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In the pwcdingpapcr,l we described an entidy novel method for the regio- and staaselective 

formation of 3-hydroxy-2dhynyltemhydmpyrans 3 through the 6-e& made ring closure of the cobalt 

c4xnplexes 2, derived fiom 4.5~epoxy-Heptyn-l-ols 1. The ring closure occur& exclusively at the pmpynyl 

position qadless of the pmpertks of terminal substituents to give 6-endo pducts with retention of 

cotiguration at the propynyl stereo& center. In o&r to explom further utility of the acetylenic epoxides 1, 

we investigated dina ring closure of acetylenic epoxi&s 1 under acidic condition. This commmication deals 

with (i) highly ngio- and stcaoscltive S-cxo mode zing clcwe of acetylenic cpoxides 1 having elccuon- 

deficient groups at the acetylenic tezminus: (ii) highly I@& and Selective collstNction of teuahydmpyran 

ring fknn the acetylenic epoxides 1 possessing temhal ele43rondnating groups. In both cases inversion 0~ 

stereochtmimy at the newiyjhmedpropynyl position was observed. 
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To a solution of--la2 (1.0 mmd) in dry CH2Cl2 (30 rnL) was added a solution of BF~OEQ in dry 

CH$Zl2 (0.1 A4 solution; 0.1 mmd) at -78T. After being stirred at -78=‘C far 10 min, the cooling bath was 

FMMwed~tht~tiDI1mix~w88~tostandatlrmmbMnpenrantwithstining(~min). Thereaction 
~wasqueacbEdbyrvklitimofH~Bld~-up~~aninnepareblemixaaofthe6cnQaad5cxo 

products. -Ik?ccomjWhwelesu~y~ti~accticanbydrideandzv~~ylaminopyridinc 

tohmish,afterchmatographicscparath, sI~~ina~of1Oto9oin92%~e~(Entry1). Similar 

treatment of cis-la3 afhdcd 7a exclusively in 8996 yield (Entry 7). Treatment of other epoxi&s 1 with a 
catalytic amount of BFpOEe in CH2Cl2 at -78OC to mom tcmpratme bnqht about an intriguing obsmntion. 

1) BFpOEb 
+ 

2) A@ 
R 

Table Ring Closure ofAcctyknic Epoxkks 

E-Y Substrate R 6-endds-exoa 4:sb 6 : 7b Yield (%b)~ 

1 b-OtU-h H 10190 0:100 loo:0 92 
2 WIS-lbd 62138 2:98 90: 10 91 

3 wan+lc Bun 9515 0:loo 10o:o % 
4 Ua?lS-Id CgHg 100/o 4:% _-_ 94 

5 tronv-le Pc=3-W-u loo/O 17 : 83 --_ % 

6 trGn.r-ll cgH5m l/99 0:lOo loO:o 96 
___-_______-______-_-___~~-~-____-~-~-~-_-~-~-~-__~~-~~__-__~~-~~__-__~~-~-_-_~~~~_-____~~-_-__ 

7 &-la H o/100 -__ 0:loO 89 
8 &-lb No/80 %:4 0:lOO 90 

9 cis-lc Bun 72128 loo:0 0:lOO 96 
10 cis-Id -5 100/O 1OO:o -__ 95 
11 cis-le P-a3-c6Hq 100/o 86 : 14 ____ 91 

12 cis-lf CgHgm O/loo ____ 0:ltM 89 

aRatiooftotalamountof4andStothatof6and7. bRatiowas&nninedbylHr&#R. 

c~specificyields~~ealyieldsof4,5,6and7. dAmixtmeofrruns-lbamicis-lbin 

aratioof%to4wasemployal. 



ResultssummarixcdinTahleallowusbmskethcfollawing cunments. HM0ringcbrnaeoccurr& 

wi& inversion @sZerwchemis&y at the prqpynyl pdtion. The ratio of 6-endo product to 5*x0 pmd&j 

stmnglydcpcndsonthc&ctmnicpquties0ftheaaminajsuhstitucats. Ekchuud0natingsubstitucntssuchas 

~ylandpeolyl~extremlyfa~the6eedomodeovgtheScxomode(Entries4,5, 10,ll~while 

~~~ttmbetitueotlilre~lgrarp6,7dnmaticlrlly~ttre#nredringcbtrntto~tht 

tctmh~ dcrivati~ in a highly selective way @UT&I 6.12). Alkyl groups (weak &ctmn-da&ng 

functionality)favathe~nQmodeovertheScxomode@naies3.9). Inthecascs0fuimc&ylsilylsnd 

un~~dcrivatives,bothofwhichplcnot~~eithaanobviouse~~ortlectroa- 

&fkicnt functimality,~~intheSdM)~f~~y@ntriest.’,8)exaptforthecase 

ofrr~lb(Entry2). Itismwtworthythatdiisbehrviarirwa&ctedbytheg#meayofthesrartingcpoxidt.g 

Ccxnplete qioc0nt1~A (6-endo mode) in the cases of phenyl and pti0lyl gmupg was reali& rcw of the 

ge0metqdthcstaltingac&ylcaic~1. Thislk%ultisaxltrasttothelingc~ofvinylepoaides; 

namely fru?u vinyl epoxides exchlsively famed tht B tetrah~s (6+ndo mode clorrurt), 

while cis vinyl epoxidcs provkkd both the 5-0~0 mode product and the 6-cndo mode product n0nsckctively.6 

Ph 

ad= - 
9d = ,,,,.,a 

Tetrahydr0pyrans 8d and 9d @reps& ~NXII 4d and sd, nzqcctively) were independently exposed to the 

stand& ring cl- condition and found to be recovetrd intact. Similar lRa@XXkt oftctlahyd&kans lodand 

lld (derived from comp0unds obtainad in Table, Entries 1.7) disclosed that hotb 1Od and lld were stable 

under the cpoxidc ring opening c0ndition employed. On the basis of ~KSC faults, p0ssibility of interumvcrsion 

ofthcsefourrcgio-andstcrc&omcrscouldbcexcl~ 



2186 

Refcrraas and Note 

Muhi, C, Ike&, Y.; Sugimam, Y.; J&UK&, M. Tewakedmn Len. in this isane. 

ZmKr Epoxides 1 waeprepmul fllxn 4-(re?T+u@dkthykilyloxy)-l&utmuIl (Nicdrou. KC; PInsad, 

C.V.C.; &mug, C.-K; Duggan. MB.; Veulc, CA. J. Am. Chem. Sot. 19844 IZl, 5321) as follows: (i) 

definatiaawith~~(ii)~~copplingwithacaybntdarivatives;(iii)~with 

mBBA; (iv) deixilylati~. 

cis Epoxkk 1 wc~t pmparcd fmm (Z)-2-br01nel-kkqqcnc (Ziegler, F-K; Jaoncic, L.a J. Org. 

Ckm. 1991,56,3479) as folknw (i) I~&&II with lithium cnolatc of&H-butyl w (ii) &u&on with 

LiAlH+$ (iii) silylation witb tat-BuMe@iCk (iv) padMimn umpling with acetylae &riva6~ (v) 
. . 

epoxdlwwirhm-cPB~(vi)~y~. 
. 

A#ItiMdaad# v l&!rstotluu&pictedin- 6and7,rwpcctively. S-of 

6and7wasdcennincdbya~ologytolimmnturcpxece&s.5~6 

For examp@ se (a) Karakbamw, RA.; Vaztanyq M.k; Solovcva, T.Yu.; Lapuka, L.F. Khim. 

Geterotsiki. Soe&‘in. l!M3,1602 [CA. 1984,100,174555hJ. (b) Wright, A.E.; ScMfkr, M.; Midlam& S.; 

Mu~ecke, D.E.; Sims, J.J. Tewuhedron Lea. 1989,30,5699. (c) Wang, Z-M.; Zhang, X.-L.; 

Sharpless, K.B.; Sinha, S.C.; Sinha-Bag&i, A.; Kcinan. E. Tewahedron Lciz. 1992.33,6407. (d) 

Barhan, B.; Nourooz-Zadch, J.; Uematsu. T.; Hammock B.D.; Kunh, MJ. Terruhedron 1993.49. 
2601. (e) Gmc, T.A.; Hutchinson, K.D.; Ovcm~an, LE. J. Org. C&m. 1993.58.2468. 

(a) Nicolaou. KC.; Duggan, ME.; Hwang, C.-K.; Somers, PK. J. Chem. Sot., Ckm. Cm. 

1985, 1359. (b) Nicolaou, KC.; Rasad, C.V.C.; Somers, P.K.; Hwang, C.-K J. Am. Ckm. SUC. 

1989, III, 5330. (c) Nicolaou, KC; praMd C.V.C.; Somas, P.K.; Hwang, C.-K. 1. Am. Chem. Sot. 

1989,111, 5335. 

Nioolaou6~wrclusive5cxoringcl~ohlhavingbmnofunctiolrrlityatacetylmic emlinm 

un&rsimilarcoxMMon. 

Incasesoflbandlc,wMpcanpoundsyielded~adoproducamm<rreselectivelycompu#lwitbcis 

analogu~ (Entries 2.3.89). This obsesvation may be due in part to stuic cmgestion and waif 

ovalappinge&ctbetwten~lcboodandC-Obondafcpoxidcinc~epaaide~. 
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