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Most of the recent applications of radical reactions to organic 
synthesis are based on tin hydride chemistry.1 One of the lim
itations of such a system is that the last propagation step involves 
a fast, irreversible, hydrogen atom transfer.2a,c Not only is a 
potential means of introducing an extra functionality lost but the 
intervening steps (cyclizations, additions etc.) have to be fast in 
order to compete with premature hydrogen abstraction. In 
practice, either high dilution conditions are employed or the tin 
hydride is added very slowly to keep its concentration low. Another 
approach has involved the use of the rather expensive germanium 
hydrides2b'c or tris(trimethylsilyl)silane,3 both of which are less 
efficient hydrogen donors. An important variant involves the use 
of allyltin derivatives to introduce an allyl group.4 In this com
munication, we wish to introduce <9-alkyl tin dithiocarbonates 
(xanthates) as reagents which circumvent both of these limitations. 

Our conception, outlined in Scheme I, is based on the fact that 
addition of tin radicals onto the thiocarbonyl group of a xanthate 
is reversible.5 Thus, starting from tin xanthate 1 as the source 
of stannyl radicals, it should be possible to generate a radical R' 
from a substrate RX. This radical can of course react with the 
tin xanthate reagent to give xanthate 3 by a series of reversible 
steps (path A) or it can be converted through cyclization, frag
mentation, etc. (summarized as step B) into another radical R*', 
which in turn reacts to give xanthate 4. Both pathways propagate 
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Table I. Reaction of Various RX Derivatives with Tin 
Dithiocarbonates 

entry RX 
tin 

xanthate additive 
reaction time 

(initiator)" 
product 

(yield, %) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

5 
7 
5 
7 
5 
5 
5 
5 
5 
12 
14 
16 
18 
20 
21 
23 
25 
27 

la 
la 
la 
la 
lb 
lb 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 
Ic 

none 
none 
none 
none 
none 
none 
none 
(Ph3Sn)2 
(Bu3Sn)2 
none 
none 
(Ph3Sn)2 
(Ph3Sn)2 
(Ph3Sn)2 
(Ph3Sn)2 
(Ph3Sn)2 
(Ph3Sn)2 
(Ph3Sn)2 

3h, A 
4h, A 
6h, B 
6h, B 
7 h, A 
1Oh, B 
8h, B 
1 h, B 
3h, B 
1Oh, B 
18 h, B 
5h, B 
2h, B 
4h, B 
8h, B 
3h, B 
15 h, B 
8h, B 

6 (88)» 
8 (67)' 
6 (84)» 
8 (55)' 
9 (55)» 
10 (24)* 
11 (56)" 
11 (96)» 
11 (82)* 
13 (55, 68') 
15 (65)' 
17 (65) 
19 (80) 
19 (27, 481O 
22 (63) 
24 (25, 65') 
26 (79) 
28 (64, 8C) 

0A = initiation with 10 mol % (with respect to substrate) each of 
Bu3SnH and AIBN; B = initiation with a 500-W tungsten halogen 
lamp. »7:3 mixture of isomers. '8:2 mixture of isomers. * Yield was 
based on recovered starting material. '9:1 mixture of isomers. 

the chain by regenerating the stannyl radical. One can, therefore, 
not only carry out the common radical reactions traditionally based 
on tin hydride chemistry but also introduce a very useful xanthate 
group into the end product 4.6 Moreover, as all of the steps 
involving transfer of the xanthate group are reversible, it should 
not be necessary to worry about high dilution, etc. in cases where 
one or more of the desired reactions of the intermediate carbon 
radical ("step B") are relatively slow, since one can always go back 
to the carbon radical through the action of stannyl radicals on 
xanthate 3 (reverse of path A). 

These expectations were borne out in practice as shown by the 
following examples. Refluxing a solution of bromide 5 with 
0-ethyl triphenyltin xanthate la in cyclohexane in the presence 
of a small amount of tributyltin hydride and AIBN as initiator 
resulted in the formation of bicyclic xanthate 6 in 88% yield. In 
a similar way, 8 was produced in 67% yield from 7. Initiation 
of these reactions could be accomplished using visible light in 
comparable yields (Table I). The tin xanthate reagent la is easily 
prepared7a from commercially available triphenyltin chloride and 

(6) For radical sequences involving a xanthate group transfer, see: (a) 
Delduc, P.; Tailhan, C; Zard, S. Z. J. Chem. Soc, Chem. Commun. 1988, 
308. (b) Mestre, F.; Tailhan, C; Zard, S. Z. Heterocycles 1989, 28, 171. (c) 
Forbes, J. E.; Zard, S. Z. Tetrahedron Lett. 1989, 30, 4367. (d) Forbes, J. 
E.; Zard, S. Z. J. Am. Chem. Soc. 1990,112,4367. (e) Forbes, J. E.; Tailhan, 
C; Zard, S. Z. Tetrahedron Lett. 1990, 31, 2565. 
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13, R = allyl; R=Me 
15, R = H-C5H11; R'=H 

16, X = N-allyl 17, X = N-allyl 
Y = I 19,X=O 

18, X=O; Y=I 
20, X=O; Y=Br 

Cl 

23, R = -O-CS-SMe 
24, R = -Z 

1 0 25,R = |3 -O-CS-SMe 
0 - J 26, R =-Z; a: p = 35: 65 

NMe 

Z = -S-CS-OCH2CMe3 
27, R = -O-CS-SMe 
28, R = -Z 

potassium 0-ethyl xanthate. However, it is a low-melting solid 
which does not keep well, resulting in erratic behavior in some 
of the experiments. The analogous dithiocarbamate derivative 
lb7b was more stable but much less reactive (see Table I, entries 
5 and 6). In contrast, the neopentyltin xanthate Ic turned out 
to be a stable and effective reagent, giving reproducible results. 
It is nicely crystalline (mp 94-96 0C) and easily made7c and kept. 
Moreover, we found that addition of a small amount (ca. 10 mol 
%) of hexabutylditin or, even better, hexaphenylditin increased 
the rate significantly,7d presumably by destroying traces of sul
fur-containing impurities8 or side products which can otherwise 
inhibit the chain reaction. 

As shown in the table, a variety of typical radical reactions can 
be performed using this novel system. In the case of lactam 

(7) (a) Schmidt, M.; Schumann, H.; Gliniecki, F.; Jaggard, J. F. / . Or-
ganomet. Chem. 1969,17, 277. (b) Domazetis, G.; Magee, R. G.; James, B. 
D. J. Organomet. Chem. 1977, 141, 57. (c) Preparation of Ic: Chlorotri-
phenyltin (21.2 g, 55 mmol) was added at room temperature to a stirred 
solution of sodium 0-neopentyl xanthate (10 g, 54 mmol) (Johansson, A. Ark. 
Kemi Mineral. Geol. 1946, B22,7; Chem. Abstr. 1947,41,1209e) in 100 mL 
of dry acetone. The reaction mixture was allowed to stir at room temperature 
for 3 h and then filtered, and the filtrate was evaporated to dryness. The 
residue was recrystallized from diethyl ether-pentane to give la as almost 
white crystals: yield 19.8 g, 72%; mp 94-96 0C; IR (CH2Cl2, cm"1) 3046, 
2963, 1479, 1429, 1223, 1071; 1H NMR (200 MHz, CDCl3) 7.7 and 7.4 (m, 
15 H), 4.01 (s, 2 H), 0.86 (s, 9 H); 13C NMR (50 MHz, CDCl3, ppm) 216.2, 
138.6, 136.8, 129.8, 128.9, 85.63, 31.71, 26.45; MS m/z (M+) calcd 514.0447, 
obsd 514.0439. (d) Typical experimental procedure: Argon was bubbled 
through a suspension of the substrate (1 mmol), Ic (2 mmol), and Ph6Sn2 
(0.15 mmol) in 5 mL of dry cyclohexane for 15 min. The mixture was then 
irradiated with visible light (500-W tungsten lamp) for the time specified in 
the table (the heat from the lamp caused the solvent to reflux). The reaction 
mixture was then concentrated in vacuo and the residue purified by silica gel 
chromatography. 

(8) Ditin derivatives are known to react with disulfides and other sulfur 
compounds, see: Neumann, W. P. The Organic Chemistry of Tin; J. Wiley: 
New York, 1970. The role of the ditin in our case is probably analogous to 
that played in reactions involving iodine atom transfer: Curran, D. P.; Chen, 
M.-H.; Kim, D. J. Am. Chem. Soc. 1989, 111, 6265. 

formation (examples 13 and 15), no need for high dilution or slow 
addition of the tin reagent is necessary, in contrast to similar 
stannane-mediated cyclizations.9 As would be expected, aromatic 
bromides were much less reactive than the corresponding iodides 
(entries 13 and 14). It is also possible to convert an 0-alkyl 
xanthate into an 5-alkyl xanthate as illustrated by examples 24, 
26, and 28 (entries 16-18) in what appears to be a promising and 
expedient route to thiosugars and thionucleosides. Some of these 
derivatives exhibit interesting biological activities and are not 
always easily accessible by conventional ionic reactions.10 In the 
case of 26, the two epimeric xanthates were shown to interconvert 
under the reaction conditions, indicating that the xanthate transfer 
is indeed a reversible process. 

We believe that this approach adds a new dimension to tin-based 
radical methods. Furthermore, since the addition of silyl radicals 
onto a thiocarbonyl group has also been shown to be reversible,4* 
a similar process should be feasible with the corresponding silicon 
xanthates. 
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Several structural types of trinuclear molybdenum cluster 
complexes have been reported, and the relationship between their 
geometrical and electronic structures has been an important subject 
of intensive studies.1 In the present communication, we report 
a new cluster complex [Mo3(At3-S)2(M-S)3(PMe3)6] (I) containing 
a "Mo3S5" unit with two capping and three edge-bridging sulfur 
ligands. The unit is the first member of the series Mo3nS3n+2 
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