz (from 30 g d N-nitroso-N-methylurea) in 
ether (approx 500 ml) unda ice-cooling. The mixture was left to stand overnight at 5-W, filtered and 
concentrated in wcu) to give crude VIIIa as a yellow 0% v,, 2120, 1820 (weak, impurity), 1740 (weak, 
impurity), 1645 (C = 0. s), 1380,1330,1145,11oQ 1020 cm-‘. This was employed fa the next step without 
further purification. 

1-D&zo-7,11dimethyfdodeca-6,1~dien-2-one (VIIIbj A sob d VIlb (27.1s) in dry benzene (50 ml) was 
added to a soln of CH,NI (from 6Q d N-nitroso-N-methylureaj Subsequent treatments as described for 
VIIIa gave crude VIIIb as a yellow oil, v, 2120 (SX 1730 (w, impurityb 1645 (@cm_‘. This was employed 
for the next step without furtha purification. 

3,7-Dimethyl-7+%‘-methylpent-3’-enyl)bicyclo[4.l.O]heptan-2-cme (a mixture 4 ( f )-sesquicmamme and 
its c-7 epimer) (IXa + IX’aj A soln of the above VIIIa (ftom 18.2 g d Va) in cyclohexane (200 ml) was 
added dropwise to a stirred and refluxing suspension d powdered Cu (1.2 g) and CuSO, (@2 g) in cyclo- 
hexane (400 ml) during 1 h. A&r the addition the mixture was stirred and heated unda reflux for 8 h, 
then cooled, filtered and concentrated in vacua. Tbe residue was distilled to give the following fractions: 
(a) b.p. 100_132”/5mm, 1.3 g. (b) b.p. 133-135”/5mm, 97 g (c) b.p. 136-145” (mainly 140”)/5mm, 3.5~ (d) 
b.p. 146156”/5mm, 2*8g. Fraction a, b and c exhibited almost identical IR spectra [v_ 1725 (w), 1675 
(s), 886 (s)cm-‘1 and were shown to be an impure mixture d IXa and IXa’. Fraction b had the following 
properties: &9 14868; v_ 1725 (wb 1675 (s), 1460,13@O(sb 1356,1330,1240,1225,1180,1115,1060,1035, 
886 (s) cm-‘; S O-98 (3H, d, J = 6HxA 1.16 (3H, s), 160 (3H, SA 166 (3H, s), 5Q3 (lH, 1) ppm. (Found: C, 
8083; H, 1@91. CisH1,O requires: C, 81.76; H, 1098%j This was purified by chromatography on SiOl- 
AgNO,. A column (27 x 2.5 cm) in light petroleum was prepared from SiO, (5Og) and AgNO, aq (4g in 
20 ml). A part d the fraction b (2w in a small amount d light petroleum was placed on the top of the 
column. The eluant was saturated with Ag by shaking with AgNO, aq in a separating funnd prior to 
use. All fractions were 250 ml. Eluants were as follows: fractions l-9 light petroleum; 10-13, light petroleum 
benxene = 4: 1; 14, benxene. Fractions 2 and 3 gave 827 mg d oily impurity. Fraction 4 was impure 
IXa + IXa’ (130 mgj Fractions 5-8 gave 400 mg d pure bicyclk ketone (Ma + IXa’j Fractions 9-14 
gave 710 mg dalmost pure IXa + IXa’. Fractious 5-8 gave an analytical sampk boiling at 130-131”/5mm. 
n;’ 14898; v, 2950, 1676, 1450, 1380, 1354 1330, 124Q 1220,1185.111Q 1059 1030,8!56 cm-‘; 6 @98 
(3H. 4 J = 6Hz), 1.16 (39 s, C-7 Me), 158 (3H, s), 1.65 (3H, s), 5a3 (lH, t) ppm (Found: C, 8150; H, 
1092. C,,HS,O requires: C, 81.76; H, 109g%j GLC: Castor wax, 45m x 05mm i.d.; Column temp 
190”; Carrier gas N,. D5 kg/cm’; R, 18.7 min (IXa’), 22.8 min (IXaj IX’s: IXa (area ratio) = 1:2.4. 

7-Methyl-7_(4’-mPthylpe~-3’-eny~)bicyclo[4.l.O]hepton-2-one (a mixture qQ f )-3-dewwthylsesqdcaranone 



Synthesis of mono- and seaquitcrpenoids- II 2809 

and its C-7 epimer)(IXb + IXbp A soln d the abow VIID (from 271g of VIIb) in cyclohexane (250 ml) 
was added dropwiae to a stirred and &luxing suspensicm of powdered Cu (3g) and C&O, (O-2& in cydo- 
hexane(650ml)durinplh.APtathtrdditiontbemixturcw9eslirrod~heatedun~refluxforZh.then 
cooled, Werod and concentrated &I wcuo. The residue was distilled to give 205g (62”/, from V& 84% 
from VI) d cm& hydic ketone, b.p 100-l 15”/‘@3m4 v, 1730 (w. impurityX 1700 (sh), 16&S (s), 1626 
(w. impurity), 1260,119Q 895 cm-‘; d 1.11 (< 3H, 8). 156 (%I, s), l-64 (3H. a), 498 (1H. broad) ppm. 

This crude ketone was purified by chromatography ~MI SiO,AgNO,. A column (51 x 6 cm) in n-hcxane 
was prepared from SiOz (5OOg) and AgNOs aq (4Og/170 ml). The crude ketone (IXh + IXb’, 326gl in a 
smaIl amount of n-hexane was placed on the top of the column. The cluant was saturated with Ag by 
shaking with AgNOsaq in a separating funnel prior to use. All fractions were 500 ml Eluants were as 
follows: fractions l-12, n-hexanc; D-17, n-hexane: benzene - 1 :l; 18-21, benxent. Fractions 1 and 2 
gave 116g of oily impurity. Fraction 3 was 4% of impure ketone Fractions 3-17 gave 159g of pure ketone. 
Fractions 18-21 gave @5g ofimpure ketone. Fractions 3-17 gaan an analytical sample boiling at 117-l 18”/ 
smm, 49 1.4946; v-2984 1689 1455,1420,1394 1359 1335,1259 1220,119Q 11% 1070,10sa, 990,930, 
890, 830 cm-‘; d 1.13 (> 2H, s, C-7 BMc), 1.16 (< lH, C-7 a-Me), 1.59 (3H, s), 1.65 (3H, s), 499 (lH, 
broad t) ppm (Found: C., 8165; H. 1065. CLIHl10 requires: C, 8150; H, 1@75%) GLC: Castor wax, 
45m x @5mm id.; Column temp. 190”; Carrier gas N,, D5kg/cm2; R, 176 min (IW’), 206 min (IXb). 
Iw’:IXb(aralratio)= 1:2. 

A mixture Q tosylhydrazones qf ( f ~sesquicar~ and its C-7 epimer (X and X’). A sob d the crude 
ketone (IXa + IXa’, 59Og) in MeOH (20 ml) was mixed with a soln d tosylhydraxide (S.lOg) in THF (45 
ml). ‘ll~ mixture was I& to stand at 5-10” for 15 h and concentrated in oacuo. Dry benzene was added to 
the retudue and the benzne was removed In wcuo. This was repeated several times to remove water and 
MeOH. The oily crude tosylhydrazone (X + X’), v, 3204 2950, 1615, 1600, 1455, 1390, 1340, 1175, 
1110,1030,890,820 cm-‘, was employed for the next step without further purification. 

A mixfure of( f )-sesquicmene (IIa) and its C-7 epher (IIa’j A soln of the above X + X’ (from 5908 of 
IXa + 1%‘) in benxcne (70 ml) was added dropwise during 30 min to a soln d n-BuLi (from 43g d n-BuBr 
and 4% of Li) in ether (150 ml) at 0-y with stirring After the addition, the mixture was stirred at room 
temp for 2 h. Subsequently water was added to the mixture under icecooling The organic laya was 
separated and the aqueous laya was extracted with ether. The combined organic soln was washed with 
water and sat NaCl aq, dried (MgSOJ and concentrated. The residue was fractionally distilled to give 1.2g 
(220/,) of a hydrocarbon fraction. b.p. 95_105”/6mm. PIA’ 1.4850: v,,, 3360. 2950 (sl 1460 (~1 1390. 1130, 
1040 ($A 830,800 cm-‘; d 084 (3H, s, C-7 MeA 1.58 (3H, SA l-65 (6H, sb 503 (Hi, broad, t) 546 (lH, broad, 
s)ppmGLC:Cartorwax,45mx~5nnnid;Columntemp,17Oo;CarriagasN,Q5kg/cm2;21peak~ 
were detected. Retention times d main peaks were: (a) 6.3: (b) 70: (c) 9.4: (a) 11.2 min. a:b:c:d (area 
ratio) = 1:19:1.8:4-l. All the four peaks showed M+ at m/e 204 and similar MS patterns with that d the 
authentic MS of IIr The pcalr d was thought to he racemic IIa. 

(f~besqukurene (IIa). The above described crude hydrocarbon mixture (l.lSg) was puritied by prepara- 
tive GLC to give @15g of pure IIa. GLC: Column, Silicon oil DC 200 (20”/ on C&e 545,3m x 3mm i.d.; 
column temp, 2003 Carrier gas, He, 100 ml/min. The analytical GLC showed that this material corres- 
ponds to pure “peak d” of the crude mixture. An analytical sampk boiled at 102-1030/6 mm, &’ 1.4920; 
v, 2%0,2920,2850,273Q 1660 (WA 1442 (s), 1375 (m), 1290 (w), 1200 (w), 1115 (w), 1090 (w), 1065,~945 
(WA 880 (WA 850 (WA 820 (m) cm-‘; 6 @83 (39 SA l-10, 1.16, 1.24, 1-M. 158 (3H, SA 164 (6H, s), 1.75, 1.82, 
190.196.205,2~13.502(1H. broad t1545(1H. broad s) ppm. (Found: C 88.24: H. 1191. C,,HI, requires: 
C, 88.16; H, 11.84%). M+ 204. GLC (by Dr. Y. Ohta, Institute d Food Chemistry, Osaka): Gory Column, 
HB 2OUl at 150”; Carria gas, N2 (1.5 kg/cm’); R, 11.5 min (identical with that d authentic IIa). 

ZFam.vI-7-mt~yl-7~4’-mcrhvlpent-3’-envl)bicvclo~4.1.0]heptmr-2-one (XIII. a stcreoisomcric mixture). 
A mixture d the ketone (IXh + Ix): 6.5 gl HCOtEt f8 ml) and NaOMe (40 g) in dry ether (40 ml) was 
stirred at O-5” for 3 h. The gelatinous mixture was left to stand at 5-10” for 15 b poured into ice-water 
and the aqueous laya was separated The organic layer was extracted with ice-cooled 5% NaOHaq. The 
combined aqueous soln was acidified with dil HCl at O-5” and rapidly extracted with ether. The extract 
was washed with sat NaClaq, dried (MgSOJ and conantrated. The residue was distilled to give 68 g 
(92”h) d XIII, b.p. 117-119”/‘@2 mm, # 1.5250; v_ -1640--1584 1460,1390,1330,1220,1170,1065, 
910,880 cm-‘; 6 lQ8 (>ZH, SA l-62 (3H, s), 168 (3H. s), 5ti (lH, broad t), 625 (lH, s), 1454 (lH, broad) 
pprn (Found: C, 76.43; H, 930. C,,H,,O, requires: C, 76.88; H, 946%). 

3-n-Butylthiomcthylm7-mrtkyl-7~~-~hyl~-~-~y~~~~[4.l.O]hcptmr-2-onc (XIV, a stereoiso- 
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~themixturewasstirredfor45minat~5”.n-BuSH(30g)wasaddedtothtmixturcanditwasldtto 
stand at G5” for 20 h The mixtun was pourad into imokd 1% NaOHaq (300 ml) and extracted with 
cthcr. Tbs abereal soln was washed with water, loo/, NaOHaq, water and sat NaClaq, drkd &CO,) 
and cvaporatal. The residue was distilkd to give 4.7 g (56OQ of XIV, b.p. 190-2tWpl mm An analytical 
sampk boiled at 195198”~l mm, e 15426; v_ 1655, 1560, 1460, 1390,132Q 1230, 1200,1120,1070, 
890 cm-‘; 6 W9 (3H, f J = 6 Ha), 1=06 (>2H, a), 1.63 (3H, a), 168 (39 s), 505 (HI, broad, t), 7.25 (lH, (I) 
pp (Found: C, 7444; II, ?72 CiPH,,08 rcquircs: C, 74,47; II, 987%). 

3-n-Butylthiomrihyl7-~hyl-7~~-~hy1~-3’-~y~&yc~[4.1.0]hcptrm-2-d (XV, a stcrcoisomcric 
mixture). To a sohi of XIV (46 g) in 95% EtOH (100 ml), NaBH, (2G g) was added at O-5”. The mixture 
was kft to stand in a rcfrigarator for 16 h concentrated in cacao, diluted with water and extracted with ether. 
Tbe ethcrcal soln was washed with watt and sat NaClaq, dried (Mg!IO.) and concentrated fa wcuo to give 
4.5 $987, of crude XV, v_ -3400, 1638, 146Q 1390, 1115, 1060 cm-‘; d 094 (3H, t, I = 6 Hz), 1.09 
(>ZH, a), 161(3H, s), 167 (3H, s), 298 (HI, s), 4.75 (lH), 5-05 (IH), 556 (1H) ppm This was cmploycd for 
the next step without further purification. 

3-~onnyf-7-mcthyC7-(4’-mctLylpent-3’n?yl.l.O]hept-2-mc (XVI, a stcrcoisomcric mixture). 
A soln of XV (4.5 g) in WA EtOH (80 ml) was mixal with CdCOs (26 g) and HgCIs (30 g) in W/. EtOH 
(50 ml). The mixture was stirred and hcatcd unda rctlux for 1 h, cottccntrated in cucw, diluted with ether 
and water and filtcrcd. The ethercal soln was washcd with water and sat NaClaq, dried (Mg!SOJ and 
conccntratcd fa wcuo. The residue was fractionally distilla! to give the following fractions: (a) b.p. 98-l lSo/ 
@2 mm, 301 mg (b) b.p. 118126”/@2 mm, 471 mg (c) b.p. 126140”~2 mm, 1.621 g (d) b.p. MO-17o”p2 
mm. 813 mg Inspection of the NMR spectra showed that all fractions wcrc contaminatal with products of 
cyclopropanc ring cleavage with diminished high fteld Me signal at d Q95. The tiaction b was tbc purest one 
containing at kast 8% XVI judging from its NMR spectrum, v, 2720,1680, 1645.1408,1180 cm-‘: d 
095 (<3H, s) 163 (>3H, s), 1.70 (3H), 5(H (IH), 666 (lH), 941(1H) ppm. Each fraction was separately 
employed for the next step. 

3-Ccabomeihoxy-7-my~-7~~-~~yI~-~-~y~~yclo[4.1 .O@epr-l-ene (XVII& a stcrcoisomcric mix- 
ture) The crude XVI (fractioo b, 450 mg) was dissolved in McOH (30 ml) and mixed with AcOH (018 ml), 
MnOs (3.5 g) and NaCN (@5 g). The mixture was stirred at room tcmp for 15 h, conccntratcd in cucuo, 
diluted with ether and wata and tiltcrcd. The ethcrcal layer was separated and the aqueous laycr was 
extracted with ether. The combined ethcrcal soln was washed with water and sat NaClaq, dried (Mg!IO,) 
and concentrated in wcuo. The rcsiduc was distilled to give 250 mg of crude XVIIa, b.p. 14%145”/5 mm, 
6’ 15000; 6 W2 (<3H, s), 161 (>3H, s), 1.67 (39 s), 366 (39 s), 5.06 (lH, Q 7.17 (HI, d, J = 5 Hz) 
ppm. The other fractions (a, c and d) wm also prcccsscd as above to give 10 g of distilkd crude XVIIr 
This was chromatographal on SiOs (50 g) impregnated with AgNOs (10 g in 20 ml of water) The cstcr 
dissolved in a small amount of n-hcxanc was placed on the top of the column in n-hexanc and the column 
was clutcd with n-hcxane. AU fractions wctc 100 ml. Fractions 1 and 2 wm foreruna Fractions >5 gave 
366 mg of almost pure XVIIr Fractions 6-l 1 gave 457 mg of biibokne-type cstcrs without the cyclopro- 
pant ring Fractions 3-5 (366 mg) wcrc rcchromatographed on SiOs (28 g) impregnated with AgNOs 
(4 g in 8 ml of water) in n-hcxanc Elution with n-hcxanc gag 240 mg of pure XVIIa in the early fractions. 
An analytical sampk boikd at 125-128”/1 mm, 4’ 1.4958; v, 1700,1630,1440, 1390,1280,1254 1110, 
1070.755an~1;6~2(~2~qC-7~Me),1~15(~1~s,C-7a-Mc~1~61(3~s~167(3~s~366(3H,s~ 
SoS(lH, t),7.16(1H,d, J = 5 Hx)ppm(Found: C,7769; II, 1014.C,,H,,Os rcquires:C77-37; 99.74%). 

3-Cmb~hoxy-7-mcthyl-7-(4’-methylpent-3’-~y~kyclo[4.1.0]hcptan-2-one (XVIII, a stcrcoisomcric mix- 
ture\ A soht of the chromatographically pure ketone (1Xh + IXb’. E-5 g) in dry bcnxcne (40 ml) was added 
to a suspension of WA NaH (5 g) in ethyl carbonate (50 ml) under N,. The. mixture was gently heated with 
stirring for 1 h and then heated under r&x for 3 h. Afta cooling, it was poured into iccwata containing 
AcOH (8 ml) and extracted with ether. The extract was washed with water, NaHCOsaq and sat NaClaq, 
dried (M&03 and concentrated in wcuo. The residue was distilled to give 105 g (910/ of XVIII, b.p. 
150-160”/1~2 mm An analytical sample boiled at 142-143”pE mm, nA9 14978; v, 1735 (w), 1640,1610, 
1314 1260.1230, 112q 1070,820 cm-i; 6 1% (>2H, s, C-7 &Me), 1.18 (<HI, s, C-7 a-Me), 1.31 (3Y 1, 
J = 6 Hz), 1.63 (39 s), 168 (3H, s), 4.17 (2H, q. J = 6 Hz), 5.10 (lH, t), 1227 (lH, s) ppm. (Found: C, 
73.71; H, 950. Ci,HseOs requires: C, 73.34; II, 941%). 

3-Cmbrthox~7-mcihyl-7~~~hyl~-~-~y~~yc~[4.1.O]heptan-2-d (XIXa, a stcrcoisomcric mix- 
ture). To a solo of XVIII (1@2 8) in 95% EtOH (50 ml), NaBI& (2.8 g) in 9so/. EtOH (50 ml) was added 
with stirring at 5-10”. TM mixtutc was stirred for 3 h at 5-10”. conccntratcd in tnscuo, diluted with icbwata 
containing AcOH and extra&d with ctha. The ethrad soln was washed with NaHCO,aq and sat NaClaq, 
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dried (higs0~ and umccntratai &I uacwo to gin? 100 g (98%) d XIXa An analytical sample boikd at 
150-ls2°/l ml& r# 14868; v, -3404 1715,1204 1050 an-‘; 6 -@90--O% (w, mx la t-z lH, s 
C-7 u-Me), 1.15 (>2H, s, C-7, &Me), l-26 (3H, t, J = 6 Hz) 4-12 (29 e I - 6 Hz), 4.35 (1Y broad), 506 
(lH, t) ppm_ (Found: C, 7241; H, lQ31. C,,H,,OS requires: C, 72.92; H, 1006”/,j. 

zCarbctlior~7-mcrhy~7~4’-mrtkyipmt-3’1.0]~~2~ bennmte (XIX& a stereoiso- 
mricmixturr).Benzoylchlorids(6g)was~ddropwiretoa~ohoC~(100g)indrybenzem:(60ml) 
anddrypyridiDef40arl)rt0_5~with~~TbemixtunweJlefttoBtaodiaarefriscratorfor2days, 
d&t#d with ice-water and extracted with ether. The extract was washed with water, NaHCOlaq and sat 
NaClaq, dried (MgSO,) sod conoentratcd &I wcyo to give crude oily XIXb (13.8 g. quaotiativ& v,, 1705 
(broads 1604 1585,12lq 1129 710 cm -1;~liK)(~1~~C-7a-Me),1~f8(~W,~C-7~Me),1~21(3H, 
; J = 6 HZ), 1.45 (3H. s), 155 (3H. s), 493 (2H, q, J = 6 Hz), 495 (IHX 976 (1H. qA 73+82O OH) ppm. 
This was employed for the next step without further purification. 

3-Cmtntiroxr7-~~yl-7i~~hyZ~-3’~y~&~~[4.1.0]~~-2-~ (XVI% a stcreoisomcrk mix- 
tune) A sob of XIXI, (13.8 gt in dry bcn~~~ (60 ml) was added to a solo of t-BuOIC (from +2 g of K) in 
t&OH (180 ml) at 0-Y’ with stirring Tbc stirring was continued for 1.5 h at o-5”. Then the mixtUt%? WBS 

nmm ~jtb AcOfiaq and concentrated &I uactw. Tbc residue was diluted with watt sod extracted 
with ether. Tbc ethereal sola was washed with water, NaHCO,aq and sat NaClaq, dried (MgSO,,) and 
conocntrated Tbc residue was distilled to give 6.2 g (66%) d XVIfb+ b.p. MO-155”/011 mm. An analytical 
sample boikd at 145-148*/20 mm, G1 1.4962; v,, 1708,1635,1280,1240, 1095,1055,750 cm-‘; d @93 
(2*SH, a, C-7 BMeA 1.16 (@SH, s, C-7 a-Me), 129 (39 t, J = 6 Hz), 160 (3H, sA 167 (3H, s), 4.12 (2H. q, 
J = 6Hz), SQS(lH, tA 7*16(lH,d,I = 5 Hz)ppm.(Found:(=,77.74; I&9.% C,,H,,O, requircs:C,77+&2; 
H, 9+9%h GLC : Column, Castor wax, 45 m x QS mm i.d. ; Column temp. 190; Carrier gas, N, 1.2 kg/cm’ ; 
R, 12.7 (C-7 a-Me), 17g (C-7 &Me) mio. a-Me: &Me (area ratio) = 1:26. 

3-Cmbox~7-~hyl-7-(4’-mcthylpmt-3’-enyl4.1.O]hepo-2-ene (XVfIc, a stcrcoisomcric mixture). 
A solo of XVIB (la 9) in MeGH (20 ml) was mixed with KOHaq (10 g in 2 ml). The mixture was left to 
stand at room tcmp for 2 days, concentrated tn 0~10, acid%& with dil AcOH and extract4 witb ether. 
The cxtrad was wasbcd with wata and sat NaClaq, dried (MgSOJ sod conoentratcd in uucw to give an 
oily XVIIc (approx 09 s), v, -34OS-%OO, 169O(broadA 1625,1310cm-‘.‘I% wasconverted to XVIL 
without furtba: puzification. 

3-Curbomethoxy-7-mctliyt-7-(4’-methyl~3‘-enyi)&~ycio[4.l.O]hepz-2-enc (XV&, a stcreoisomcric mix- 
ture). The above XV& was csteritied to give XVIIa identical in e~ety respect witb an authentic sample 
prepand by anotba route. GLC: Column, Castor wax 45 m x 05 mm i.d.; Column tcmp 190”; Carrier 
gaq N2, 1.2 kg/an’; R, 106 (C-7 a-Me), 145 (C-7 B-Me) min. a-Me: &MC (area ratio) = 1:2 5 24. 

~C~~~xy-7-~hyf-7~~,~~x~~-~hy~~y~~ycl~4.l.O]~pt-2-eno‘(XX~ a stercoisomeric 
mixture). A sob ofm-cbloropabenzoic acid (85% purity, 194 9) in CH2C12 (30 ml) was addal to a stirred 
solo of XVIIa (1.5 g) in CH,Cl, (10 ml) at O-59 Tbc mixtum was kR to staod at O-5” for 15 b. During that 
time m-cblorobcnxok acid pra@itatcd from the solution. Tbc mixtun was diluted witb CH2C12, wasbcxi 
with Na,CG,ae dried (MgSOJ and cormntmtcd in vaaw to give 1.5 g (94%) of XXr An analytiad sample 
boiled at 134-WPp8 mm, $14890; v_ 17oa,l63a,129o,lUqli~1o697x)cm-‘;d~5(-2~5H, 
s, C-7 @-Me), 1.18 (-@%I, s, C-7 a-Me). 1.26 (3H, s), 1.29 (3H, s), 3% (39 s), 7.18 (1H) ppm (Found: C, 
72-37; H, 942 C,,H,,03 requires: C, 7249; Ii, 9*lPl,f 

rCmscthoxu_7-mcthyC7~~,~~x~~~hyl~y~~~~4.l.O]kcpt-2-ene (XXb, a stcrcoisomcric 
mixture). In the same mannex ax described above, XVIlb (3a g) nod mchloroperbenzoic acid (245 9) gave 

XXb (30 g 94%) An tiytical sampk boikd at 147-148”/1*2 mm, 4’ 14864; v_ 1695,1630,1280,1240, 
1loQ 1Otq 75Ocm-1; ~~~(>2~~,C-7~Me),1~18(<1~s,C-7a-Mc),I~25(3H,s~1~~(3H,t,J=6 
Hz), 129 (3H, s), 4.12 (ZH, q, J = 6 Hz), 7.15 (IH, d, J = 5 Hz) ppm. (Found: C 73.34; Ii, 9%?. C,,Hf(rOf 
requires: C, 73.34; y 941%). 

3Cm;bonrctlux~7~hy~-7~(r-fonnylctl?yl)btcyl.O~~pt-2-ene (XXI& a stcrcoisomeric mixture). 
A sob d XXa (19 B) in dry ether (50 ml) was added to a stirred solo of H,106 (1.2 g) in dry etbs (250 ml) 
uodcr N, at room temp. HIO, completely precipitatai &om tbc sob afta 1 h Tbc c&real soln was 
washed with NaHCOs4 and sat NaClaq, dried (MgSG> sod co~tratcd fn wcuo to gin 1.2 g (W/J of 
XXIr An analytical sampk boikd at 123-12S”/10 mm, n&9 1.5014; v, 2720,171Q 1690,1634 128Q 1240, 
11~10~7~an-‘;6090(>2Ys.C-7~Me~1~13(<1H,~C-7cx-Me),366(3~s),7~14(1~~~=5 
Hz), a03 (lH, 8) ppn (Found: C, 7001; H, 8.60. C1sH,,O, requires: C, 7@24; H, &16%k 2&&n&o- 
pknylhydruzaw: Orange-yclhnv prisms from EtOAc-EtOH, mp. 186187T, v, 3359 3104 1685.1615, 
1590,134Q 126Q 113S,losQ 91q 84q 74q 725 an- ‘; 6 (CDCl,) 099 (3H, s), 3.72 (3H, s), 7.23 (lH), 7.57 
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(lH), 7.97 (HI, d), 8.38 (HI, d) ppm (Found: C, 5669; H, 558; N, 14.13. C,,Hr,OsN, requires: C, 56.71; 
II, 551; N, 1392%). 

3-Cmberhoxy-7-methyf-7~2-~~mylethyl)b&yclo[4.l.O]hept-2-ene (XXIR a stercoisomeric mixture) 10 
the same marmer as de&bed above, XXh (3Q g) in THF (50 ml) and HJO, (26 g) in ether (50 ml) gave 
XXIb (24 g, 99%) Au analytical sampk boiled at 131-133”/1Q mm, Go 1.4960; v, 2720,1710,1690,1630, 
1280,1240,1100,1050,750 cm-i; 6 @95 (>2H, s, C-7 &Me), 1.16 (<Hi, s, C-7 a-Me), 1.32 (3H, f J = 6 
Hz), 4.13 (2H, q, J = 6 Hz), 7.16 (HI, d, J = 5 Hz), 903 (HI, s) ppm (Found: C, 71.28; II, 891. C,,HaoO, 
requires: C, 71.16; H, 853%) 2+dinitrophenylhydrrne: orange-yellow prisms from EtOAc-EtOH, mp. 
164-165”, v, 3354 3100, 1685, 1615, 15% 1340, 1265. 1135, 1080, 740 cm-‘; 6 (CD&) 1-W (3I-I. s), 
1.32 (3H, 1, .I = 6 Hz), 4.22 (2H, q, J = 6 Hz), 7.26 (lH), 765 (lH), 798 (HI, d), 838 (HI, d) ppm. (Found: 
C, 57.59; II, 5.85; N, 1367. C,,H,,06NI requires: C, 57.68; II, 5.81; N, 1346%). 

3-Carbomethoxy-7-methyl-7-(4’-cmbetho*yp4.l.O]hcpt-2-ene OO(IIa, a stcreoisomeric 
mixture). Ethyl adiethylphosphooopropiooate (16 g) was added to a suspension of soo/, NaH (350 mg) in 
dry 1.2dimcthoxycthaue (30 ml) under Ns ami the mixture was stirred for 1 h at room temp. To this solo, 
a soht of XXIa (1.1 g) iu 1,2dimethoxyethaue (15 ml) was added and the soht was stirred at room temp for 
1 h, theu heated under refhrx for 30 mm aud left to stand overnight at room temp. The reaction mixture was 
poured into ice-water aud extracted with ether. The ethereal extract was washed with water and sat NaClaq, 
dried (MgSOJ and concentrated fn uocuo. The residual oil was chromatographed on alumina (Merck, 
activity grade II-III, 50 g, 15 x 2.5 cm in o-hexaoe). All fractions were 200 mi each. Fractious 1 aud 2 
(o-hexaoe) contained some mineral oil. Fractions 3-5 (o-hcxane:beuxeuc = 1: 1) gave the diesta (XXII8 
contaminated with XXIBr resulting from ester-exchange, 536 mg 36%). Au analytical sampk boiled at 
180-190” (bath temp)/@5 mm n:’ 150%; v, 1695,1635,1260,1225,1090,1050,745 cm-i; b 095 (>2H, 
s,C-7~Me),-1~16(<1H,s,C-7a-Me~1~30(~5~J=6Hz),1~83(3H,s),3~66(-l~s~4~12(-3~q, 
J = 6 Hz), 670 (lH, d) ppm. (Found: C, 71.12; II, 878. C,sH,,O, requires: C, 7056; H, 855%). 

3-Cmbethoxy-7-methyl7~~-cnrbethoxypmt_l.O]hept-2ae (XXIIh, a stereoisomeric 
mixture). Ethyl adiethylphosphonopropiooate (3Q g) was added to a suspension d SoA NaH (6% mg) in 
1,2dimethoxyethaac (60 ml) under N, and the mixture was stirred for 1 h at room temp. To this solu, a 
soln of XXlh (2.3 g) iu 1,2-dimethoxyethane (30 ml) was added add the soln was stirred for 1 h at O-5” and 
left to stand overnight at room temp. Subsequent treatments afforded an oil which was chromatographed 
on alumina (Merck, activity grade II-III, 50 g 15 x 25 cm in o-hexaoe). AU fractions were 200 ml. Fraction 
1 (o-hexane) contained some mineral oil. Fractious 2 and 3 (o-hexaoe), 4-6 (o-hexaue:bcttxeoe = 1: 1) 
and 7 gave 1.20 g (39%) of the desired diester XXIIb. Au analytical sampk boiled at 190” (bath temp)D5 mm, 
4’ 1.4978; v, 1690,1630,12641225,1090,1050,745cm~’;6~95(~2H,sC=1~Me),~1~16(~1~~ 
C-7 a-Me; overlapped on CH,CH,-), 1.30 (6H, t, J = 6 Hz), 1.82 (3H, sb 4.12 (4H. q, J = 6 Hz), 668 
(1H 1). 7.14 (lH, d) ppm. (Found: C, 71.33; H, 8.97. C,sH,sO, requires: C, 71.22; II, 881%) 

(+)-Sirenin (3-hydrox~thyl-7-methyI-7(4’-hydroxymethvlpent-~-~,v~~yclo~4.l.O]hept-2-ene. (IIb) 
contiming C-7 epics (Hb’) (a) A soln of XXIIa (429 mg) in dry ether (20 ml) was added to a stirred solo of 
LAH (300 mg) in dry ether at O-5” under Nt and the mixture was stirred for 2 h at room temp. Theo the 
excess d LAH was destroyed by the addition of wet ether. The ethereal soln was washed with sat NaClaq, 
dried (MgSOJ and concentrated in vocuo to give crude racemic sireuiu (IIb, 330 mg 99%) This was employed 
for the preparation of bis-NABSdl-sireuin (IId) without further purification. (b) Reduction of XXIIb 
(1.19) with LAH (0+5 g) in ether (60 ml) gave 085 g (quantitative yield) of crude (+~sircoiu as a viscous oil. 
A part d it (617 mg) was chromatographed on alumina (Merck, activity grade II-III, 60 g, 16.5 x 2.5 cm 
iu beuxeue). The columu was washed with benzene (200 ml) and CHsCl, (20 ml). Subsequent elutioo with 
CHCl, (200 ml) and CHCl,-MeOH (50: 1.20 ml) as described by Macblis et ol.15 gave the purified diol 
(Hb. contaminated with some Ilb’. 504 mg, 62”/, yield) as a viscous colourleas oiL v, (CHCI,) m -34CQ, 
2995.2925.2860, 1660. 1445, 1378, ~1220, 116Q 1113.1057, 1030, -980,906,861,823 cm’; 6 (CDCls) 
@87 (>2H, s), 166 (3H, s), 169 (2H. s, 2-OH, disappeared on DsO addition), 3.96 (4H, s), 540 (HI, t), 585 
(lH, broad s) ppm The spectral data are in accord with the data kindly supplied by Professor H. Rapoport. 
(Found: C 75.76: H. 1011. C,sHs402 requires: C. 7622; H, 1@240/.). 

( f )-Sirenin diucetate (UC) containing C-7 epime~ (11~‘). To a soln of crude racemic sireuin (Hh + some I&‘, 
272 mg) in dry pyridinc (7 ml), Ac,O (7 ml) was added. The soht was kit to stand overnight at room temp, 
concentrated in wcw and diluted with ether and water. The ethereal soln was washad with water and sat 
NaCl aq, dried (MgSOJ and concentrated in uacuo. The residue was chromatographed on alumina (Merck, 
activity grade II-III, 25 g, 11 x 1.8 cm in light petroleum). Elution with light petroleum (100 ml) aud o- 
hexaoe (50 ml) gave a small amount of forerun. Subsequent elutiou with bermem (200 ml) gave pure (+ )- 
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sirenin diacetate (He. probably containing some He’, 258 mg ssO/, yield) as a colourlcss oil. An analytical 
sample boiled at 190” (bath temp)/ 03 mm, d9 14g70; v_ 1725,1450,1380,1235,1020,959 ~8sOcm-‘; 
6 O-89 (> 2H. s), 1.65 (3H, s), 200 (6H, s), 4.39 (4H, s), 544 (HI, 1). 5.16 (IH, broad s) ppm. A signal due to 
C-7 tx-Me was indiscernible. (Found: C, 7@79; H, 8%. CL9HInOd requires: C 71.22; H, 8.81%). 

bisNAESq+)Jfrenfn (IId) To a stirred and ice-cooled soln ofcrude (+)-s&nin (IR + Hb’, 403 mg)in 
dry benzene (50 ml) and dry pyridine (4 ml) under N,, a solo of p(p-nitrophenylaxo)byl chloride (20 g) 
in dry benz,ene (50 ml) was added. After stirring for 30 min at O-5”. the flask was w-rapped with Al foil and 
left to stand overnight at room temp. The mixture was filtered to remove precipitates which were washed 
with benzene. The combined filtrate and washings was washed with water and sat NaClaq, dried (MgSO,) 
and concentrated in vacua. The residual orange-red solid was chromatographed over alumina (Merck, 
activity grade II-III, 100 & 12 x 4 cm in benzene) Benzene (1.5 I) eluted the desired his-NABS-( f)-sirenin 
(IId 677 mg. 56’4 yield) as an orange-red crystalline mass. Elution with benzene-ether flO:l. 11) gave 
mono-NABS-ester (323 mg). The crude bis-NAB&&a was recrystallized from benzene-CHCI, to give 
286 nag of orange-red prisms, m.p. 163164”. An analytical sample crystallized from CHCl,-light petroleum 
(three recrystallizations) as orange-red prisms, m.p. 168-170”; v, (nujol) 1712, 1605, 1515. 1454 1400, 
1370 (w), 1340, 1315 (w), 1270, 1210 (w), 1165 (w), 1140 (w), 1110, 1000,930,855,768,746 (w), 690 cm-‘: 
v_(CHCl,) 173O(sh), 1715(vs), 1605,1590,1580(w), 1520(s), 1460,1410,1348(vs,max), 127O(vs), 1105(s), 
1092 (sh), 1010 (s), 935 (w), 863, 855,695 cm - I ; 6 (CDCI,) 098 (3H, s), 1.82 (3H, s), 4.80 (4I-L s), 5.65 (1 H, 1). 
610(IH, broad s), 5~2-8.51(16H. m) ppm. These spectral data are in good accord with Professor Rapoport’s 
data. TLC: Kieselgd G nach Stahl, benzene-EtOAc (30:1), R, 062(singk spot). Identification with an 
authcmtic sample was kindly carried out by Professor Rapoport by spectral and chromatographic com- 
parisons. (Found: C, ti55; H, 526; N, 11.26. C,,H,,O,N, requires: C, 66.3; H, 5.2; N, 11.3%). 
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