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dimethyl orientation as in structure 2 provides a constitu- 
tional arrangement consistent with the long range coupling 
between the equatorial H3e and the vinyl CH3.9 The J's be- 
tween H5 and the adjacent -CHp are consistent with an 
equatorial C1 at Cj. Carbon chemical shifts, especially in 
cyclohexane ring systems, are extremely sensitive to stereo- 
chemical factors.8,10 Hence, in methylcyclohexane the axial 
methyl is shielded relative to the equatorial one by 6 
ppm,loa and the methyl shielding in cis- and trans-9-meth- 
yldecalin differ by 1 2  pprn.lob The similarity of the shift' 
position for the equatorial methyl in methylcyclohexane 
(24 ppm) and the equatorial quaternary methyl in 3 (27.4 
ppm) vs. that of the quaternary methyl in 2 (30.3 ppm) 
suggests its stereochemistry to be equatoria1.l' 

Chemical conformation of the proposed structure of 2 
was provided by aromatization of 2 to (E)-l-chloro-2-(2,4- 
dimethylpheny1)ethylene (4) by 1,5-diazobicyclo[5.4.O]un- 
dec-5-ene (DBU) in THF. Compound 4 was treated with O3 
to yield 2,4-dimethylbenzaldehyde ( 5 )  which was in turn 
prepared directly from commercial 2,4-dimethylbenzoic 
acid (6).12 

We have observed by GC/MS five isomers of formula 
C10H13C13 from various collections of P. uiolaceum. Com- 
parative mass spectral data [especially intense fragmenta- 
tion to an aromatic nucleus (CloH11)+, m/e 1311 indicates 
that four of the uncharacterized CloH13C13 isomers proba- 
bly have a trialkyl six-membered ring with no points of 
geminate alkyl s u b ~ t i t u t i o n . ~ ~  Thus, plocamene B may be 
just the first representative of a host of nonisoprenoid 
monoterpenes from red alga. Migration of methyl from C1 
or vinyl from Cp are the simplest possibilities to link plo- 
camene B to the isoprenoid biosynthetic manifold. The nu- 
cleus of the former precursor, however, represents an un- 
co-mmon tail-to-tail isoprenoid arrangement, and there are, 
as yet, no literature examples of the carbon constitution of 
this envisioned precursor.14 
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Organoselenium Chemistry. Synthetic 
Transformations Based on Allyl Selenide Anions 

Summary: Enones and allyl alcohols are formed when sub- 
stituted allyl selenides, prepared by alkylation or silylation 
of allyl selenide anions, are oxidized. 

Sir: Lithium reagents derived from allyl ~ u l f i d e s , ~ J ~  sulfox- 
i d e ~ , ~  sulfones,4 pho~phonates,~ ethers,6a,b and 
have been used to perform useful synthetic transforma- 
tions. We have been exploring the chemistry of a-lithio sel- 
enoxides and selenides7i8 and report here preliminary re- 
sults on the deprotonation of a variety of allyl selenides, 
their reaction with representative electrophiles, and some 
transformations of these alkylation products. Alkyllithium 
reagents can rarely be used for the deprotonation of selen- 
ides or selenoxides since extensive cleavage reactions often 
O C C U ~ . ~ ~ ~  We have found lithium diisopropylamide (LDA) 
in tetrahydrofuran a useful base for this purpose. In steri- 
cally hindered situations lithium diethylamide is superior. 

The lithium reagents 1-5 are formed using LDA in tetra- 
hydrofuran under the conditions indicated. @-Methylally1 

R Condition& 6a, R = Si (CH,), 
1 H,H -7B0, <10 min b. R = CH, 
2 CH,, H 
3 CHJ, CH, 
4 Ph, H 
5 CHJ, C1 

- 78", 20 min 
0", 20 rnin 
-784 <5 min 
-78", <5 min 

phenyl selenide can also be deprotonated and the anion be- 
haves quite similarly to l .  Attempts to extend the proce- 
dure to a-substituted allyl anions (6) have been successful 
only for the a-trimethylsilyl derivative 6a, which can be 
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Table I 
Transformation of Phenylselenoallyllithium Reagents to Allylic Alcohols and Enones by 

Alkylation and Subsequent Oxidation 
Electrophile Selenidea Product Yield, %' Anion 

68 OH 
1 Ph-Br Ph- Ph- / 

SePh 

(CH,),PhSiCI 

L 
Ph-Br 

Ph-Br 

& 

\ /  
p h H S i y " I  

SePh 

H O + J P h  

SePh 

P h T  
PhSe C1 

PhSe C1 

* a y y ' y  
PhSe C1 

85 

80' 

63 
\ /  \ /  

5 (CH,) PhSiCl P h / " n  P h / B - (  
PhSe C1 0 

0 The selenides from 2 and 5 were mixtures of geometric isomers. Small amounts of 7-alkylation products were also formed. All com- 
pounds were adequately characterized by spectral methods. C Yields are for material isolated by preparative thin layer chromatography. 
d The crude reaction mixture from 5 and propylene oxide was treated with excess acetic anhydride. 

formed by deprotonation of the selenide using lithium di- 
ethylamideg (less hindered bases such as lithium isobutyl- 
amide result in desilylation). a-Methylallyl phenyl selenide 
is not cleanly deprotonated to 6b under conditions we have 
tried. 

The anions 1-5 are powerful nucleophiles; the reactions 
with the electrophiles shown in Table I were carried out at  
-78' and were complete in <15 min. Secondary halides 
also react, but higher temperatures and/or longer reaction 
times are required. The problem of a vs. y alkylation is 
similar to that found for the related sulfur  system^.^^^^^ Al- 
kylation usually occurs predominantly a (-8Wo for l, >90% 
for 2 and 3, -50% for 4; y-alkylation products for 5 appear 
to be formed to a small extent, but these are usually rather 
unstable). Other electrophiles such as chlorosilanes or car- 
bonyl compounds give more variable a/y  ratios with 1: tri- 
methylchlorosilane (82/18), dimethylphenylchlorosilane 
(41/59), acetophenone (15/85). The y-substitution products 
are usually a 1:l mixture of E:Z isomers. 

A solution to the problem of y alkylation for allyl sulfide 
anions has been found through the use of substituent 
groups on sulfur having chelating p ~ t e n t i a l . ~ ~ ~ ? ~ ~  For ex- 
ample, much improved a/y  ratios were observed for the an- 
ions of 2-pyridyl allyl sulfide when compared with the phe- 
nyl analog. Unfortunately the lithium reagent prepared by 
deprotonation of 2-pyridyl allyl selenide'O does not give in- 
creased a/y  ratios (70/30 for methyl iodide, 60140 for tri- 
methylchlorosilane). This may be because complexation 
with the diisopropylamine present prevents the chelation 
with the pyridine nitr0gen.l' 

Transformations of the alkylation products of function- 
alized allyl anions are of several types. Allyl sulfides,2a-f 
sulfones,4 and phosphonates5 have been reductively 
cleaved; allyl vinyl sulfides2'-j and un- 
dergo [3.3] sigmatropic rearrangements; and allyl sulfox- 
ides undergo reversible [2.3] sigmatropic rearrangements. 
Evans has developed the last reaction into a versatile syn- 
thesis of allylic  alcohol^.^ 

Table I lists a number of transformations involving [2.3] 
sigmatropic shifts of allyl selenoxides.12 In all cases selen- 
ides were oxidized using the two-phase pyridine buffered 
hydrogen peroxide/dichloromethane procedure (15 min a t  
250)13 previously described.14J5 This procedure is conve- 
nient and results in clean rearrangement of the intermedi- 
ate selenoxide giving eventually an allylic alcohol. Excess 
oxidant is used so that no volatile selenium-containing 
compounds remain after oxidation, and no trapping agent 
to cleave the allyl selenenate is needed. Selenium appears 
as benzeneseleninic acid which is removed by extraction 
(and can be reduced back to diphenyl diselenide in high 
yield). 

The anion 5 is formed rapidly even a t  -looo, attesting to 
the substantial acidifying effect of chlorine (compare with 
3). Alkylation of 5 with primary halides proceeds cleanly 
and in high yield at  - 7 8 O .  Not surprisingly, 5 is rather un- 
stable. It is decomposed significantly after 30 min at  -78O 
in THF so that alkylation with secondary bromides or ep- 
oxides does not occur in acceptable yields. Oxidation of the 
alkylation products of 5 by the usual two phase H202/ 
CHzCl2 procedure leads cleanly and in high yield to enones. 
The starting selenide is prepared from the readily available 
1,3-dichloro-2-butene by nucleophilic displacement with 
PhSeNa. Transformations using 5 are similar to the a,@- 
unsaturated aldehyde synthesis based on 1,3-bis(methyl- 
thio)allyllithium developed by Corey, Erickson, and Noyo- 
ri.2g Lansbury and Rhodes16 have reported that 3-chloro- 
2-buten-1-yl sulfoxide and amine oxide rearrange readily to 
give methyl vinyl ketone. 

The allyl selenoxide [2.3] shift proceeds more rapidly 
than selenoxide syn elimination17 or "sila-Pummerer" rear- 
rangement.ls A small amount of diene (12% yield) is 
formed upon oxidation of 7. Here elimination is enhanced 
by the phenyl substituent, and the [2.3] shift is probably 
slowed down by the y substituents. 

We have observed that allyl selenides such as 8 react 
with lithium dimethylcuprate above 0' to give product in 
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Ph- -t- P h y  
0 61 

85:15 

LiCuMe? 

EbO, 0" to 20" 
SePh 

9 8 

SePh 
10 

which methyl has replaced pheny1~eleno.l~ The transfor- 
mation of 8 to 9 proceeds with allylic rearrangement giving 
a mixture of cis and trans isomers. The route from 1 to 8 to 
9 results in overall 1,3 disubstitution of an allyl fragment, 
first by an electrophile, then by a nucleophile. Cinnamyl 
phenyl selenide gives unrearranged olefin (l-phenyl-l-bu- 
tene, 65%) upon treatment with dimethylcuprate in ether. 
Alkylation products of phenyl crotyl selenide (i.e., 10) un- 
dergo reaction with dimethylcuprate sluggishly, and the re- 
action is likely to be limited to the less highly substituted 
allyl selenides such as 8. Aryl selenides with electron-at- 
tracting substituents may undergo more facile displace- 
ments by cuprate, and we are exploring this possibility. 

Acknowledgment. The donors of the Petroleum Re- 
search Foundation, administered by the American Chemi- 
cal Society, the National Science Foundation, and the Wis- 
consin Alumni Research Foundation provided generous 
support for this work. 

References and Notes 
(1) These results were presented in part at the American Chemlcal Society 

Midwest Regional Meeting, Iowa City, Iowa, Nov 8, 1974. 
(2) (a) J. F. Biellmann and J. B. Ducep, Tetrahedron Lett., 5629 (1968); 

3707 (1969); Tetrahedron, 27, 5861 (1971). (b) T. Mukaiyama, K. Nara- 
saka. K. Maekawa, and M. Furusato, Buil. Chem. SOC. Jpn., 44, 2285 
(1971). (c) K. Narasaka, M. Hayashi, and T. Mukaiyama, Chem. Lett, 
259 (1972). (d) K. Hirai, H. Matsuda, and Y. Kishida, Tetrahedron Lett., 
4359 (1971). (e) K. Kondo, A. Negishi. K. Matsui. D. Tunemoto. and S. 
Masamune, Chem. Commun., 1311 (1972). (f) P. L. Stotter and I?. E. 
Hornish, J. Am. Chem. Soc., 95, 4444 (1973). (g) E. J. Corey. B. W. Er- 
ickson, and R. Noyori, ibid., 93, 1724 (1971). (h) K. Oshima, H. Taka- 
hashi, H. Yamamoto, and H. Nozaki, ibid., 95, 2693 (1973). (i) K. Oshi- 
ma, H. Yamamoto, and H. Nozaki, ibid., 95, 4446 (1973). (i) H. Taka- 
hashi, K. Oshima, H. Yamamoto, and H. Nozaki, ibid., 95, 5803 (1973). 
(k) T. Hayashi, Tetrahedron Lett., 339 (1974). (I) T. Nakai, H. Shiono, 
and M. Okawara, ibid., 3625 (1974). (m) J. P. Marino and W. 8. Mesber- 
gen, J. Am. Chem. Soc.. 96,4050 (1974). 

(3) (a)D. A. Evans, Acc. Chem. Res., 7, 147 (1974); (b) D. A. Evans, G. C. 
Andrews, and C. L. Sims, J. Am. Chem. Soc., 93, 4956 (1971): (c) D. A. 
Evans, G. C. Andrews, T. T. Fujimoto, and D. Wells, Tetrahedron Lett., 
1385, 1389 (1973). 

A. Grieco and Y. Masaki, J. Org. Chem., 39, 2135 (1974). 
(4) (a) M. Julia and D. Arnould, Bull. SOC. Chim. Fr., 743, 746 (1973); (b) P. 

151 K. Kondo. A. Neaishl. and D. Tunemoto, Angew. Chem., Int. Ed. Engl., 1-1 

13, 407 (1974). - 
(6) (a) D. A. Evans, G. C. Andrews, and 8. Buckwalter, J. Am. Chem. SOC.. 

96, 5560 (1974); (b) W. C. Still and T. L. Macdonald, ibid., 96, 5561 
(1974): (c) H. Ahlbrecht and J. Eichler. Synthesis, 9, 672 (1974): (d) M. 
Julia, A. Schouteeten. and M. Balllarge, Tetrahedron Lett., 3433 (1974). 

(7) H. J. Reich and S. K. Shah, J. Am. Chem. Soc., 97, 3250 (1975). 
(8) Several selenium stabilized anions have been prepared: (a) D. Seebach 

and N. Peleties, Angew. Chem., 81, 465 (1969). Chem. Ber., 105, 511 
(1972); (b) K. B. Sharpless, R. F. Lauer, and A. Y. Teranlshi, J. Am. 
Chem. Soc., 95, 6137 (1973); (c) R. H. Mitchell, Chem. Commun., 990 
(1974); (d) W. Dumont, P. Bayet, and A. Krief, Angew. Chem., lnt. Ed. 
Engl., 13, 804 (1974); (e) D. Seebach and A. K. Beck, ibid., 13, 806 
(1974). 

(9) Anions of this type may have some use in the preparation of functional- 
ized vinyl silanes: G. Stork, M. E. Jung, E. Colvin. and Y. Noel, J. Am. 
Chem. SOC., 96, 3684 (1974). 

(10) Prepared by alkylation of 2-selenopyridine [H. G. Mautner. S.-H Chu, 

and C. M. Lee, J. Org. Chem., 27, 3671 (1962)] with allyl chloride. 
(1 1) Addition of hexamethylphosphoric triamide destroys the (Y selectivity of 

chelated sulfur-substituted allyllithium reagents.3a 
(12) K. B. Sharpless and R. F. Lauer [J. Am. Chem. Soc., 95, 2697 (1973)l 

firs! reported the [2.3] sigmatropic rearrangement of allyl selenoxides. 
(13) Oxidation with hydrogen peroxide In ethanol sometimes results in com- 

plex mixtures of products. 
(14) H. J. Reich. J. M. Renga, and I. L. Reich, J. Org. Chem., 39, 2133 

(15) The minor amounts of y-alkylation products are converted into materi- 
als readily removed during aqueous work-up or subsequent purification. 

(16) P. T. Lansbury and J. E. Rhodes, Chem. Commun., 21 (1974). 
(17) Low-temperature (-67') ozonolysis of allyl phenyl selenide gives the 

selenoxide which can be observed by low-temperature NMR. Rear- 
rangement accompanied by further transformations occs at -40' with 
a half-life of <60 min. The selenoxide elimination of alkyl selenoxides, 
on the other hand, does not occur rapidly until temperatures above Oo 
are reached. 

(18) (a) A. G. Brook and D. G. Anderson, Can. J. Chem., 46, 2115 (1968); (b) 
F. A. Carey and 0. Hernandez, J. Org. Chem., 38, 2670 (1973). 

(19) Allylic halides20a and acetateszob undergo displacement by alkyl cu- 
prates. 

(20) (a) E. J. Corey and G. H. Posner, J. Am. Chem. Soc., 89, 3911 (1967). 
(b) P. Rona, L. Tokes, J. Tremble, and P. Crabbe, Chem. Commun., 43 
(1969); R. J. Anderson, C. A. Henrick, and J. 8. Sidall, J. Am. Chem. 
Soc., 92, 735 (1970). 

(1974). 

Department of Chemistry 
University of Wisconsin 
Madison, Wisconsin 53706 

Received April 18,1975 

Hans J. Reich 

Synthesis and Stereochemistry of 
(&)-3',4'-Dihydrousambarensine 

Summary: A total synthesis of (&)-3',4'-dihydrousambar- 
ensine has been carried out which confirms the structure 
and defines the stereochemistry of the alkaloid as 2a. 

Sir: Largely on the basis of spectral data,l formulas 1 and 2 
were recently suggested for the Strychnos usambarensis al- 
kaloids, usambarensine and 3',4'-dihydrousambarensine. 
However, no stereostructures have been assigned to these 
substances, all unusual, indole analogs of the more familiar 
Ipecacuanha type, which possess isoquinoline rings as the 
heterocyclic entities. Using totally synthetic starting mate- 
rial of secure stereochemistry, namely, methyl (&)-geisso- 
schizoate (3a),2 we have carried out the first synthesis of 
3',4'-dihydrousambarensine, which not only establishes the 
gross structure but also defines the geometry and chirality 
of the natural product as indicated in 2a.3 

( f )-Geissoschizoic acid, prepared by saponification of 
methyl (f )-geissoschizoate (3a), was condensed with trypt- 
amine in the presence of dicyclohexylcarbodiimide (dime- 
thoxyethane-dimethylformamide at  room temperature) to 
give tryptamide 4a. Cyclization of the latter by means of 
POCls in CHC13 provided, after preparative TLC, (&)- 
dihydrousambarensine (2a), indistinguishable from the 
natural product on the basis of TLC, uv, ir, and NMR as 
well as high resolution mass spectral comparisons. That no 
inversion occurred a t  the potentially epimerizable center 
C-3 during the synthesis of ( f ) -2a was substantiated by 
the result of a parallel series starting with methyl (f)-epi- 
geissoschizoate (Sb). After successive treatment of this 
ester with boron tribromide4 and tryptamine in dichloro- 
methane-benzene, tryptamide 4b was obtained. On POCl3- 
CHC13 cyclization, the amide 4b generated base 2b, isomer- 
ic with, but different from, natural 3',4'-dihydrousambar- 
ensine, on the basis of TLC and ir spectral properties. In 
view of the foregoing, the stereochemistry of 3a corre- 
sponds to that of synthetic (f) base 2a, which accordingly 
must possess the cis relationship for C-3 and C-15 as well 
as for the olefinic methyl (C-18) and the C-15 center. 

Obviously derived biogenetically from two tryptamine 


