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Alk-4-enyl bromides and iodides 1, when treated with the tributyltin hydride/CO system, undergo carbonylative
cyclisation to give cyclopentanones in good yields (AIBN cat., benzene, 75-90 atm, [1] = 0.025-0.05 mol dm-3, 80°C,

2-3 h).

Modern synthetic chemistry requires a new efficient method-
ology for the introduction of carbon monoxide into organic
molecules. Free-radical carbonylation has considerable poten-
tial and indeed we have previously demonstrated free-radical
formylation starting with organic halides.! The development
of methods for construction of five-membered carbocycles
largely owes its importance to the widespread occurrence of
such substructures in natural and biologically active com-
pounds.? Thus, we have planned the free-radical approach
based on the carbonylative cyclisations of alk-4-enyl radicals,
in which carbon monoxide constitutes one of the five carbon
units of the ring (Scheme 1).3 Here, we report the first
accomplishment of this synthetic scheme based on the tin
hydride mediated free-radical carbonylation.4

Cyclisation from pent-4-enyl radicals is known to be
extremely inefficient, possibly owing to unfavourable interac-
tions in the transition state.5 In this regard, we felt that
CO-trapping by the pent-4-enyl radical and the subsequent
S-exo-trig cyclisation process® could be achieved. Thus, when
the free-radical reaction of 5-methylpent-4-enyl bromide 1a
with tributyltin hydride (1.2 equiv.) was conducted at 75 atm
of CO (1 atm = 101 kPa) (10 mol% of AIBN, benzene, [1a] =
0.05 mol dm-3, 80°C, 3 h), 2-ethylcyclopentanone 2a was
obtained as a major product (43%) together with 2-methyl-
cyclohexanone 3a (21%) (Table 1, run 1), derivatised from a
thermodynamically more stable (3-keto)cyclohexyl radical.?
The CO trapping/cyclisation sequence of alk-4-enyl radicals
was examined for some other cases (Table 1). Terminal dialkyl
or phenyl substitution at C-5 position of pent-4-enyl bromide

Scheme 1

Table 1 Carbonylative cyclisations of alk-4-enyl and alk-4-ynyl halides
under free-radical conditions of tin hydride

Run Substrate Conditions? Produci(s) Yield (%)?

1 la CO75atm,80°C,3h 2a 43
0.05 mol dm~—3 3a 21
2 1b CO75atm,80°C,3h 2b 65
0.05moldm~3
3 1c CO80atm,80°C,3h 2¢ 77,68
0.05mol dm—3 (Z/E = 32/68)¢
4 1d CO80atm,80°C,3h 2d 62
0.025 mol dm—3
5 le CO90atm,80°C,2h 2e 60
0.025 moldm—3
6 1f CO80atm,80°C,3h 2f 40
0.05 mol dm~—3 (EIZ = 40/60)e-
7 1g CO80atm,80°C,2h 2ge¢ 15
0.025 mol dm~—3 4 53

a Reaction conditions: 1, 0.5 mmol; BusSnH, 0.6-0.7 mmol; AIBN,
0.06 mmol; benzene 10 or 20 ml; CO 75-90 atm. For the general
procedure, see text. ¢ Isolated yields. GLC yields are underlined.
¢ Estimated by GLC. 4 Upon standing, Z isomer isomerised to E
isomer. ¢ Mixture of diastereoisomers (50:50). f Mixture of four
stereoisomers (27:18:19:36).

caused selective S-exo type of cyclisation leading to the
cyclopentanones (runs 2-4). The 4-keto ester 2e was obtained
similarly by carbonylative cyclisation of le (run 5). The
substrate having the carbon—carbon triple bond could be also
subjected to this reaction, giving a £/Z mixture of 2-(phenyl-
vinylidene)cyclopentanone 2f (run 6). Usually, the formation
of aldehydes via direct hydrogen abstraction of hex-5-enoyl
radicals from tributyltin hydride is not observed, whereas the
simple reduction by hydrogen abstraction of alk-4-enyl
radicals is recognized as the side reaction. For example, in the
cases of 1c and le, 2-methylhept-2-ene and ethyl hex-2-enoate
were formed as the byproducts in 14 and 13% yield,
respectively.

The following procedure is typical: 6-bromo-2-methylhept-
2-ene (1¢; 95.6 mg, 0.5 mmol), Bu§SnH (189.2 mg, 0.6 mmol),
AIBN (9 mg, 0.06 mmol) and benzene (10 ml) were placedina
50 ml stainless steel autoclave with an inserted glass tube. The
reaction mixture was stirred under carbon monoxide pressure
(80 atm) at 80 °C for 3 h. After removal of the excess of carbon
monoxide at room temperature in vacuo benzene was
removed by evaporation and the resultant residue was
dissolved in 5 ml of diethyl ether. The ethereal solution was
treated with saturated aqueous potassium fluoride solution.
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The precipitated BuiSnF was removed by filtration at reduced
pressure and washed with diethyl ether (3 X 5 ml), and the
etheral layers were combined and dried (MgSO,). Removal of
the solvent gave a colourless oil that was chromatographed on
silica gel (9 : 1 pentane—diethyl ether) yielding the 2-methyl-5-
isopropylcyclopentanone 2¢ in 68%.

The absence of aldehydes as products implies the occur-
rence of very rapid carbonylative cyclisation rather than
formylation.¥ This prompted us to investigate the serial
carbonylative cyclisation starting from dienyl bromide 1g, in
which the first carbonylative cyclisation is designed to give rise
to another alk-4-enyl radical. Indeed, 1,4-diketone 4 was
obtained as the major product (53% ) along with the monocar-
bonylated product 2g (15%) (run 7).

The results described in this paper establish that a free-
radical carbonylative approach starting with readily available
alk-4-enyl halides is capable of serving as a useful method for
the construction of the cyclopentanone framework.

I.R. thanks the Daicel Chemical Award in Synthetic
Organic Chemistry, Japan for partial support of this pro-
gramme.

Received, 16th April 1991; Com. 1/01776D

References

1 (a) I. Ryu, K. Kusano, A. Ogawa, N. Kambe and N. Sonoda,
J. Am. Chem. Soc., 1990, 112, 1295; (b) I. Ryu, K. Kusano, N.
Masumi, H. Yamazaki, A. Ogawa and N. Sonoda, Tetrahedron
Lett., 1990, 47, 6887.

+ Since it has been ascertained that free-radical formylation of -keto
alkyl halides proceeds effectively, the possibility of obtaining 4-keto
aldehydes by tuning the reaction conditions still remains. We are
currently studying this problem.

1019

2 For reviews, see: (a) M. Ramaiah, Synthesis, 1984, 529; (b) L. A.
Paquette, Top. Curr. Chem., 1984, 119, 1.

3 For some recent examples of transition metal assisted approaches,
see: (a) A. J. Pearson and R. A. Dubbert, J. Chem. Soc., Chem.
Commun., 1991, 202; (b) T. Joh, K. Doyama, K. Fujiwara, K.
Maeshima and S. Takahashi, Organometallics, 1991, 10, 508;
(c) S. W. Brown and P. L. Pauson, J. Chem. Soc., Perkin Trans. 1,
1990, 1205; (d) P. Magnus, M. J. Slater and L. M. Principe, J. Org.
Chem., 1989, 54, 5148; (e) E. Negishi, Y. Zhang, I. Shimoyama and
G. Wu, J. Am. Chem. Soc., 1989, 111, 8018.

4 A part of this work has been presented at the 1989 International
Chemical Congress of Pacific Basin Societies, Honolulu, Hawaii,
December 1989. Abstract No. 08-587; ¢f. D. P. Curran and H. Liu,
J. Am. Chem. Soc., 1991, 113, 2127.

5 (a) A. L. J. Beckwith, J. Chem. Soc., Perkin Trans. 2, 1980, 1083.
Also see a review: (b) A. L. B. Beckwith and G. Moad,
Tetrahedron, 1981, 37, 3073.

6 Cyclisations starting with RCOX (non-carbonylating processes),
see: (X=Cl) (a) E. J. Walsh Jr., J. M. Messinger II, D. A. Grudoski
and C. A. Allchin, Tetrahedron Lett., 1980, 21, 4409; (X=CoL,) (b)
V. F. Patel and G. Pattenden, Tetrahedron Lett., 1988, 29, 707; (c)
G. B. Gill, G. Pattenden and S. J. Reynolds, Tetrahedron Lett.,
1989, 30, 3229; (X=SePh) (d) M. D. Bachi and E. Bosch,
Tetrahedron Lertt., 1986, 27, 641; (e¢) D. L. Boger and R. J.
Mathvink, J. Org. Chem., 1988, 53, 3377; (f) M. D. Bachi and E.
Bosch, Tetrahedron Lett., 1988, 29, 2581; (g) D. Crich and S. M.
Fortt, Tetrahedron Lett., 1988, 29, 2585; (k) M. D. Bachi and E.
Bosch, J. Org. Chem., 1989, 54, 1234; (i) D. Batty, D. Crich and
S. M. Fortt, J. Chem. Soc., Chem. Commun., 1989, 1366; (j) D. L.
Boger and R. J. Mathvink, J. Am. Chem. Soc., 1990, 112, 4003; (k)
D. L. Boger and R. J. Mathvink, J. Am. Chem. Soc., 1990, 112,
4008; (/) D. L. Boger and R. J. Mathvink, J. Org. Chem., 1990, 55,
5442, (m) D. L. J. Clive, H. W. Manning and T. L. B. Boivin,
J. Chem. Soc., Chem. Commun., 1990, 972; (n) C. E. Schwartz and
D. P. Curran, J. Am. Chem. Soc., 1990, 112, 9272; (X=GePh;); (0)
S. Kiyooka, Y. Kaneko, H. Matsue, M. Hamada and R. Fujiyama,
J. Org. Chem., 1990, 55, 5562.

7 J. Lusztyk, E. Lusztyk, B. Maillard and K. U. Ingold, J. Am.
Chem. Soc., 1984, 106, 2923.






