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= 7.6 Hz), 86.3, 73.7, 67.8, 41.8; ”F NMR (282 MHz, DzO) 116.7 
(dd, Jp,F = 89.1 Hz, Jp,F = 73.3 Hz); 31P NMR (121 MHz, DZO) 
3.86 (dt, Jp,p = 51.9 Hz, Jp,F = 73.3 Hz), 0.70 (dt, Jp,p = 51.9 Hz, 
Jp,F = 89.1 Hz). 
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Syntheses of (62,9Z)-heneicosadiene, a component of the sex attractant secretion of the female arctiid moth 
(Uthetheisa ornatr ix) ,  and of triene 6, a useful precursor for the synthesis of (8S)-HETE, are described using 
a one-pot four-component (cuprate-acetylene-vinyltriphenylphosphonium bromide-aldehyde) reaction. The 
use of 1-iodo-1-alkenes as an alternative to Normant’s alkenylcuprate methodology is demonstrated. 

We recently described a general synthesis of 1,5-di- 
alkylpenta-1(Z),4(Z)-dienes1 using a one-pot four-compo- 
nent (cuprate-acetylene-vinyltriphenylphosphonium 
bromidealdehyde) reaction. This procedure has now been 
applied to the syntheses of (6Z,9Z)-heneicosadiene (3), a 
component isolated from the sex attractant secretion of 
the female arctiid moth (Uthetheisa ornatrix) recently 
synthesized by Meinwald et  a1.2 and of triene 6, a useful 
precursor for the synthesis of (8S)-HETE.4 

Results and Discussion 
In our approach to the synthesis of (62,9Z)-heneicosa- 

diene (3), we could envision starting from 1-undecylcuprate 
or 1-pentylcuprate as illustrated in Scheme I. When 
acetylene was introduced into a solution of l-undecyl- 
cuprate3 and the corresponding 1-tridecenylcuprate treated 
with vinyltriphenylphosphonium bromide, HMPA, and 
hexanal, a mixture of (6Z,9Z)-heneicosadiene (3), the di- 
acetylene addition product (62,9Z,llZ)-tricosatriene, 1- 
tridecene, and the alkenyl cross-coupling product (CI1- 
H23CH=CH)2 were obtained. 

Since separation of these hydrocarbons was troublesome, 
the same sequence was repeated using pentylcuprate 4.3 
The difficult part in the process was control of the amount 
of acetylene which added, and on a 1-mmol scale, the 

(1) Just, G.; O’Connor, B. Tetrahedron Lett. 1985, 26, 1799-1802. 
(2) Jain, S. C.; Dussourd, D. E.; Conner, W. E.; Eisner, T.; Guerrero, 

A.; Meinwald, J. J. Org. Chem. 1983, 48, 2266-2270. 
(3) 1-Undecylcuprate or 1-Pentylcuprate were prepared by treating the 

appropriate 1-bromo derivative, in THF, with tert-butyllithium (2 equiv) 
at -78 “C for 20 min followed by the addition of CuBr/SMe, (0.5 equiv) 
and stirring at -50 OC for 1 h. 
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desired diene 3 was contaminated with 20-25% of 3a 
where two molecules of acetylene had reacted with the 
pentylcuprate. Kugelrohr distillation gave a 40% yield of 
3, contaminated with 10% of 3a, as determined by GC/ 
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Scheme I11 Table I. Study on the Addition of Acetylene t o  
Butylcuprate in the Four-Component 

Vinyltriphenylphosphonium Bromide Reaction 

1. 2, -40 .c. 3 h 
2 PACHO. rt, 2 h BuPCuLi + H C S C H  .c "k 

acetylene introduction: product ratio 
entry temp, O C  (amt, equiv) 1 D/ 1 1 / 12" 

l b  -55 (1) <2/69/29 
2 -40 (1) <2/74/24 
3 -40 (0.5) 24/70/6 
4 -78 (1) 30/66/4 
5c O/lOO/O 

'Ratio determined by GC/MS. bAlkenylcuprate formed ac- 
cording to Normant's m e t h ~ d . ~  e See Scheme I11 for the prepara- 
tion of the alkenylcuprate. 

MS. The 13C NMR spectrum of this material indicated 
a 92 f 9E ratio of approximately 861 14, whereas its E1 MS 
was superimposable on that of the naturally occurring 
(62,9Z)-heneicosadiene (3).2 

To apply our methodology to the field of eicosanoids, 
pentylcuprate 4 was treated sequentially with acetylene 
(I), vinyltriphenylphosphonium bromide (2), and HMPA 
and the resulting copper ylide added to aldehyde 5.4 A 
mixture of triene 6 and a compound in which two acetylene 
units had been incorporated was isolated in 74% yield 
(52% and 22%, respectively). Triene 6 has been used as 
an intermediate in the synthesis of (8S)-HETE.4 

From these results it is apparent that the four-compo- 
nent reaction, although versatile, is plagued by control of 
the amount of acetylene being incorporated. This was a 
suprising result since there have been several articles and 
reviews published concerning alkenylcuprates that fail to 
mention this particular p r ~ b l e m . ~  An extensive search 
of the literature however yielded one report in which 
Normant mentions that certain alkenylcuprates may react 
with acetylene to yield the corresponding (2,Z)-dienyl 
cuprates in varying amounts.6 This being the case, we 
decided to examine the incorporation of acetylene by bu- 
tylcuprate under various conditions. The results are 
summarized in Table I. 

It was found that when acetylene was added to the bu- 
tylcuprate under Normant's exact conditions (entry 1) or 
at -40 "C (entry 21, the reaction mixture was always con- 
taminated with aproximately 24-29% of a compound 
where two acetylene units had been incorporated. When 
acetylene was introduced at -78 "C, the major contaminant 
(30%) was now a compound in which no acetylene had 
been incorporated (entry 4). I t  is interesting to note that 
when half the required amount of acetylene was introduced 
there was still approximately 6% of the double acetylene 
incorporation adduct being formed (entry 3). These results 
indicate that Normant's methodology is of limited use in 
our vinyltriphenylphosphonium bromide reaction due to 
the lack of selectivity with which the acetylene is incor- 

(4) Experimental procedures for the synthesis of aldehyde 5 are de- 
scribed by: Just, G.; Wang, Z. Y. J.  Org. Chem. 1986, 51, 4796. 

(5) For reviews see: (a) Alexakis, A.; Cahiez, G.; Normant, J. F. Tet- 
rahedron 1980,36,1961-1969. (b) Alexakis, A.; Normant, J. F. Synthesis 
1981,841-870. (c) Normant, J. F. Modern Synthetic Methods; Scheffold, 
R., Ed.; Salle and Sauerlander: Switzerland, 1983; Vol. 3, pp 139-171. 

(6) Alexakis, A,; Normant, J. F. Tetrahedron Lett. 1982, 23, 
5151-5154. 
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porated. A different approach toward the synthesis of 
these alkenylcuprates was therefore required to make our 
methodology a viable one. 

This has been realized by Silverstein et al.' whose syn- 
thesis of lithium di-(2)-1-heptenylcuprate is outlined in 
Scheme 111. Metalation of 1-heptyne by treatment with 
n-BuLi followed by iodination of the 1-lithio-1-heptyne 
yields 1-iodo-1-heptyne. This is transformed to (2)-1- 
iodo-1-heptene by addition of dicyclohexylborane or re- 
duction with diimide.8 Treatment of this derivative with 
n-BuLi (1 equiv) or tert-butyllithium (2 equiv) produces 
(2)-1-lithio-1-heptene, which upon addition to an ether or 
THF suspension of CUI yields the lithium di-(2)-1-hep- 
tenylcuprate. Starting from 1-hexyne this approach has 
been successfully applied to preparing the model com- 
pound 11 (Table I, entry 5 ) .  

The use of the methodology outlined by Silverstein et 
al. in conjunction with our vinyltriphenylphosphonium 
bromide reaction therefore constitutes a general approach 
for the rapid preparation of 1,5-disubstituted (12,427- 
pentadienes. 

Experimental Section 
The 'H NMR (200 MHz) and 13C NMR (300 MHz) were re- 

corded on a Varian XL-200 or YL-300 spectrometer using tet- 
ramethylsilane as internal standard, in deuteriochloroform as 
solvent. Gas chromatographic analysis utilized a Hewlett-Packard 
5890 operated with a fused silica capillary column (25 m x 0.2 
mm) and a flame ionization detector. Mass spectra were recorded 
on a MP 5884A or LKB 9000 mass spectrometer. 

General Procedure for the  Cuprate-Acetylene-Vinyl- 
triphenylphosphonium Bromide-Aldehyde Reaction. Syn- 
thesis of (62,9Z)-Heneicosadiene (3). A solution of com- 
mercially available 1-bromopentane (0.5 mL, 4 mmol) in dry THF 
(20 mL) was treated with 1.6 M tert-butyllithium (5.0 mL, 8 mmol) 
at -78 "C for 20 min and the resulting pentyl lithium reacted with 
CuBr/SMe2 (421 mg, 2.05 mmol) at -50 "C for 1 h. Acetylene 
(96 mL, 4 mmol), cleared from acetone through two dry ice traps 
and measured in a water gasometer, was bubbled in at -50 OC 
and the mixture stirred for 45 min followed by the addition of 
vinyltriphenylphosphonium bromide (774 mg, 2.1 mmol) and 
hexamethylphosphoric triamide (0.87 mL, 5 mmol). After 20 h'O 
at  -50 "C, dodecanal (184 mg, 1 mmol) was added and stirring 
continued at room temperature for 3 h. Hexanes (100 mL) was 
added, and the mixture was poured into aqueous saturated NH4C1 
(50 mL) and filtered over Celite. The aqueous phase was further 
extracted with hexanes (2 X 50 mL), the combined hexanes ex- 
tracts were washed with saturated NH4Cl (2 x 30 mL) and brine 
(2 X 30 mL) and dried over MgS04, and the solvent was removed 
under reduced pressure. (62,9Z)-Heneicosadiene (31, isolated in 
40% yield (contaminated with 10% of 3a) by Kugelrohr distil- 
lation, was found to have a 9Z/9E ratio of approximately 86/14 
as determined by 13C NMR 'H NMR (CDC13) 6 0.89 (m, 6 H), 
1.26 (m, 24 H), 2.04 (m, 4 H, C(5) H, C(l1) H), 2.77 (m, 2 H, C(8) 
H), 5.35 (m, 4 H, C(6) H, C(7) H, C(9) H, C(l0) H); 13C NMR 
6 130.46 (C (9E)), 130.18 (C (9Z)), 128.26 (C (lOE)), 127.93 (C 
(102)); E1 MS, molecular ion (M') at  m/z  292, corresponding to 
the molecular formula CZ1H4,,. It showed other ions at m / t  

(7) Ravid, U.; Silverstein, R. M.; Smith, L. R. Tetrahedron 1978, 34, 

(8) Dieck, H. A.; Heck, R. F. J.  Org. Chem. 1975, 40, 1083-1090. 
(9) Copper iodide (Aldrich, gold label 99.999%) could be used with 

(10) Reaction times of 9 h gave similar results. 

1449-1452. 

identical results. 
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(relative intensity) that were superimposable on that of the 
naturally occurring compound.2 

Preparation of (62,92,1 lE)-15,15-Bis(ethylthio)-13(S)- 
[( tert-butyldiphenylsilyl)oxy]pentadecatriene (6). The ylide 
was prepared in a manner similar to that used for the synthesis 
of (62,9Z)-heneicosadiene (3) with the exception that 3.5 equiv 
of the cuprate reagent and 3 equiv of vinyltriphenylphosphonium 
bromide were used. Aldehyde 5 was added to the ylide a t  -50 
"C and the reaction brought to -20 "C over 1.5 h followed by 
stirring at  room temperature for 3 h. The mixture was diluted 
with ether (70 mL), quenched with aqueous saturated NH4C1 (40 
mL), and filtered over Celite and the aqueous layer extracted with 
ether (2 X 70 mL). The combined ether extracts were washed 
with brine (3 X 30 mL) and dried over MgSO,, and the solvent 
was removed under reduced pressure. Purification by column 
chromatography (1% ethyl acetate in petroleum ether) gave a 
mixture of triene 6 and a compound in which two acetylene units 
had been incorporated in 74% yield (52% and 22% yields, re- 
spectively): 'H NMR (CDC13) 6 0.89 (m, 9 H), 1.05 (s, 9 H), 
1.12-1.38 (m, 6 H), 2.0 (m, 2 H, CH,CH=), 2.48 (m, 2 H, 
CH2CHOSi), 2.72 (m, 2 H, =CHCH,CH=), 3.78 (dd, 1 H, J1 = 
J2 = 7 Hz, CH(SEt),), 4.5 (m, 1 H, CHOSi), 5.19-5.44 (m, 3 H, 
CH=CHCH,CH=), 5.56 (dd, 1 H, J = 14.7 Hz, J = 7.7 Hz, 
CH=CHCHOSi), 5.80 (dd, 1 H, J1 = 5, = 10.7 Hz, =CHCH= 
CHCHOSi), 6.10 (dd, 1 H, J1 = 14.7 Hz, Jz = 10.7 Hz, CH= 
CHCHOSi), 7.25-7.68 (m, 10 H); LRMS (70 eV) m / z  (relative 
intensity) 523 (M' - t-Bu, 9), 457 (M' - C&I15, 83), 199 (HOSiPH2, 

Preparation of 1-Phenyl-l,4-nonadiene (11). To a solution 
of (2)-1-iodo-1-hexene (140 mg, 0.67 mmol) in dry THF (10 mL), 
under a nitrogen atmosphere a t  -78 "C, was added 1.6 M tert- 
butyllithium (0.83 mL, 1.34 mmol) dropwise. After 15 min, CUI 
(64 mg, 0.335 mmol) was added, the reaction mixture stirred at  
-40 "C for 1 h followed by the addition of vinyltriphenyl- 
phosphonium bromide (124 mg, 0.335 mmol) and HMPA (0.15 

72), 135 (CH(SEt),, 100). 

mL), and stirring continued at  -40 "C for 18 h. Benzaldehyde 
(18 mg, 0.17 mmol) was introduced and the solution stirred at  
room temperature for 2 h. The mixture was diluted with hexanes 
(50 mL), quenched with aqueous saturated NH4C1 (40 mL), and 
filtered over Celite and the aqueous layer extracted with hexanes 
(2 X 50 mL). The combined hexanes extracts were washed with 
saturated NH4Cl (2 X 30 mL) and brine (2 X 30 mL) and dried 
over MgS04, and the solvent was removed under reduced pressure. 
Purification by flash chromatography (hexanes/ether = 100/1) 
gave l-phenyl-1,4-nonadiene as a mixture of its Z /E isomers 
(87/13) in 50% yield. No traces of 10 or 12 could be detected 
by GC/MS. (lZ,4Z)-l-Phenylnonadiene: 'H NMFt (CDCl,) 6 0.88 
(m, 3 H, CH,), 1.32 (m, 4 H), 2.0-2.1 (m, 2 H, C(6) H), 2.95-3.1 
(m, 2 H, C(3) H), 5.43 (m, 2 H, C(4) H, C(5) H), 5.66 (ABX, 1 

= 11.8 Hz, JBX = 1 Hz, C(1) H), 7.29 (s, 5 H); LRMS (70 eV) m / z  
(relative intensity) 200 (M', 12), 143 (M' - C4H9, 46), 129 (M' 

Phenylnonadiene: 'H NMR (CDC13) 6 0.88 (m, 3 H, CH,), 1.32 
(m, 4 H), 2-2.1 (m, 2 H, C(6) H), 2.9-3.1 (m, 2 H, C(3) H), 5.4 
(m, 2 H, C(4) H, C(5) H), 6.25 (ABX, 1 H, JAB = 16 Hz, JAX = 

7.3 (s, 5 H); LRMS (70 eV) m/z (relative intensity) 200 (M', 27), 

H, JAB = 11.8 Hz, JAX = 7.4 Hz, C(2) H), 6.43 (ABX, 1 H, JAB 

- CbHll, 87), 91 (C,H,', loo), 90 (C7HeC, 70). (lE,42)-1- 

6 Hz, C(2) H), 6.5 (ABX, 1 H, JBA = 16 Hz, JBX = 1 Hz, C(1) H), 

143 (M' - CdHg, 30), 129 (M' - C5H11, 72), 91 (C7H7', 69), 90 
(C7Hs+, 100). 
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On the basis of retrosynthetic perspective (Scheme I), the asperdiol skeleton (I = 24) and its geometrical isomer 
(11 = 25) were constructed from cis- and trans-isopropenyl alcohols 3a and 3b. I (24) was converted into (+asperdiol 
1 by the sequential reactions of bromo etherification to 33 followed by epoxidation and then reductive regeneration 
of the double bond. 

Asperdiol (1) was discovered by Weinheimer and his 
co-workers in 1977 from Caribbean gorgonians of the 
Eunicea genus with the aid of in vitro P-388 lymphocytic 
leukemia (PS) and KB (cytotoxicity) b i ~ a s s a y . ~  Its 
structure including absolute configuration was revealed 
unequivocally as a highly oxygenated cembrenoid by X-ray 
crystallographic analysis. 

The antitumor activity coupled with its conspicuous 
structural feature has elicited considerable interest in 

synthetic approaches to this novel macrocylcic natural 
p r ~ d u c t . ~  

In connection with our longstanding interest in the 
synthetic study of ~embrenoids,~ we focused our synthetic 
attention on asperdiol (1). We delineate here the details 
of our work starting from isopropenyl alcohols 3a and 3b, 
readily available from our common cembrenoid interme- 
diate chloro ketone 2.6 The purpose of our synthetic study 

(1) (a) Part 45. Fujiwara, S.; Takeda, K.; Uyehara, T.; Kato, T. Chem. 
Lett. 1986, 1763. (b) Par t  44. Yamaguchi, Y.; Uyehara, T.; Kato, T. 
Tetrahedron Lett. 1985, 26, 343. 

(2) Preliminary communication: Aoki, M.; Tmyama, Y.; Uyehara, T.; 
Kato, T. Tetrahedron Lett. 1983,22, 2267. 

(3) Weinheimer, A. J.; Matson,J.; van der Helm, D.; Poling, M. Tet- 
rahedron Lett. 1977, 1295. 
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(4) (a) Still, W. C.; Mobilio, D. J. Org. Chem. 1983, 48, 4786. (b) 
Marshall, J. A.; Cleary, D. G. J.  Org. Chem. 1986,51, 859. (c) A recent 
reference on the cembrenoids: Dauben, W. G.; Saugier, R. K.; Fleisch- 
hauser, I. J .  Org. Chem. 1985, 50, 3767. 

(5 )  Kato, T. In Synthesis of Macrocyclic Terpenoids by Cyclization; 
Kagaku No Ryoiki, Zokan, No. 128; Nankodo: Tokyo, 1980; p 119. 

(6) Kato, T.; Kobayashi, T.; Kitahara, Y. Tetrahedron Lett. 1975, 
3299. 
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