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Transannular Cyclizations. A Stereoselective 
Synthesis of the  Cyclopentanoid Monoterpenes 

Summary:  A highly stereoselective method of cyclopenta- 
noid ring formation by transannular cyclization of cyclooc- 
tane systems is described. Its utility is illustrated by a total 
synthesis of the monoterpene iridomyrmecin. 

Sir: We wish to report an approach to the synthesis of the 
cyclopentanoid class of monoterpenes which commences 
with the novel head-to-tail isoprene dimer 1,5-dimethyl- 
1,5-cyclooctadiene' (1) and which makes use of a transan- 
nular cyclization2 to construct the carbon framework of a 
key intermediate in a stereoselective manner. The route, il- 
lustrated by the total synthesis of the naturally occurring 
insecticide iridomyrmecin, isolated from the Argentine and 
Iridomyrmex humilis, could potentially be diverted at  suit- 
able points to synthesize many of the cyclopentanoid 
 monoterpene^.^ 

The diene l4 was converted into alcohol 2a6 (75% yield) 
OR 
1 

Q 'Q 
1 2a ,R=H 

b, R = SOzCHB 

by a selective monohydroboration-oxidation sequence 
employing 9-borabicyc10[3.3.1]nonane,~ and thence to the 
sulfonate ester 2b with methanesulfonyl chloride and tri- 
ethylamine in methylene ~h lo r ide .~  Without purification, 
this ester was subjected to solvolysis for 12 hr a t  60D in 
aqueous dioxane in the presence of an excess of sodium car- 
bonate. The alcohol 3 (60% yield overall from 2a) thereby 
produced has the indicated orientation of the C-6 methyl 
group (exo- to the cis-fused bicyclo[3.3.0]octane system) 
that both follows from and is required for a successful syn- 

thesis of iridomyrmecin. The stereochemical control ob- 
served in this cyclization is the result of r-electron partici- 
pation in the solvolytic removal of the sulfonyloxy group 
and thus the exo orientation at  C-6 can be attributed di- 
rectly to the trans relationship of the methyl group and the 
sulfonate moiety in 2b. Though the reaction could have al- 
ternatively occurred without assistance while still generat- 
ing the product of transannular cyclization, consideration 
of molecular models indicates that the C-6 epimer would be 
expected to be the predominent product of such a process.8 
Alcohol 3 was transformed into olefin 4 (70% yield) by a p -  

H 
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toluenesulfonic acid catalyzed dehydration in pentane a t  
reflux to effect azeotropic removal of water. A second hy- 
droboration-oxidation sequence using diborane served to 
convert olefin 4 into alcohol 5 (60% yield) containing a 
small amount of a second alcohol, possibly that resulting 
from attack by diborane on the endo face of olefin 4. Alco- 
hol 5 was converted into the corresponding ketone (6,90% 

' \  A 
5 6 

yield) by Jones o~ ida t ion .~  The kinetic enolate of this ke- 
tone was generated with lithium diisopropylamide in tetra- 
hydrofuran solution and then trapped by trimethylsilyl 
chloride to form the unstable enolsilyl ether 7. Without iso- 
lation of intermediates, the enol ether 7 was cleaved with 

H H (--p SiMes q 
0 

III H 

7 iridomyrmecin 

ozone in methanol-methylene chloride solution,1° the re- 
sulting acid-aldehyde was reduced with sodium borohy- 
dride, and the hydroxy acid was subjected to aqueous hy- 
drochloric acid to effect lactonization. The crude material 
thus formed (40% overall yield from ketone 6) crystallized 
spontaneously and could be recrystallized from pentane to 
afford needles with mp 57-58O (lit. 59" for racemic iri- 
domyrmecin).llJ2 Further confirmation of the structure 
was provided by the conversion of iridomyrmecin into the 
more stable C-4 epimer, isoiridomyrmecin, by the known 
procedure.11J2 
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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 
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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 
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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- 


