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Abstrset 

One methyl-tin bond was selectively cleaved ~ m  aryltrimethyltin compounds by sodium mud in liquid ammonia. The triorpnyl- 
8tmmyl onions thus obtained m m'ylated by chlorosrenes by means of photostimulated S ~ I  reactions. Such reactions can be rzpuwd to 
replace all methyl 8roups by different m'yl groups. The one.pot synthesis of uymmetric trisryimethyltin compounds can be achieved fh~m 
trimethyltin chloride. 

/:eTWa~: Tin; Nucleophilic substitution; Wecmm transfer. SaN I 

1. Introduction 

Thin m sevend examples of synthesis of racemic 
[I,2] and optical active orsmlotin compounds (by di. 
umeomerle sepmtion [3,4] or asymmetric induction 
[5-7]) in the chemical Iitemtm. In most cases, asym. 
metrical teUwdkyl or mixed alkylaryltins were obtained, 
while asymmetrical tJtmaryltins have not been reported. 
The main way to achieve this kind of compound con- 
sire of an electropldlic cleavage of a C-an bond with 
halosens, followed by a reaction with a Odpard masent 
to make the new C-an bond (e.g. Eq. (1)) [4]. 

eh,('Pr)Sn eh,('er)S  
o,c .  (83~) 

~/Ms., ph2(iPr)SnMe (1) 
BtaO (82 ) 

The selectivity observed for the electrophilic 
cleavage of C-Sn bonds is as follows: o-tolyl 

p-tolyl > phenyl > bonzyl • vinyl > methyl > ethyl 
> propyl > butyl, etc. [8]. These reactions can be re- 
peated successively, leading to asymmetrical orpnotin 
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derivatives. All of these reactions must be performed 
stepwise, isolatins each intermediate product. 

We have previously described the photostimu¼ted 
reactions of sodium trimethylstannyl and sodium triph. 
enylstannyl m nucleophiles towards sryl halides in liqo 
uid ammonia, which 8ire very 8ood to excellent yields 
(70-100~) of nucleophilic substitution products with a 
number of chloromnss (~1. 2) [9], i.e. 

hp, NH~. ,. , _ ,  _ 
ArCI + R3Sn- - ' - - - - ,  K~,an.,sr + CI" (2) 

R - M e ,  Ph 
Ar - p.tolyl, p.anisyl, l-naphtyl, 2-quinolyl 

The fact that them is no reaction in the dark, but only 
under irradiation, and that the photostlmulated reactions 
were inhibited by p.dinitrobonzene (p-DNB), a well- 
known inhibitor of SaN I reactions, stronsly su$sests 
that these reactions occur by the SaN I mechanism [9,10], 
which is a well.known process for substitution on a 
non.activated adequately substituted substrate [I I]. This 
mechanism is depicted for halomenes in Eqs. (3)-(7). 
On the whole, the propagation steps (Eqs. (4)-(6)) 
indicate a nucleophilic substitution in which radicals 
and radical anions are intermediates. This chain process 
requires an initiation step (Eq. (3)). In a few systems, 
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spomneees electron nmfer  (~r) from the nucleophile 
to the sebseete has been observed, and the resulting 
radical anion (ArX)- initiates the chain propagation 
steps. When the ET reaction does not occur sponta- 
aeemly, it can be indm~ by fight stim~ation [ 11]. The 
tmminafion steps (Eq. (7)) are not important for a 
number of systems, including those in which the nucle- 
oph/le is a trioqpmoetmnmyl anion. 

ArX + Nu- h, : (ArX)- + Nu" (3) 

( /u 'X)" : / u " +  X -  

/ U " +  Nu- ----,+ (ArNu)" 

( rNu)" + ,  rN. + 
At" ~ At" ~ Am 

(4) 

(6) 

The S ~  1 reactions using sodium lrimethylstmmyl as 
nucleoph~e (Sq. (21) would be used to synthesize asym- 
metrical tetmaryltins if an asymmetrical nucleophile 
were generated from the substitution product M%SnAr. 

Then, this new nucleophile could be arylated by an 
Sas I reaction with another chloroarene, leading to the 
replacement of a methyl group by an aryl group (Eq. 
(s11. 
M%SnAr ~ AzMe2Sn- ~---~--~ " " "hAd (8) N i l  3 Saml ArNle2 ~ 

The presem work describes this kind of reaction 
affording asymmetrical aryl-tin compounds. 

2. Results and discussion 

We found that a Sn-Me bond in p-anisyltrimethyltin 
(I) is cleaved with Ha metal in liquid ammonia to 8ire 
the nucleophile 2, consistent with the bond dissociation 
enerf~ d i ~  between tin-phonyl (347 kJ tool - t )  
[12] and tin-methyl (259-272 kJ tool - t )  [12,13] bonds. 
No products formed by fragmentation of the k-anisyl- 
Sn bond were observed (Eq. (9)) [14]. 

T~ble 1 
A~hJflon reactions of u}~.metflcid Idopnytlln nucleophiles in liquid limmimiil" 
I ~  Sumdni[ mimrtid Rucdoo condtdons ~ 

( x l 0  "+ M) ( x t 0  .s)  

t ............... ~ ~ S "  (9.0) Nil, 'BuOX~ 3 (8,1). h ~d)' 
2 Me+SnCI (10,8) (a) ~ $ (9,9), h J,.60' 

CO) 1~. 'nuOX, 3 (11,o), h ,,+60' 
3 # . .~  p.To)lde~ Sn (£6) NL 'DuOH. CtPh (&0). h ~60' 

4 Me~S~'I (19,~) 

S M%SaCI (19.6) 

6 Me,SeCt (Ig.S) 

? +'AWTo)lqdvl~n (?.0) 

(~) NL S (tT,e), ht~o' 
CO) NL 'kOH, 3 (19,6)o h,~60' 
(~.) NiL, '#uOX, ~ (19,$), h ~,.120' 
(Id N~ S (1O, I)o h~,0' 
Co) NL '#uOH, .1 (2~1), h ~i0' 
(©) Nt, +BuOi4., ~Ph (19.6), h~120' 
(a) NL ~ (1~,8), h~0'  
Co) Na, ' k O H ,  3 (19,6), h ~,0 '  
(¢) Nil, 'DuOH, S (19.6), hl~(Y' 
NL 'BuOH. eCllBIPh (?,6), hil l40' 

8 ~ M%SnC:t (~0)  

9 ' 14e+~l (31,0) 
Co) N~ ' k O X .  ~ (33), k 
{~) HL 3 (S0.0), h~60' 
Co) NL 'BuOX. CIPh (23). h ~d)' 

a "  i,~lucts 
(~) (~) 

I00 4 ( .  I00) e 
91 * 4 (89) e 

(63) ' 
- ' 6 0 1 ) '  

' / ' , 8  e 
. 8  6S47)' 

8 '  
o ' 6 (~6) ' 

? (37) ' 
8 (9) ' 

- ' 6 ($3)' 
4 (SO) ' 
8(15) ' 

- ' 9 ( ~ )  ° 
10 (31) ' 
I I  f24) * 
I I ( I I )  ' 

. r 8(66) 

• - ' 7 (63) '~ 

* Reactions wee carried out in about 350 ml of liquid ammonia udm o i ~ i u  ~ " 
b Smlium metal and ' B ~ I  were mpei~ivel), used in about 15~ u c m  md ~ i o a ~  q~ami~ with ~ to the itama8 mam~lll or 
~ ~ in ~ h u~ioeL ~ wls coegtu~l in a ~ 3.50~W iu~  ,v.w~ (l~pu~ t 4 )  ,rod in a two ,m0-W letup minor 

' Deumi~ by OL~ 
' ~ 3~t  (~tkd Tt,C), 
+ ~ ~ ~ ofddoddu/~m h ~ ~ .  
+ N o t ~  

h Reeaina ceded om in oboe S00 nd of li~id uamoed~ 

+ P h ~ ) h  ~ alto ~ ( <  $~), 
~ l d ~ + b  was ~ ~ (13~), 
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(a) 2 Na. 
(b )  *BuOH' 

OMe OMe 

+ CH 4 +tBuO- + 2 Na + 

1 2 
(9) 

After neutralization of the generated amide ions with 
tert-butyl alcohol, the nucleophile 2 was allowed to 
react with p-chlorotolnene 3 under photostimulation by 
the Stml mechanism to give (p-anisyl)dimethyl(p- 
tolyl)tin (4) in almost quantitative yields (Eq. (10)) 
(Table 1, Expt. 1). 

isolated, and it was treated with Na metal to give the 
nucleophile 2, which by photostimulated reaction with 3 
gave the product 4 in very good yields in a one-pot 
reaction (89% overall yield) (Eqs. (1 I)-(12) and Table 
1, Expt. 2). 

MesSnCI + 2Na , MesSn- + Cl- + 2Na + ( I 1) 

CI 

OMc 

(a) Na 
(b) 'BuOH 

h~. (c) 3. hv 
+ MesSn- _el_) 1 ) 4 (12) 

+ 2 ~ Me n OMe 

Me 
Me 4 
3 

(10) 

The arylated product 4 was also obtained by a one-pot 
reaction starting from trimethyifin chloride. The reac- 
tion of trimethyltin chloride with Na metal in liquid 
ammonia gives Me3Sn" ions (Eq. (11)) [9]. The photo- 
stimulated reaction of this nucleophile with p.chlormn- 
isole (5) gave the substitution product 1. which was not 

When 4 was cleaved by Na metal in liquid ammonia, 
a decrease of the selectivity was observed, fffording a 
mixture of products after the photostimulated reaction 
with chlorobenzene under S ~ I  conditions (Table I, 
Expt. 3). The product distribution of the corresponding 
one-pot reaction starting from trimethyitin chloride is 
shown in Scheme 1 (isolated yields) (Table 1, Expts. 4 
and 5). 

In order to see if the selectivity of this reaction could 
be increased, the one-pot reaction was performed with 
inversion of the addition order of the chloroarenes, i.e. 
the photostimulation reaction of MesSn" ions with 
chlorobenzcne and then, after treatment with Na metal, 
3 was added under irradiation, followed by a new 
treatment of Na metal, and $ was afterwards added, 

Me _ OMe ~ Me OMe 

4 
his 

PhCl 

v 

Me 

Me w--Me . .  PhCl  

Me 

MeO Me 

S (9%) 

Scheme 1. 
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obtaining a similar product distribution (Eq. (13) and 
Table 1. Expt. 6). 

Od 1~ mead: ¢o) lq<l. hi, 
(¢) He raced. 'IIeOH; (d) 3. bt, 

M~)Sn~ (~) ms meud"nuOH;(O S" bY' 6 (33%) +4 (50~) +8  (15%) 

To ~ an asymmeuical tetraaryitin, the triaryl- 
methyltin 6 was eeated with Na metal, and then with 
p c h l e ~ y L  The completely asynuneuical re- 
mmrykin (p-anisylX p-biphenyDpbenyK p-tolyl)tin (9) 
wes obtaimd in 2S¢6 yleld~ along with the o e ~  three 
possible Woducts 19-12 (Table 1, F.xp~. 7). 

In order to loam the selectivity of the boed fTagmon- 
ration, we studied the tucdon of methyltdphenyltin 
(13) with Na metal in liquid ammmda, in which three 
phenyl-tin bonds compete with one methyl-tin bond. 
In this reaction, followed by the addition of benzylchlo- 
ride to trap the io,s formed, 13 gave benzyltriphenyltin 
(14), benzylmethyldi~yltin (15) and a small amount 
of benzyldimethylphonyltin (16) (Eq. (14) and Table 2, 
Exp~ 3). 

(a) Nt PhCI4~Cl 
Ph~SnlVle ~ ~ Ph3SnClt~Ph 

13 (b) 'a~M 14 
+ phz(Me)Sn~i42Ph + Ph(PhCH2)SnMe2 (14) 

1$ 16 
Theso gesults suggest that the reaction of 13 with Na 

metal in liquid ammonia gave methyl radicals and phenyl 
radicals by ~ t m i o n  of ~ Me-S. (F.q, (lSa)) and 
Ph~Sn bonds (Bq, (15b)) respectively, with a ShaMe/ 
Sn~Ph cleavqe ratio of about 2,9, 

Ph~Sn°+ Me' 
Ph~SnMe + Na 

13 ' ~  PhaMeSn~ + Ph' 

The feet that the dimethylated tin oompound 16 was 
obtained in about 10% yield suggem that methyl ndi- 

(15a) 

(tab) 

Table 2 
Cleavage reactions of alkyltriphenyldns" 
ExpL Ph3SnR Trapping reagem Trapped products 

(xI0-3 M) RX u (% yielct) c 
I 'i%SnC%~(l.O) He ~3SnMe(lOO) 
2 PhsSnBu 0.9) C I C H 2 P h  Ph3SnCH2Ph (100) 
3 Ph3SnMc (4. !) CIC~! 2 Ph PhsSnCH, Ph (49) 

Ph2MeSnCH2Ph (41) 
PhMe2SnCH2Ph (10) 

"Reactions ¢anied out in about 2.50 ml of liquid ammonia. Sodium 
metal and 'BuOH were respectively used in about 15% excess and 
stoichimnetric quantity with respect to the Ph3SnR, 
b 20G in exceSS. 
© Detemdned by NMR. 

cals, besides being reduced to methaue by reaction with 
Na metal and liquid ammonia, are also able to react 
with Ph2MoSn- ions to fomt the dimethylated radical 
anion 17, which suffers either a Sn-Me bond cleavage 
to give the starting reactants, or a $n-Ph bond cleavage 
to render finally the anion PhMe2Sn- (Eel. (16)), which, 
by quenching with benzylchloride, ultimately gives the 
product 16. There is procedent in S ~  1 reactions for the 
scrambling of products from the reversible formation of 
radical anions, and fragmentation in other o" bonds [15]. 

PhzMeSn-+ Me" ~ (Ph2Me2Sn) ~ 
17 

"PhMe2Sn" + Ph" (16) 

In order to increase the selectivity in the cleavage of 
13, t~actions using sodium amalgam (3%) or Na metal 
in liquid ammonia at • 78 °C were carried out, but 
without success. 

The degree of cleavage selectivity can be improved 
by changing the methyl ggoup for other alkyl groups 
with a lower Sn-C bond dissociation energy. In fact, 
the cleavat~ of either n.botyltdphenyltin (18) (D(Sn- 
Bu)-209 kJ moV t) [12] or benzyltdphenyltin (14) 
(D(Sn-CH2Ph)-  163 kJ moV "t) [16] led exclusively 

@ @ @ 
to (31 ) . (24 ) Iz (ll ) 9(2s ) 

Schu~ 2. 
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to Sn-alkyl fragmentation (Eq. (17)) (Table 2, Expts. 
1-2). These results suggest that nucleophilcs such as 
triburyls'mnnyl and tribenzylstannyl ions would be more 
appropriate than trimethylstannyl ions for the reactions 
of asynnnetric synthesis. However, tributyl- and triben- 
zylstannyl anions could not be prepared in high yields 
from the corresponding trialkyltin chlorides owing to 
the low solubility of the starting materials in liquid 
ammonia. Tributyltin hydride was also tried as a nucle- 
ophile precursor, although without success. 

Ph3SnR (a) a Na ) Ph3Sn- + RH +tBuO- 
(b) 's,,oH (100%) 

18, R -"Bu 
14, R " PhCH 2 

(17) 

Apparently, the selectivity of fragmentation mainly 
depends on the dissociation energy difference between 
Sn-alkyl and Sn-aryl bonds; for example, when alkyl 
-, Bu and CH2Ph, only the alkyl-tin bond fragments. 
When such a difference is lower (alkyi-  Me), the 
relative stability of the generated fragments becomes 
important. 

In addition, the one-pot reaction and work-up to 
obtain (p-anisyi)dimethyl(p-tolyl)tin (4) (Eqs. (11)- 
(12) and TAble 1, Expt. 2) were slightly modified in 
order to learn the practicality of this method in terms of 
obtaining diaryldimethyltin compounds in gram quanti- 
fies. Thus, p-anisyidimethylphenyitin (8) and dimeth- 
ylphenyl(~tolyl)tin (7) were synthesized in preparative 
scale (Table 1, Expts. 8--9). The yields of pure products 
are very 8oed, and the reaction and purification meth- 
ods can be applied to greater quantities of materials. 

Thus, the Na metal cleavage-SaN 1 reaction in liquid 
ammonia provides an important route to synthesize 
asymmetrical organotins in one-pot or consecutive reac- 
tions. Work is in progress to discover the scope of this 
novel synthesis of organotin compounds. 

3. Experimental section 

3.1. General method 

The chloroarenes used as substrates in these reactions 
were commercially available and utilized as received. 
Most NMR spectra were recorded on a Bruker FT-200 
nuclear magnetic resonance spectrometer; chemical 
shifts are reported in ppm relative to Me4Si (TMS). 
High resolution (HRMS) and mass spectra (MS) were 
obtained with a Finnigan MAT-90 (The University of 
Illinois at Chicago, USA), a Finnigan MAT (Dortmund 
University, Germany), or a Pinnigan 3300 f-100 (Uni- 
versidad Nacional de C6rdoba) mass spectrometer. 

Elemental analyses were performed at Dortmund 
University (Germany) and at Galbralth Laboratories Inc. 
(Knoxville, 'IN, USA). Gas chromatographic analyses 
were performed on a Shimadzu GC-gA, Konik 3000- 
HRGC or Hewlett-Packard 5890 Series H insmnnents 
with a flame ionization detector and data systems Shi- 
matzu CR-6A, Konik 825-318 or Hewlen-Packard 3396 
Series II, using columns packed with 5% OV17 on 
Chromosorb G (1.50 m x 3 ram), 3% SE30 on Chro- 
mosorb P (0.30 m × 3 nun) or a capillary column llP-I 
(methyl silicone, 5 m x 0.53 mm X 2.65 ~m). hradia- 
tion was conducted in a reactor equipped with four 
250-W or two 400-W lamps with peak emission at 350 
nm (Philips Model HPT, water-cooled). 

Potentiometric titration of halide ions was performed 
in a pH meter (Seybold Wien) using an Ag/Ag + 
electrode. TIC plates were precoated with normal silica 
gel with 254 tun fluorescent indicator (mean pore diam- 
eter, 60 ,~). The products were isolated by preparative 
radial thin-layer chromatography (radial TIC), using 
silica gel 60 PF-254 with calcium sulfate (E. Merck). In 
general, the solvent system used for both TIC and 
radial TIC consisted of petroleum ether 100% or 
petroleum ether/ethyl ether 99.5:0.5 to petroleum 
ether/ethyl ether 95:5. Melting points were obtained 
with a BUchi 510 apparatus, and are not con'acted. 

3,2, Photostimulated reaction of p.ani:yldimethylstan- 
nyl sodium with p-chlorotoluene in liquid ammonia 
(Table 7, F.zpt, 17 

The following procedure is representative of the reac- 
tions. Into a three.necked, 500 nil, round.bottomed flask 
equipped with a cold finger condenser charged with 
ethanol, a nitrogen inlet and a magnetic stirrer were 
condensed 250 ml of ammonia previously dried with Na 
metal under nitrogen [17]. To form p.anisyldimethyls- 
tannyl sodium (a lemon-yellow solution), p-anisyl~- 
methyltin (2.25 n,nol) was added and then Na metal 
(5.2 retool, 15% excess) in small pieces, waiting for 
total deceleration between each addition, and 20-30 
rain after the last addition (the solution remained blue 
during this time) 'BuOtl (2.25 retool) was added to 
neutralize the amide ions formed, p.Chlorotoluene (2.0 
retool) dissolved in I ml of anhydrous ethyl ether was 
added to the solution, and the reaction mixture was 
irradiated for 60 rain. The reaction was quenched by 
adding ammonium nitrate in excess; 50 mi of ethyl 
ether were added and the ammonia was allowed to 
evaporate. Water was added, the phases were separated 
and then the aqueous phase was twice extracted with 
diethyl ether (50 ml each). The organic phase was dried 
with sodium sulfate and filtered. The product p- 
anisyldimethyl(p-tolyl)tin (4) was then determined by 
GLC with the internal standard method (about 100%, 
based on p.chlorotoluene). 
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$..L O~pot synthesis of p.anisyldimethylfp.tolyl)tin (4) 
from wim~,hyltin chloride in liquid ammonia (Table I. 
fzpt. 2) 

The following pmcedu~ is representative of these 
To 250 ml of dry liquid ammonia treated as 

befam, I~methylfin chloride (2.70 retool) and Na metal 
(6.2 retool, 15% excess) were added to form trimethyl- 
stanayl radium [9]. To this solution p - c ~ s o l e  
(2.S retool, dissolved in I ml of atthy&~us ethyl ether) 
was added and the reaction mixture was inadiated for 
60 rain. The equipment was taken from the photochemi. 
cad reactor, and Na metal (5.7 retool, 15% excess) and 
then 'BuOH (2.5 mmol) were added to the solution to 
form the second nucleophile, p.Chlorotoluene (2.75 
retool, 10% exc_~_s) was added with a syringe (without 
solvent) and the reaction mixture was i:radiated for 60 
rain, with the formation of a white solid. The reaction 
was quenched and ureated as before. The product p. 
anisyldimethyK p.tolyl)tin (4) was determined by GLC 
in 89% yield (based on p-chioroanisole), and it was 
isolated as pure product in 63% yield (544.5 rag) using 
radial Tt.C. 

&4. One.pro synthesis (preparagve scale) of p. 
atJisyldlm~kylpkenyltin (8) from wimetkyhin cldoride in 
liquid ammonia (Table I, Expt. 8) 

The reaction was similar to the previous one, but was 
carried out in a I !itre r o u ~ . ~ e d  flask, containing 
about SOD ml of liquid ammonia. Owing to the greater 
quantities of react~is, the times need~ for nucleophtle 
formation rose from 30=45 rain to about 90 rain. Onc~ 
the reaction was finished, the dried organic extract was 
distilled under vacuum using a Kub~elgol~ apparatus. 
The la~duet i distilled at 160-t70 *C (0.S mmHg) and 
Save 2,2 S (66q~ yield) of page product (97¢t, COL). 
Tdmedtylph~ylttn was obtained as by-product (less 
thaa $~ yield), aad distilled before the compound S, at 
77 ~ (0,4 mmH40, Column ~ n g r a p h y  seems to 
be a purification method unsuitable for these anisyltin 
derivatives, since they d ~  on long contact with 

p-AnOy/n,/me~y/~ el). Synthesized by the photostimu. 
lated reaction of lqaSnMe~ and p-chloroanisol in liquid 
ammonia by the St~l mechanism (100% yield (COL)), 
Puttied by ~dial TIC (eluted with petroleum ether, 
30-50 °C), colorless liquid [taj. H NMR (CDCI~, 
80,13 MHz): ~ 0,26 (s, 914, ~J(SnCH) - $3,7 Hi), 3,S0 
(s, 310, 6,92 and 7.41 (AA*BB' system, 4H}, 

~t~~#,ygp~:)~ ¢4). Coindess liquid, ~H 
NMR ((3)C1~, 80.13 MHz~. ~ 7,75-7,20 (m, 414); 7.14 
(tolyl BW system, 2~;  6,90 (anisyl BW system, 2H~, 
3,782 (311);, 2,327(314~, 0,459 (s, ~J("'SnJEl) .56.7 

Hz). MS (16 eV) role (%) 348 (8); 333 (100); 257 
(<2); 227 (9); 211 (8); 197 (4); 120 (11); 91 (10). 
Anal. Found: C, 55.77; H, 6.04%. Calc.: C, 55.$8; H, 
5.81%. 

p-Anisylmethylphenyl(ptolyl)tin (6). Purified by radial 
TIC (eluted with petroleum ether 60-70 °C: diethyl 
ether, 95.5:0.5), very low M.P. IH NMR (CDCI 3, 80.13 
MHz): B 7.79-7.26 (m, 91-I); 7.16 (tolyl BB' system, 
2H); 6.92 (anisyl BB' system, 21t); 3.95 (s, 3H); 2.342 
(s, 3H); 0.662 (s, zJ("*Sn-IH) 56.7 Hz, 3H). 
(CDsCOCD 3, 200.13 MHz): B 7.70--7.27 (m, 9I-!); 
7.222 (tolyl BB' system, 214); 6.990 (enisyl BB' system, 
2 H, oj ~_ 8.4 Hz~, 3.796 (s, 3H); 2.324 (s, 3H); 0.695 
(s, 2J(ttOSn-'H) 56 Hz, 3H). °C NMR (CD3C(~Ds): 
B (J(lt9Sn-13C)) -10.87; 21.38 (Ar-CH3); 55.24 
(OCH3); 115.21 (54.8, C-3 An); i29.23 (49.8, C-3 Ph); 
129.56 (10.9, C-4 Ph); i29.89; 130.04 (51.92, C-3 To); 
136.16; 137.33 (39.3, C-2 To); 137.36 (37.7, C-2 Ph); 
138.52 (43.6, C-2 An); 139.28; 140.44 (C-I Ph); 161.45 
(C-4 An). MS (16 eV) m/e (%)410(6); 395 (100); 333 
(5); 319 (3); 303 (5); 227 (7); 211 (7); 197 (9); 120 (8); 
91 (7); 77 (2). Anal. Found: C, 62.1; H, 5.6. Calc.: C, 
61.65; H, 5.42%. 

Dimetkylpkenyl(p.tolylhin (7). Colorless liquid, purified 
either by radial TLC or distillation at 142 °C (0.4 
mmtlg) using a Kugelrohr apparatus. *H NMR 
(CD~COCD3, 200.13 MI~Iz): B 7.67-7.25 (m, 7H), 
7,187 (toly| BB system, J , ,  7.4, 2H), 2.3~ (s, 31-0, 

**9 I 0.491 (s, J ( S n - H )  $6.32 Hz). C NMR 
(CD~COCD~): B (J(t*~Sn=i~C)) - 10.40; 21.36 (Ar- 
CH,); 129.02 (48.2, C-3 Ph); 129.24 (10.9, C-4 Ph); 
129.83 ($0.2, C-3 To); 136.88 (38.8, C-2 To); 136.91 
(37.1, C-2 Ph); 141.60. Anal. Found: C, $6.76; H, 3.93. 
Cale.: C, 56.83; H, 5.72%. 

p.Antsyld~ethylpbenylttn (8). Colorless liquid, purified 
either by radial TLC or distillation at 160.-170 ~ (0.$ 
mmHg) using a Kugelrohr apparatus, *H NMR 
(CD3COCD~, 200,13 M I ~  B 7.6S-7,20 (m, 714); 
6.950 (p-amsyl B B' system, "J ~ 8,4 Hz, 2H), 3,780 (s, 
3H~, 0,479 (s, ~J(*l*Sn-IH) 56.2 Hz,), °C NMR 
(CD3COCD3): B (J(II*Sn-*3C)) -10,32 (SnCH3); 
55.22 (OCH3); II$,01 ($3.0, C-3 An); 129.02 (48,2, 
C-3 Ph); 129.24 (10.9, C.4 Ph); 131.24; 136.91 (37.4, 
C-2 Ph); 138.04 (42.8, C.2 An)~ 141.26; 161.26. Anal. 
Found: C, 54.47; H, 5.68. Calc.: C, 54.10; H, 5.45%. 

p.A~sylfp.biphenyl)pbenylfp.tolyl)tin (9). Purified by 
radial TLC (eluted with petroleum ether 60-70 °C: 
~ y l  ether, 99:1), M.P. 105.0-106.5 eC. IH NMR 
(CCl4 with a capillary tube containing CD3COCD~; 
200.13 MHz): B 7.62-7.20 (m, 18H); 7.!40 (tolyi BB ° 
system, 2H): 6.875 (anisyi BW system, 2H); 3.781 (s, 
310; 2.366 (s, 3H). °C NMR (CDCl 3, 200.13 MHz): B 
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(J(ttgSn-lSC)) 21.50 (AzCH3); 55.01 (OCHs); 114.55 
(56.78, C-3 An); 127.14 (Bipl0; 127.21 (51.35, Biph); 
127.39 (niph); 128.59 (51.78, C-3 Pl0; 128.77 (C-4 
Ph); 128.99 (C-I An); 129.50 (53.68, C-3 To); 134.06; 
137.15 (39.62, C-2 To); 137.20 (37.98 C-2 Pi0; 137.56 
(Bipl0; 138.36 (42.56 C-2 An); 138.97; 141.02 (C-I 
Pl0; 141.79 (Biph); 160.53 (C-4 An). MS (70 eV) m / e  
(%) 548 (11); 471 (100); 457 (39); 441 (21); 395 (38); 
260 (46); 244 (9); 152 (23). HRMS Found: 548.115277. 
Calc.: 548.116145. Anal. Found: C, 70.07; H, 5.14. 
Cal¢.: C, 70.23; H, 5.16%. 

2J(llgSn-IH) 54.48 Hz, 3H); (CCI 4 with a capilla W 
tube containing CDsCOCDs; 200.13 MHz): B 2.689 
(21-I); 0.364 (3H). 

Benzflphenyldimethyltin (16). Purified by radial TLC 
(eluted with petroleum ether 30-60 °C), colorless liquid 
[21]. tH NMR (CDCI 3, 200.13 MHz): B 7.56-6.96 (m, 
10H); 2.528 (s, 2J(ngSn-tH) 64.87 Hz, 21-1); 0.252 (s, 
2J(ngSn-tH) 53.80 Hz, 6H); (CC14 with a capillary 
tube containing CDsCOCDs; 200.13 MHz): 8 2.462 
(2H); 0.216 (61-I). 

p.Anisyl(p-biphenyl)methyl(p-tolyl)tin (10). Purified on 
a small scale by radial TIC (eluted with petroleum 
ether 60-70 °C: diethyi ether, 99:1). IH NMR (CCI 4 
with a capillary tube containing CD3COCD3; 200.13 
MHz): 8 7.55-7.18 (m, 13H); 7.114 (tolyl BB' system, 
2H); 6.848 (anisyl BB' system, 2H); 3.786 (s, 3H); 
2.362 (s, 3H); 0.677 (s, ~J(ttgSn-tH) 55.7 Hz, 3H). 

p.Anisyl(p.biphenyl)methylphenyltin (11). Isolated as a 
mixture with 10 by radial TLC (eluted with pemfleum 
ether 60--70 °C: diethyl ether, 99:1). tH NMR (CC!4 
with a capillary tube containing CD3COCD3; 200.13 
MHz): 8 0.694 (s, 3H); the other peaks overlap with 
those of compound 10 (Compound 11 was identified by 
difference of the spectra). 

p.Biphenylmethylphenyl(p-tolyl)tin (12). Purified by ra- 
dial TLC (eluted with petroleum ether 60-70 °C:diethyl 
ether (99:1), colorless liquid, tH NMR (CCI4 with a 
capillary tube containing CD3COCD:~; 200.13 MHz): B 

' ' H 7,$S~7,18 (m, 16H), %116 (tolyl BB system, 2 ); 
2.355 (~, 3tt!; 0.699 (s, ~J('tgSn-tH) -44.6 Hz, 3H). 

Methyltrlphenylttn (13). Synthesized by reaction be- 
tween NaSnPh3 and methyl iodide in liquid ammonia 
(90% isolated yield), Purified by radial TLC (eluted 
with hexane), M.P, 62.$-63.$ °C (lit. [19]: 60~61 °C). 
tH NMR (CDCI 3, 60 MHz): B 8.05-7.08 (m, 15H), 
0.67 (s, 2J(ttgSn-tH) 54.5 Hz, 3H); (CCi,l with a 
capillary tube containing CDsCOCDs; 200.13 IvlHz): B 
7.6.-7.0 (m, 15H), 0.699 (s, ~J(ttOSn-tH) 55.72 Hz). 
MS (25 eV) m/e  (%) 351 (100), 289 (18), 274 (3), 212 
(< I), 197 (41), 154 (2). 

Benzylwiphenyltin (14). Purified by radial TLC (eluted 
with petroleum ether 30-60 °C, M.P. 87.5-89.0 °C 
(Ref. [20]: 90-91 °C). tH NMR (CDCis, 200.13 MHz): 
8 7.56-6.97 (m, 20H); 2.987(s, 2 j ( l l 9 S n - t H )  68.03 
Hz; 2H); (CCi4): 8 2.910 (2H). 

Benzyldiphenylmethyltin (15). Purified by radial TLC 
(eluted with petroleum ether 30-60 °{2), colorless liquid 
[21]. 'H NMR (CDCI 3, 200.13 MHz): 8 7.61-6.99 (m, 
15H); 2.768 (s, 2J(tt9Sn-tH) 66.59 Hz, 2H); 0.414 (s, 

Butyltriphenyltin (18). Synthesized by reaction between 
NaSnPh 3 and n-butylbromide in liquid ammonia (87% 
isolated yield). Purified by radial TLC (eluted with 
petroleum ether 30-60 °C, M.P. 58.5-60.0 °C (lit. [22]: 
61-62 °C). t H NMR (CDCI3, 200.13 MHz): B 7.68- 
7.34 (m, 15H); 1.80-1.27 (m, 61-I); 0.878 (t, 3H). t3C 
NMR (CDsCi 3, 200.13 MHz): B (J(ttgSn-tSC) 10.83 
(398.2, C-I Bu); 13.56; 27.29 (65.3, C-2 6 C-3 Bu); 
28.76 (22.2 C-2 6 C-3 Bu); 128.41 (48.2, C-3 Ph); 
128.75 (11.0, C-4 Ph); 13%03 (35.6, C-2 Ph); 139.14 
(480.3, C-I Ph). 
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