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Herein we report that the irradiation with visible light
enhances the reducing ability of samarium diiodide. While
samarium diiodidgis well-known to reduce organic bromides
and iodides to the corresponding hydrocarbons efficieittihg
reduction of organic chlorides with Sgndlone is difficult. In
fact, the reduction of organic chlorides with Sgquires excess
amounts of HMPA In marked contrast to this, irradiation of

the reaction mixture through Pyrex with a tungsten lamp enables

the efficient reduction of organic chlorides with Snelven in
the absence of HMPA (eq 1p
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Figure 1 shows the UV-vis spectrum of Snih THF. To
specify the wavelength effecting the higher reducing power of
Smbh, we examined the photoinduced reduction of 1-chloro-
dodecane with Smby varying the wavelengths of light (Table
1). While the reduction did not take place for irradiation with
near UV light (306-420 nm) (entry 1) or the light of wavelength
greater than 700 nm (entry 4), irradiation with the light of
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Figure 1. UV-vis spectrum of Smlin THF (5.0 x 10~* mol/L).

Table 1. Photoinduced Reduction of Organic Chlorides with 8ml

wavelength between 560 and 800 nm led to the successful

reduction of 1-chlorododecane (entry 3). These results clearly

indicate that Smlwas activated by irradiating with the light of
wavelength between 560 and 700 Am.
The procedure can be employed with a variety of organic

chlorides such as secondary and tertiary alkyl chlorides and

aromatic chlorides, as represented in entried® of Table 1.
When the photoinduced reduction@thlorophenyl allyl ether
(1) with Sml, was conducted in the presence of diethyl ketone,
a cyclic ether 2) was produced in 72% vyield (eq 2). The
formation of2 can be accounted for by the following processés,
i.e., 5-exocyclization of the aryl radicas, followed by reduction
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with Smk and the subsequent addition of alkylsamarium species
4 to diethyl ketone. Similarly, the photoinitiated reduction of
chloroalkanes with Smaimay proceedia the formation of alkyl
radicals and alkylsamarium species.

Recently, a series of synthetic reactions have been developed
on the basis of the carbonylation of carbon radicals with carbon
monoxide!® It may be expected that, in the photoinduced
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Table 2. Photoinduced Carbonylation of Alkyl Chlorides with CO  cyclohexanecarbonyl chloride with Sgr(B equiv) at 38 C for

and Smj* 0.5 h upon irradiation with visible light afforded cyclohexyl
entry  chloride product yield, % cyclohexylmethyl ketone5d) in 64% yield. Furthermore, the
5 photoinduced carbonylation of 9-decenyl chloride with gml
) \/\(\’)’\/C' \/\M’\)\/\/ﬁ\/\ 89 and CO under controlled conditions gave rise to 49%-t&tol
7 7 sa 7 (6b). It was also known that the controlled reaction of acyl
o
cl 63
2 \V\(v)g\/ \/\M:\M/\ - o]
o) 5 o 57
NG NN NG N NG NN 6b, 49%
5c
o it chlorides with Smy afforded a-ketols4¢ Therefore, these
4 O/ 68 results suggest that the photoinduced carbonylation with, Smi
5d included the formation of acylsamarium species (as a key
aRCI (0.5 mmol), CO (50 atm), Sm(4 mmol), THF (20 mL), 50 intermediate), which may dimerize to give gsymmetrical ket(_)ngs.
°C, 9 h,hw > 400 nm (xenon lamp 500 W, filter). As to the carbonylation step, the following two mechanistic

pathways can be proposed: The first postulates the reaction of

reduction of alky! chlorides with Smlthe copresence of carbon  alkyl radical with CO to give acyl radical, which undergoes
monoxide leads to a novel carbonylation involving alkyl radicals further reduction with excess Spnlo acylsamarium species.
(or a|ky|samarium Species) as key intermediates. ThUS, we The second includes the reaCtl(?n.Of alkylsamarlum with€0.
examined the photoinitiated reaction of alkyl chlorides with smI  However, the second mechanistic pathway can be ruled out
in the presence of carbon monoxitté2 When the reaction of ~ €asily by the fact that the photoinduced reaction of an alkyl-
1-chlorododecane with SmWvas carried out under the pressure samarium -C12H25Smb) with CO (50 atm) at 40C did not
of carbon monoxide (50 atm) upon irradiation with a xenon afford the dgswed carbonylated p.rodu'ct atall. In O(der to clarify
lamp through a filter lfy > 400 nm)13 carbonylation of the formation of acyl radlca_lls in thls car_bonylatlon, several
1-chlorododecane took place successfully, giving 89% of attempts to capture acyl radicals with olefins were performed,
dodecyl tridecyl ketone5{ R = n-C1-H.s), which incorporated but no trace of addition .products could be de'teéfedn
two dodecyl and two carbon monoxide units (eq 3 and entry 1 addition, in the carbonylation of 4-heptenyl chloride (entry 3
in Table 2). On the other hand, no carbonylation took place in in Table 2), any product derived fromeocyclization of the
the dark. acyl radical was not detected. Moreover, the present carbony-
lation could proceed even under the atmospheric pressure of
o) CO/*® while the radical carbonylation usually requires higher
ROl + co _Smzhv R)j\/ﬂ 3 pressures of C@ However, these observations can be
5 explained if the electron transfer from Smb acyl radicals is
extremely fast® We are currently examining the application
Table 2 represents the results of the photoinduced carbon-of this photoinduced new reduction system with Sntd
ylation of alkyl chlorides with CO and Sml The carbonylation different classes of substrates, as well as clarifying the precise
of alkyl chlorides bearing an olefinic unit proceeded successfully mechanism of this carbonylation.
to give the corresponding asymmetrical ketones in good yields
(entries 2 and 3). Similarly, secondary alkyl chlorides such as ~ Acknowledgment. This research was supported in part by a Grant-
cyclohexyl chloride underwent photoinduced carbonylation to in-Aid for Scientific Rest?’arch on Priority Areas “New Developme_nt
provide the products consisting of two alkyl and two carbon gfci?]rgeEert]Z Ccourﬂﬁlrixiipn;r;os\fvzgfﬁg;ﬂogrtﬁfh%ﬂgtgﬂ lfzodrurfgltg;ﬂi
lm-ggg)r:gﬁt;ljlnclaslo(r%rgrgnfjl)éry\ll\ggl]of'?drggrlégg(g:lt(ﬁll;llocﬁgﬁ dgl,(e suggestion and advice concerning the carbonylation reactions.

however, no carbonylation took place at all (only reduction to  supporting Information Available: Experimental details antH
the corresponding hydrocarbons occurred). NMR spectra (8 pages). See any current masthead page for ordering
Recently, Kagan et al. reported that the reaction of acyl and Internet access instructions.
chlorides with Snmyd generated acylsamarium species, which
. 22 . . . JA963117P
underwent dimerization to give asymmetrical ketones in the

presence of excess amounts of Sl In fact, the reaction of (15) The third hypothesis suggests that the alkyl radical reacts with

samarium carbonyl speci$go give acylsamarium species directly. Thus,

N. Synlett1995 1249. (e) Ryu, |.; Muraoka, H.; Kambe, N.; Komatsu, we attempted to detect samarium carbonyl species with IR spectrometer:
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Curran, D. PChem Rev. 1996 96, 177. (g) Ryu, I.; Sonoda, NAngew (in the absence of substrates), CO was purged and immediately IR spectra

Chem, Int. Ed. Engl. 1996 35, 1050 and references cited therein. of the resulting solution was measured. However, no absorbance assigned
(11) For the reactions of divalent organosamarium complexes with CO, to samarium carbonyl species was detected.

see: (a) Evans, W. J,; Grate, J. W.; Hughes, L. A.; Zhang, H.; Atwood, J. ~ (16) For a carbonyl complex of samarium, see: Kolobova, N. E;
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Zhang, H.; Atwood, J. LJ. Am Chem Soc 1988 110, 4983. with styrene: Ryu, |.; Kusano, K.; Yamazaki, H.; Sonoda,JNOrg. Chem
(12) Collin, J.; Kagan, H. BTetrahedron Lett1988 29, 6097. 1991, 56, 5003.

(13) The photoinduced carbonylation was conducted by using a stainless  (18) The photoinduced reaction of 1-dodecyl chloride (0.5 mmol) with
steel autoclave bearing glass windows. For the detailed experimental Sml; (4 mmol) and CO (1 atm) in THF (20 mL) at 5C for 6 h provided
procedure, see the Supporting Information. 39% of dodecyl tridecyl ketone and 52% wfdodecane.

(14) (a) Girard, P.; Couffignal, R.; Kagan, H. Betrahedron Lett1981, (19) The rate constants for the reaction of primary alkyl radicals with
22, 3959. (b) Souppe, J.; Namy, J. L.; Kagan, H.Betrahedron Lett Smk in THF/HMPA are reported to be % 1° to 7 x 10f M1 s71
1984 25, 2869. (c) Sasaki, M.; Collin, J.; Kagan, H. Betrahedron Lett (Hasegawa, E.; Curran, D. Fetrahedron Lett1993 34, 1717). While
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