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Tandem Eneyne Allene=Radical Cyclization 
Vita f2,33 S~matropic Shifts 

Janet wlsmi Grbsom* and Brian J. Slat&y 

Eneyne alltncs that amd?xgo cyciization have been previously s~~~~ via a E2.31 sigmatmpic 
reatxanganent of phosphinitcs.~ Subs&a@ 2a was prcpamd to test whether this strategy would work with o- 

Bfwlt cnqni!! tdlcncs (schcmc 1). Trcammt of dyne la with chl~pbenylpbosphine multi in a [2;31 

sigmatropic shift to give cneyne alknc 2a in 97% yield. Uttformn~y* when this compound was heated to 

75 “C! using l&cyclohexadienc (1,~CHD) as a hydrogen donor, there was no evidence for tandem encym 

albe-radical cyclization px0duCt 3r and 0&y slwv wtion occurred. Cyclizations attemptal at higher 

tempcratllFesalsounsusccM& 
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Schame 1 

8 
b 

1 +CHO, 75 “C 

mP 

SaitoshowedthatthcrmolysiSofthCnon-armnatiCencdiyne4inthe~afl,~CHD~vecyclization 

products in 53% yield that presumably arise from the bim&al 5 (Scheme I).% Most of the other substrates 

known to undeqo eneyne alkne cyclizations do not have substitucnts at the l-position of the alkne.6 To test 

whether the o-artme eneyne alkne cyclization with the phosphim oxide at position one was occurring at all. 

entyncallcntZbwas~fromcnediynclbin98%yieId(Schcml). Thumolysisof2bdidnotresultin 

thenaphthakneduivative3bandslowdemmpoGtionwasagainobsuved. Itispossibkthatinencyneallenes 

2a and 2b there am unfavorabk stcric interactions between the diphenylphosphinyl group and the my1 ring of 

the eneyne allcne, causing the phosphinyl group to rotate the allene out of the plane defined by the atyl group. 
The eneyne allene would therefon no longer be coplanar and thus be unable to participate in the cycliitioa 

lxtactim.3b 

To minimize this unfavorable steric interaction, a substrate was prepami with the phosphinyl group 

at the 3-position of the alkne. The propargylic alcohol lOa was pFcpared (Scheme 2) and treated with 

chlcmdiphenylphosphine to ykld eneyne allenc lla in 98% yield (Scham 3). Heating this compound at 37 ‘C 

in the presence of 1.4-CHD yielded the cyclized pmduct 12a in 70% yield. A similar substrate llb described 

by Nicolaou has been rcpnted to cyclize to 12b at 37 OC in 75% yield.% 
Scheme 2 

f& b_ f-$%03s L_ **TRs 

\ 

"L 6 X=H,OH 6 R 

7 x=0 dL 9 R=lMs 
16a R=H 

a) PCC!, CHyZ,z, c&c (97%); b) HCZ=CCIjflTBS, n-BULL -78 Oc N-&U (77%); 
c) HC=CTMS, PdCWPh3)2, CuI, THP, NEQ; d) IWO3, MeOH (89% from 8). 
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scrum.3 

I b (for 1 l&b) 

$Jcfi & 
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bR=Cl+OlBS(75%) 
14 (70% from 11c) 

a) UP-, NEt3, THF -78 DC, b) l&CHD, PhCl, 37 Oc, c) l&CHD, PhU, 75 Oc; d) TBAF, 
THF (70% from UC). 

Havingtstabtishedtbcftasibilityofcarryingancncyncallcnecyclilatianolian~artnes~thellcxt 

goal was tocoupk this cyc&ation with a subscqucntrsdical cyclization. .Emyne a&w llc was synthesized 

3ming with the io&de 8 which was cQnvertcd to alcohol lk (sfhmc 4). 

schuBl0 4 

a) NO, NEt , CM% (83%); b) 4-pentynol, pdc12(pph3)2, CM, NJ3 
c) PCC CH A 

THF (26%); 
2w c&c (65%); d) aimcthyWos@v DW, ti & cEI3cN (86%); 

c) KzCO3, MeOH (82%). 

Trcdmcnt of Iti with chlomdiphcnylphosphii yielded eneyne alknc llc (khc~ 3). The.rmolysis of 

lk at 37 “C in the pmscncc of lA-CHD rcsultcd in no rcactkm. Repming the thcmolysis of 11~ at 75 OC 

chdyyieldedthc~encyneallenc-~cyc~prodnctw_ Ductothcdiffi~~~~l3, 

this compaud was sub- to a Homer-Wittig tlimination to yield 14 in 70% ovcmll yield from 11~7 

Although the cyclization also occmed at SO “c, the yields at this tmpemme w#tlOWdthcXlSthIUliXtUE 
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was complex. Even though eneync allene llc has a simihr substitution pattern as Nicohu% eneync aUew: 

llb, the tanpuma required for the cyclization of llc was higher. The iwasons for this dZfbncc m not 

clear. 

In summary, we have described a succes!tful example of a tandem eneyne allene-t%dical cyclizatbn of a 

subatratcsyntkizcd&ema[~]sigmatqicshifk Wehavcsmdicdthecyclizationbcbviorofu-awnecncyne 

~e~~~gaphoephineoaddeatthcl-ohfpositionoftheallenc. AhttwghthccycE&onofanencyne 

allene with a phosphine oxide at the l-position fails mnst likely far s&&c lwsuns, the cycli9wion of these 

substrates with a phosphk &de at the 3-position proweds successfully. The tricyclic system 14 that is 

a~~fromthetmyneallarc~c~~ti~at7SoChsimitertotk~~~nrule~the~~ 

cyclization at 190 *C. however, the former is formed at a much lower tunpuature. Given the low 

temperatures, applications to nati product synthesis should be possible. Work toward this goal is being 

carriedoutandwillbeqatcdinducawze. 

A&wwledgema~ta We thank the University of Utah, University of Utah Biomedical Rcaeaxh Grant (no. 

SO7RRO7092 and 2807RRO70%2-26), University of Utah Research bnmimx: Grant, Amkcan Cwccr Society 

(IRG-178A). and the petroleum Reseamh Fund (PRP 2468161) f&r &tan&l support of this reseatch. 

References 

1. Myexs, A. G.; Kuo, FL Y.; Fiiey, N. S. J. Anr. Ckni. .Soc. 1989,111,8057. 

2. (a) Jones, R R.; Bergman, R G. .I. Am. Cloenr. Sot. 1972,94,660. (b) Lwkhart. T. P.; Comb, P. B.; 
Bergman, R. G. 1. Am. C&m. Sec. lw11,103,4082. 

3. o$Jiii;~ K. C.; Maligi&, P.; Shin, J.: de Ipon. E.; Rideout, D. J. Am. Chum. Sec. XJ90.112, 

* *?- 
R.; Yamaqka, I%; Murahasbu, a; $asto, L Tut&t&on Len. 1990.31.29M. (c) 

s%;P. 
amanaka, H.* Okazaki E * Saito L Terrahedron Lett. 198p, 30,499s. (d) Myus, A. 0.; 
S. J. Am. dun. SodI!%?, Id, 9130. 

4. (a) Xia, H.; Moore, H. W. J. Org. C&m. 1992,57, 3765. (b) Xu, S. L; Taing, M.; Moat& H. W. J. 
Org. Chem. E991.56.6104. (c) Andcmichacl, Y. W.; Gu, Y. G.; Wang, K. K. J. Org. Ckm. 1992, 
57,794. (d) Andcmichacl, Y. W.; Huan , Y.; Wang, K. K. J. Org. Chem. 1993.58. 1651. (e) Padwa, 
A.; Austin, D. J.; Chiacchio, U.; Kassir, f . M. Tctrahcrlron Left. 1!&1,32,5923. 

5. (a) orissam. J. W.; CaIkins, T. L. T~~~~o~ Len. l9!?2,33,2315. (b> Grbsom, J. W.; Calkim T.L. 
J. Org. Chem. 1993.58.5422. (c) Grissom, J. W.; Calkins, T. L.; E an, M. J. Am. Ckm. Sot. 1993, 
iZ5, 11744. (d) Grhxn, J. W.; Kiingkrg, D. J. Org. Chun. 1993,s 15 ,6559. 

6. z ~ytabie exception to this see: Nakatani, K.; Isoe, S.: Maekawa, S.: Saito. I. Tenahedron Left. 19% 
t * 

7, 14:.IH NMR (300 MHq CJXY3) 6 7.84 (m, 3I-Q 7.47 (td, lH, J- 6.6, 1.2 Hz), 7.41 (t, lH, J = 6.6 
Hz}, 6.92 (dd, lH, J- 17.7, 11.1 Hz), 5.83 (dd, lH, J = 17.7, 1.2 Hz), 5.37 (dd, IH, J = 11.1, 1.2 
Hz). 4.14 (ddd, lH, J = 9.3, 8.1, 3.0 Hz), 3.73 (s, 3H), 3.19-3.10 (m, 2H). 2.79 (dd, lH, / = 15.6, 3.0 
JSz). 243-2.33 (m. 2H), 2.15 (da, lH, J - 14.1,6-O Hz); t3C NMR (75 MHZ; CDCl3) 173.4. 141.5, 
139.4, 135.3, 133.4, 133.0, 129.4, 129.0. 126.3. 125.3. 124.2, 123.7, 115.9. 51.9, 40.6. 38.8, 31.0, 
30.6; HRMS calai for C&%1& m/e 266.1307, found mle 266.1301. 


