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Irradiation of a-iodocycloalkanones bearing an allenyl side chain with a sunlamp effected atom-transfer cyclization to give cyclized products
in good yield. A mechanism, involving radical atom-transfer cyclization accompanied by 1,5- and 1,4-hydrogen transfers, is proposed.

Halogen atom-transfer addition and cyclization mediated with developed tin-free conditions for this radical cyclizatfon.

a di-tin reagent are efficient methods to form a carbon

In this Letter, we report our new results on tin-free cyclization

carbon bond.Although the di-tin reagent is required in only  of a-iodocycloalkanones bearing an allenyl side cHain.
catalytic amount, this method suffers from tedious separation In an initial study, we found that compourid® when
of tin-containing side products. For a reaction on a prepara- irradiated in the presence of (B&n), gave produc® in 90%
tive scale, a tin-free condition for halogen atom-transfer yield, whereas irradiation df without (BusSn), afforded?2

addition and cyclization is highly desirablewWe have
demonstrated thati-carbonyl radical cyclization is an

efficient method for synthesis of both carbocyclic frame-

works and several natural products, i.et){paniculatine,
(—)-dendrobine, and-)-5-oxosilphiperfol-6-ené.We also
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in only 15% yield. In contrast, compourgh,” bearing an
allenyl side chain, cyclized under both conditions to afford
4a as a mixture of two diastereomers (1:1.1) in 81% and
78% yields, respectively (Scheme 1).

To understand the distinction of these photolytic reactions
of 1 and 3a and to explore the synthetic utility of this
photocyclization, we prepareaiodocycloalkanone8a—f
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(6) CompoundL was prepared frorBa using a sequence of reactions as
shown in Scheme 2. 5-lodo-1-pentyne was used as alkylating agent.

(7) Preparation oBais shown in Scheme 2. The experimental procedures
are in Supporting Information.



Scheme 1 Table 1. Photoinduced Atom-Transfer Cyclization of
| 2-Substituted-lodocycloalkanones
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| entry o-lodo products without di-tin? with di-tin®
cycloalkanones

1 2
hv, (BuzSn), 90% 1 78% + 9% 81% + 8%
hv 15%
(0] '// lo} I
M ég
2 80% + 3% 85% + 3%
3a 4a
hv, (BuzSn), 81%
hv 78%

82% + 2% 80% + 2%

and investigated this reaction systematically. Cycloalkanones
5a—c were thus converted td,N-dimethylhydrazonea—

c. Deprotonation oba—c with n-BuLi followed by alkylation 4 45% + 7% trace
with 6-iodo-hexa-1,2-diene or 7-iodo-hepta-1,2-diene and
hydrolysis gavera—f.2 Treatment of cycloalkanonega—f
with trimethylsilyl iodide/hexamethyldisilazane followed by
m-CPBA/NaP affordeda-iodocycloalkanone3a—f (Scheme 5 15% wrace
2).
o
Scheme 2 6 | 20% trace
/
0 N-N 3f a(1:2.1)
H,NNMe; 1. n-BuLi _ g ) g
—_— —_— aReaction conditiontw, PhH.? Reaction conditiontw, PhH, (BuSn).
( TFA, PhH ( 2. 1 ==
m reflux m n=3o0r4
3. silica gel, CH,ClI . . .
sam=1 gam=1, 90% 2 experiments to b&. The reason of selective formation 2f
gb m f§ gb m = § gg;’f side product was unclear. Compourgis-d were unstable
em= em=2, 0 and could not be separated by silica gel column chromatog-
0 1. HMDS, TMSI o] raphy. By comparison of the}H' NMR spgctra with that of
. CH,Cl, o 8a, compounds8Bb—d were assigned as isomers.
e = 2. Nal. m-CPBA S = Photolysis of3a—c, in the presence of (B8n), effected
7am=1n=3, 87% 3am=1n=3 82% 5-exacyclizations _(entrles 43) in compa_lrable y|elds_. In
7Tbm=2,n=3,85% 3bm=2,n=3, 86% contrast, photolysis to effect @ocyclizations of3d—f in
7cm=3,n=3,89% 3cm=3,n=3,85% i _
7dm=1n=4 75% 3dm=1n=4 80% the presence of (B®n) gave cychzed productgld—f
7Tem=2,n=4,76% 3em=2,n=4,82% (entries 4-6) in only trace proportions.
7f m=3,n=4,70% 3f m=3,n=481%

Furthermore, 3-substituted-iodocycloalkanoned 1ab
were prepared from cycloalkenon&ab. lodination of
enones9ab according to Johnson’s method gave iodo-
Iradiation of a-iodocycloalkanones3a—f in benzene  cycloalkenone40ab.° 1,4-Addition of the cuprate reagent,

solution with a sunlamp afforded cyclized products as a generated from 5-iodo-penta-1,2-digrBiLi/CUCN, to10ab
mixture of two diastereomera—f with some side products  gaveq-iodocycloalkanonedlab (Scheme 3).

8a—d (Table 1). 5exoCyclizations (entries 43) gave
productsda—c in 78—82% yield and side produc&a—cin

2—9%. 6exoCyclizations (entries 46) afforded products Scheme 3

4d—f in smaller yield (15-45%). In entry 48d was obtained o) o) | ~== o

in 7% yield. Compoun@a was separated. The stereochem- lp, Pyridine I tBuli, ELO I

istry of the double bond irBa was determined with NOE (é CHxClp (ﬁ/ CuCN, HMPA e //
(8) Johnson, E. P.; Chen, G.-P.; Fales, K. R.; Lenk, B. E.; Szendroi, R. 9an=1 10an=1,79% 11an=1,68%

J.; Wang, X.-J.; Carlson, J. Al. Org. Chem1995 60, 6595. 9bn=2 10bn=291% 11bn=281%

(9) Sha, C.-K.; Young, J.-J.; Jean, T.5.0rg. Chem1987 52, 3919.
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a-lodocycloalkanonel4 was synthesized from 4,4-di-
methyl-2-cyclohexene-1-ori? via conjugate addition of the Table 2. Photoinduced Atom-Transfer Cyclization of
cuprate reagent, generated from 5-iodo-penta-1,2-diene/ 3.gypstitutectr-lodocycloalkanones
BuLi/CuCN, trapping the enolate with TMSCI, and then iodo
treatment with Nath+CPBA (Scheme 4). °MY_cycloalkanones

1 |
o Q H Q Hy
1 é:'/\/ + 36% +23%  39% +24%
H H

products without di-tin?  with di-tin?

Scheme 4
o] OTMS P 11a 19a
tBuLi, CuCN, I’ "= Z°
HMPA, TMSCI, Et3N, Et,0 Q | " f 5’58
12 13 2 d/\/ 46% + 26% 49% + 27%
11b 19b (1:1.2)
Nal m-CPBA /(
o | o4 ? i‘ﬁ%
3 45% + 8% 48% + 1%
40% (two steps) Q:/\/
14 21 (1:2.5)

o-lodocycloalkanonel8 was prepared from 3-ethoxy-2-
cyclohexene-1-oné5. 1,2-Addition of the lithium reagent, 1 |
generated from 5-iodo-penta-1,2-diene ar8ulLi, to 15 d/\/ 47%+10%  55% + 12%
followed by hydrolysis gavel6. Conjugate addition of CHa
lithium dimethylcuprate tol6 followed by trapping the 18 23(1:1.1)

enolate with TMSCI and iodination with NahW-CPBA
yielded 18 (Scheme 5).

IS

isomer, and its stereochemistry was not determined. Com-
pounds19b, 21, and23 were formed as a mixture of two

Irradiation ofa-iodocycloalkanone&la 11b, 14, and18 °
in benzene solution with a sunlamp afforded major products
19a 19b, 21, and23 and minor product20a, 20b, 22, and
24 (Table 2).

Di-tin-mediated photolysis of1a 11b, 14, and18 gave
similar results. Compound9a was obtained as a single

1 5-H transfer

Scheme 5 diastereomers. Compoung3 was unstable. The minor
o 0
— Z
1. tBuli, 17 ~"""" z
OFt 210 Scheme 6
15 16
89%
o] g
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Me,CuLi, HMPA, TMSCI = [
o 3
Et3N, Etzo a
17 |
(e} 0O e o
P I
Nal, m-CPBA w. .
_—
26 8a
18
76% (from 16) 1,5-H transfer

0

or 1 ,4-H transfer

A A
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product20awas separated. The stereochemistry of the double
bond in20awas also determined with NOE experiments to
be Z. By comparison of theitH NMR spectra with that of
20a, compound0b, 22, and24 were also assigned as the
Z isomers.

To rationalize the formation of the two products in these

In conclusion, we have demonstrated that iodine atom-
transfer cyclization ofi-iodocycloalkanones can be effected
by irradiation with a sunlamp without use of a di-tin reagent.
A mechanism, involving radical atom-transfer cyclization
accompanied by 1,5- and 1,4-hydrogen transfers, is proposed.
Further study to understand the different results obtained in

reactions, we propose a free radical atom-transfer mechanisnthe photolysis of3d—f, with or without di-tin and the

as shown in Scheme 6. Irradiation & in the absence of
di-tin gives radical5. Radical25 undergoes cyclization to
give vinyl radical26. Abstraction of an iodine atom from
starting materiaf3a by radical 26 affords product4a and
regenerate®5. Radical26 can also undergo 1,5-hydrogen
transfer to yield radicaR7 andor 281! Subsequent 1,5-
hydrogen or 1,4-hydrogen transféin radical27 and/or28
produces radica?9. Abstraction of an iodine atom fro®a
by radical29 delivers side produdda.

(11) Sha, C.-K.; Ho, W.-Y.; Mohanakrishnan, A. K; Lin, C.-L.; Chu,
SS.-Y.C. R Acad Sci, Ser. llc Chim. 2001, 4, 439.
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application of this reaction for the total synthesis of natural
products are under current investigation.
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