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Note added in proof The interpretation presented in 
this communication is consistent with the observations of 
Wilcox which indicate that the presence of a 1,3 diaxial-like 
interaction slows down the rate of [3, 31 sigmatropic re- 
arrangement for silyl ketene acetals (Babston, R. E.; 
Wilcox, C. S. Abstracts of Papers, 191st National Meeting 
of the American Chemical Society, New York, April 13-18, 
1986, American Chemical Society: Washington, DC; 
ORGN 162). 
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Annulations Leading to Diene Systems. Total 
Synthesis of the Diterpenoid 
(&)-( 14S)-Dolasta-l( 15),7,9-trien-14-01 

Summary: The total synthesis of (&)-2 (the title com- 
pound) was achieved via a sequence of reactions (Scheme 
11) in which a newly developed annulation sequence (see 
23 - 25) played a key role. 

Sir: The dolastane-type diterpenoids, which constitute a 
structurally and physiologically interesting family of ma- 
rine natural products, possess the carbon skeleton shown 
in 1.' The absolute stereochemistry of these substances 

I ' /;i-" 2 R=H 

3 R=OH 
4 R=OAc 

1 

is known.'gb Of the various members of this class that have 
been reported to date, three (2,1f 3,'g and 41b9 contain a 
conjugated, heteroannular diene system involving carbons 

Recently, we described2 a new annulation sequence 
represented in general terms by 5 - 6. We report herein 
a variant of this method that produces products in which 
both double bonds of the diene system are endocyclic (see 
5 - 7). Furthermore, we describe a total synthesis of 

7-10. 
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(f)-(14S)-dolasta-1(15),7,9-trien-14-01 (2)lf via a route in 
which the new annulation sequence plays an important 
role. 

vi - 
5 R 

R '  

Reaction of methyl 4-methyl-2-pentynoate with 
[Me3SnCuSPh]Li (THF, -48 "C, 4 h; NH,CU3 produced 
(83%) the ester 8, (Scheme I), which was conveniently 
converted (i-BuzAIH, EhO; Ph3PBrz, EhN, CH2C12; 80% ) 
into the allylic bromide 9. Alkylation (KH, THF, room 
temperature) of the keto esters 10-12 with 9 and conver- 
sions of the resultant products into the enol triflates 13-15 
was accomplished in overall yields of about 70%. Treat- 
ment of 13-15 with (Ph3P),Pd (5 mol %) in refluxing 
acetonitrile6 provided cleanly and efficiently (81-84%) the 
bicyclic dienes 16-18. 

The total synthesis of (*)-2 is outlined in Scheme 11. 
Methylation of the commercially available keto ketal 19 
was carried out via the corresponding dimethylhydrazone? 
Cyclopropanations of the enol trimethylsilyl ether of the 
resultant ketone 20 provided 21 (2:l mixture of epimers). 
Slow addition of a DMF-pyridine (1 equiv) solution of 21 
to FeC13 (3 equiv) in DMF, followed by dehydrochlo- 
rination of the 0-chloro ketone thus formed: gave the 
enone 22. Hydrogenation of 22 afforded 23, which was 
alkylated directly with the allylic bromide 9 to produce 
24.1° Conversion of the latter substance into the corre- 
sponding enol triflate,5 followed by direct addition of a 
catalytic amount of (Ph3P),Pd to the resultant solution, 
provided, after the mixture had been stirred at 30 OC for 
5 min, an 81% yield of the ketal diene 25." Mild acid 
hydrolysis of 25 gave the ketone 26. 

Scheme I 

8 R = C 0 2 M e  11 n=2 
QR=CH2Br 12 n = 3  

I 

16 n-1 13 n = l  
17 n=2 14 n = 2  
18 n - 3  15 n = 3  

(5 )  McMurry, J. E.; Scott, W. J. Tetrahedron Lett. 1983, 24, 979. 
(6) We have found that palladium(0)-catalyzed ring closures of vi- 

nylstannane-enol triflates are, in general, faster in acetonitrile than in 
THF.* 
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(11) The yields associated with this one-pot procedure are significantly 
higher than those derived from a two-step process in which the vinyl- 
stannane-enol triflate is isolated prior to cyclization. 
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Scheme 11" 

Communications 

'a dk KQ * K q - O S i M e 3  

22 19 20 21 
23 6,7-dihydro 1 e, 57% 

U $1, 

25 R = K  
26 R=O 

27 R =  a-HI R'=SnMe3 
28 R= t9 -Me, R'=SnMes 
29 R =  @ -Me, R'=I 

24 

"(a) (i) H2NNMe2, PhH, reflux; (ii) LDA, THF, -78 OC to 0 OC, 1.5 h; Mer, room temperature, 2 h; (iii) NaIO,, THF, pH 7 phosphate 
buffer, room temperature, 15 h; (b) (i) LDA, DME, 0 "C; Me3SiC1, EhN, 0 OC to room temperature; (ii) CH212, EhZn, PhMe, 55 OC, 15 h; (c) 
(i) FeC13, DMF, C&ISN, 0 "C, 2 h; room temperature, 2 h; (ii) NaOAc, MeOH, reflux, 3 h; (d) Hz, Pd-C, hexane; (e) (i) KOBu-t, HOBu-t, 
DME, room temperature, 45 min; (ii) 9, room temperature, 15 min; (f) (i) LDA, THF, HMPA, -78 OC to 0 OC; (ii) PhN(S02CF3),, room 
temperature, 2 h; (iii) catalytic (Ph3P),Pd, room temperature to 30 "C, 5 min; (g) 1 N HC1, acetone, room temperature, 2 h; (h) (i) HzNNMe,, 
MeOH, 4-A molecular sieves, reflux, 4.5 h; (ii) LDA, THF, -78 OC to 0 OC, 2 h; 31, 0 OC to room temperature, 2 h; (iii) NalO,, THF, pH 7 
phosphate buffer, 40 "C, 15 h; (i) KOBu-t, THF-HMPA, 60 "C, 1 h; MeI, 60 OC, 15 min; (i) 12, CH2Cl2, room temperature; (k) Mg, THF, 
reflux, 2.5 h. 

30 

On the basis of steric and stereoelectronic considerations, 
along with an examination of molecular models, it ap- 
peared that alkylation of the enolate anion 30 would take 
place preferentially from the side opposite the angular 
methyl group. Therefore, addition of the necessary ap- 
pendages to the ketone 26 had to be done in a specific 
order. In the event, alkylation of the dimethylhydrazone7J2 
of 26 with 5-iodo-2-(trimethylstannyl)-l-pentene (31)2 
provided, after hydrolysis of the hydrazone moiety, a single 
product 27 (69%). Direct methylation of 27 afforded the 
desired ketone 28, which, upon reaction with iodine in 
CH2C12, was transformed smoothly into the keto vinyl 
iodide 29. 

Although, on the basis of literature precedents, a number 
of methods for effecting ring closure of 29 might be con- 
templated, it was found that the desired conversion could 
be achieved simply by treatment of 29 with small pieces 
of magnesium metal in refluxing THF (reaction initiated 
by addition of 1,f-dibromoethme). It is evident (molecular 
models) that cyclization should occur in the desired ste- 
reochemical sense. Indeed, there was obtained, in addition 
to a small amount of uncyclized keto alkene (29, H in place 
of I), a single alcohol that proved to be spectrally identical 
with (14S)-dolasta-l( 15),7,9-trien-14-01 (2).lfJ3 Racemic 

(12) Attempted alkylation of 26 under a variety of conditions, with the 
enolate anion being formed under k ine t idy  (e.g., LDA, THF) or ther- 
modynamically (e.g., KOBu-t, HOBu-t-DME) controlled conditions, 
failed to give usefd yields of desired product. 

spectra (mass, 'H NMR, 
(13) We are grateful to Professor P. Crews for sending us copies of 

NMR) of compound 2. 

2 exhibited the following: mp 105-106 "C (from heptane); 

3 H each, J = 7.0, 7.0 Hz), 1.25-1.35 (m, 1 H), 1.39 (s, 3 
H), 1.43-1.66 (diffuse m, 4 H), 1.97 (br d, 1 H, J = 12.5 
Hz), 2.03 (d, 1 H, J = 14.5 Hz), 2.05-2.15 (m, 2 H), 2.22 
(br d, 1 H, J = 17 Hz), 2.42 (septet, 1 H, J = 7.0 Hz), 2.60 
(overlapped ddd, 1 H, J = 12.5, 12.5,6 Hz), 3.22 (dd, 1 H, 
J = 4.5, 15 Hz), 4.61 (br s, 1 H), 4.78 (br s, 1 H), 5.46 (dd, 
1 H, J = 4.5, 9.5 Hz), 5.54 (br s, 1 H); 13C NMR (CDCl,, 
100 MHz) d 19.8,22.1,22.2, 23.2, 25.6,27.4,32.0, 35.1, 37.2, 
41.5, 43.4,45.4, 50.9,79.5, 108.4, 114.4, 124.7, 149,8, 153.9, 
154.1. 

Very recently, Pattenden and Robertson14 described a 
total synthesis of the dolastane-type diterpenoid (A)- 
i s d j i o l  [ (2S,14R)-dolasta-1(15),8diene-2,14diol]. Other 
approaches to the synthesis of the dolastanes have also 
been reported.15 

'H NMR (C&, 400 MHz) 6 0.92 (8, 3 H), 1.11, 1.14 (d, d, 
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