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Summary: [ 2,3] Sigmatropic rearrangement of N-sub- 
stituted 8-methallyldimethylammonium ylides forms tri- 
substituted olefins with high stereoselectivity. Ylides with 
a powerful electron-withdrawing substituent (-COCH3 or 
-C02Et) in the a-position and those with a vinyl group 
w r y i n g  an ester moiety at  the &position afford exclusively 
E- and 2-olefins, respectively. 

Examination of the five-membered envelope confor- 
mation of transition state for the concerted [2,3] sigma- 
tropic rearrangement suggests that an R' substituent on 
the a-carbon atom should prefer the equatorial position, 
leading almost exclusively to the E configuration of the 
newly created double bond (Scheme I). Many examples 
are found in Wittig,' BOchi,2 sulfoxide,3 sulfinate: sul- 
fenate,5 sulfide: sulfonium ylide,' phosphite: and Meis- 
enheimerg rearrangements. 

One of the rare exceptions to this generalization was 
reported by Still in the Wittig rearrangement of anions 
derived from stannylmethyl ethers, which afforded 2- 
homoallyl alcohols as the major products.'O 

We recently reported a [2,3] sigmatropic rearrangement 
of nitrogen ylides that provided 2- or E-homoallylic di- 
methylamines with high stereoselectivity." In the for- 
mation of @-methallyltrimethylammonium salts, two types 
of ylides are possible, one by removing a proton from a 
methyl group and the other by deprotonation at  the allylic 
position. The ylide generated by the latter process leads 
to a 2-olefin after rearrangement, whereas the methylene 
ylide leads to an E-olefin.'l 

We wish to report another new stereoselective synthesis 
of 2- gr E-trisubstituted olefins employing N-substituted 
P-methallyldimethylammonium ylides (Scheme 11). 

Table I shows the reaction of ammonium salts la-lf. 
Treatment of la (1 mmol) with potassium tert-butoxide 
(2 mmol) in DMF resulted in the presumed formation of 
ammonium ylide intermediate 2a followed by spontaneous 
[2,3] sigmatropic rearrangement (2 h, -50 "C) to give E- 
ester 3a in 84% yield with 100% stereoselectivity (run 2). 
Similarly, the reaction of lb with potassium tert-butoxide 
in DMF at -10 OC afforded E-ester 3b exclusively in 81 % 
yield (run 3). 

Interestingly, treatment of IC (1 "01) with potassium 
tert-butoxide (2 mmol) in DMF at  -50 "C resulted in a 
9010 mixture of (27-3~ and (E)-3c, without isomerization 
of the parent crotyl E double bond. Furthermore, higher 
solvent polarity and lower temperature increased the 2 
selectivity of the rearrangement (run 6). Similar results 
were obtained in the reaction of salts ld-lf (runs 7-9). 

In the rearrangement of (ethoxycarbony1)methyl- or 
acetonyl-substituted ammonium salts la,b,d,e, stable yl- 
ides 2 may undergo [2,3] sigmatropic rearrangement to 
E-olefins via the usual concerted transition state of a 
doubly suprafacial mode?13 in which RCH2 on the allyl 
moiety takes a pseudoequatorial conformation. 
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Table I. Reaction of N-Substituted 
&Methallyldimethylammonium Salts 

sub- tempo yield 
strate base solvent ("C) (%) 

la KO'Bu THF -10 80 
la KO'Bu DMF -50 84 
lb KO'Bu DMF -10 81 

Od 71 lb K&03 DMF 
IC KO'Bu DMF -50 72 
IC KO'BU THF-HMPA' -70 76 
Id KO'Bu DMF -50 73 
le KO'Bu DMF -10 72 
If KO'BU THF-HMPA" -70 64 

ZEbsC 
595 
0:100 
0100 
0100 
9010 
1oo:o 
0100 
0100 
955 

Unless otherwise noted, the reaction time was 2 h. bThe ratio 
of Z/E was determined by capillary GC analysis. 'Each of these 
compounds was separated carefully by column chromatography on 
silica gel and analyzed by NMR spectroscopy.12 dThe reaction 
time was 6 h. e HMPA content was 20 vol %. 

In order to establish which of the alternative routes 
(Scheme 111) is followed in the 2-selective rearrangement 
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of bisallylic systems IC and If, deuterio ammonium salt 
4c (96 f 4% D) was synthesized and treated with potas- 
sium tert-butoxide in THF-HMPA at  -70 "C. The deu- 
terium content of 2-ester 3c was determined to be 96 f 
4% D by 'H NMR after purification by column chroma- 
tography. This result rules out allylide 5 as an interme- 
diate and establishes the direct formation of methylide 6. 
Therefore the 2-selective character of the present system 
is in marked contrast to  our previous system1' from a 
mechanistic standpoint. 

The [2,3] sigmatropic rearrangement of lc,f seems to 
have an earlier (i.e., reactant-like) transition state than that 
of the stable ylides 2a,b,d,e. Thus another envelope con- 
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formation can be postulated as a plausible transition state 
leading to 2-olefins (Scheme IV). 

The conformational preference of I over I1 may result 
from vicinal repulsion between RCHz and the vinyl methyl 
group, which Still postulated to be an important factor in 
the 2-selective Wittig rearrangement.'OJ4 
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Summary: The Southern Indian Ocean marine worm 
Cephalodiscus gilchristi has been found to yield new ce- 
phalostatins 7-9. 

Tube-inhabiting marine animals of the genus Cephalo- 
discus (one of two divisions in the class Pterobranchia, 
Hemichordata Phylum) are rarely encountered. Only some 
18 species are presently k n o ~ n ~ . ~  and confined primarily 
to Antar~t ica .~ One Southern Hemisphere temperate 
region species Cephalodiscus gilchristi was recorded5 off 

the coast of South Africa in 1906 and described in more 
detail in 1915-17.6 In 1988 we summarized results from 
the first chemical study of this genus and isolation of the 
powerful (P388 EDw 10-7-10-9 pg/mL) cell growth inhib- 
itor cephalostatin 1 (1)' from C. gilchristi. Subsequently 
we described cephalostatins 2-48 and 5 4  where intro- 
duction of an aromatic C'-ring (cf. 2 corresponding to ce- 
phalostatin 6) was found to greatly reduce (P388 EDw 
N pg/mL) the cytostatic activity. We now report that 
further detailed investigation of C. gilchristi antineoplastic 
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