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RADICAL CYCLIZATION TO THE TRIFLUOROMETHYL-SUBSTITUTED DOUBLE BOND:
REGIOSELECTIVITY AND TANDEM CYCLIZATICN
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Tokyo College of Pharmacy, 1432-1 Horinocuchi, Hachioji,
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Summary: Regioselective radical eyclization to the triflucromethyl-substituted double
bond proceeds in good yield. Extension to tandem cyclization provides access to the
angular trifluoromethyl group.

Recently, significant progress has been made in radical cyclization in synthetic

)

in synthetically inaccessible or restricted ionic processes. The ionic cyclization to

chemistryﬂ As an attractive feature of this process is that it may serve as a surrogate

triflucromethyl-substituted double bond (CF3—double bond, 1) involves unavoidable ploblems;
electrophilic cyclization is uncommon due to the effect of the strongly eleciron-withdrawing

CF4 group (2) and nucleophilic cyclization to the carbon 8 to the CF4 group induces B-
.2

elimination of the fluoride anion (3 To solve this inherent synthetic problem, radical
1
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cyclization to the CFB—double bond (4) was attempted for the synthesis of CFB—substituted
3)

cvclic componds. The regioselectivity (exo vs. endo) of radical cyclization to the CF3-
double bond still remains unclear with respect to the effects of CF3 group, connecting chain
length (formed ring size), and other substitutions in the system. This paper reports
regioselective radical cyclization contrclled by the CF3 group and access to angular CFB—

substituted bieyclic compounds via tandem cyeclization.
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Two types of CFB-double bonds (geminally and vicinally substituted) are incorporated
into the substrate as the radical acceptor.4) The reaction was carried out by treating the
substrate with tributyltin hydride (BuBSnH, 1.7 equiv.) and azobisisobutyronitrile (AIBN,

catelytic amount) in benzene (0.02 M) at reflux temperature for 2 hr.s)
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In reactions of geminal types (5a and 5b), the carbon radical predominantly attacked
the carbon atom £ to the CF3 group (B-attack) via an endo closure to form 6a and 6b in 86%
6)

and 807% yields, respectively. The a-attacked product (13 and 7b) via an exo closure was
isclated in each case as a minor component (8% and 6% yields, respectively%7’8) In
contrast to the cyclization of the 5-methyl-5-hexenyl radical (endo : exo = 2 : 7),9) a CF3
group on the acceptor significantly enhanced the endo selectivity (B-attack) in the
cyclization of 5a (endo : exo = 11 : 1), An oxygen atom in the connecting chain overrode
this preference. Thus, radical cyclization of acetal {8) proceeded mainly via the exo
closure (e¢-attack) to give 10. While the formation of 10 can be explained on the basis of
acceleration of the 5-exo closure owing to the location of the oxygen atom in the chain,10)

the competitive 6-endo closure via B-attack leading to 9 should be directed by the CF3

group.
(B) CH3
Iy Xcry Bu3SnH CF3 . Q\LCF3
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ia)cp CHy
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EtO Et0~ 0 Ph  Et0” 0 Ph
8 9 (10%) 10 (73%)

Highly selective B-attack on the CFj—substituted unsaturated bond leading toc the exo
closure was observed in the cyclization of vicinal types (11 and 13), and five- and six-

6)

membered rings (12°/ and 1) were obtained exclusively in high yields. Compared with the
case of 5, B-attack on the CF3—double bond and exo closure positively dominate the high
regloselectivity of the cyclization of 11. The CF3asubstituted triple bond can also serve
as a radical acceptor. In the reaction of the acetal (15), it was noted with surprise that
the product distribution (16 and 17) was in agreement with the diastereomer ratio of the
substrate used. Thus possibly, the geometric constraint between the radical center and
acceptor site 1lmposed by the substituted connecting chain is a dominant factor determing the
ring closure course, and substituents (CF3 and CHB) on the acceptor exert no effect in this

system. CF3

(B) CF3
I = I =
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Br Z
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—_—
BuO N0 I\ CH, BuO” "0 N~ cy BuO 07 Nz CF4
15 (diastereomer ratio=5:1) 16 (62%) + 17 (12%)

15 (diastereomer ratio=1:2) 16 (21%) + 17 (42%)
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An intermediary carbon radical bearing a CF5 group (CF3—¢0) derived from B-attack of
the initial carbon radical on the CFB—double bond may possiFly contribu?e to C-C bond
formation, since synthetic use of ionic counterparts (CF3—9+ and GFB—Q") is difficultjﬂ)
Thus, tandem cyclization mediated by CFB—double bond was carried out for confirmation of
this point. Substrates (18 and 21)4) were prepared so as to affect initial cyclization by
B-attack on the CFB—double bond, followed by a second cyclization via the preferential 5-exo

Table. Tandem cyclization mediated by CFj3-double bond

Substrate Products (Yield)
CHPh
CF3 18a (X=PhC=C-) 19a + 20
X (33%) (55
I CHzPh
{‘ ) b b
I (B 18 =PhCH=CH-
28 18b (X=PhCH ) (2 8
CHPh
21a (X=PhC=C-, Y=CH2) 192 + 23a
(71%) (trace)
CHPh

N

CF3 CHPh
Iy N X 1b {X=PhC=C-, Y¥=0) __2 E::tj\]9 23b
) O (81 0 15%)

CH2Ph
21 CF3
CH2Ph
{X=PhCH=CH-, Y=0) 22¢c 4+ 23c
0(70%) o (5%)

closure. Tin hydride mediated cyclization of 18 containing trisubstituted CFB—double bond
12,13)
19.

N
Q

l

resulted in a low yield of the desired 1 The competitive formaticn of 20 may be
ascribed to the introduction of a B-alkyl chain which sterically hindered g-attack of
the initial radical in the first stage. However, the reaction of 21 mediated by the GFB—
double bond of geminal type proceeded smoothly via 6-endo followed by 5-exo closure to

produce & bicyclic compound (19a, 22b and 22c)12’13)

with an angular CF3 group in good
yleld. A trace amount of 23 (<5%) was isolated as a by-product. The success of tandem
cyclization w1thoat zerminaticn at the first stage demonstrates the CFQ substituted carbon
radiecal (CF C } to possibly also be applicable to the synthesis of CF3 substituted cyclic
compounds, 1f it could be selectively generated.

The observed regioselectivity of the radical cyclizaticn, preferential attack of the
carbon radical on the carbon B to the CF3 group irrespective of the ring clcsure mode, may
be attributable to the steric and/or electronic effects of the CF3 group in the transition
state. The present radical cyclization to the CFi~double bond provides a useful alternative
to the inaccessible ionic process for preparationlof CFB—substituted cyclic compounds and

)

can be extended to angular CF3~substituted bicyclic compounds.M
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