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routes, see G. W. K. Cavill In "Cyclopentanoid Terpene Derivatives", W. 
I. Taylor and A. R. Battersby, Ed., Marcel Dekker, New York, N.Y., 
1969, Chapter 3; and G. W. K. Cavill and D. V. Clark in "Naturally Oc- 
curring insecticides", M. Jacobson and D. J. Grosby, Ed., Marcel Dek- 
ker, New York, MY.. 1971, Chapter 7. 

(4) Supplied by Chemlcal Samples Co., Columbus, Ohio 43221 
(5) Proton and I3C magnetic resonance, infrared, and low resolution mass 

spectral data as well as either elemental analytical or high resolution 
mass spectral data consistent with the proposed structures of all inter- 
mediates were obtained, All of the intermediates were obtained as oils. 

(6) E. F. Knights and H. C. Brown, J. Am. Chem. SOC., 90,5280 (1968). 
(7) R. K. Crossland and K. L. Servis, J Org. Chem., 35, 3195 (1970). 
(8) No evidence IS presently in hand which bears on the relative conflgura- 

tlon at C-2, though one of the epimeric alcohols appears by 13C spec- 
tral analysis to be favored to an extent greater than 90%. 

(9) L. F. Fieser and M. Fieser, "Reagents for Organic Synthesis", Vol. 1, 
Wiley, New York, N.Y., 1967, p 142. 

(IO) R.  D. Clark and C. H. Heathcock, Tetrahedron Lett., 2027 (1974). 
(11) F. Korte, J. Falbe, and A. Zschocke, Tetrahedron, 6, 201 (1959); K. J. 

Clark, G. I .  Fray, R. H. Jaeger, and R. Robinson, /bid., 6, 217 (1959). 
(1 2) The infrared spectra of the synthetic irldomyrmecin and Isoiridomyrmec- 

in corresponded well with published spectra " 
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Organoselenium Chemistry. Preparation and 
Reactions of Benzeneselenenamides 

Summary: N,N-Dialkylbenzeneselenenamides react with 
6-dicarbonyl compounds to give P-dicarbonyl selenides, 
with acetic anhydride to give benzeneselenenyl acetate, and 
with some enones to give a-phenylseleno-P-dialkylamino 
ketones. 

Sir: The chemistry of the amides of selenenic acids (sele- 
nenamides) has been little studied.' We have prepared sev- 
eral simple N,N-dialkylbenzeneselenenamides (la-c) by 
reaction of secondary amines with PhSeC1, PhSeBr, or 
PhSeOH (generated in situ by selenoxide syn elimination) 
and examined their chemistry.2 Compound la3a is rather 
easily hydrolyzed and should be handled with appropriate 
care. The more hindered diethyl (1 b)3b and diisopropyl 
( 1 ~ ) ~ ~  derivatives are substantially more resistant to hy- 
drolysis. 

a s e m *  
la ,  R = CH, 
b, R = CHtCHj 
C, R = CH (CHJ, 

Selenenamides undergo a number of reactions similar to 
those of the analogous sulfenamides. For example, 2- 
formylcycloheptanone is selenenylated cleanly and rapidly 
by reaction with lb  or 1 ~ . ~ ~ , ~  Careful oxidation of the sele- 

90% 74% 

nide with hydrogen peroxide (2  equiv) then leads to P-di- 
carbonyl 

Compound l a  reacts with acetic anhydride in the pres- 
ence of cyclohexene to give the adduct 2. Apparently ben- 
zeneselenenyl acetate ( P h S e 0 2 C C H ~ ) ~ ~ p ~ v ~  is formed under 
these conditions. 

2 (SO'$) 

A reaction of selenenamides which appears to have no 
parallel in sulfur chemistrp is the addition to electron-de- 
ficient olefins. This reaction was discovered when 3 was 
warmed in the presence of diethylamine. Selenoxide syn 

0 
Ph L 0 YR, 

PhSeNR, &Ph 
5a, R = Me 1 Ph 

3 
1 b, R = E t  

0 

Ph + 
SePh 

6 

elimination gives a mixture of enone 4 and selenenamideg 
lb. These compounds then react with each other slowly at  
2 5 O  to give a new product identified from its spectral data 
as 5b.1° Similar results were obtained when pure la or lb 
and 4 were allowed to react. Attempted purification of 5 by 
chromatography on silica gel resulted in elimination of di- 
alkylamine giving 6 (88% yield using la).  

The formation of 5 probably occurs by a Michael addi- 
tion leading to  7, followed by an intramolecular selenenyla- 
tion. Indirect evidence for a long-lived reversibly formed 
intermediate is provided by the observation that the cis 
isomer of 4 is isomerized to 4 in the presence of 1b.I1 

The addition of selenenamides to a,P-unsaturated car- 
bonyl compounds is successful only with some of the more 
reactive Michael acceptors,12 and la  is significantly more 
reactive than l b  or IC. Benzene and chloroform are the 
preferred solvents for the addition. Addition of la  in chlo- 
roform to compound Sa is complete in 18 hr, 8b requires 3 
days, while 2-ethyl-1-phenyl-2-buten-1-one is incomplete 
after several weeks. 

Ph% -R 

Ph 
7 

0 

Sa, R = H  
b. R = C H ,  

Of several possible transformations of the adducts 9 we 
have examined oxidation and subsequent selenoxide elimi- 
nation. Oxidation of 9a with m-chloroperbenzoic acid at  
- 4 O O  followed by warming to room temperature leads to 
10a in good yield. Only trace amounts of the products Ila 
and 12a resulting from elimination toward the dimethyl- 
amino group are formed. The additional substituent in 9b 
almost equalizes the ratio of elimination directions. The 
product 12b is apparently formed by reaction of l l b  with 
an active selenenylating reagent (PhSeOH or a dispropor- 
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1. mCPBA, -40" 

2. 250 
9 

0 0 0  

a , R = H  
b, R = CHB 

tionation product of it)5b,13 produced in the course of the 
selenoxide elimination. Quite similar results are found for 
13 where products analogous to 10, 11, and 12 are formed in 
48,6, and 22% yields, respectively. 

n 0 

13 (87%) 

Pronounced control of selenoxide eliminations away 
from hydroxy-, alkoxy-, and acetoxy-substituted carbons 
has been previously r e p ~ r t e d . ~ ~ ~ ~ ? ~ , ~ ~  The dimethylamino 
group, at  least in these carbonyl substituted systems, ap- 
pears to exert a much less pronounced control of the elimi- 
nation. In fact, a methyl substituent apparently retards 
elimination toward a carbon almost as effectively as di- 
methylamino (compare Sa and Sb). 

Preliminary attempts to add N,N-dimethylbenzenesul- 
fenamide to enones have not been successful. 
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