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ABSTRACT Intramolecular cyckzatron qf drfluoromethyl radicals with olejins, srlylacetylenes 
and em1 acetates afforded a varrety of subsmuted d$‘uorocyclopentanes 

Btologtcally acuve fluoro-orgamc compounds such as fluormated prostaglandtns3, nucleostdes! and sugars5 

have attracted much attenhon in recent years However, synthests of these compounds has mvolved the fluormatron 

of sensmve funcuonalmes using htghly reactive reagents such as FC103, SF.+ (CzH5)2NSF3 etc , often leadmg to 

poor ytelds of the desued products Therefore, new syntheuc methodologres for the preparatton of fluoroorgamc 
r^--^.rlrl^ ^- L-L,.. A^“__..L,.. T_ _________ . . ..&L -..- __.____~ “~~_....&~> _~ .-mm -1 ~“LqJu”I‘uJ PIG Irqyuy uGJU(L”‘G 111 L;VIIIIC~LUVII wu our mrr;n;sr in r~uunnct~eo caroacycuc nucieosides, we have 

developed an altemauve approach to the preparauon of functtonahzed dtfluorocyclopentane denvauves by free 

dlCd cycluatton ~a~tto~s of ch!o&tfluorom_&vi &fins attd akvnp.~ Nchnme 1) whrh ZWP rpd~lv tihtmnahle , --- I \ _ __ -_____ -, ,.--_*. . .._ .“.-.._J ““--...“I” 

from chlorodrfluoro aceuc acid 

Scheme 1 

CiCF,~Z + 

X 

CICF&O,H 4 F 

(1) (2) 
radical 
cycllzatlon 

X = protected alcohols or amines 

Z = -HC=CH2, -CiiC-SIbleg, -CH=CH-OAc 

Radtcai cycbzaaon reacuons have been used mcreasmgly m orgamc syntheses for the constructton of 5 and 

6- membered rmgs6 However, to our knowledge, the cychzauon of dlfluoromethyl radicals has not been 

prevrously explored We report here pnhmmary results from thus mvesttgatton 

Inmal attempts at the radtcal cyclizauon of ally1 ester (4) [(n-Bu)$nH/AIBN] led to a complex mtxture of 

products Furthermore, apphcatlon of Curran’s atom transfer cyclrzatton method7 to ester (5) [(n-Bu), SnJAIBN] 

gave only recovered startmg matenal These unsausfactory results are ascribed to the unfavorable S-US 

conformatton assocrated with the ester functtons* of (4) and (5) To ctrcumvent tins problem, our efforts were 

focussed on the cychzauon of drfluoromethyl radcals lacktng the ester funcuon 

The requisite olefins and aikynes were prepared as outhned in Scheme 2 9 Followmg the literature 

pCedureS lo, ketone (7a) was obtamed m low yteld (-25%) by treatment of acid (1) WIGI but-3-enyl magnesium 

bromnle An mrproved method mvolvmg reacnon of annde (6) wrth the appropnate Gngnard reagents (lob-d) was 
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used to prepare ketones (7b)-(?d)” 

0 
(4) x = Cl 

II 
(5) x = I 

XCF2 OcLCe 

Scheme 2 

0 C”3 
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CICF,C02H a, CICF,; - N’ 
II 
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% CICF,C-R 

I 
d, CICF,CH-R 

OCH, 
(1) (6) (7W @a-d) 

0 
II 

CICF,C - (CH2)2-C=C-SWs)s 

m 

NHCH,Ph 
I 1, 

CICF,CH- (CH,),-C=C-8(C”,), 

(9) 

Reagents (a) NaOH then PCI, (b) CH,NH(OCH,)*HCI - E1,N-CH,CI, (61%) (c) RMgBr 
(lob-d)-MF (45-92%) (d) LAH Et20 (8233%) (e) NaH then bu (CH3)$S~CI (70-81%) 
(f) PhCH2NH2 - 4A molecular smves - CsH, (g) NaBH,CN - CH,OH - HCI (52% for two steps) 

Reduchon of ketones (7a)-(7d) and subsequent protecnon of the resultant alcohols gave sllyl ethers @a)-(8d) 

Reducttve ammatton of ketone (7b) with henzylamme and sodmm cyanoborohydmle afforded amme (9) 

In contrast to the findmgs obtamed urlth &fluoromethyl esters (4) and (S), cychzanon of the Muoromethyl 

radials generared from olefins and alkynes @a)-(Sk) wnh mbutyltm hydride (acldmon vta a syringe pump) and 

AIBN proceeded smoothly to afford the tifluorocyclopentane demvauves (ll)-(13) m good yields (Table 1) It 1s 
~s-.~~.wwAv thnt .allr.m.e /Q\ ..r,th n nrr\t.m.tnA nrnqna +-.c++.a-...ml.+.. ..nAn.....nn+ n..,.l.“nt.*n .r,rtL.%*+ rl.c4?,,..*+.. A.. *I.- ..uunv.&.*, U.caC arnJm.. \/,, ?l‘Lll L1 pvrvtirbu CuIUEIb lullru”.lrulrJ, UlluCIwrlll ryrll*au”rr WIUI”UC ulL,lb”,ry “11 “‘62 

other hand, attempted cychzaOon of the precursor alkyne (7b) with a carbonyl funcnon adjacent to the 

dlfluoromethyl ra&cal led to a nuxture of products 

To test other potennal radial acceptors m the cychzatton reaction and to find a &ct entry to hydroxymethyl 

subsatuted tifluorocyclopentanes, we mvesngated the cychzatlon of enol acetates (17) and (19) These were 
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m Radical Cycltratlon of Chlorodlfluoromethyl Alkenes and Alkynesesb 

Substrates Products % Yield c Substrates Products % Yield c 

OR’ 
F 
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59d 
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(11) 

(W 81 

F 
(12) 

(9) 

(17) 

(19) 

NHBn 
F 

F 

P 

60 

(14) 

&Me, 

F 
NBn, 

F 

P 
(20) 

OAc 

28’ 

81d 

(a) R’ = ten-butyldrmethylsrlyl Bn = benzyl (b) Cycllzahons were carned out by slow addltlon of tnbutytm 
hydride (1 2 eq - 2 4 eq ) to a solutron (0 08 M) of substrate In refluxlng benzene over a penod of 10 h 
(c) Yields of products after purification by flash chromatography on silica gel (d) 1 1 clsnrans isomers were 
obtained (e) 1 1 c@ TBDMS ethers were obtarned (1) Only one isomer was obtarned See ref 12 

prepared from acetals (7d) and (Sd) as shown m Scheme 3 Conversion of aldehydes (16) and (18) to the enol 

acetates (17) and (19) followed the procedures reported by Secnst et al t3 When heated with n-Bu&H/AIBN m 

benzene, enol acetates (17) and (19) cychzed as expected to afford 1,3-dtsubsntuted Muorocyclopentanes (20) and 

(21),‘4 respecnvely (Table 1) The low yield obtatned for the cyclization of enol acetate (17) 1s presumably 

attnbutable to the stenc bmdrance imposed by the &benzylamme on the adjacent radtcal center 

In conclusion, we have developed a new method for the preparauon of functlonallzed &fluorocyclopentanes 

by the umatnolecular cychzatlon of kfluoromethyl rticals This methodology should pro~de an access to a 

variety of &fluoro methylene - contammg five membered nng compounds &fflcult to obtam by other methods 
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Scheme 3 
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CICF,CH- (CH,),-CH 

/O 

\ 

(19) O 
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Reagents (a) PhCH,NH$4A sieves (b) NaBH,CN/CHsOHMCI (c) PhCH2BdK,COs (a) p-TsOW 
acetone (e) Ac$O/DMAP/EtsN 
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