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The reaction of @ximethylstannylethyIidenetriphenylphosphorane, prepared 
by the action of methylenetiphenylphosphorane on iodomethyltrimethyltin, 
followed by deprotonation of the resulting [Ph3PCH,CH,SnMe,]’ I- with lithi- 
um diisopropylamide, with aldehydes and ketones provides a route to allylic 
organotin compounds, Me$SnCH,CH=CHR and Me,SnCH&H=CRR’. Alkyla- 
tion of Ph,P=CHCH,SnMe, with iodomethane, followed by deprotonation of 
the resulting phosphonium salt and reaction of the latter with propionaldehyde 
gave MesSnCH,C(CHs)=CHCH,CH3. 

Introduction 

In recent years allylic derivatives of tin have found increasing applications in 
organic and organometallic synthesis [2,3] _ Among the methods used previ- 
ously to prepare allyltin compounds, the reaction of an allylic halide-derived 
Grignard reagent, preformed or generated in situ by the Barbier procedure, 
with a tin halide, the reaction of an allylic halide with an organotin-lithium 
or -sodium reagent, and the radical-initiated 1,4-addition of a tin hydride to a 
1,3-diene are the most important 131. 

Our need for a 3,3-difluoroallylstannane, whose preparation by the first two 
of these routes was not possible because of the Iack of a facile route to the 
required ally&c halide, CF2=CHCH2X, has led US to develop a new and general 
procedure for the preparation of allylic derivatives of tin. 

Previous syntheses of allyhc tin compounds were based on processes in 
which the carbon skeleton of the allylic group was already formed before the 

* Preliminary communication. see ref. 1. 
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Sri--- bond formation step. Our synthesis starts with a compound containing a 
tin-carbon bond and forms a new C-C bond in the construction of the ally1 
substituent. The organotin starting materials for this synthesis, iodomethyl- and 
cr-iodoalkyl-derivatives of tin are readily prepared, providing the needed gem- 
diiodides are available (es_ 1) 143, generally in good yield, by a route developed 
earlier in these laboratories_ 

CHzIz - 
Et 2511 I ICH2ZnI RIe3SnCl 

THF 
-----+ Me3SnCH,I (1) 

Phosphorus ylides are known to displace halide ion from alkyl bromides and 
iodides, giving a phosphonium halide, e.g., [Ph3PCH2RJ’ X- in the case of the 
reaction of Ph3P=CH, with RX 151. Thus the action of methylenetriphenyl- 
phosphorane on iodomethyltin compounds would be expected to give p-stan- 
nylethyltriphenylphosphonium iodides, [Ph3PCH2CH2SnR3]’ I-. Subsequent 
deprotonation of the latter with an appropriate base should form the respective 
fl-stannylethylidenetriphenylphosphoranes_ These, on reaction with aldehydes 
and ketones, then should give the desired allyltin compounds. We report here 
the realization of this proposed chemistry, as outlined in Scheme 1. 

SCHEME 1 

[Ph,PCH&- + 

Ph3P=CH, 

EtZnI + CH,I, 

Base 1 
ICH,ZnI 

1 Me,SnCI 

Me3SnCH,I 

c 
[Ph,PCH&H,SnMe3] I- 

- i 

ease 

Ph,P=CHCH,SnMe3 

//Hz0 kc=O 

Me3SnCH2CH=CHR Me3SnCH2CH=CRR’ 

Results and discussion 

(1) Preparation of &trimethylstannylethyltriphenylphosphonium iodide 
The addition, with stirring, of a solution of methylenetriphenylphosphorane 
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in diethyl ether (prepared by the reaction of a methyltriphenylphosphonium 
halide with phenyllithium in diethyl ether) to a cold (0°C) solution containing 
1.1 molar equivalents of iodomethyltrimethyltin resulted in precipitation of a 
white solid and formation of a red-orange solution. After the reaction mixture 
had been stirred for 15 h at room temperature, a light amber slurry was pre- 
sent. Filtration gave a white solid whose NMR spectrum showed it to be the 
desired product contaminated with 11% of [Ph3PCH3]’ I-. This solid was 
recrystallized from EtOH/EtOAc (l/4) to provide a pure sample of 
[PhsPCH&H2SnMes]’ I- which was characterized by analysis and infrared and 
proton NMR spectroscopy. The crude product in such preparations usually is 
contaminated with lo-20% of methyltriphenylphosphonium iodide, and it 
may be used in further Wittig reactions without further purification. Base con- 
verts the impurity to Ph3P=CH2 whose subsequent reaction with a carbonyl 
compound gives the much more volatile RR’C=CH* olefin (compared to 
RR’C=CHCH,SnMe3 in the present case) which is easily and efficiently sepa- 
rated from the desired allyltin product. The provenance of the [Ph3PCH3]’ I- 
impurity remains to be established *. 

It was not at all certain in advance that [Ph3PCH,CH,SnMe3]’ I- would be 
stable at room temperature. Previous workers had found analogous ammonium 
and sulfonium salts to be unstable. Thus, attempted quatemiiation of 
Ph3SnCH,CH2NMe2 and of PhsSnCH,CHaSAr compounds with iodomethane 
resulted in a &elimination process (eq. 2, 3) [6,7]. On this basis, 
[PhsPCH2CH2SnMes]’ I- possibly and [Ph,PCH,CH,SnPh,]’ I- certainly would 

Ph,SnCH,CH,NMe, + Me1 -+ Ph,SnI + CH,=CH= + Me,N (2) 

Ph,SnCH,CH,SAr + Me1 + Ph,SnI + CH,=CH, + CH$%r (3) 

be expected to be unstable. However, the former was stable up to its melting 
point of 123°C; at this temperature, decomposition occurred, evolving ethylene 
and forming trimethyltin iodide and triphenylphosphine, presumably by way 
of nucleophilic attack by iodide ion at tin (eq. 4). 

Me3Sn+~+H,~~Php + Me,SnI + CHZ=CH1 + PPh3 (4) 

II- 

A methyl-substituted salt, [Ph3PCH(CH3) CH,SnMe3]’ I-, was found to be 
unstable at room temperature. It was prepared by the methylation with 
iodomethane of the ylide derived from [Ph,PCH,CH,SnMe,]’ I- (eq. 5). At 
room temperature this salt decomposed with formation of a gas and trimethyl- 
tin iodide. However, a stable Reineckate salt of this cation, 

Ph3P=CHCH,SnMe, + CH31 + [Ph,PyHCH,SnMe,l’ I- 

CHX I 
Ph,P + CH&l=CH, + Me,SnI (5) 

[Ph3PCH(CHs) CH,SnMe,]’ [Cr(NH,),(SCN),]- - H,O could be prepared and 

* This question has been considered in more detail in the analogous Ph3P=CH2/Me3SiCH21 reaction 

c171. 



characterized, and the iodide could be converted to the respective ylide, 
Ph,P=C(CH,) CH$lnMe,, by in situ treatment with base (see below). 

(2) Generation and Wittig w&ions of fi-trimethylstannylethyiidenetriphenyl- 
plzosphorane 

Addition of a molar equivalent of lithium diisopropylamide to a slurry Of 

[Ph,PCH,CH,SnMe,]* I- in THF at 0°C resulted in the formation of a homo- 
geneous, deep red-orange solution of the ylide. When an excess of n-heptal- 
dehyde was added to this solution, its color faded to a light amber. After a 
3 h reflux period the reaction mixture was worked up and subsequent GLC 
analysis established that the Wittig product, Me,SnCH,CH=CHC,H,A-n. had 
been produced in 83% yield. Its NMR spectrum showed two Me,Sn resonances, 
indicative of the presence of cis and fwns isomers, and a strong absorption in 
its infrared spectrum at 960 cm-’ showed that the trans isomer predominated. 

Other bases were examined for applicability in the deprotonation step. Lith- 
ium bis(trimethylsilyl)amide gave equally good results, but phenyllithium was 
not sufficiently selective. When [Ph, PCH,CH,SnMe,]’ I- was treated with 
phenyllithium, the ylide was formed in lower yield (as indicated by its subse- 
quent Wittig reaction) and trimethylphenyltin was formed (in 20% yield) as 
well. Thus phenyllithium reacts as a nucleophile, attacking at tin, as well as a 
base (eq. 6). The other products of this reaction were not isolated. 

[Ph,P-CH,<H,-SnMe,]+ I- -----+ 

1b 

path a Ph,P=CHCH,SnMeJ + CGH, + LIT 

PhLi PhLi path PhSnMe3 f CH,=CH* + Ph3P + LiI 

Similar Wittig reactions of ~-trimethylstannylethylidenetriphenylphos- 

(6) 

phorane were carried out with cyclohexanone and benzaldehyde to give 
2-cyclol~exylideneethyltrimethyltin (79%) and 3-phenylallyltrimethyltin 
(trans isomer) (40%). 

As mentioned above, the phosphonium iodide obtained by addition of 
iodomethane to ~-trimethylstannylethylidenetriphenylphosphorane, 
[Ph,PCH(CH,) CH2SnMe3]’ I-, could not be isolated as the pure solid at room 
temperature_ However, treatment of the reaction mixture in which it was 
formed with lithium diisopropylamide gave the expected ylide, 
Ph3P=C(CH3) CH,SnMe,. Treatment of this reagent with propionaldehyde 
produced Me$nCH$(CH,)=CHCH,CH; (l/l E/Z isomer mixture) in 39% 
yield, 

The yields obtained in these allyltin syntheses were not all high, but it is 
likely that they can be improved_ On the basis of the examples given above it is 
clear that a wide variety of allylic tin compounds can be prepared by this pro- 
cedure. The reaction of Ph,P=CHCH,SnMe3 with aldehydes and ketones 
appears to present no problems and should be of broad applicability. Ylides of 
type Ph,P=C(R) CH,SnMe3 can be prepared by alkylation of 
Ph3P=CHCH2SnMe3 followed by deprotonation of the resulting a-substituted 
&trimethylstannylethyltriphenylphosphonium halide. Alternatively, they 
should be accessible via reactions of substituted ylides, Ph,P=CHR, with 
iodomethyltrimethyltin, followed by deprotonation of the phosphonium halide 
thus formed. In either route, on the basis of what was observed with 
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[ Ph3PCH(CH3) CH#nMeJ’ I-, one may expect that the a-substituted phos- 
phonium halide will be unstable and that an in situ procedure will have to be 
used. Phosphonium halides of type [Ph3PCH,CH(R) SnMeJ’ I- and 
[Ph,PCH(R’) CH(R) SnMe,]’ I- also may be prepared (eq. 7 and S), and these 
will provide the ylides Ph,P=CHC(R) SnMe3 znd Ph,P=C(R’) CH(R) SnMe,. 

Ph3P=CH, + Me,SnyHI * + [Ph,PCH,yHSnMe,]+ I- (7) 

R R 

Ph,P=CHR’ + Me,SnyHI * + [Ph,PyH-YHSnMeJ I- (8) 

R R’ R 

Again, it is possible that the phosphonium salts will not be stable and that an in 
situ procedure will need to be used. 

In conclusion, we take note of an alternate route to Ph,P=CHCH,SnMe, . 

reported by Harmon and Traylor [S] who added trimethyltinlithium to vinyl- 
triphenylphosphonium bromide (eq. 9). The ylide thus produced was treated 

Me$nLi + [ CH2=CHPPhJ + Br- - ‘so ’ - Ph3P=CHCH,SnMe3 + LiBr (9) 

with sufficient cyclohexanone to discharge the red ylide color. Cyclohexyl- 
ideneethyltrimethyltin was obtained and a yield of 90%, based on,cyclohex- 
anone used, was reported_ Since the quantity of cyclohexanone used was not 
disclosed, it is impossible to evaluate the effectiveness of this procedure_ In our 
hands this procedure gave moderate yields of the expected allylic tin product 
(44% yield, Wittig reaction at -95” C; 48% yield, Wittig reaction at room tem- 
perature), based on the l/l Me$nLi/[CH,=CHPPhJ’ Br- stoichiometry used. 
Furthermore, the reaction was complicated by the formation of substantial 
quantities of hexamethylditin (31% yield in the room temperature reaction). 

As noted in the Introduction, the impetus for this work was provided by our 
need for a practical synthesis of a 3,3-difluoroallylstarmane. /3-Trimethylstan- 
nylethylidenetriphenylphosphorane proved to be a useful reagent for the syn- 
thesis of Me3SnCH,CH=CF2 [gal. Details of this aspect of our work will be 
provided in a subsequent paper. 

One of the useful synthetic applications of allylic tin compounds is their 
conversion, by transmetalation with an organolithium reagent, to allyllithium 
compounds. A separate paper describes the preparation of the respective allylic 
lithium reagents from the allylic tin compounds reported here and some of 
their reactions [ 9b] _ 

Experimental 

General comments 
All reactions were carried out in flame-dried glassware under an atmosphere 

of dry argon or nitrogen. All solvents were rigorously dried, diethyl ether by 
distillation from lithium aluminum hydride, tetrahydrofuran (THF) from 
sodium benzophenone ketyl. 

* Such compounds where R = CH3 and MegSi have been prepared [4]. 
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Infrared spectra were recorded using a Perkin-Elmer Model 457A grating 
infrared spectrophotometer, proton NMR spectra using a Varian Associates 
T60 spectrometer. Chemical shifts are reported in S units, ppm downfield from 
internal tetramethylsilane. Internal standards used were tetramethylsilane, 
chloroform and dichloromethane. Gas-liquid chromatography (GLC) was used 
in product analysis. yield determinations and for isoIation of pure product 
samples for analysis and spectroscopy_ 

Starting materials 
Iodomethyltrimethyltin [4b], trimethyltinlithium [lo] and vinyltriphenyl- 

phosphonium bromide [ 111 were prepared by literature procedures. Methyl- 
enetriphenylphosphorane was prepared by the action of phenyllithium on 
methyltriphenylphosphonium iodide or bromide [ 121. or salt-free, by the reac- 
tion of sodamide in liquid ammonia with methyltriphenylphosphonium bro- _ 
mide [13]_ 

Preparation of P-trinzethylstannytethyLtriphenylphosphonium iodide 
A one-liter, three-necked, round-bottomed flask equipped with a paddle 

stirrer, a 250 ml addition funnel and a nitrogen inlet tube was chtiged with 
113.3 g (0.315 mol) of methyltriphenylphosphonium bromide and 500 ml of 
diethyl ether. Subsequently 338 ml of 0.99 1M phenyllithium in diethyl ether 
(0.334 mol) was added dropwise over a period in 1 h and the resulting mixture 
was stirred overnight at room temperature to give a solution of methylenetri- 
phenylphosphorane. 

A two-liter, three-necked, round-bottomed flask equipped with a paddle 
stirrer, a 500 ml addition funnel and a nitrogen inlet tube was charged with 
105.0 g (0.345 mol) of iodomethyltrlmethyltin and 200 ml of diethyl ether 
and the solution was cooled in an ice bath. The clear Ph3P=CH2 solution was 
cannulated into the addition funnel and then was added dropwise to the 
Me,SnCH,I, with stirring, over a period of 2 h. The resulting slurry, consisting 
of a fine, light yellow precipitate and an orange supernatant solution, was 
stirred at room temperature overnight. Subsequent filtration gave an off-white 
solid which was washed thoroughly with diethyl ether and dried in vacuum at 
room temperature_ The solid thus obtained (170.0 g, 92%) was a fine, off-white 
powder, m-p. 115-118°C (dec.). Proton NMR analysis of a sample in CDC13 
showed it to be a mixture of [Ph,PCH,CH,SnMe3]’ I- and [Ph3PCH3]’ I-. The 
composition was determined by examining the integration of the methyl and 
methylene protons on the carbon atoms adjacent to phosphonium function in 
the S 3-4 ppm region. A ratio of 3.88/l was observed by comparing the inte- 
gration of the PCH, group of the tin compound to the PCH, group of the im- 
purity- Correcting for the different numbers of protons in the two groups gave 
a 5.82/l mole ratio of the tin-subst.ituted phosphonium salt to the 
[Ph3 PCHJ’ impurity, or an 85 mol.% purity of the the [Ph3PCH2CH,SnMe3]’ 
I-. This is equivalent to an 89 weight% purity. In a number of such prepara- 
tions, carried out on scales of 15 to 350 mmol, product purities of 80-90 
mol.% were obtained. 

A pure sample of the product was obtained by adding a sufficient quantity 
of ethanol/ethyl acetate (l/4) to dissolve approximately one-half of the sample 
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used. The mixture was warmed to 50°C and filtered hot. As the filtrate cooled, 
analytically pure [PhJPCfizCHzSnMeJ’ I- slowly crystallized, m.p. 122.5- 
123.5”C (dec.). (Anal.: Found: C, 47.53; H, 4.89. CZ3H,,IPSn calcd.: C, 47.54; 
H, 4.86%). IR (CHCl,): 303Ow, 2930s (br), 1590m, 1480m, 144Os, 139Ow, 
131Ow, 1205m (br), lllOs, 990m cm-‘. NMR(CDCl,/CHC13): 6 0.27 (s, 9 H, 
J(“9Sn-‘H) 55 Hz, J(“7Sn-‘H) 53 Hz, Me,%), 0.60-1.32 (broad, complex 
m, 2 H, SnCH,), 3.33-4.13 (broad, complex m, 2 H, PCH,), 7-60-7-66 (m, 
15 H, Ph3P). 

In such syntheses methyltriphenylphosphonium bromide and iodide gave 
comparable results. The use of salt-free methylenetriphenylphosphorane [ 131 
offered no particular advantages in product yield or purity. 

Thermal decomposition of ~-trinzethylstannylethyltriphe~zylphospI~o~~ir~~~~ 
iodide 

A 100 ml one-necked flask equipped with a magnetic stirbar was charged 
with 1.324 g (2.28) mmol of [Ph3PCHzCH,SnMe,]’ I- (97% pure)_ The flask 
was fitted to a three-way stopcock, which was connected, with all-glass connec- 
tions, to a high vacuum line and a mercury manometer, and the system was 
evacuated. The stopcock then was turned to connect only the flask and the 
manometer and the flask was heated to 160°C. Gas evolution started at about 
120°C and was complete after 30 min at 160°C. The system was cooled to 
room temperature and the quantity of gas was determined to be 1.85 mmol 
(109.5 ml, 312 mmHg, 23”C, 81% yield). In separate experiments the gas was 
characterized as ethylene by IR spectroscopy and by bromination to give 
1,2-dibromoethane. 

The contents of the flask were extracted with 20 ml of hot benzene. Filtra- 
tion left 0.406 g of red, benzene-insoluble residue whose NMR spectrum 
showed the presence of a methyltin species (6 1.36, J(Sn-H) 74 Hz, 43% of 
total H); a multiplet (6 1.75-2.05, 8% cf total H); a multiplet characteristic of 
a Ph,PCH, species (6 3.38-3.9, S% of total H) and a (C,H,),P moiety (6 7.53- 
7.78, 68% of total H). The benzene extracts were treated with 1 ml of iodo- 
methane and stirred for 24 h at room temperature to give 0.433 g (1.07 mmol, 
47% yield) of [Ph3PCH3]‘ I-, m-p. 184-187”C, whose NMR spectrum was 
identical to that of an authentic sample. The filtrate was analyzed by GLC 
(10% Carbowax 20M on Chromosorb W at 150°C) and it was determined that 
0.976 mmol (43%) of trimethyltin iodide (n”D 1.5706) was present. The IR 
spectrum and the GLC retention time of this product were’identical with those 
of an authentic sample. 

Wittig reactions of ~-trimethylstan~zylethylidenetripherzylplzosphorane 
(I) With n-heptaldehyde. Lithium diisopropylamide was prepared by the 
method of Creger [14]. A 250 ml, one-necked, round-bottomed flask equipped 
with a magnetic stirbar and a no-air stopper was charged with .7.7 ml (55 mmol) 
of diisopropylamine (distilled from LiA1H4) and 100 ml of THF and then was 
cooled to 0°C in an ice bath. A 2.07 &l (by double titration) solution of n-butyl- 
lithium (26.6 ml, 55 mmol) was added dropwise ‘over a 10 min period. The 
resulting pale yellow solution was stirred at room temperature at 0°C for 30 
min. 
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A 500 ml three-necked, round-bottomed flask equipped with a paddle 
stirrer, a nitrogen inlet tube and a no-air stopper was charged with 29.0 g of 
[Ph3PCH,CH,SnMeJ* I- (89% purity by weight, equivalent to 44.5 mmol) and 
150 ml of THF. This slurry was cooled in an ice bath and then the i-Pr*NLi 
solution was cannulated into it all at once. The red-orange color characteristic 
of the ylide was formed immediately and after 10 min a homogeneous solution 
had resulted. The deep orange-red solution was stirred for 45 min and then 9.0 
ml (65 mmol) of freshly distilled n-heptaldehyde was added in one portion. The 
color of the solution faded to a light amber and after a few minutes a light-col- 
ored precipitate began to form. The reaction mixture was stirred and heated at 
reflux for 3 h. Subsequently it was transferred by cannula to a flame-dried, 
nitrogen-flushed 500 ml round-bottomed flask which was fitted to a vacuum 
system_ Trap-to-trap distillation (room temperature at 0.03 mmHg) into a 
receiver cooled to -78°C was followed by concentration of the distillate_ Dis- 
tillation of the residue gave 8.85 g (69%) of product. GLC analysis of an 
aliquot o-f the trap-to-trap distillate showed the product had been formed in 
83% yield. 

2-Nonenyltrimethyltin: b-p. 63-68”C at 0.25 mmHg, ng 1.4796. (Anal.: 
Found: C;49.96; H, 9.04. C,,H&-i: C, 49.87; H, 9.07%). NMR (Ccl,): 6 0.05 
(s; 9H, J( * 19Sn-‘H) 52 Hz, J(“‘Sn-‘H) 50 Hz, Me$Sn), O-68-2.55 (m, 15H, all 
alkyl protons, including 1.68, d, J 9Hz, SnCH,, and other maxima at 0.87 and 
l-27), 4.82-5.78 ppm (m, 2H, CH=CH). Close examination of the NMR spec- 
trum showed two CH3-Sn resonances, at 0.02 as well as at 0.05 ppm, presum- 
ably due to the presence of both cis and trans isomers. By analogy with 
3-phenylallyltrimethyltin (see below) and 2-butenylstannanes and silanes 1153, 
the higher field resonance of lower intensity may be attributed to the cis iso- 
mer and the lower field resonance to the tram isomer The NMR peak height 
ratio indicated a trans/cis isomer ratio of 70/30. The two isomers could not be 
separated using a variety of boiling point and polarity GLC columns. The pre- 
dominance of the tram isomer was confirmed by the presence of a medium-to- 
strong absorption at 960 cm-’ in the infrared spectrum of the mixed isomers 
WI- 

Use of (Me,Si),NLi in place of i-Pr,NLi in the generation of the ylide gave 
2-nonenyltrimethyltin in 71% yield. 

(2) With Cyclohexanorze. Essentially the same procedure was used in the 
reaction of Ph3P=CHCH2SnMe3 (from 29.0 g of [Ph3PCH&H,SnMeJ]’ I- of 89 
weight% purity, equivalent to 44.5 mmol) and cyclohexanone (65 mmol) (3 h 
at reflux in THF). Vacuum distillation of the trap-to-trap distillate gave 6.64 g 
(55%) of 2-cyclohexylideneethyltrimethyltin, b-p. 59-60°C at 62 mmHg, 
nj$’ 1;5138 (62% yield by GLC analysis of the trap-to-trap distillate). (Anal.: 
Found: C, 48.24; H, 8.26. CIIH,,Sn calcd.: C, 48.40; H, 8.12%). NMR (Ccl+): 
6 0.05 (s, 9H, J(“9Sn-‘H) 52 Hz, J(‘17Sn-‘H) 50 Hz, Me,Sn), 1.32-2.28 
(complex m, 12H, includes l-60, d, J 9 Hz, m at 1.32-1.58, ring protons on 
carbon atoms adjacent to the double bond, and m at 1.85-2.28, other ring 
protons), 5.18 ppm (t, J 9 Hz, 1H). 

In another such reaction carried out using 8.63 mmol of the phosphonium 
salt in THF/EhO medium, a 2 h reaction time at room temperature, and in 
which the filtered reaction mixture was hydrolyzed with water, the GLC yield 
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of 2-cyclohexylideneethyltrimethyltin was 79%. 
(3) Wifh Benzaldehyde. The procedure described in (1) above was used in 

the reaction of the ylide prepared from 29.0 g of [Ph,PCHzCHzSnMeJ]’ I- of 
89 weight% purity (44.5 mmol) and 65 mmol of benzaldehyde. A reaction time 
of 2.5 h at reflux was used. Distillation of the trap-to-trap distillate at reduced 
pressure gave 4.80 g (40%) of trans-3_phenylallyltrimethyltin, b.p. 84-86°C at 
0 23 mmHg, ng 1.5743 (44% yield by GLC analysis of the trap-to-trap distil- 
late). (Anal.: Found: C, 51.46; H, 6.51. ClzHlsSn calcd.: C, 51.30; H, 6.46%). 
NMR (CC14): 6 0.12 (s, 9H, J(““Sn--‘H) 53 Hz, J(“‘Sn-‘H) 51 Hz, Me.Sn), 
1.90 (d, J9 Hz, 2H, SnCH2), 6.17-6.30 (m, 2H, CH=CH), 7.18 ppm (s, 5H, 
Ph). The infrared spectrum showed a strong band at 960 cm-‘, indicative of the 
trans structure_ 

In another experiment, diethyl ether, rather than THF, was employed as the 
solvent for the Wittig reaction_ In this case, a cis/frans isomer mixture of 
3-phenylallyltrimethyltin was formed. According to the NMR spectrum and 
GLC analysis, the trans/cis ratio was 62/38. The predominant isomer showed a 
strong absorption at 960 cm -’ in its IR spectrum and its Me,Sn resonance was 
at lower field than that of the cis isomer. NMR, cis isomer (Ccl,): 6 0.08 (s, 

9H, Me,Sn), J(“‘Sn--‘H) 53 Hz, J(“7Sn--‘H) 51 Hz), 2.07 (d, J 9 HZ, 2H, 
SnCH2), 5.53-6.70 (m, 2H, CH-CH), 7.23 (s, 5H, Ph). 

Attempted preparation of ~-trimetlzylsta~znylisopropyltri~~ize~zyl~~~~ospl~o?~iu~~~ 
iodide, [Ph$CH(CH,) CH#nMe,]’ I- 

A solution of Ph,P=CHCH,SnMe, was prepared from 37.5 mmol of the 
phosphonium salt in 150 ml of diethyl ether as described above. 

A one-liter, three-necked, round-bottomed flask equipped with a paddle 
stirrer, a nitrogen inlet tube and a 500 ml pressure equalizing addition Fannel 
WZIS charged with 6.2 ml (ca. 100 mmol) of iodomethane and 200 ml of diethyl 
ether and then was cooled in an ice bath. The clear, deep red ylide solution was 
cannulated into the addition funnel and then was added dropwise to the rap- 
idly stirred iodomethane solution over a period of 30 min. The red ylide color 
was discharged immediately and a light yellow precipitate was formed. After 
the reaction mixture had been stirred at 0°C for 30 min, it consisted of a fine, 
light yellow precipitate and a light yellow supernatant liquid. The ice bath then 
was removed. As the mixture warmed to room temperature the powder began 
to stick to the walls of the flask and to darken in color_ The supernatant solu- 
tion was cannulated away and the reaction vessel was evacuated and main- 

tained at 0.1 mmHg overnight. The syrupy solid appeared to “dry out”: forrn- 
ing a dry yellow powder. After it had been kept at room temperature under 
nitrogen for a while, this powder again became syrupy and darker in color. 
NMR analysis showed the presence of Me,SnI and during the obvious decom- 
position a gas appeared to be evolved. 

A stable derivative of the P-trimethylstannylisopropyltriphenylphosphonium 
cation was prepared as follows. 

P-Trirlethylstannylethylidenetriphenylphosphorane was prepared from 49 
mmol cf the phosphonium salt in THF solution. Subsequently the clear ylide 
solution was evaporated at 30°C and 0.09 mmHg. The dark red residue was dis- 
solved in 200 ml of diethyl ether, cannulated into a 500 ml centrifuge bottle 
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and centrifuged. A clear, red, amine-free solution of Ph,P=CHCH,SnMe3 
resulted. 

A 500 ml, three-necked flask equipped with a paddle stirrer, a 250 ml pres- 
sure equalizing addition funnel and a nitrogen inlet tube was charged with 3.75 

-ml (ca. 60 mmol) of iodomethane and 150 ml of diethyl ether and cooled to 
-20°C. Then 84 ml of the ylide solution (ca_ 19 mmol) was syringed into the 
addition funnel and added dropwise with stirring_ The resulting suspension was 
stirred at -20°C for 30 min and subsequently the supematant solution was 
removed by cannulation_ The solid residue was dissolved in 100 ml of chilled 
(0°C) absolute ethanol_ To this solution was added a solution of 7.08 g (20 
mmol) of Reinecke’s salt, [NH,] [Cr(NH,),(SCN),] - H20, in 300 ml of abso- 
lute ethanol. A fine red precipitate began to form, and the mixture was stirred 
at 0°C overnight. Filtration gave a fine red powder which was washed with cold 
ether and dried over P,O, at 0.1 mmHg. A total of 8.70 g was obtained. A por- 
tion was recrystallized from ethanol/water to to give long, fine red needles, 
m-p. 83-85°C (dec.). (Anal.: Found: C, 41.85; H, 4.77. C2sHs6N6S4PCrSn - 
H,O calcd.: C, 4130; H, 4.76%). 

Wittig reaction of ~-trimethylstannylisopropylidenetriphenylphosphorane with 
propionaldehyde 

The PhsP=CHCH,SnMes solution prepared from 94.0 mmol of the phos- 
phonium salt in 300 ml of THF was added, as described above, to a solution of 
7.32 ml (115 mmol) of iodomethane in 200 ml of THF at -2O”C, dropwise 
with stirring_ To the resulting suspension of [Ph3PCH(CHJ) CH,SnMe3]’ I- was 
added in one portion a solution of 127 mmol of i-Pr,NLi in THF. After it had 
been stirred at -20°C the reaction mixture again became a homogeneous, deep 
red solution. After 45 min at room temperature, this solution was treated with 
10.1 ml (140 mmol) of propionaldehyde and the resulting mixture was stirred 
at reflux for 90 min. Subsequent trap-to-trap distillation at 0.1 mmHg into a 
receiver at “788OC was followed by GLC analysis of the distillate (20% SE 30 
on Chromosorb P) which showed the presence of 2-methyl-2-pentenyltri- 
methyltin, MesSnCH&(CHs)=CHCH,CH, in 39% yield. Vacuum distillation 
gave this product, b-p. 41-44°C at 3.0 mmHg, ng 1.4835, in 31% yield. 
(Anal.: Found: C, 43.89; H, 8.27. &H&n calcd.: C, 43.77; H, 8.16%). The 
NMR spectrum (in Ccl,) indicated that a l/l mixture of E and 2 isomers was 
present: 6 0.13 and 0.17 (2s, 9H total, Me3Sn, both isomers, J(“‘Sn--‘H) 
52 Hz, J(‘*‘Sn--‘H) 50 Hz), 0.97 (t, J 7 Hz, 3H, CH,CHs), 1.45-2.32 (m, 7H), 
4.85 and 4.97 (2t, J 7 Hz, 1H total, =CH of both isomers). 

Preparation of fl-trimethylstannylethylidenetriphenylphosphorane by addition 
of trimethyltinlithium to vinyltriphenylphosphonium bromide 

A 250 ml three-necked flask equipped with a drain containing a medium frit 
and stopcock, a Hershberg stirrer, an argon inlet tube and a no-air stopper was 
flame-dried, flushed with argon and charged with 23.6 g (0.118 mol) of tri- 
methyltin chloride and 125 ml of THF. To the stirred solution was added 2.5 g 
(0.35 g atom) of finely cut lithium. An exothermic reaction took place and the 
reaction mixture became yellow-green after it had been stirred for 5 min. Stir- 
ring was continued at room temperature for 15 h and then the mixture was 
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filtered into a flame-dried, argon flushed flask connected to an argon source 
and bubbler. An aliquot of the resulting solution of Me,SnLi was quenched 

with an excess of n-butyl bromide and then analyzed for n-butyltrimethyltin 
by GLC (10% DC 200 on Chromosorb W, 100°C). A 71% yield of the latter 
was obtained. GLC analysis also demonstrated the absence of hexamethylditin 
in the Me,SnLi solution. 

A 200 ml three-necked flask equipped with a dropping funnel, an argon inlet 
tube, a pentane thermometer and a magnetic stirbar was charged with 6.604 g 
(17.88 mmol) of [PhJ’CH=CH,]’ Br- and 40 ml of diethyl ether and the 
resulting slurry was cooled to -95°C. Tri~ethylstannyllithium (37.5 ml of 
THF solution containing 17.9 mmol) was added dropwise over a 30 min period. 
A red solution formed immediately. After the mixture had been stirred at 
-93°C for 5 min most of the salts had been consumed; Cyclohexanone was 
added to the reaction mixture until a color change to bright yellow took place 
(1.34 g, 13.6 mmol, added). Subsequently, another 0.65 g (20.5 mmol total) 
was added and the mixture was allowed to warm to room temperature and then 
stirred for another hour. Filtration was followed by washing of 'the filtrate with 
two 75 ml portions of water, drying and concentration at atmospheric pressure. 
The residue was analyzed by GLC (10% DC 200 on Chromosorb W, 100” C); 
present were hexamethylditin (30% yield based on Me,SnLi) and 2-cyclohexyl- 
ideneethyltrimethyltin (44%). Both products were identified by comparison of 
their NMR spectra and GLC retention times with those of authentic samples. 

A similar reaction carried out at room temperature instead of at -95 to 
-93” C gave hexamethylditin in 31% yield and 2-cyclohexylideneethyltri- 
methyltin in 48% yield. 

Acknowledgements 

This work was supported in part by the Office of Naval Research. Gifts of 
tin chemicals from Cincinnati Milacron Chemicals, Inc. and M&T Chemicals, 
Inc. are gratefully acknowledged. 

References 

1 
2 

3 

4 

5 
6 

7 

8 

9 

10 
11 

D. Seyferth. K.R. Wursthom and R.E. iMammarella. J. Org. Chem.. 42 (1977) 3104. 
M. Pereyre and J.-C. Pommier. in D. Scrfcrth (Ed.). New Applications of Organometallic Reagents in 

Organic Synthesis. J. Organomctal. Chem. Library. Vol. 1. Elsevier, Amsterdam. 1976. p. 161. 
J.A. Mangravite. in D. Seyfcrth (Coord. Ed.), Organometallic Chemistry Reviews. J. Organometal. 

Chem. Librars. Vol. 7. Elsevier. Amsterdam. 1979, P. 45 (a comprehensive review of the preparation. 
reactions and synthetic applications of allylie derivatives of the Group IV elements and of mercury). 

(a) D. Seyferth and S-B. Andrew. .I. Organometal. Chem. 30 (1971) 151: (b) D. Sevferth. S.B. 
Andrew-s and R-L. Lambert. Jr.. J. Organometal. Chem.. 37 (1972) 69. 
H.-J. Brstmann and R. Zimmermann. Fortschr. Chem. Fcrsch.. 20 (1971) 1. 
(a) Y. Sato. T. Ban and H. Shirai. J. Org. Chem.. 38 (1973) 4373; (b) J.L. Wardell. Inorg. Chim. _-\cta. 
26 (1978) L18. 
(a) J.L. Wardell. J. Chem. Sot. Dalton Trans. (lSi5) 1766: (b) R-D. Taylor and J.L. Ward&, J. 

Organometal_ Chem_. 94 (1975) 15. 

S.J. Hannon and T.G. Traylor. J. Chcm. Sot. Chcm. Commun., (1975) 630. 

(a) D. Seyferth and K.R. Wursthorn. J. Organometal. Chem., 137 (1977) Cl71 (b) D. Sevfcrth and R. 
R.E. Mammarella. J. Organometal. Chem.. 177(1979) 53. 

C. Tamborski. F. Ford and E.J. Soloski. J. Ore.. Chcm., 28 (1962) 237. 
E. Schweizer and R. Bach, Org. Syn. COB. Vol.. 5 (1973) 1145. 



36 

12 G. Wittig and G. Geissler. Justus Liebigs Ann. Chem.. 580 (1953) 44. 
13 H--J. Bestmann. Angew. Chem.. Intt. Ed_ En&. 4 <1965) 583. 
14 P-L. Cke&er. J_ Amer_ Chem. Sot., 89 <1967) 2500_ 
15 D. Seyferth and T-F_ JuIa. J_ Organometal. Chem.. 66 (1974) 195. 

16 L-J_ BeIIamy. The Infrared Spectra of Complex Molecules. Methuen, London. 1958. ch. 3. 

17 D. Seyferth. K.R. Wursthorn and R-E. MammareIIa. in preparation. 


