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Cyclization of a, «-Difluoromethyl Radicals: A New Route to the Preparation of
Difluorocyclopentane Derivatives!

Francis Barth? and Counde O-Yang*
Syntex Research, 3401 Hillview Avenue, Palo Alto, CA 94304

ABSTRACT Intramolecular cychzanon of difluoromethyl radicals with olefins, silylacetylenes
and enol acetates gfforded a variety of substtuted diffuorocyclopentanes

Brologically active fluoro-organic compounds such as fluonnated prostaglandins®, nucleosides? and sugars®
have attracted much attention 1n recent years However, synthesis of these compounds has involved the fluorination
of sensitive functionalities using highly reactive reagents such as FClOs, SF,, (C;Hs),NSF;  erc, often leading to
poor yields of the desired products Therefore, new synthetic methodologes for the preparation of fluoroorganic
\,umpuuuua arc luslu_y desirable  In connection with our inieresi in fluorinated caroacycuc nucieosides, we have
developed an alternanive approach to the preparation of functionalized difluorocyclopentane derivatives by free
radical cyclization reactions of chlorodifluoromethy! olefins and alkynes (Scheme I) which are readily obtamable
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from chlorodifluoro acetic acid
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X = protected alcohols or amines
Z = -HC=CHp, -C=C-SMe3, -CH=CH-OAc
Radical cychization reactions have been used increasingly in orgamc synthesis for the construction of 5- and
6- membered nngs® However, to our knowledge, the cyclization of difluoromethyl radicals has not been
previously explored We report here preliminary results from this investigation

Initial attempts at the radical cychization of allyl ester (4) [(n-Bu);SnH/AIBN] led to a complex muxture of
products Furthermore, application of Curran’s atom transfer cyclization method’ to ester (5) [(n-Bu)¢ Sny/AIBN}
gave only recovered starting material These unsatisfactory results are ascribed to the unfavorable s-cis
conformation associated with the ester functions® of (4) and (5) To circumvent this problem, our efforts were
focussed on the cyclization of difluoromethyl radicals lacking the ester function

The requsite olefins and alkynes were prepared as outlned in Scheme 29 Following the hterature
procedures'?, ketone (7a) was obtained 1n low yicld (~25%) by wreatment of acid (1) wath but-3-enyl magnesium
bromide An improved method involving reaction of amide (6) with the appropnate Grignard reagents (10b-d) was
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used to prepare ketones (7b)-(7d)!!
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Reagents (@) NaOH then PCl; (b) CHyNH(OCHZ)+HCI - EtgN-CH,Cl, (61%) (€) RMgBr
{10b-d)-THF (45-92%) (d) LAH - Et,0 (82-93%) (e) NaH then 'Bu (CHg),SiCl (70-81%)
{f) PhCH,NH, - 4A molecular sieves - CgHg (@) NaBHZCN - CHaCH - HCI (52% for two steps)

Reduction of ketones (7a)-(7d) and subsequent protection of the resultant alcohols gave silyl ethers (8a)-(8d)
Reductive amnation of ketone (7b) with benzylamine and sodium cyanoborohydnde afforded amine (9)

In contrast to the findings obtained with difluoromethyl esters (4) and (5), cychzation of the diflucromethyl
radicals gencrated from olefins and alkynes (8a)-(8¢) with tributylun hydride (addition vig a syninge pump) and
AIBN proceeded smoothly to afford the diflucrocyclopentane derivatives (11)-(13) 1n good yields (Table 1) Itis

noteworthy that alkyne (9), with a protected amune functionality, underwent cyclization without difficulty On the
other hand, attempted cychzaton of the precursor alkyne (7b) with a carbonyl function adjacent to the
diflucromethyl radical led to a mixture of products

To test other potential radical acceptors 1n the cyclization reaction and to find a direct entry to hydroxymethyl
substituted difluorocyclopentanes, we investigated the cyclization of enol acetates (17) and (19) These were



5875

Table | Radical Cyclization of Chiorodiflueromethy! Alkenes and Alkynes®P
Substrates Products % Yiekd © Substrates Products % Yield ¢
OR’ NHEBn
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(a) R’ =tert-butyldmethylsilyl Bn =benzyl (b) Cyclzations were carned out by slow addition of tnbutytin
hydride (1 2eq -2 4 eq ) fo a soiution (0 08 M) of subsirate 1n refiuxing benzene over a penod of 10 h

(€) Yields of products after purification by flash chromatography on silica gel (d) 1 1 cisftrans isomers were
obtained (e) 11 o/f TBDMS ethers were obtained (f) Only one isomer was obtained See ref 12

prepared from acetals (7d) and (8d) as shown in Scheme 3 Conversion of aldehydes (16) and (18) to the enol
acetates (17) and (19) followed the procedures reported by Secrist et al 1> When heated with n-Bu;SnH/AIBN 1n
benzene, enol acetates (17) and (19) cychized as expected to afford 1,3-disubstituted difluorocyclopentanes (20) and
(21),"* respectively (Table 1) The low yield obtained for the cychzation of enol acetate (17) 1s presumably
attnbutable to the steric hindrance imposed by the dibenzylarmne on the adjacent radical center

In conclusion, we have developed a new method for the preparation of functionalized difluorocyclopentanes
by the intramolecuiar cychzation of difluoromethyl radicals This methodology should provide an access to a
variety of difluoro methylene - containing five membered nng compounds difficult to obtain by other methods
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Scheme 3
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CICF,CH- (CH2)3—CH: j 4 p CICF,CH- (CHz)g-CHO ——# CICF,CH- (CHy),- CH =CH ~n OAc

(8d) (18) (19)

Reagents (a) PhCHzNH.‘,MA sieves (b) NaBHRCN/CHZOHMC! (6) PhCHBI/K,CO5 (d) p-TsOH/
acetone (8) Ac,O/DMAP/Et;N
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