Tetrahedron Letters No. 51, pp. 4435-4438, 1969. Pergamon Press. Printed in Great Britain,

SYNTHESIS OF RACEMIC SIRENIN, A PLANT SEX HORMONE
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We recently reported the synthesis of some caran-2-ones (I) by the intramolecular o-
ketocarbene~olefin addition (1). Its application to the synthesis of racemic sesquicarene
(IIa) has also been reported (2,3). Herein is described another application. Sirenin
(IIb) (4, 5a, 5b) is the sperm attractant produced by the female gametes of the water
mold Allomyces., This unigue sesquiterpene has been synthesized in the following menner.

4,8-Dimethylnona-3,7-dienyl bromide (III)(6) was condensed with CHy(CO,Et}, to give IV,
b.p. 135-138°/3mm; n%“ 1.4630 (7). This was hydrolyzed and decarboxylated to give Va,
bop. 146-148°/0.6mm; nils'? 1.4732, which consisted of pD-trans and cie isomers (2.5 : 1)
judging from the GIC analysis of the corresponding Me ester (Vb), b.p. 113-115°/4mm; n%a
1.4630.

The acid (Va) in CgHg was treated with SOC1l, to give an unstable acyl chloride (Ve), b.p.
105-1150/0.2mm, which was converted to VI by treatment with CHpNy-Et;0. A cyclohexane
solution of VI was heated under reflux in the presence of powdered Cu and CuSO4 to give a
crude product (VII + VII') in 84% yield from Ve, This was chromstographed over Si0p-AgNOz
(8) to give an analytically pure product (VII + VII'), b.p. 117-118°/5mm; n%9 1.4948; v
(f11m) 1680cn~l; & (cc1y) 1.14 (3H, 8), 1.59 (3H, 8), 1.65 (3H, s), 4.99 (1H, t) ppm. The
ratio of VII and VII' was 2:1 by GIC analysis.

The bicyclic ketone (VII + VII') was formylated with HCOEt and NaH to give VIII, b.p.
117-119°/0.2mm; n%6 1,5250., This yielded the n-bytylthiomethylene derivative (IX), b.p.

195-198°/0.1mm; n§4 1.4526, by treatment with p-TsCl-csﬂ5N-Bﬁsn (9). Its reduction with
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NaBH, in EtOH afforded orude X, which,without purification, was treated with HgCl; and
Cd003 in EtOH to give impure XI, b.p. 118-126°/0.2nm. This was converted into the key
intermediate (XIIa), bop. 125-128%/lmm; nBO 1.4958; v (£ilm) 1700, 1630 cm~1; & (c014)
0.92 (3H, 8), 1.61 (3H, s), 1.67 (3H, 8), 3.66 (3H, 8), 5,05 (1H, %), 7.16 (1H, d) ppm,
by the method of Corey et al. (10) followed by an extensive chromatography over 5105-
AgN03 (8, 11). However, the recently described alternate preparation of the key inter-
mediate (XIIb) was more convenient. Tus the ketons (VII + VII') was carbethoxylated
with CO(OEt), and NaH in CgHg to give XIII, b.p. 142-143°/0,.8mm; n%9 1.4978, which was
reduced with NaBH4 to give XIVa, b.p. 150-152°/lmm; n%a 1.4868, The corresponding
benzoate (XIVh) was treated with KOBut in mtOH-CGH6 to yield XIIb, b.p. 145-148°/2.0m;
ngl 1.4962; v (film) 1708, 1635 em~1; 6 (0014) 0.93 (3H, &), 1.29 (3H, t), 1.60 (3H, =s),
1.67 (3H, 8), 4.12 (2H, q), 5.05 {(1H, t), 7.16 (1H, d) ppm (12). Its alkaline hydrolysis
gave XIIc which was methylated to give XITa, identical with the one prepared by the above
described route.

Preatment of the esters (XIIas and b) with m-01c6H4c053 in CHpC1lo gave ‘epoxy esters XVa,
b.p. 134-136°/0.6mn; n30 104890 and XVb, b.p. 147-148%/1.2mm; ngl 1.4864, respectively,
The epoxides were cleaved with HgIOg in Etp0 (13) to yield aldenhydes XVIs, b.p. 123-125°/
1,0mm; ngd 1.5014; v (film) 2720, 1710, 1630, 1630 em~1l; & (cc14) 0.90 (38, 8), 3.66 (3H,
8), 7.14 (14, d), 9.03 (1H, s) ppm; 2,4-dinitrophenylhydrazone, m.p, 186-187,5° (14) and
XVIb, b.p. 131-1339/1,0mm; n%o 1.4960; 2,4-DNP, m.p. 164-165° (14), respectively. The
aldehydes were subjected to the modified Wittig reaction (15) with (Et0)oP(0)CHMeCOEL
and NaH in MeOCH,CH,OMe to give diesters XVIIa (16), b.p. 180-190° (bath temp)/0.5mm; ngl
1,5006 and XVIIb, bep. 290° (hath temp)/0.5mm; ngl 1.4978, v (film) 1690, 1630 cw™1; &
(cC14) 0.95 (3H, s), 1.30 (6H, %), 1.82 (3H, s), 4.12 (4H, q), 6.68 (1H, t), 7.14 (1H, 4)
ppmy after chromatographic purification over Al;03. Reduction of the diesters with LiAlHy
gave crude product which was chromatographed over A1503 (4) to afford pure racemic sirenin
(1Ib) as a viscous oil, v (CHClz) 3680, ~ 3400, 2995, 2925, 2860, 1660, 1445, 1378, ~1220,
1160, 1113, 1057, 1030,~980, 906, 864, 823 em™!; 6 (coc13) 0.87 (3H, 8), 1.66 (3E, s),
1.69 (2H, s, 2-0H), 3.96 (4H, 8), 5.40 (1H, t), 5.85 (1H, br. &) pm. Its acetylation with
Ac 0-CgHgN. gave dl-sirenin diacetate (IIc), b.p. 190° (bath temp)/0.3mm; ngd 1.4870; v

(£ilm) 1725 em~1; 6 (CC1ly) 0.89 (3H, 8), 1.65 (3H, s), 2.00 (6H, 8), 4.39 (4H, &), 5.44
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(18, %), 5,86 {14, txr, ») ppm, The bis-p-|{p-niixorhsnylaso)benzoate esier |bis-NABS-d1-
sirenin, T1h) orysTellized a8 orange-red rismM, m.P. L6B-ITU*. alter énromavosrapnic
Rurilica’sion aver xKifUx (& v TRz WAV, EI, WO, T, (8n]s T, W60, DY,
1581 {wi. 1520, LAG, LI9, 1344, 1273, LLGS, 1092 {wi.l, DOL0. 955 inil. 9%, 955, 95
ey b JTRYD 050 §358, B), 182 (3B, ), 30 158, B, 5.5 1B ¥, 6D 1B, wr, 8,
8,02-8,51 {168, m)pmm. The MR Aata of IIb and IIA wers in good accord with the mdlished
values (5b, 17).

It il)i.nterutinc to note that juvabione (18) and dehydrojuvabione (19), sesquiterpenes
wvith insect juvenile hormone activity, possess the carbon skeleton similar to that of
sizenin, The Yiologion) avtivity of the racemic sirenin and tne juvenile normone aetivity
of the intermediates XIIa and XVa will be desoribed later,
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