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Ph3PbBr was added. The solution was stirred for 30 min at  -78 
"C during which time it became red and a white precipitate formed 
(LiBr). It then was removed from the cold bath and stirred 
another 3 h at  room temperature. After the solution was filtered, 
the diethyl ether was removed, leaving a red tar. This tar was 
subjected to filtration chromatography (silicic acidlpentane). 
Pentane eluted a minor yellow band which was not collected. 
Pentane/CH,Cl, (9:1, v/v) eluted a red band which gave 0.91 g 
(71% yield of (o-Ph3PbS)(o-PhCrCS)Fez(CO)6 as a glassy, red 
solid. 

IR (CHCI,): u(C=C) 2175; terminal CO, 2079 (s), 2044 (vs), 
2007 (vs) cm-'. 'H NMR (CD2C12, 90 MHz): 6 7.1-7.8 (complex 
m, Ph). 13C{'H] NMR (CD,Cl,, 67.9 MHz): 6c 86.1,87.0 (alkyne), 
122.7 (ipso Ph), 129-132.5 (Ph), 155.5 (Jc-pb = 438 Hz, ipso PbPh), 
209.1 (0). Anal. Calcd for C3,H,,FeZO6PbS: C, 43.50; H, 2.28. 
Found: C, 43.73; H, 2.44. 

Addition of (h-Ph,PbS)(p-PhC=CS)Fe,(CO), to a THF 
Solution of Lithium Bromide. A lOO-mL, round-bottomed flask 
was charged with 0.05 g (0.57 mmol) of anhydrous lithium bromide 
and 10 mL of THF. After this solution was cooled to -78 "C, 0.50 
g (0.57 mmol) of (h-Ph3PbS)(y-PhC~CS)Fez(CO)6 in 10 mL of 
THF was cannulated into it. The mixture became brown. It was 
stirred at -78 OC for 2 h, then removed from the cold bath, and 
stirred for another 3 h prior to removal of the solvent. The black 
tar remaining was extracted with pentane, yielding a red solution 
which was subjected to filtration chromatography (silicic acid/ 
pentane). Pentane eluted a red band which gave 0.065 g (26% 
yield) of 8 as a red solid, identified by comparison of its 'H NMR 
spectrum with that of an authentic sample. 

Addition of (~ -Ph3SnS) (~ -PhC~s)Fe , (CO) ,  to a THF 
Solution of Lithium Chloride. A 100-mL, round-bottomed flask 
was charged with 0.02 g (0.46 mmol) of anhydrous lithium chloride 
and 10 mL of THF. After this solution was cooled to -78 OC, 0.368 
g (0.46 mmol) of (~L-P~,S~S)(~-P~CICS)F~~(~O)~ in 10 mL of 
THF was cannulated into it. The mixture became brown. It was 
stirred at  -78 "C for 30 min, then removed from the cold bath, 
and stirred for 4 h at room temperature. Removal of the solvent 
left a black tar which was extracted with pentane, giving a red 
solution. This was subjected to filtration chromatography (silicic 
acidlpentane). Pentane eluted a red band which yielded 0.031 

g (0.069 mmol, 15% yield) of 8 as a red solid identified by com- 
parison of its 'H NMR spectrum with that of an authentic sample. 

Acknowledgment. We are grateful t o  the  National 
Science Foundation for support  of this work. D.S. ac- 
knowledges, with thanks, a n  Alexander von Humboldt 
Prize, awarded by the  Alexander von Humboldt Founda- 
tion, Bad Godesberg, during the tenure of which this paper 
was written. 

Registry No. 2, 14243-23-3; 6 (R = Ph, R = Et), 85552-98-3; 
6 (R = Ph, R' = Et) (equatorial/axial isomer), 104011-59-8; 6 (R 
= Ph, R' = Et) (equatorial/equatorial isomer), 104011-60-1; 6 (R 

103934-16-3; 6 (R = n-C4H9, R' = Me), 103934-18-5; 6 (R = n- 
C5H11, R = Me), 103934-19-6; 6 (R = n-C5HI1, R = CH,C(O)CH,), 
103934-20-9; 6 (R = n-C5H11, R' = CH,C(O)CH,) (equatorial/axial 
isomer), 104011-61-2; 6 (R = n-C5HI1, R = CH,C(O)CH,) 
(equatorial/equatorial isomer), 103934-20-9; 6 (R = CH,=C(CH,), 
R' = Me), 103934-21-0; 6 (R = Me3Si, R' = Me), 103934-22-1; 6 
(R = Me,Si, R' = Et), 103934-23-2; 6 (R = H, R' = Me), 
103934-24-3; 6 (R = Ph, R' = Ph3Sn), 103934-25-4; 6 (R = Ph, 
R' = Ph,Pb), 103958-92-5; 7 (R = Ph, R' = Me), 85553-00-0; 7 
(R = Ph, R = Me,C), 103934-17-4; 8, 85553-01-1; 9 (R = Me), 

= Ph, R = PhCH,), 103934-15-2; 6 (R = Ph, R' = CH,C(O)CHJ, 

85553-20-4; 9 (R = n-C,H,), 85553-21-5; 9 (R = n-CbH,,), 
85553-22-6; 9 (R = CH,=C(CH,), 85553-23-7; 9 (R = H), 
12079-70-8; 10 (R = Me,Si), 85553-04-4; 10 (R = C0,CH3), 
85553-03-3; 1 la, 85553-18-0; l lb ,  85553-19-1; l lc ,  85553-17-9; 12a, 
85553-02-2; 12b, 85553-08-8; 12c, 85553-05-5; 12d, 85553-09-9; 12e, 
85553-10-2; 12f, 85553-07-7; 12g, 85553-12-4; 12h, 85553-06-6; 12i, 
85553-11-3; 13 (M = Si), 85553-13-5; 13 (M = Sn), 85553-14-6; 
16, 85553-15-7; 17, 85553-16-8; 24, 104011-58-7; PhCZCLi, 
4440-01-1; n-C4H9C=C!Li, 17689-03-1; n-C5Hl,C4Li, 42017-07-2; 
CH2=C(CH3)C=CLi, 38341-85-4; (CH,),SiC=CLi, 54655-07-1; 
HCgCMgBr, 4301-14-8; MeI, 74-88-4; EtI, 75-03-6; PhCH,Cl, 
100-44-7; CH3C(0)CH2Br, 598-31-2; CH,C(O)Cl, 75-36-5; 
Me,CC(O)CI, 3282-30-2; Me,CCHO, 630-19-3; PhCHO, 100-52-7; 
CH,ChO, 75-07-0; Me,SiCl, 75-77-4; Me3SnBr, 1066-44-0; 
Ph3GeBr, 3005-32-1; Ph,SnCl, 639-58-7; Ph,PbBr, 894-06-4; 
MeHgC1, 115-09-3; PhLi, 591-51-5; S,, 23550-45-0. 

(3-Sulfinylpropyl)tins and (3-Sulfonylpropyl)tins: Studies on 
Intramolecular Coordination 

Kamal Swami, Brigitte Nebout, Dan Farah, Ramesh Krishnamurti, and Henry G. Kuivila" 

Department of Chemistry, State University of New York at Albany, Albany, New York 12222 

Received February 6, 1986 

A series of sulfoxides of the structures Me,X3-,Sn(CH2),SOCzH, and Me,X3_,Sn(CH2),SOC6H, (X = 
C1 or Br; n = 1-3) and sulfones Me,X3-nSn(CH2)3SO~C2H5 (X = C1 or Br; n = 1-3) have been prepared 
and characterized. 'H, 13C, and "?Sn NMR and IR studies were w i e d  out. These showed that the sulfoxides 
with n = 1 or 2 are cyclic species with S-0 - Sn coordination. The sulfones in chloroform showed evidence 
of intramolecularly coordinated species in equilibrium with acyclic species. Only the acyclic species were 
present in acetonitrile which presumably coordinates more strongly to the tin than does the sulfonyl group. 

T h e  synthesis of molecules bearing functional groups of 
opposite polarities so disposed that they can undergo in- 
tramolecular interaction with each other is of general in- 
terest because such interaction may lead t o  formation of 
cyclic compounds. T h e  result may be the  formation of a 
new functional group at one extreme or, at the  other, a 
weak donor-acceptor interaction which is quite labile bu t  
will nonetheless modify the  chemical and  physical prop- 

0276-7333/86/2305-2370$01.50/0 0 

erties of each group. Compounds bearing Lewis acidic tin 
atoms and  donor organofunctional groups are well-suited 
for studies of the  nature of such donor-acceptor interac- 
tions.' 7onors which have been studied in varying degrees 

(1) For reviews of early work see: (a) Omae, I. Reu. Silicon, Germa- 
nium, Tin Lead Compd. 1972 I ,  59. (b) Tzschach, A,; Eichmann, W.; 
Jurkschat, K. Organornet. Chem. Reo. 1981, 12, 293. 
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Table I. 13C and lLSSn NMR Parametersa'* 
no. comvd solv a b C d e f "9Sn 

CDC13 -10.37 (325.0) 6.25 (354.0) 25.69 (17.0) 67.46 (67.0) 170.76 20.98 2.83 I b f d a l  
MeSSnCHzCHzCHzOCOCH~ 

he3SnCHZCHzCHZOH b s d  CDCl3 -10.36 (324.0) 6.10 (359.0) 29.59 (19.0) 65.65 (64.0) 2.32 

I b 5 d . I  CDC13 -10.33 (322.0) 10.31 (351.0) 27.02 (19.0) 35.67 (67.0) 25.83 14.87 -0.17 M ~ ~ S ~ C H Z C H , C H ~ S C H ~ C H ~  

4 ~ ~ 3 s n ~ H 2 ~ H , ~ H 2 s o ~ n , ~ ; H 5  CDC13 -10.73 (329.0) 9.42 (344.0) 19.68 (19.2) 55.14 (64.0) 45.06 6.28 0.49 
CDSCN -9.91 (319.1) 10.74 (350.4) 21.03 (15.7) 56.26 (59.9) 46.70 7.31 0.27 

5 I ; r e , s n ~ ~ ~ ~ , ~ ~ , ~ ~ z ~ ~ ~ ~ z ~ ~ 3  CDC13 2.46 (489.0) 22.18 (520.3) 21.65 (29.2) 49.38 (18.0) 45.19 6.76 
CD3CN 1.99 (506.0) 22.49 (551.1) 21.71 (26.5) 48.84 (20.6) 45.09 6.49 

heSnCIzCHzCH2CH,SOCH2CH3 b c d  a f  CDC1, 12.59 (668.2) 31.66 (703.0) 21.28 (46.0) 47.1 (27.4) 44.71 7.07 

7 ;ezSnBrCH2CH2CHzSOCH2~H3 CDC1, 3.13 (481.0) 22.12 (510.0) 21.86 (27.0) 49.32 (15.9) 45.31 6.75 
CD3CN 13.65 (720.7) 32.76 (741.3) 20.48 (44.1) 47.45 (23.5) 44.07 6.31 

b s d  e l  

CDBCN 3.16 (498.8) 23.63 (540.0) 21.99 (27.0) 48.64 (13.6) 45.08 6.56 

8 ~ e ~ n ~ r z ~ ~ 2 ~ ~ 2 ~ ~ 2 ~ ~ ~ ~ z ~ ~ 3  CDC13 15.04 (633.0) 33.56 (673.0) 22.31 (46.0) 47.28 (18.0) 44.73 7.23 
CD3CN 17.38 (756.0) 36.8 (736.0) 21.87 (50.2) 46.43 (23.5) 44.22 6.40 

9 I ; r ~ z ~ n ~ ~ ~ ~ 2 ~ ~ 2 ~ ~ z ~ 0 2 ~ ~ z ~ ~ 3  CDCl3 0.26 (416.0) 19.02 (424.0) 18.72 (21.20) 53.64 (43.03) 47.62 6.58 
CDBCN 0.43 (429.0) 19.44 (455.2) 19.44 (21.5) 54.61 (66.5) 47.69 6.76 

10 ; e ~ n ~ ~ Z ~ ~ 2 ~ ~ z ~ ~ z ~ ~ z ~ ~ z ~ ~ 3  CDSCN 13.75 (615.8) 31.23 (659.0) 19.05 (38.8) 53.05 (65.0) 47.57 6.50 

I C d  . I  

-21.22 
-36.37 
-99.28 

-130.75 
-27.81 
-47.04 

-136.55 
-160.17 

102.5 
86.83 

-17.17 
b s d  . I  11 ~ezSnSrCH2CHzCH2S02CHZCH3 CDC13 -0.15 (396.0) 18.55 (409.0) 18.93 (21.5) 53.56 (49.0) 47.48 6.46 90.26 

C -4.75 
CD3CN 14.92 (560.0) 30.37 (610.0) 19.07 (40.0) 52.29 (75.0) 46.99 5.87 -33.19 

b e d  * I  
l2 ~eSnBrzCH2CH,CHzSOzCHzCH3 CDC13 

"Chemical shifts (6) vs. internal Me4Si for 13C and external Me,Sn for '"Sn. *Coupling constants "J(13C-"9Sn) in hertz given in par- 
entheses after the 13C chemical shift. Not determined. 

Scheme I 
1. aqueous KOH 

M e a S n H  2 . T s O C I .  py 
CH2=CHCH20Ac 7 Me3Sn(CH2)30Ac 3 ,RSNa - 

Me3Sn(CH2 )3SR 

H z y  INa IO,  

Me3Sn(CH2 )3 S 0 2 R  Me3Sn(CH2)3SOR 

include the oxygen of a ketone,2 the carbonyl oxygen of 
an ester group,HJ2 the amide5 and amino nitrogens,7B the 
phosphine oxide oxygen? and the sulfoxide oxygen.loJ1 In 
general, intramolecular coordination occurs when a five- 
or six-membered ring can be formed. Our own studies have 
shown that the five-membered ring is more stable than the 
six-membered ring in the case of organostannyl ketones.2 
On the other hand, sulfoxide was completely coordinated 
to form the cyclic six-membered ring species in the solid 
state in compounds bearing two Lewis acidic tins.'l In this 
paper we report on the preparation of compounds with a 
single tin atom separated by three carbons from the sul- 
foxide or sulfone function, along with the results of 'H, 13C, 
and ll9Sn NMR and IR studies of these compounds in the 
noncoordinating solvent chloroform-d and the moderately 

(2) Kuivila, H. G.; Dixon, J. E.; Maxfield, P. L.; Scarpa, N. M.; Topka, 

(3) Yoshida, M.; Ueki, T.; Yasuoka, N.; Kasai, N.; Kakudo, M.; Omae, 

(4) Kimura, T.; Ueki, T.; Yasuoka, N.; Kasai, N.; Kakudo, M. Bull. 

(5 )  Harrison, P. G.; King, T. J.; Healy, M. A. J .  Organomet. Chem. 

(6) Haigh, R. M.; Davies, A. G.; Tse, M.-W. J. Organomet. Chem. 1979, 

(7) van Koten, G.; Noltes, J. G. J .  Am. Chem. SOC. 1976, 98, 5393. 
(8) van Koten, G.; Jastrzebski, T. B. H.; Noltes, J. G.; Pontenagel, W. 

M. G. F.; Kroon, J.; Spek, A. L. J. Am.  Chem. Soc. 1978, 100, 5021. 
(9) Weichmann, H.; Mugge, C.; Grand, A.; Robert, J. B. J.  Organomet. 

Chem. 1982,238, 343. 
(10) Kuivila, H. G.; Karol, T. J.; Swami, K. Organometallics 1983,2, 

909. 
(11) Swami, K.; Hutchinson, J. P.; Kuivila, H. G.; Zubieta, J. A. Or- 

ganometallics 1984, 3, 1687. 
(12) Maughan, D.; Wardell, J. L.; Burley, J. W. J .  Organomet. Chem. 

T. M.; Wursthorn, K. R. J .  Organomet. Chem. 1975,86, 89. 

I.; Kikkawa, S.; Matsuda, S. Bull. Chem. SOC. Jpn. 1968, 41, 1113. 

Chem. SOC. Jpn. 1969,42, 2479. 

1979, 182, 17. 

174, 163. 

1981, 212, 59. 

coordinating solvent acetonitrile-d,. 
The procedures used in the synthesis of the 3-stannyl- 

propyl sulfoxides (see Scheme I) followed substantially 
those used previously for the 3,3-distannylpropyl sulf- 
oxides, in which hydrostannation of propargyl acetate was 
the initial step.loJ1 In this study allyl acetate was used. 
Its hydrostannation proceeded with complete regiospe- 
cificity to give the adduct in at  least 90% yield. We have 
previously postulated that similar high regiospecificity in 
the hydrostannation of propargyl acetate is due to stabi- 
lization of the radical formed by attack of the trimethyl- 
stannyl radical on the terminal unsaturated carbon by a 
neighboring group interaction of the carbonyl oxygen of 
the acetoxy group with the radical center. The analogous 
structure formed from allyl acetate is 

o=c 
I 
I 
Me 

Hydrolysis of the acetate by aqueous alcoholic KOH pro- 
vided 90% of the alcohol. This was treated with p -  
toluenesulfonyl chloride in pyridine yielding 86-90% of 
the crude tosylate which was treated without further pu- 
rification with ethanethiol in aqueous NaOH to yield 95% 
of the ethyl thioether or with thiophenol under similar 
conditions to provide the phenyl thioether in 95% yield. 
Oxidation of the sulfides with sodium metaperiodate a t  
0 "C provided virtually quantitative yields of the ethyl and 
phenyl sulfoxides. We earlier reported that 3,3-bis(tri- 
methylstanny1)propyl ethyl sulfide could be oxidized to 
the sulfoxide cleanly with acidic hydrogen peroxide.1° The 
3-(trimethylstanny1)propyl ethyl sulfide provided only the 
corresponding sulfone in high yield when the same oxi- 
dation was conducted with neutral hydrogen peroxide. 
Yields were high, and the procedure was adopted for this 
study. 

Methyl groups on tin were replaced by chlorines by the 
simple comproportionation reaction with dimethyltin di- 
chloride to form the chlorodimethyl derivatives. The by- 
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product trimethyltin chloride could be easily removed from 
the desired products by gentle heating at low pressure. For 
replacement of two chlorines tin tetrachloride was used 
for the comproportionation under mild conditions. Re- 
crystallization of the products gave pure materials. This 
general procedure was completely selective for the methyl 
groups: no evidence of exchange of the propyl chain for 
chlorine was observed. 

The bromostannanes were prepared by straightforward 
brominolysis of the methyl-tin bonds in methanol-carbon 
tetrachloride. Yields of over 80% of each mono- and di- 
bromostannane indicated high selectivity for cleavage of 
methyl-tin over propyl-tin bonds. 

Carbon-13 NMR spectral parameters are presented in 
Tables I and 11. The tetraalkyltins 1-4 and 13 show the 
normal shifts near -10 ppm for methyl carbons and 6-10 
ppm for methylene carbons bonded to tin. The values are 
very nearly the same in chloroform and acetonitrile as seen 
in the case of 4. The effects of replacement of methyl by 
halogen can be considered with reference to simple methyl- 
and ethyltins. For example, replacement of a methyl group 
by halogen as in the trimethyltin halides normally causes 
a downfield shift of the carbons of the remaining methyls 
by about 10 ppm in a poor donor solvent such as methylene H 
chloride.13 Replacement of an ethyl group of tetraethyltin 
by chlorine causes a downfield shift of similar magnitude 4 of the methylene carbons of the ethyl groups.13 In the 
monohalotin sulfoxides 5, 7, 14, and 16 both the methyl B and methylene carbons are shifted downfield by about 12 
ppm in chloroform as compared to the tetraalkyl ana- 
logues. The corresponding shifts for the triflate 18 are Lo 

halogen as in 6, 8, 15, and 17 causes a further downfield 

tion by the pyridine which would cause an upfield shift, 
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about 2 ppm smaller. Replacement of a second methyl by 

shift of about 10 ppm. In pyridine the I3C chemical shift 
of trimethyltin chloride is 2.1 ppm,13 reflecting coordina- 

but is more than counterbalanced by the downfield shift 
due to rehybridization of the tin orbitals bonding to carbon 
from sp3 to sp2 of a trigonal bipyramide. Thus the data 
are consistent with coordination to tin by the sulfoxide. 
However, it might be argued that this is not a sufficiently 
sensitive probe to constitute compelling evidence. 

The 1J(13C-119Sn) values can be more sensitive to 
structure than the chemical shifts and, therefore, more 
informative. For example, the value changes from 340 Hz 
in tetramethyltin to 386 Hz in trimethyltin chloride in a 
nondonor solvent; the value for methylene carbon changes 
from 320 Hz in tetraethyltin to 352 Hz in triethyltin 
ch10ride.I~ In the ethyl sulfoxides examined in this study 
the value of the methyl ' J  changes from 329 Hz for the 
tetraalkyl derivative 4 to 489 Hz for 5 and to 481 Hz for 
7; in the phenyl sulfoxides the changes are from 327 Hz 
in 13 to 440 Hz for 14 and to 447 Hz in 16. The typical 
dihalotin shows ' J  values in the range 400-440 Hz. The 
dihalotins among the ethyl sulfoxides show values of 637 
Hz for 6 and 633 Hz for 8; the phenyl sulfoxides show 
values of 620 Hz for 15 and 617 Hz for 17. These coupling 
constants are uniformly larger by 30-40 Hz for the meth- 
ylene carbons; the changes from the tetraalkyl methylene 
carbons are also uniformly larger than for the methyl 
carbons as shown in Tables I and 11. These are the results 
to be expected from an increase in the coordination num- 
ber of the tin from four to five due to sulfoxide oxygen-tin 
coordination. 

Are the complexes cyclic monomers or polymers? This 
question can be answered unambiguously from the 3J- 

m 
0, 
4a E 
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(13) Mitchell, T. N. J. Organornet. Chern. 1973,59, 189. 
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(13C-llgSn) coupling constants. These values have been 
shown to obey the Karplus equation with a value of around 
65 Hz for a 180" dihedral angle, 0-10 Hz for a 90' angle, 
and 20-30 Hz for a Oo angle.14 Compounds 1-4 and 13 
with values of 62-67-Hz coupling to the low-field carbon 
of the propyl chain (designated d in the tables) clearly 
assume conformations with 180° dihedral angles. In the 
ethyl sulfoxides bearing halotin groups this parameter 
drops to 16-27 Hz. This indicates dihedral angles less than 
180°, but smaller or larger than the 90" minimum, and is 
entirely consistent with an angle around 60° which would 
obtain for a six-membered ring structure in a chair con- 
formation. In the present case the chair will be distorted 
because of differences in bond lengths involving the carbon, 
sulfur, oxygen, and tin atoms which make up the ring. As 
expected the phenyl sulfoxides show the same pattern with 
3J values in the range 16-25 Hz. 

To test the conclusion that the halotin sulfoxides are 
monomolecular in solution molecular weights were de- 
termined. The isopiestic method, in chloroform at ambient 
temperature, was used. All of the compounds examined 
gave values agreeing within six percent of the theoretical, 
and these were scattered above and below the value for 
the monomolecular species. This comprises a compelling 
validation of the use of NMR parameters as described 
above in establishing structures of organotins. 

The triflate 18 which should bear a more electron-de- 
ficient carbon than the chloride, for example, does indeed 
show slightly lower field signals, and the 'J values are 479 
and 500 Hz as comapred to 440 and 480 Hz for 14. (The 
3J value could not be observed due to broadening of the 
13C signal caused by the presence of the (trifluoro- 
methy1)sulfonyl group.) 

The 13C spectra of several of the compounds were also 
taken in acetonitrile because it is a moderately effective 
donor solvent. Differences in the spectral parameters for 
the two solvents were slight for the tetraalkyltin 4. All of 
the halotins and 18 showed signals at slightly lower fields 
(0.2-1 ppm) in acetonitrile, and the dihalides show larger 
shifts up to 3 ppm for both methyl and methylene carbons. 
The effect of acetonitrile is more evident in the values of 
IJ involving both the methyl and methylene carbons. In 
acetonitrile lJ values are 17-42 Hz larger for the mono- 
halides and 30-123 Hz larger for the dihalides than in 
chloroform. The values for the methyl carbon of 18 is 
uncertain due to substantial line broadening of the signal 
but the methylene signals are normal. These effects are 
consistent with further coordination on the tin by aceto- 
nitrile showing that, despite the coordination by the strong 
donor sulfoxide, sufficient residual Lewis acidity remains 
for coordination with an additional donor molecule to 
make the tin hexacoordinate. These observations indicate 
that the equilibrium of eq 1, shown for a monohalotin, may 
obtain for the halotins with the species in the middle 
predominating in a noncoordinating solvent like chloro- 
form and that on the right in a donor solvent such as 
acetonitrile. 

(14) (a) Doddrell, D.; Burfitt, I.; Kitching, W.; Bullpit, Mynott, R. J.; 
Considine, J. L.; Kuivila, H. G.; Sarma, R. H. J. Am. Chem. SOC. 1963, 
85, 1640. (b) Kitching, W.  Org. Magn. Reson. 1982, 20, 123. 
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Table 111. S-0 Stretching Frequencies (cm-') of Sulfoxides 
5-10% in CHBCN in Kbr 

4 
5 
7 
6 
8 

13 
14 
16 
15 
17 
18 

1046 (neat) 
971,960 
984,957 
957, 940 
957, 940 
1045 (neat) 
985 
970 
970 
980 
965, 948 

962 
964 
962 
961 

953 
950 
951 
950 
969, 952 

It  is unlikely that acetonitrile replaces the sulfoxide as 
a ligand: the sulfoxide is much stronger and carries an 
entropic advantage. 

Corroboration for this analysis comes from the l19Sn 
NMR data. The tetraalkyltins show chemical shifts 
ranging from -0.17 to 2.83 ppm relative to tetramethyltin, 
along with a minimal solvent effect as seen for 4. In the 
ethyl sulfoxide series 5-8 upfield shifts to -2 and -27 ppm 
occur for the monochlorotins and the monobromotins, 
respectively. The shifts are -99 and -136 ppm for the 
corresponding dihalides in chloroform. These are taken 
to be due to increases in the electron density a t  tin due 
to coordination by the sulfoxide oxygen. In inert solvents 
119Sn chemical shifts are 160 ppm for trimethyltin chloride 
and 128 ppm for trimthyltin bromide.15 Further upfield 
shifts of 15-31 ppm occur when acetonitrile is the solvent 
for 5-8 as expected if this solvent also coordinates to tin. 
In the phenyl sulfoxides 14-17 the shifts are at lower fields: 
0.31 to -121 ppm in chloroform. Apparently the phe- 
nylsulfinyl group is a less effective donor to tin than is the 
ethylsulfinyl group. However, the general pattern of 
substituent effects is the same for both series. 

For the phenylsulfinyl triflate 18 the shifts are lower 
than for the halides: 31 ppm in chloroform and 26 ppm 
in acetonitrile. However, the behavior is consistent with 
the others because the chemical shifts are higher than 
those for tri-n-butyltin triflate which are 168.4 ppm in 
chloroform and 70.5 ppm in acetonitrile. 

The IR spectra of the sulfoxides were taken in the solid 
state (KBr) and in acetonitrile. Results are gathered in 
Table 111. In the tetraalkyltins the S-0 stretching fre- 
quency appeared at the normal value of 1045 cm-'. All of 
the halotins showed red shifts of up to 100 cm-l. The 
shifted band in KBr appeared as a doublet in compounds 
5-8; the triflate 18 showed splitting both in KBr and in 
acetonitrile. None of the halotins showed any indication 
of the band at 1045 cm-', establishing completely coor- 
dinated structures in both media. 

Sulfones are generally ineffective as donors in inter- 
molecular acid-base interactions. I t  was of interest to 
determine whether the decrease in entropy which results 
when the sulfone group and the tin acceptor center are in 
the same molecule, separated by an appropriate distance, 
might facilitate interaction. (Trimethylstanny1)propyl 
ethyl sulfone and its halotin analogues 9-12 were prepared 
and examined by NMR and IR spectroscopies. 

Carbon-13 NMR parameters for 9-12 are presented in 
Table 11. We can compare the parameters for the methyl 
carbons of sulfoxide 5 and sulfone 9 in chloroform with 
those for trimethyltin chloride (21) in methylene ch10ride.l~ 
The chemical shifts are 2.46, 0.46, and 0.0 ppm, respec- 
tively; the lJ values are 489,416, and 386 Hz, respectively. 

(15) Harris, R. K.; Mann, B. E. NMR and the Periodic Table; Aca- 
demic Press: New York, 1978; p 352. 
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Table IV. S - 0  Stretching Frequencies (cm-l) o f  Sulfones 
10% in 

in KBr CH&N 
us* V. u.. us 

19" 1320 1130 (neat) 1275 1130 
9 1312 1115 1275 1130 

10 1313 1115 1270 1131 
11 1317 1120 1280 1131 
12 1310 1114 1272 1129 

Me3Sn(CHz),S0,Et. 

For the methylene carbons using triethyltin chloride as a 
reference the 6 values are 22.18, 19.02, and 9.3 ppm; the 
IJ values are 520, 424, and 352 Hz. The value for 9 is 
intermediate for each parameter, suggesting the possibility 
of weak coordination. Values of 3J are 18 Hz for 5 and 43.0 
Hz for 9. This latter value increases to 67 Hz in aceto- 
nitrile. Similarly 3J for l l in chloroform is 49 Hz, but 3J 
in acetonitrile for 10 is 65 Hz, and for 12 it  is 75 Hz. The 
'I9Sn chemical shifts are 160 ppm for 21,15 -21 ppm for 5,  
and 102 ppm for 9 in chloroform. Upfield shifts occur in 
acetonitrile for 9 and 12 and for 5-8. 

These observations imply that weak coordination occurs 
in chloroform between the halotin and sulfonyl groups, 
suggesting an equilibrium between coordinated and un- 
coordinated species. Weighted means of 6 and J values 
for cyclic and acyclic isomers are observed. When aceto- 
nitrile is the solvent, it takes over the role of donor ex- 
clusively. This accounts for the upfield 'I9Sn chemical 
shifts, and the increase in 3J values which would result 
from conversion of the cyclic complexes completely to 
acyclic structures with acetonitrile coordinating to the tins. 

IR data for the sulfones are listed in Table IV. Simple 
sulfones show stretching frequencies around 1320 (u,) and 
1130 cm-I (vs). When one or two methyl groups on tin are 
replaced by halogen, the 1320 cm-' band undergoes a red 
shift of 3-10 cm-' and the 1130 cm-' band a shift of 10-15 
cm-'. The bands are sufficiently broad that the unshifted 
band, if present, could be masked. These shifts may be 
due to the change in medium from the neat liquid of the 
trimethyltin analogue to the solid of the halo derivatives 
or to weak coordination to the tin. The 1120 cm-' band 
shows no detectable shift in acetonitrile, but the 1320 cm-' 
band is shifted to the red by some 40 cm-'. The unshifted 
band is not observed. These shifts are clearly due to 
solvent because the magnitude is the same for the tri- 
methyl analogue as for the halo analogues. Thus the IR 
data provide no clear evidence concerning the inference 
that the sulfone group functions as donor to a halotin 
group to a significant degree. NMR parameters can be 
more sensitive probes and do provide evidence which 
suggests that such interaction occurs even though it is 
weak. 

Experimental Section 
General Data. Proton nuclear resonance spectra were obtained 

at 60 MHz by using a Varian EM-360A spectrometer. Chemical 
shifts are reported in parts per million downfield from internal 
tetramethylsilane followed in parentheses by the multiplicity, 
number of protons, coupling constant, and assignment. Pro- 
ton-tin-119 coupling constants are reported as "J('19Sn-H) with 
the first superscript denoting the number of bonds intervening 
between nuclei. 13C and '"Sn NMR spectra (at 75.4290 and 
111.8620 MHz, respectively) were recorded on a Varian XL300 
instrument with a 5-mm tunable probe. Shimming was performed 
on protons. Typical operating parameters for tetralkyltins were 
as follows: probe temperature, 23 "C; 32K data points; sweep 
width, 16 500 Hz; pulse width, 13 ws; acquisition time, 0.97 s; and 
accumulation of 100-400 transients. The fast relaxation times 
of the methyl carbons on tin and the tin nuclei in the mon- 

chlorotins and dichlorotins allowed the use of acquisition times 
of 0.3-0.5 s. As a result it was possible to obtain decoupled spectra 
of moderately concentrated samples involving 10 000 to 20 000 
transients in a matter of hours. Chemical shifts (6) are reported 
in parts per million downfield from tetramethyltin for 'I9Sn or 
tetramethylsilane for 'H and 13C followed, for example, by xJ- 
(119Sn-'3C) where X denotes the number of bonds intervening 
between nuclei, and the coupling constants J are reported in hertz. 
Infrared spectra were obtained on a Beckman IR-10 and Per- 
kin-Elmer 283B infrared spectrometers. Gas chromatographic 
analyses were performed on a Hewlett Packard Model F & M 
instrument using a 17 f t  X 0.25 in. copper column packed with 
15% SE-30 on Chromosorb W, 60-80 mesh, unless otherwise 
noted. Melting points and boiling points are uncorrected. 
Carbon-hydrogen analyses were done by Galbraith of Knoxville, 
TN. Molecular weights were determined by the isopiestic method 
in chloroform at ambient temperature.I6 

3-(Trimethylstanny1)propyl acetate (1) was prepared by 
the photoinitiated hydrostannation of allyl alcohol with tri- 
methylstannane. 3-(Trimethylstanny1)propanol (2) was pre- 
pared from the acetate by hydrolysis using ethanol/saturated 
aqueous KOH ( l O / l ,  v/v). 3-(Trimethylstanny1)propyl to- 
sylate was prepared from the alcohol by reaction with p -  
toluenesulfonyl chloride in pyridine. 
3-(Trimethylstanny1)propyl Ethyl Sulfide (3). Into a 

500-mL flask equipped with a magnetic stirrer was placed 15.4 
g (247.8 mmol) of ethanethiol in 130 mL of ethanol and 10.6 g 
(265.0 mmol) of NaOH in 65 mL of water, and the mixture was 
stirred for 15 min. 3-(Trimethylstanny1)propyl tosylate (93.0 g, 
246.7 mmol) in 200 mL of ethanol was added. The mixture was 
refluxed overnight and worked up by addition of 300 mL of hexane 
and extraction with water (3 X 500 mL). The organic layer was 
dried and concentrated and the product distilled at  60 "C (0.01 
torr) to yield 63.0 g (95 %) of 3-(trimethylstanny1)propyl ethyl 
sulfide: 'H NMR (neat) 6 0.07 (s, 9 H, 2J(11SSn-C-H) = 50.0 Hz, 
SnMe3), 1.32 (t, 2 H, CCHzSnMe3). Anal. Calcd for C8H20SSn: 
C, 35.99; H, 7.55. Found: C, 36.13; H, 7.50. 
3-(Trimethylstanny1)propyl Phenyl Sulfide. The proce- 

dure was the same as that described above for the ethyl analogue: 
yield, 91%; bp 75 "C (0.05 torr); 'H NMR (CC1,) 6 0.05 (s, 9 H, 
2J('1SSn-C-H) = 50.0 Hz, SnMe3), 0.73-1.00 (m, 2 H, SnCH2), 
1.47-2.06 (m, 2 H, SnCH2CH2), 2.73 (t, 2 H, 4J(Sn-CH2-CHz-CH2) 
= 7 Hz), 6.80-7.20 (m, 5 H, C d J .  Anal. Calcd for Cl2HZoSSn: 
C, 45.75; H, 6.40. Found, C, 45.55, H, 6.10. 
3-(Trimethylstanny1)propyl Ether Sulfoxide (4). A 200-mL 

flask was charged with 1.5 g (5.6 mmol) of 3-(trimethyl- 
stanny1)propyl ethyl sulfide and 50 mL of methanol and cooled 
to 0 "C. Sodium metaperiodate (1.3 g, 6.1 mmol) dissolved in 50 
mL of water was added dropwise to the reaction flask over a period 
of 20 min, and the mixture was stirred at  0 "C for 5 h. The ice 
bath was removed from the reaction flask, and the mixture was 
stirred at room temperature until the 'H NMR spectrum indicated 
that the reaction was complete (18 h). Filtration of the mixture 
followed by removal of solvent at reduced pressure and distillation 
yielded 1.61 g (99%) of product: bp 60 "C (0.01 torr); 'H NMR 
(CDCl,) 6 0.1 (s, 9 H, 2J("gSn-C-H) = 51.3 Hz, SnMe3), 1.28 (t, 
2 H, CCHzSnMe3); IR (neat, KBr) u s d  1046 cm-'. Anal. Calcd 
for C8H2,0SSn: C, 33.95; H, 7.12. Found: C, 33.77; H, 7.09. 

3-(Trimethylstanny1)propyl Ethyl Sulfone. A 500-mL flask 
was charged with 17.0 g (63.7 mmol) of 3-(trimethylstanny1)propyl 
ethyl sulfide and 330 mL of ethanol and cooled to 0 "C. Hydrogen 
peroxide (38.5 mL, 30%) was added dropwise to the reaction flask 
over a period of 20 min, and the mixture was stirrd at 0 "C for 
5 h. The solvent was removed on the rotary evaporator. The 
product was distilled bp 60 "C (0.01 torr); 17.9 g (94%); 'H NMR 
(CDC13) 6 0.11 (s, 9 H, 'J('l9Sn-C-H) = 51.8 Hz, SnMe3), 1.34 
(t, 2 H, CCHzSnMe3); Et (neat, KBr) uso2 1320,1130 cm-'; IR (10% 
in CH,CN); uso, 1275, 1130 cm-'. 
3-(Chlorodimethylstannyl)propyl Ethyl Sulfone (9). Into 

a 50-mL flask, equipped with a magnetic stirrer, were placed 2.0 
g (7.1 mmol) of 3-(trimethylstanny1)propyl ethyl sulfone and 1.6 
g (7.1 mmol) of dichlorodimethylstannane in 1 mL of methylene 

(16) Pasto, D. J.; Johnson, C. R. Organic Structure Determination; 
Prentice-Hall: Englewood Cliffs, NJ, 1969; p 77. 
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chloride, and the mixture was refluxed for 12 h. The disap- 
pearance of the starting materials was monitored by 'H NMR 
analysis. After the reaction was complete, the solvent was removed 
on the rotary evaporator. The byproduct chlorotrimethylstannane 
was removed at  0.01 torr and 100 "C, leaving crude product in 
quantitative yield. Crystallization from methylene chloride and 
hexane yielded colorless crystals: 2.0 g (89%); mp 86-88 "C; 'H 
NMR (CDC1,) 6 0.68 (s, 6 H, 2J('1gSn-C-H) = 59.5 Hz, SnMe2C1), 
1.33 (t, 2 H, CCH2SnMe2C1); IR (KBr) vso, 1315, 1115 cm-'; IR 
(10% in CH,CN) "soB 1275, 1130 cm-'. Anal. Calcd for 
C7Hl,C102SSn: C, 26.32; H, 5.36; MI, 363.9. Found: C, 26.14; 
H, 5.50; MI, 343. 
3-(Chlorodimethylstanny1)propyl Ethyl Sulfoxide (5). The 

procedure was the same as that described for the sulfone except 
that refluxing was continued for 48 h. The crude product was 
recrystallized from hexane yielding colorless crystals: 1.9 g (90%); 
mp 65-67 "C; 'H NMR (CDCl,) 6 0.67 (s, 6 H, 2J(11gSn-C-H) = 
67.0 Hz, SnMe2C1), 1.27 (t, 2 H, CCH2SnMe2C1); IR (KBr) vso 
971, 860 cm-'; IR (10% in CH,CN) vso2 962 cm-'. Anal. Calcd 
for C7H1,C1O2SSn: C, 27.71; H, 5.65; MI, 303.2. Found: C, 27.93; 
H, 5.85; MI, 320. 
3-(Dichloromethylstannyl)propyl Ethyl Sulfone (10). Into 

a 50-mL flask, equipped with a magnetic stirrer, was added 2.0 
g (7.1 mmol) of 3-(trimethylstanny1)propyl ethyl sulfone dissolved 
in 5 mL of methylene chloride and cooled to 0 "C. To this solution 
was added 1.9 g (7.1 mmol) of tetrachlorostannane in 10 mL of 
methylene chloride dropwise while being stirred at 0 "C. After 
the addition was complete, the reaction mixture was refluxed for 
9 days until the starting materials had completely disappeared 
('H NMR analysis). The reaction mixture was subjected to 
crystallization with methylene chloride and hexane, yielding 
colorless crystals of 3- (dichloromethylstanny1)propyl ethyl sulfone: 
2.0 g (83%); mp 171-173 "C; 'H NMR (CD3COCD3) 6 1.20 (s, 3 
H, 2J(11gSn-C-H) = 85.0 Hz, SnMeCl,), 1.30 (t, 2 H, 
CCH,SnMeCl,); IR (KBr) vsoZ 1313, 1115 cm-'; IR (10% in 
CH3CN) vsoz 1275, 1130 cm-'. Anal. Calcd for C6H&l&SSn: 
C, 21.21; H, 4.15. Found: C, 21.44; H, 4.23. 
3-(Dichloromethylstannyl)propyl Ethyl Sulfoxide (6). 

The procedure was the same as that for the sulfone except that 
refluxing was continued for 3 days. Recrystallization of the crude 
product from methylene chloride/hexane afforded 2.2 g (95%) 
of product: mp 89-91 "C: 'H NMR (CD3COCD3) 6 1.02 (s,3 H, 
2J(11gSn-C-H) = 91.0 Hz, SnMeCl,), 1.29 (t, 2 H, CCH,SnMeCl,); 
IR (KBr) vS=o 957,940 cm-'; IR (10% in CH3CN) vs-4 962 cm-'. 
Anal. Calcd for C6H14C120SSn: C, 22.25; H, 4.36; MI, 323.8. 
Found: C, 22.09; H, 4.35; MI, 306. 

3-(Bromodimethylstannyl)propyl Ethyl Sulfone (11). Into 
a 50-mL flask equipped with a magnetic stirrer and cooled in an 
ice bath were placed 2.0 g (7.1 mmol) of 3-(trimethylstannyl)propyl 
ethyl sulfone and 10 mL of dry methanol under nitrogen. To this 
was added dropwise 7.1 mmol of bromine in 7.0 mL of carbon 
tetrachloride. The flask was warmed to room temperature, the 
solvent removed on the rotary evaporator, and the product 
crystallized from methylene chloride/hexane to yield 2.1 g (82%): 
mp 105-106 "C; 'H NMR (CDCl,): 6 0.78 (s, 6 H, 2J(11gSn-C-H) 
= 60.0 Hz, SnMe,Br), 1.33 (t, 2 H, CCH2SnMe2Br); IR (KBr) VSO,  
1317,1120 cm-'; IR (10% in CH,CN) vsoz 1270,1131 cm-'. Anal. 
Calcd for C7H17Br02SSn: C, 23.11; H, 4.71; MI 363.9. Found: 
C, 22.95; H, 4.72; MI, 343. 

3-(Bromodimethylstannyl)propyl Ethyl Sulfoxide (7). The 
same procedure as that described above was used, yielding 2.1 
g (82%) of product: mp 105-106 "C; 'H NMR (CDC1,) 6 0.78 (s, 
6 H, 2J(11gSn-C-H) = 67.0 Hz, SnMe2Br), 1.29 (t, 2 H, 
CCH2SnMe2Br); IR (KBr) v- 984,957 cm-'; IR (10% in CH3CN) 
v- 964 cm-'. Anal. Calcd for C7H17BrOSSn: C, 24.17; H, 4.93; 
MI, 347.9. Found: C, 24.14; H, 4.76; MI, 333. 

3-(Dibromomethylstannyl)propyl Ethyl Sulfone (12). Into 
a 50-mL flask equipped with a magnetic stirrer were placed 2.0 
g (7.1 mmol) of 3-(trimethylstanny1)propyl ethyl sulfone and 10 
mL of dry methanol, and the flask was cooled to 0 "C under 
nitrogen. To this was added dropwise 14.2 mmol of bromine in 
14.0 mL of carbon tetrachloride. After the addition of bromine 
was complete, the reaction mixture was stirred for 2 h. The 
reaction mixture was examined by 'H NMR to follow the dis- 
appearance of the starting material. It was treated with Norite 
to decolorize the solution and filtered. The solvent was removed 
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on the rotary evaporator to give a quantitative yield of crude 
product which was crystallized from methylene chloride/hexane 
to yield 2.4 g (79%) of product: mp 158-160 "C; 'H NMR (C- 
D3COCD3) 6 1.41 (s, 3 H, 2J(11gSn-C-H) = 81.0 Hz, SnMeBr,), 
1.28; IR (KBr) vmz 1317,1120 cm-'; IR (10% in CH3CN) vso, 1280, 
1131 cm-'. Anal. Calcd for C6Hl4BrO2SSn: C, 16.81; H, 3.29; 
MI, 412.8. Found: C, 16.62; H, 3.45; MI, 395. 

3-(Dibromomethylstannyl)propyl Ethyl Sulfoxide (8). 
Using the above procedure with 6 h of reflux provided 2.5 g (85%) 
of product: mp 108-109 "C; 'H NMR (CD3COCD3) 6 1.23 (s, 3 
H, 2J(11gSn-C-H) = 90.0 Hz, SnMeCl,), 1.29 (t, 2 H, 
CCHanMeCl,); IR (KBr) v- 957,940 cm-'; IR (10% in CH,CN) 

961 cm-'. Anal. Calcd for C6H14Br20SSn: C, 17.46; H, 3.42; 
MI, 412.8. Found: C, 17.47; H, 3.41; MI, 395. 

Preparation of 3-(Trimethylstanny1)propyl Phenyl Sul- 
foxide (13). A solution of 11.6 g (36.8 mmol) of 3-(trimethyl- 
stanny1)propyl phenyl sulfide in 25 mL of dichloromethane was 
cooled to 0 "C (ice bath). To this solution was added dropwise, 
over 30 min, a solution of 8.85 g (38.66 mmol) of m-chloroper- 
benzoic acid in 250 mL of dichloromethane. After the addition 
was complete, the reaction mixture was warmed to room tem- 
perature and stirred for 15 min. The reaction mixture was then 
suction filtered, and the filtrate was washed with (3 X 100 mL) 
of saturated aqueous solution of sodium bicarbonate, 2 x 130 mL 
of water, dried (MgSO,) and filtered. The filtrate was concen- 
trated to give an orange oil which wae purified by silica gel column 
chromatography (80/20 hexanes/acetone) to afford 11.5 g (94%) 
of 13 as a clear colorless oil: IR (neat film) 1045 cm-'; 'H 
NMR (CCl,) 6 0.11 (s, 9 H, 2J(1'gSn-C-H) = 51.5 Hz, SnMe), 
0.63-0.98 (m, 2 H, SnCH,), 1.47-2.07 (m, 2 H, SnCH2CH2), 
2.46-2.72 (m, 2 H, SnCH2CH2CH2), 7.03, (m, 5 H, C&5). Anal. 
Calcd for C12H2,0SSn: C, 43.35; H, 6.09. Found: C, 43.70; H, 
6.34. 
3-(Chlorodimethylstannyl)propyl Phenyl Sulfoxide (14). 

The reaction of 3-(trimethylstanny1)propyl phenyl sulfoxide with 
dichlorodimethylstannane was conducted in the same way as that 
for the ethyl analogue. Reaction was complete in 20 h providing 
53% of product after recrystallization from hexane: mp 108-110 
"C; IR (KBr) vS=o 985 cm-'; 'H NMR (CDCl,) 6 0.75 (s, 6 H, 
2J(11gSn-C-H) = 66.0 Hz, SnMe,), 1.40-1.70, (m, 2 H, SnCH,), 
1.97-2.59, m, SnCH2CHz), 2.63-3.07 (m, 2 H, SnCH2CH2CH2), 
7.37 (s, 5 H, C6H5). Anal. Calcd for Cl1Hl7C1OSSn: C, 37.59; 
H, 4.87; MI, 351.5. Found: C, 37.21; H, 4.56; M,, 358. 

3-(Dichloromethylstannyl)propyl Phenyl Sulfoxide (15). 
This procedure was the same as that for the ethyl analogue, but 
the reaction required only 20 h at  reflux. Recrystallization from 
dichloromethane/hexane yielded 87% of product: mp 118-120 
"C; IR (KBr) 970 cm-'; 'H NMR (CDCl,) 6 1.28 (s, 3 H, 
2J(1'gSn-C-H) = 86.0 Hz, SnMe,), 1.82-2.15, (m, 2 H, SnCH,), 
2.28-2.72, (m, SnCH2CHz), 2.82-3.15 (m, 2 H, SnCH2CH2CH2), 
7.48 (s, 5 H, C6H5). Anal. Calcd for CloH14C12SOSn: C, 32.30; 
H, 3.79; MI, 371.9. Found: C, 31.98; H, 3.59; MI, 350. 

Preparation of 3- (Bromodimethylstann yl) propyl phenyl 
sulfoxide (16): A solution of 2.634 g (7.96 mmol) of 3-(tri- 
methylstanny1)propyl phenyl sulfoxide in 10 mL of anhydrous 
methanol was cooled to 0 "C and treated with a solution of 1.272 
g (7.96 mmol) of bromine in 25 mL of carbon tetrachloride over 
a period of 50 min. After the addition, the solution was warmed 
to room temperature and a clear colorless solution was obtained. 
The solvents were rotary evaporated, and the residual viscous oil 
was dissolved in dichloromethane and treated with decolorizing 
carbon. The solution was gravity filtered, and the filtrate was 
concentrated to give a white solid. This was dissolved in a 1:l 
mixture of dichloromethane and hexanes and let stand at  room 
temperature overnight to afford 2.6 g (84%) of 16 as colorless 
crystals: mp 129.5-30.5 "C; IR (KBr) vs=o 970 cm-'; 'H NMR 
(CDC13) 6 0.87 (s,6 H, 2J("gSn-C-H) = 65.0 Hz, SnMe,), 1.43-1.73, 
(m, 2 H, SnCHJ, 2.00-2.53 (m, 2 H, SnCH,CH,), 2.60-3.00 (m, 
2 H, SnCH,CH,), 7.30 (5, 5 H, C6H5). Anal. Calcd for 
Cl1Hl7BrOSSn: C, 33.37; H, 4.33; MI, 396.0. Found: C, 33.47; 
H, 4.35; MI, 374. 

3-(Dibromomethylstannyl)propyl Phenyl Sulfoxide (17). 
Using the procedure described for the ethyl analogue 3-(tri- 
methylstanny1)propyl phenyl sulfoxide yielded 42 % of the sul- 
foxide after crystallization from dichloromethane/hexane: mp 
110-112 "C; IR (KBr) vs=o 980 cm-'; 'H NMR d 1.50 (s, 3 H, 
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2J(11gSn-C-N) = 80.0 Hz, SnMe), 1.97-2.70 (m, 4 H, SnCH2CHz), 
2.73-3.20 (m, 2 H, Sn CH,CH2CHz), 7.33 (9, 5 H, Cdl,). Anal. 
Calcd for CloHl4Br20SSn: C, 26.07; H, 3.06; M,, 460.5. Found: 
C, 26.02; H, 3.18; M,, 466. 

3-(Dimethyl( (trifluoromethy1)sulfonyl)stannyl)propyl 
Phenyl Sulfoxide (18). Into a three-necked 50-mL flask fitted 
with a dry ice-acetone cold finger was placed 1.133 g (2.862 mmol) 
of 3-(bromodimethylstannyl)propyl phenyl sulfoxide. The reaction 
flask was cooled to -78 "C, and about 35 mL of sulfur dioxide 
was condensed. To the clear solution was added 0.7335 g (2.862 
mmol) of silver trifluoromethanesulfonate, the cooling bath was 
removed, and the mixture was stirred at  the SO2 reflux tem- 
perature for 1 h. The solution was then suction filtered under 
nitrogen, and the clear colorless filtrate was transferred to a 50-mL 
flask. The sulfur dioxide gas was allowed to evaporate, and the 
residual volatiles were removed by stirring at  58 OC (oil bath) 
under 0.05 torr for 3.5 h to give 1.01 g (75%) of 18 as a clear 
colorless gum: 'H-NMR (CDCl,) 6 0.76 (s, 6, 2J(11gSn-C-H) = 
68.0 Hz, SII(CH~)~),  1.63 (m, 2, SII(CH,)~CH~), 2.37 (m, 2, Sn- 
(CH,)&H,CHZ), 3.04 (ddd, J,,, = 14.3 Hz, J m  = 9.7 Hz, J A Y  = 
1.9 Hz, HCHSOPh), 3.36 (ddd, Jgem = 14.1 Hz, J A X  = 2.2 Hz, 
HCHSOPh), 7.67 (br s, 5, SOPh); IR (KBr plate) 965 cm-' (strong, 

S==O). Anal. Calcd for Cl2F3HI7O4S2Sn: C, 30.99; H, 3.69. Found: 
C, 30.91; H, 3.49. 
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Summary: (q'-Me,C,)P=N(t-Bu) (1) was prepared in a 
two-step synthesis from Me,C,PCI,. Reaction of 1 with 
(MeCN),Mo(CO), affords the spirocyclic compound (7'- 

Me,C,PN(t-Bu)PN(t-Bu)C(0)Mo(CO),(r5-C,Me5) (5 ) ,  

whose structure was determined by X-ray crystallography. 
A metalloiminophosphane, (q5-Me5C5)(C0)3M~P==N(t-Bu) 
(7), is proposed to be the key intermediate in the forma- 
tion of 5. 

- 
I I 

The use of phosphorus(II1) p~ systems as ligands in 
transition-metal complexes is well-established, and a vast 
number of such species is known.' Only recently this 
chemistry has been further expanded by incorporating 
organometallic substituents. New types of compounds 
include C- and P-metalated phosphaalkenes2 and metal- 

(1) Scherer, 0. J. Angew. Chem. 1985,97,905; Angew. Chem., Int. Ed. 
Engl. 1985, 24, 924. 

(2) Weber, L.; Reizig, K. Angew. Chem. 1985,97, 53; Angew. Chem., 
Int. Ed.  Engl. 1985, 24, 53. Weber, L.; Reizig, K.; Boese, R.; Polk, M. 
Angew. Chem. 1985,97,583; Angew. Chem., Int. Ed. Engl. 1985,24,604. 

lodiph~sphenes,~ as well as terminal and bridging phos- 
phavinylidene complexe~.~ Here, we report on attempts 
to synthesize a metalloiminophosphane via the shift of a 
Me&, ligand from phosphorus to the transition metal, 
which has proven to be a convenient route to P-metalated 
ph~sphaalkenes.~ 

Me,C,P=N(t-Bu) (1) was prepared in a two-step syn- 
thesis starting from Me5C5PC12 (2):6 addition of 0.1 mol 
of t-BuNH, to a CH2C1, solution (200 mL) of 2 (0.1 mol) 
and Et3N (0.1 mol) during 1 h a t  room temperature, fil- 
tration, and distillation gave the aminochlorophosphane 
3.T Metalation of 3 (50 mmol) in THF at -70 "C (10 min), 
followed by elimination of LiCl on warming to -30 "C (1 
h), produced 1. The product was purified by evacuation 
of the solvent, extraction of the residue with hexane, fil- 
tration, and distillation. l was obtained as a yellow, 
thermally stable liquid that could be identified on the basis 
of analytical and spectroscopic data.8 Reaction of 1 with 
(MeCN),Mo(CO), (4)9 was found to proceed in a 2:l molar 

(3) Weber, L.; Reizig, K. Angew. Chem. 1985,97,868 Angew. Chem., 
Int. Ed. Engl. 1985, 24, 865. 

(4) Cowley, . A.; Norman, N. C.; Quashie, S. J .  Am. Chem. SOC. 1984, 
106,5007. Arif, A. M.; Cowley, A. H.; Quashie, S. J .  Chem. SOC., Chem. 
Commun. 1985,428. 

(5) Gudat, D.; Niecke, E.; Krebs, B.; Dartmann, M. Chimia 1985,39, 
277. Gudat, D.; Niecke, E.; Arif, A. M.; Cowley, A. H.; Quashie, S. Or- 
ganometallics 1986, 5, 593. 

(6) Jutzi, P.; Saleske, H. Chem. Ber. 1984, 117, 222. 
(7) 3: bp 80-90 "C (0.1 torr); yield 75-80%; 31P(1HJ NMR (CDCl,, 28 

"C) 6 142.9 (8); 13C(1H} NMR (CDCl,, 28 "C) 6 10.9 (br) and 14.8 (br) 
H3CC (ring), 31.4 (d, 9.3 Hz, NCCH3), 51.5 (d, 12.1 Hz, NC), 62.0 (br, (PC 
ring), 136.7 (br, C ring); 'H NMR (CDC13, 28 "C) 6 2.87 (br d, 15.4 Hz, 
1 H, NH), 1.S1.7 (br m, 15 H, CCH3 ring), 1.09 (d, 1.1 Hz, 9 H, NCCH3). 
Anal. Calcd for C1,H,,CINP: C, 61.42; H, 9.20; N, 5.11. Found: C, 61.24; 
H. 9.31. N. 5.15. , - --. - - ~- ~~ 

(8) 1: bp 50-54 "C (0.1 torr); yield 72-7570; MS (EI, 70 eV), m / e  
(relative intensity) 237 (10, M'). 31P(1H) NMR (C&, 28 "c) 6 283.2 (s); 
l3CI1HJ NMR (CsD6, 28 "C) 6 10.6 (d, 0.9 Hz, CCH, ring), 34.4 (d, 10.4 Hz, 
NCCH,), 59.2 (s, NC), 124.1 (d, 5.3 Hz, C ring); 'H NMR 28 "C) 
6 1.39 (d, 1.4 Hz, 9 H, NCCH,), 1.81 (d, 1.5 Hz, 15 H, CCH3 ring). Anal. 
Calcd for C,,H,,NP: C, 70.85; H, 10.19; N, 5.90. Found: C, 69.33; H, 9.99; 
N, 5.72. 
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