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Abstract: Tris(methylseleno)- and tris(phenylseleno)boranes added to acetylenes to afford 
methylseleno- and phenylseleno-substituted Z-vinylselenides in high yields. The addition 
reactions proceeded by way of free radicals and were applied to cyclization reactions of 
enyne compounds. The radical cyclization provided pyrrolidine derivatives diastereo- 
selectively. 

Construction of five- and six-membered rings through the intramolecular addition of 

carbon free radicals to carbon-carbon multiple bonds is well documented.’ The intramo- 

lecular capture of vinyl radicals with double bonds forms exo-methylene substituted five- 

and six-membered rings. Recently, Oshima et al. reported that enyne compounds reacted 

with EtSB-RSSnH or EtSB-RSH to give vinyl stannane-2 or vinyl sulfide-substituted five- 

membered rings.’ However, the EtSB-RSeH system did not give satisfactory results.* 

On the other hand, vinyl selenides can be transformed to other groups, 5 and various 

methods have been devised for their preparation. One of the simplest methods of access to 

vinyl selenides is the addition of selenols to acetylenes,’ but selenols have defects in 

handling because of their bad smell and easy oxidation to diselenides. We sought a better 

reagent for hydroselenation of acetylenes and selected (RSe)SB as candidates, which have 

been utilized for selenoacetalization of aldehydes and ketones.’ We describe here that 

(RSe)SB causes the free radical addition to the acetylenic bonds to form vinyl selenides 

and that this reaction can be successfully applied to the cyclization of enynes into the 

vinyl selenide-substituted cyclic compounds. 

Hydroselenation of acetylenes took place readily with 015 equivalent of tris(methyl- 

seleno)borane or tris(phenylseleno)borane in CH2C12 to give (Z)-vinylselenides stereo- 

selectively at room temperature. Results are summarized in Table I. (RSe)2B added to 

the terminal acetylenic carbon regio- and stereoselectively to give (Q-vinyl selenides. 

The addition reactions proceeded even by use of l/3 equivalent of (RSe)SB. In the cases 

of dimethyl acetylenedicarboxylate (DMAD)(lb) and phenylacetylene (1~). two phenylseleno 

groups were introduced in the vicinal and trans modes affording (E)-1,2-bis(phenylseleno)- 

alkenes, 4b and 4c, respectively: Acetylenic alcohol Id did not give a satisfactory re- 

sult, but alkyl acetylenes le and lf afforded the corresponding vinylselenides. Although 

disubstituted acetylenes gave no adduct under the similar reaction conditions, diphenyl- 

acetylene gave the adduct Sg by use of a catalytic amount of trifluoroacetic acid. 

The reaction of (MeSe)SB with methyl propiolate (la) in CDClS was performed by the 

KRR spectroscopy in order to investigate the reaction intermediates. The reaction did 

not proceed under an argon atmosphere but proceeded in the Presence of oxygen or air. 
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However, the reaction would not progress by the radical chain mechanism, because enough 

oxygen was necessary to complete the reaction. The %I NMR spectrum showed a singlet ole- 

finic signal at 6 7.65 due to 3-H and no signal due to 2-H. The llB NMR spectrum showing 
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Table I Reactions with Acetylenes 

Acetylenes 

No. R’ R* 

Reagent Reaction Products 2 

R(Molar ratio1 Time(h) (%yield) 
-xl00 of 3 
Z+E (%I 

la H C02Me Me (0.5) 0.5 3a (100) 100 

la H C02Me Ph (0.5) 0.5 3a (100) 100 

lb C02Me C02Me Me (0.5) 0.5 3b (751, 4b (trace) 100 

lb CO2Me C02Me Ph (0.5) 0.5 3b (100) 92 

lc H Ph Me (0.61 1 3c (611, 4c (18) 100 

lc H Ph Ph (0.5) 1 3c (791, 4c (121 100 

Id H CH(OH)Me Me (0.6) 48 3d (9) 69 

Id H CH(OH)Me Ph (0.61 48 3d (3.2) 100 

le H (CH2),,Me Ph (0.6) 50 3e (72) 

lf H KHZ&Me Ph (0.5) 40 3f (311 100 

lg Ph Ph Ph (O.S)* 72 3g (311 

lh H CH2S02Ph Ph (0.5) 3 3h (97) 67 

* catalytic amount of CF3C02H 

a peak at 6 19.07 indicates that the boron atom is not bound to the olefinic 2-C but to 

oxygen atom(s) .8 Thus, the intermediate is not a vinyl borane 5 but a vinyl radical 6, 

which abstracts a deuterium from CDC12 to give the 2-deuterioacrylate 7. Furthermore, 

this is supported by the mass spectrum of the product 7 with a molecular ion peak at R& 

243 corresponding to a molecular formula of C10HgD02Se. The radical addition of (RSe)SB 

to a triple bond is supported by the formation of 1,2-bis(phenylseleno)alkenes, 4b and 

4c mentioned above and inhibition of cyclization with galvinoxyl described below. 

MeSe 
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Table II 

Synthesis of Selenomethylidene 

I 
S02R4 802R4 

10 11 

Substituted Pyrrolidine Derivatives 

Compound Enyne 8 Method Reaction Products 

No. R’ R2 R3 R4 (A or B) Time(h) ($yieldsl 

ua H Ph H Tot A 12 9a (901*1 

8a H Ph H Tol B 1 9a (94)*2 

0b H H H Ph A 48 9b (91) 

8b H H H Ph B 4 9b (421, lOb(7) 

8C H Me Me Tol B 4 gc (quant. 1 

9d Me H H Tol A 24 lld (19) 

SePh 
*I) H 

% 

CH2Ph (lo%), ‘2) 9’a (4%) 

Method A: no AIBN 

I Method B: O.leq AlBN 
Tos 
9’a 

Next, we investigated application of the new vinyl radical generation reaction to 

cyclizatfon of enyne compounds. Cyclization of N-cinnamyl-&propargylsulfonamide 8a was 

conducted by two methods, with B(SePhj2 (Wethod A) and with B(SePh12 and a catalytic a- 

mount of aeobisisobutyronitrile (AIBN) (Method B) to provide pyrrolidine derivatives, 9a 

and S'a In quantitative yield (Table II). On the other hand, I-allyl-I-propargyl deriv- 

ative 8b by Method B provided a piperidine derivative lob (7%) in addition to a pyrrol- 

idine derivative Sb (42%). 

This difference reflects the stability of the intermediate radicals II and III. CY- 

cllzation of the radical I initially forued in the I-exo mode gives the exo-radical II 

PhSe<X’+ R phse$$ R PhSe 

I II Ill 
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and ring closure in the 6-endo mode gives the endo-radical III. The benzyl radical II (R= 

Ph) is much more stable than the phenethyl radical III (R=Ph) in the reaction of 8s and 

therefore the 5-exo products 9a and 9a’ exclusively formed. In the case of 8b, the sec- 

ondary alkyl radical III (R=H) is more stable than the primary one II (R=H), but differ- 

ence of stability between them is not so remarkable as that between II (R=Ph) and III (R= 

Ph). Consequently, cyclization of 8b gives the pyrrolidine 9b as a major product and 

piperidine lob as a minor one. The cyclization of enyne 8a did not proceed in the pres- 

ence of galvinoxyl. 

Diastereoselectivity of this reaction was shown by cyclization of enyne 12 with 

B(SePh)3 giving pyrrolidine derivatives 13a.b with a ratio of diastereomers (13a/13b=4) 

(Scheme I).’ 

Scheme I 
Hc Hb 

II 
Y&l 

B(SePhI3 Scott Me SePh H SePh 

N Me - + 

:os 

AIBN 
d-t I-t N Me 

71% 

H$ 7 yyf 

Tos :os 

12 13a (41 13b (1) 

B(SePh)Q and B(SeMe)3 are new reagents for WEratiOn of RSe radical. We are cur- 

rently investigating application of this methodology to the synthesis of carbocyclic com- 

pounds and biologically active compounds possessing the pyrrolidine ring. 
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