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in these cases alternate methods of analysis could be em- 
p10yed.l~ 

Interestingly, Pettit recently speculated that the glut- 
amine thiazole present in dolastatin, a cytotoxic peptide 
isolated from a marine mollusc, has the S configuration 
on the grounds that S is the natural configuration.la Our 
results certainly indicate that such speculation should be 
avoided. 
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The Robinson Transposition Reaction.' 
Conjugate-Addition/Intramolecular Wittig Reactions 
of Enolates with 
[ 3- (Phenylt hio)- 1,3-butadienyl]triphenyl- 
phosphonium Chloride 

Summary: The phosphonium salt described reacts with 
certain enolates to produce dienyl sulfides that may be 
subsequently hydrolyzed to afford enones that are regio- 
transposed relative to the standard Robinson annulation 
product. 

Sir: During the course of one of our synthetic projects we 
required a functionalized enone of the general structure 
1 (Scheme I). As can readily be seen, 1 is a transposed 
version of the enone 6 routinely prepared via the Robinaon 
annulation process. Although it seems reasonably likely 
that transformation of 6 to 1 would be possible? we wished 
to effect a more direct conversion of 3 to enone 1. Previous 
experience by B u ~ h i ~ ~  and ourselves3b concerning the 
conjugate addition of ketone enolates 3 to butadienyl 
phosphonium salt 4a affording cyclohexadienes (2a) after 
an intramolecular Wittig reaction, led us to conclude that 
a [3-(phenylthio)-l-butadienylphosphonium salt (4b) 
should similarly afford a dienyl sulfide (2b) capable of 
hydrolysis to the requisite transposed enone l a 4 v 5  

(1) Bruceantin Support Studies. 3. For paper 2, see S. N. Surya- 
wanahi, P. L. Fuche, Tetrahedron Lett., 4201 (1981). 

(2! In point of fact, Watt et  al. have attempted a Robinson annulation 
reaction on a substrate bearing functionality appropriate for Bruceantin 
synthesis. Although the Michael reaction proceeds smoothly, in this 
instance the intramolecular aldol/dehydration sequence failn completely. 
D. L. Snitman, M. Y. Tsai, D. 5. Watt, Synth. Commun., 8,195 (1978). 
See also: Pariza, R. J.; Fuche, P. L. J. Org. Chem., following paper in this 
issue. 

(3) (a) G. Btichi, M. Pawlak, J. Org. Chem., 40, 100 (1975); (b) P. L. 
Fuchs, Tetrahedron Lett., 4055 (1974). 
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Synthesis of an appropriate reagent (albeit not 4b as a 
discrete and isolable substance) was accomplished as 
follows (Scheme 11): Reaction of (Z)-1,4dichlorobut-2-ene 
( 0 - 6 )  with phenylsulfenyl bromide (9) (generated by the 
reaction of diphenyl disulfide with bromine in methylene 
chloridea) affords threo-trihalo sulfide t - 7 ' ~ ~  in essentially 
quantitative yield as a colorless oil. Similarly the isomeric 
dichloride (E)-6 reacts with 9 to produce crystalline er- 
ythro-trihalo sulfide e-7 (99% as oil, 77% as crystals, mp 

(4) Other 4C + 2C approaches to heteroatom-substituted dienes have 
been reported by Martin. (a) The reaction of a (2-alkoxy)dienyl- 
phosphonium salt with ketone enolates to afford, after hydrolysis, an 
enone bearing the Robinson substitution pattern: S. F. Martin, S. R 
Desai, J. Org. Chem., 4S, 4673 (1978). (b) The reaction of a [l-(meth- 
y1thio)dienyl)phosphonate to afford noncyclized dienyl sulfides after 
intermolecular Wadsworth-Emmons reaction with a second carbonyl 
component: S. F. Martin, P. J. Garrison, Synthesis, 394 (1982). 

(5) A 3C + 3C annulation approach to enones via conjugate addition 
of (2-alkoxyally1idine)triphenylphosphorane to enones followed by in- 
tramolecular Wittig reaction to yield a dienyl ether  ha^ been reported by 
Martin and Desai (S. F. Martin and S. R. Desai, J.  Org. Chem., 42,1664 
(1977)). 

(6) B. M. Trost and S. D. Ziman, J. Org. Chem., 38, 933 (1973). 
(7) All new compounds have been characterized by a combination of 

*H NMR, '*C NMR, NMR, IR, mass spectrometry, and/or combus- 
tion analysis. Yields refer to material of greater than 95% purity. 

(8) Experimental details, including 360- and 470-MHz 'H NMR and 
lac NMR spectral evidence for compounds t-7, (E)-8, I l ,18,  and 19 are 
in the supplementary material. 

0 1983 American Chemical Society 



Communications J. Org. Chem., Vol. 48, No. 13, 1983 2305 

Scheme I11 

without 12 [4b, s-tmns] [ 4b, s-cb ] 

17Z/17E (43%) 

\ 
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SPh H SPh (13%) 

15Z/15E (77%) [I321 
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-Ph3P=0 I PhCHO CHsOH os solvent 

'0 
CH3 

14Z/14E (70%) 18 (85%) 
16Z/16E (51%) 
(less than 10% 14Z/14E by HPLC) 

68-68.5 "C. Treatment of t-7 with DBU, 10 (1,Bdiaza- 
bicyclo[5.4.0]undec-7-ene) at -50 "C in ether, followed by 
allowing the solution to gradually warm to room temper- 
ature, smoothly affords the E-dichlorovinyl sulfide (E)-& 
The DBU elimination of HBr from 0-7 is less efficient than 
from t-7, yielding recovered starting material (8-7), some 
(E)-1-chloro-3- (phenylthio)- 1 ,3-b~tadiene,~*~ and (Z)-di- 
chlorovinyl sulfide (2)-87 (60%). Treatment of either (27-8 
or (E)-8 with 2.2 equiv of triphenylphosphine in DMF at 
25 "C for 3 days affords the same bis(phosphonium) salt 
1173 (61%; Pa = 21.36, Pb = 22.31 ppm, relative to external 
H3PO4; 5Jpp = 11.35 Hz; mp 164-166 "C). The stereo- 
chemistry at the double bond is uncertain.% Attempts to 
intercept a monophosphonium salt by using only 1 equiv 
of triphenylphosphine lead to lower yields of 11. Mecha- 
nistic studies on this sequence will be reported in due 
course. 

Slow addition (3-5 h) of a DMF solution of reagent 11 
(1.07 equiv) to a solution of 2-(carbomethoxy)cyclo- 
pentanone (12) in the presence of excess (2.9 equiv) dry, 
pulverized K2C03, at 25 O C  under N2, produces an orange 
to red solution. Workup (a few drops of 30% H202, cold, 
to convert the liberated triphenylphosphine to tri- 
phenylphosphine oxide; hexane vs. water extraction) af- 
fords dienyl sulfide 18778 in 85% yield and high purity. 
Further purification can be accomplished by flash chro- 
matography or bulb-to-bulb distillation. Table I lists a 
number of substrates along with the products, yields, and 
temperatures of the reactions, all of which are conducted 
as in the above example. Although a detailed study of 
these reactions was neither desired nor undertaken, several 
salient points require brief comment. 

(9) (E)-l-Chloro-3-(phenylthio)-1,3-butadiene can be made in 90% 
yield ae a distilled oil from either (2)-8 or (E)-8 and DBU/ether at room 
temperature ('JHH = 13 Hz, CBDB, coincidental in CDC13). Thia elimi- 
nation pattern is similar to that found by Bridges and Fischer A. J. 
Bridges and J. W. Fischer, Tetrahedron Lett., 24,445,447 (1983) with 
1,2,4-trihalo-3-(phenylthio)-2-butenes. 

Scheme IV 

g s c 6 b  TiClq/HOAc r g o  ] - bore 
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Use of methanol as solvent or including benzaldehyde 
(1.3 equiv) in the reaction media with substrate 12 in DMF 
produces vinyl sulfides 14Z/ 14E7J0 or dienyl sulfides 
15Z/ 15E7, respectively (see Scheme 111). Furthermore, 
when benzaldehyde (1.1 equiv) is present and methanol 
is used as the solvent, intermediate 13E is trapped by the 
benzaldehyde, and the resulting 2,2-disubstituted @-keto 
ester undergoes ring-opening methanolysis to yield 16Z/ 
16E7. Less than 10% of 14Z/14E was detected by HPLC 
or lH NMR in the 16Z/16E product mixture despite the 
fact that nearly 300 equiv of methanol were present, com- 
pared with only 1.1 equiv of benzaldehyde. When meth- 
anol is used as solvent (200-300 equiv) in the presence of 
benzaldehyde (1.1 equiv) and 2-methyl-1,3-cyclo- 
hexanedione, 23, is the substrate, only 17Z/17E,7 the 
products of addition of methoxide to 4b followed by ben- 
zaldehyde trapping, are isolated. 

(10) Presumably the alcohol serves to protonate intermediate allyl 
ylide [(E)-13] to allyl phosphonium salt, which undergoes alkoxide-ca- 
talized cleavage to vinyl sulfide 14Z/14E. The presence of 142 may 
indicate direct double-bond isomerization (see text). For cleavage of 
phosphonium salts, see G. Aksnes, Phosphorus Sulfur, 3,227 (1977), and 
references cited therein. 
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Table I 

temp," 
substrate "C dienyl sulfide enone 

n 

29 

25 

25 

80 

80 

60 

18 (85%) 
SC&S g3 

24 (7 0%) 

&sc6H5 COCH3 

27 F ( 46%) 

d cy 
27s (40%) 

30F (4%) 
SCsHs & \ 

,CH3 

30s (66%) 

?Yo CO$H 

22 (68%) 

?Yo COZCHI 

19 (75%) 

H@: 

Hg:, 
tQ 

& C H ~  

25 (50%) 

28F (53%) 

28s (81%) 

31s (35%) 
a The temperatures are given for the annulation step. - 10% fused diene is formed at 110 "C. 
Since 13E is incapable of intramolecular cyclization for 

geometrical reasons a mechanism for conversion to the 2 
isomer (132) is necessary to explain the Wittig product 
18. Although we favor a mechanism involving reversion 
of 13E to 4b followed by readdition to the s-cis form of 
the reagent, on the basis of our earlier observations with 
the unsubstituted reagent 4a,3b a direct interconversion 
of 13E to 132 via protonation/deprotonation of the allyl 
ylide moiety also remains a possibility.3aJ0 

The dienyl sulfides shown in Table I were converted to 
enones in fair to good yield by Ti(1V)-mediated hydroly- 
sis." The liberated thiophenol had a tendency to add to 
the enone under these conditions, as shown in Scheme IV. 
A water wash of the CHzClz solutions followed by drying 
(K2C03) and treatment with base (DBU) produced the 
enones, which were purified by extraction (HzO w. CHzClz 
solutions) and chromatography. 

The use of reagent 11 followed by hydrolysis of the 
dienyl sulfide thus provides a sequence that is analogous 
to the Robinson annulation12 but yields transposed enones 
as illustrated. 

(11) T. Mukaiyama, K. Kamio, S. Kobayashi, and H. Takai, Bull. 
Chem. SOC. Jpn., 3723 (1972). 

(12) For recent reviews of the Robinson annulation reaction, see M. 
E. Jung, Tetrahedron, 32, 3 (1976); R. E. Gawley, Synthesis, 76, 777 
(1976). 
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Rapid Access to a Highly Functionalized Tricyclic 
Bruceantin Intermediate' 

Summary: Having found several B - (AB or BC) - ABC 
ring-formation strategies unsuited for the synthesis of 
bruceantin and other quassinoids, we have successfully 
produced a highly functionaliied intermediate, of desired 
stereochemistry, from a C - [BC] - ABC approach. The 
chemistry is briefly discussed, and full experimental details 
are available. 

Sir: The potent cytotoxic properties2 and dense array of 
functionality present in the quassinoid bruceantin (1, 
Scheme I) have elicited considerable medicinal and syn- 
thetic intere~t .~ Unfortunately, preliminary results from 
phase-two clinical trials in humans have not been overly 
encouraging; although bruceantin exhibits exceptionally 
low human toxicity, it has produced only marginally ben- 
eficial effects in a number of tumor sy~ tems .~  For this 
reason it is essential to develop a bruceantin synthesis 
capable of providing analogues in sufficient quantity for 
further clinical evaluation. 

Watt has discussed a synthetic approach to bruceantin 
(1) that utilizes a B - AB - ABC strategy wherein the 
AB fragments 2a and 2b were prepared via the Robinson 
annulation protocol from 2-methylcyclohexane-1,3-dione 

(1) Bruceantin Support Studies. 5. For paper 4, see: Pariza, R. J.; 
Kuo, F.; Fucha, P. L. Synth. Commun. 1983, 13, 243. 

(2) (a) Kupchan, S. M.; Britton, R. W.; Ziegler, M. F.; Siegel, C. W. J.  
Org. Chem. 1973,38,178. (b) Kupchan, S. M.; Britton, R. W.; Lacadie, 
J. A.; Ziegler, M. F.; Siegel, C. W. Zbid. 1976, 40, 648. 

(3) For studies directed toward the synthesis of bruceantin and other 
quassinoids, see: Kraus, G. A. J. Org. Chem. 1982,47,4271 and references 
cited therein. 

(4) Personal communication from Dr. Mathew Suffness, National 
Cancer Institute. 
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