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INTRODUCTION

Organotin compounds are those which have a direct union
of carbon with tin. The first such compound was prepared by
Léwig (82), in 1852, when he reacted ethyl iodide with a
gsodium-tin alloy to form diethyltin. Many of the early
workers, Grimm (48), Cahours (13) and Ladenburg (78), used
this method to obtain a mixture of products containing the
tetraalkyltin compound. The preparation of organotin com-
pounds through an orgenic halide and a sodium-tin alloy is
still in use, and it is probably the most desirable commercial
method avallable at presgent.

Frankland and Lawrence (26) prepared tetraethyltin by
reaction of stannous chloride with diethylzinc, and found
this method superior to the direct reaction of stannic chlor-
ide and disethylzinc which was qulte vigorous and difficult to
control. Pope and Peachey (100) introduced a more convenient
method of preparation through the use of a Grignard reagent
with a stannic halide. This reaction is easily controlled
and is a host convenient laboratory method. Austin (5) has
supplemented the use of the Grignard reagent with orgenolith-
ium compounds thereby extending the versatility of the method.



The organolithium compounds possess greater reactivity than
Grignard reagents and have found application in the introduc-
tion of sterically hindered groups into organotin compounds.
This higher level of reactivity is emphasized in the prepar-
ation of organotin compounds reported by Talalaeva and
Kocheshkov (113) by reaction of organolithium compounds with
finely divided tin. Grignard reagents apparently do not enter
into this reaotion.

Recently Yakubovich and co-workers (1268) reported a novel
method of preparation for organotin compounds by the reaocotion
of stannic halides with diazomethane and diazoethane. The
course of the reaction can be controlled to yield mono-, di-,
tri- and tetrasubstituted compounds, and appears to be a
promising method of preparation.

The first organotin compound containing an aromstio
group, triethylphenyltin, was prepared by Ladenburg (77) in
1871 vy the addition of metallic sodium to an ethereal so-
lution of triethyltin lodlde and bromobenzene. This is &
Wurtz type reaction and has received little attention as a
preparative methéd. The best laboratory method for the prep-
aration of unsymmatrical organotin compounds 18 the reaction
of an organotin helide with a Grignard reagent (100), a
method which has been widely used (9, 11, 49, 61, 75, 79,
107).



Kraus and Bullard (67) have reversed the Grignard ep- ‘
proach by reacting an organotin halide with sodium metal in
liquid ammonia to form an organotin-sodium intermediate which,
after ammonie removal, 1s reacted with an organic halide to
form the unsymmetrical organotin compound. Bobashinskaya and
Kooheshkov (9) have supplemented the Grignard reagent with
organclithium compounds to prepasre ocertain organotin com-
pounds, and recently (29, 40) organolithium compounds have
been used to excellent sdvantage in the preparation of un-
symmetrical orgenotin compounds oconteining functional groups
such a3 hydroxyl, hydroxymethyl and dimethylamino.

Use of the "Random Distribution™ reaction, as introduced
by Caiingaert and Beatty (15), for the preparation of organo-
tin éompounda is probably of commercial interest only, since
a very efficient fractionating coiumn i3 necessary to sepa-
rate the products. The reaction is carried out by refluxing
two symmetrical tetrsalkyltin compounds in pentane in the
presence of aluminum chloride. All the possible compounds
are formed in yields which closely approximate thogse obtained
by caloulation according to the law of probability (14, 28).

The purpose of this study is the exploration of the re-
action mechanism, scope and limltations of the preparation of
symmetrical and unsymmetrical organotin compounds by way of
an organotin-lithium complex of the type triphenyltin-
lithium (39, 41, 120, 123). Of primary interest is the prep-
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aration of organotin compounds which contaln water-~solubilizing
groups or reactive groups that might be utilized in subsequent
reactions with water-gsoluble compounds, thereby rendering the
tin-ocontaining compound water-soluble.

In connection with the study of the preparation of water-
soluble organotin compounds several azo tin dyes have been
prepared (40). These dyes have been tested as anticarcinogenic

agents and for their substantivity as dyes.



HISTORICAL

Survey of the Chemical Literature on Organotin
Compounds from 1941 to the Present Time

Investigators in this Laboratory have available an ex-
cellent and thorough bibliography of the organotin literature
by Clyde E, Arntzen (3), in which publications through 1940,
and some dated 1941, are listed. There is given also, in
tabular form, & list of all organotin oompounds known up to
that time.

A thorough search of the chemical litersture beginning
with January 1941 and ending with the time of this writing
has been made with the purpose of outlining the methods of
preparation, both new and those previously described, now in
use. In order to simplify the presentation of this data, it
has been divided into five major sections, sach of which
covers a specific type of compound. At the end of sach sec-
tion is & table listing all oompounds of the type discussed
which were mentioned in the articles reviewsed, no matter how.
brief the description of the compound may have been. Complete
coverage of the chemical litersture for the years 1941 through

1951, inclusive, and as complete coverage @8 possible for 1952



through the month of September has been mede.

Compounds of the general formulae ReSn, RgSnR',
RgSnR'p, RpSnR'R", and RpSn

Methods of preparation. In this discussion organotin
molecules in which the central tin stom is bonded only to
csarbon and all four organio groups are the same will be re-
ferred to as symmetrical compounds; where the groups are not
all the same, the term unsymmetrical compounds will be used.

The best industrial method available for the preparﬁtion
of symmetrical compounds is the reaction of an organic halide
with a sodium~tin alloy. In meny instances the reaction has
been improved by the addition of zino to the alloy. Tetra-~
ethyltin has been prepared by reacting a 60% excess of ethyl
bromide with a sodium~zinc-tin alloy (29). Talalaeva and
Kocheshkov (113) obtained tetra-p-tolyltin [39%] by refluxing
a tin amalgum [0.02 g. atom of Sn plus 0.04 g. atom of Hgl,
lithium metal and p-bromotoluene in ether for 16 hours. Under
corresponding conditions, tetraphenyltin was prepared in a
69% yield. vhile investigating the mechanism of this reaction,
they found that tetraphenyltin [68%] could be prepared from
phenyllithium and the amalgum, and the same compound was ob~
tained in a 46% yield simply by sheking phenyllithium with tin

powder in ether for 185 hours,



In the laboratory symmetrical orgenotin compounds are
best prepared by reaction of a stannic halide with a resctive
organometallic compound such as a Grignard reagent or organo-
lithium compound. Unéymmetrioal compounds are usually ob-
tained from orgenotin halides and Grignard reagents. In some
cases an organoclithium compound may be substituted for the
Grignard reagent to good advantage. Manulkin (85, 86, 87, 88a)
has prepared tetra-p-heptyltin [894] and tetra-p-octyltin
[(59%] by reacting stannic chloride with n~heptyl~ and n-
ootylmagnesium bromides, respectively (87), Similarly di~-
methyldiethyltin [625%] was obtained from diethyltin dichlor-
ide and methylmagnesium lodide (88a), and some fifteen com-
pounds of the type RzSnR' were prepared from the appropriate
trisubstituted organotin halide and a Grignard reagent in
yields ranging from 78% to 91% (85, 86, 87).

Telalaeva and Kocheshkov (113) prepared tetra-p-methoxy-
phenyltin [65%], tetra-p-ethoxyphenyltin [78%] and tetra-p-
biphenylyltin [69%] by refluxing stannic chloride with the ap-
propriate organolithium compound in an ether-benzene solution
for 1.5 hours, Meals (89) used stannic chloride and Grignard
reagents to obtain four symmetrical long chaein aliphatic tin
compounds in ylelds ranging from 45% to 76%, and Vijayarag-
havan (118) prepared tetraallyltin [80%] in the same manner.
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Using a slightly less direct method Harris (53) obtained
tetraphenyltin [67%] from stannic chloride, chlorobenzene and
sodium metal., The reaction probably proceeds by formation of
phenylsodium which then attacks the stannic chloride to form
the final product.

Recently, during the course of some research on the in-
troduction of water solubilizing groups into organotin com-
pounds, it was found that if triphenyltin chloride was reacted
with organoclithium compounds which were prepared by halogen-
metal interconversion (29) some tetraphenyltin was formed as
a by-product. Therefors the organolithium compounds were cone-
verted to Grignard reagents by reaction with anhydrous mag-
nesium bromide, and the Grignard reagents were, in turn, added
to the organotin halide to prepare the unsymmetrical com-

pounds (29).

g—BrC 5H4OH + ZQ‘C‘HQLi———) Q-L106H40L1 + _I}_‘C4H1Q +

_x_l_-C 4H9BI'
0-LiCgHO0LL + MgBrg — 0-BrMgCgH,0Li + LiBr
0~BrMgCgHOLL + (CgHg)aSnCl —— (CgHg)aSn(o-Li0CgH, )

(CeHp ) 3Sn(9=L1i0CgH, ) J%%:%i‘ﬁ—» (CeHp ) 35n(0~-HOCgH, )

In this manner triphenyl-o-hydroxyphenyltin [57%], triphenyl~
p-hydroxyphenyltin [10%], diphenyldi-o-hydroxyphenyltin [68%1,



triethyl-o-hydroxyphenyltin [54%], triphenyl-o~hydroxymethyl~
phenyltin [64%] and triphenyl-p-hydroxymethylphenyltin [66%]
were prepared,

In cases where thse organolithium compound was preparsd
by direct reaction of lithium metal with an organic halidse,
the reactive organometallic compound was added directly to
triphényltin chloride in ether without conversion to the
Grignard reagent. Triphenyl-o-dimethylaminophenyltin [64%]
and triphenyl-p-dimethyleminophenyltin [62%] were prepared
by this shortened procedure. Triphenyl-p-ocarboxyphenyltin
was obtained in a 44% yield by oxidation of triphenyl-p-
hydroxymethylphenyltin with potassium permanganate (29).

(CGH5 ) 3Sn—©—GH30H + mﬂ()‘ — (CeHs ) 38]1-@-002H

Organotin complexes of the type RzSnM [where M is lithium
or sodium] heve been used to prepare symmetrical and unsymmet-
rlcal compounds. Triphenyltin-sodium adds to ethylene oxide
to yield, on hydrolysis, triphenyl-2-hydroxyethyltin in good
yield (29), and triphenyltin~lithium has been rescted with
appropriate organic halides to prepare tetraphenyltin [66%],
triphenylbenzyltin [22%] and triphenylethyltin [36%] (39).
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Tabulation of compounds.
Table 1

ReSn, RzSnR', RpSnR';, RgSnR'R", and RySn Compounds

Compound m. ,b., and 39,90.‘ References
Diallyldi-p-butyl- 145~146/17mm, (62)
Diallyldiethyl~ 99«100/17mnm. (82)
Dichloromethyldi«l- 141-142/5mm. (128)

chloroethyl- n 1.5478
Diethyleyolopentamethylene-~ (119)
Diethyldi~l-chloroethyl-~ 114-115/5mm, (126)

n 1.5083
Diethyldiiscamyl~- (119)
Diethyldiisobutyl- (119)
Diethyldimethyl- l§§~132/760mm. (87)

n~" 1.4650
Diisoamylethyl-n-propyl- (119)
Dimethyloyclopentamethylene~ (119)
Dimethyldiisobutyl=- (119)
Diphenyldibenzyl- (101)

*In these tables, unless & pressure in millimeters is
given, the data in the physical constants column are melting
points. Where more than ons value for & constant is reported,
the highest valus is recorded here, unless later investiga-
tions indicate the highest value reported is very question-
able. Unless otherwise indloated n represents n%O.
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Compound me,b., and ap,°C. References
Diphenyldi~p-dimethylamino- (125)
phenyl=~
Diphenyldi-p~dimethylamino~ 164-168 (125)
phenyltin dimethiodide
Diphenyldiethyl- (101)
Diphenyldi-g~hydroxyphenyl- 136-138 (4,29)
Diphenyl- (60,123)
Sodiunm gp(z'otripgenylstannyl- (This thesis)
4'-dimethylamino)phenylazobenzoate
Tetraallyl- 69-70/1,5mm. (116)
n%2 1,533
Tetra-dl-amyl=- (119)
Tetra-p-amyl- (119)
Tetra-p-biphenylyl- 260 (113)
Tetrabromomethyl- 57 (128)
Tetra-p-butyl- 127/1.7mm. (88v,119)
n 1.4727
Tetra-l-chloroethyl- 142/2mm. (126)
Tetrachloromethyl- 49-49,5 (126)
148.5/5mm.
Tetra-p~-chlorophenyl- (38)
Tetra-p~dimethylaminophenyl- 196-198 (125)
Tetra-p-dimethylaminophenyl- dec. 190 (125)
tin tetramethiodide
Tetra-p-dodecyl- 15-16 (89)

n 1.4736
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Compound me. ,bs, and nD,°C. References
Tetra-p-sthoxyphenyl- 104 (113)
Tetrasthyle 180.5-181/760mm, (4,27,29,

n?% 1,4693 65,880,
106,109,
110,119)
Tetra-n-heptyl~ 219~-221/2mm. (86,119)
n 1l.4702
Tetra-p~hexadecyl- 41.5-42.5 (89)
Tetra-p-hexyl- (119)
Tetraisocamyl- (119)
Tetraisobutyl=- 155-155,5/24mm. (27)
n 1,4760
Tetraisopropyl~ (1050 )
Tetra-p-methoxyphenyl« 134.8 (113,127)
Tetramethyl- n®% 31,4386 (65,110,
118,119)
Tetra-n~ootadecyl= 47 (89)
Tetra-p-octyl- 250~255/5mm. (86,119)
n 1.4681
Tetraphenyl~ 229 (27,32,37,
39,45,53,
120,123,
127)
Tetra-n-propyl- {52b,116)
Tetra-p~-tetradecyl- 33-34 (89)
Tetra~o-tolyl- 216-217 (This thesis)
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Compound

m&,bo ) aﬂd nD,OCO

keferenoss

Tetra~n~-tolyl-
Tetra-p~-tolyl-
Tri-p-amyl-p-propyl-
Tri-n-butylallyl-
Tri-p-butyl-gses-butyl-

Tri-n~butylethyl-
Trl-n-butyl-p~hexyl-

Tri-p-butylisocamyl=-

Tri-p-butylmethyl-
Tri-p-butylphenyl-

Triethylallyl~
Triethyl-p-amyl-
Triethyl-p~butyl-

Triethyl-g~-hydroxyphenyl-

Triethylisocamyl-
Triethylisobutyl-
Triethylisopropyl-

122-123
234=-235

155/17mm,

8%9.1.4796

168/ 7mm.
n§§ 1l.4762

177-178/20mm,
nl.4715

139/0.6mm.
n 1.5158

99-101/16mm.
n 1.4736

l§§~156/15mm.
n"" 1.5379

192-194/719mm.
nl

£ 1.4772

(This thesis)
(113)
(119)
(62)
(119)

(119)
(86,119)

(85,119)

(119)
(This thesis)

(62)
(119)
(85)

(4,29,119)

(119)
(119)
(86,119)
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Compound m.,b%., and np,°C. Referenoces
Triethylmethyl- 159/745mm, (85,119)
n 1.,56563
Triethyl-p~propyl- 112/50mm. (62,85,119)
n 1l.4726
Triisoamyl-p-heptyl- 158-160/3mm. (86,119)
n l1.4696 '
Triiscamylmethyl- l?g—léo/émm. (86,119)
n 1.4700
Triisobutylethyl- (119)
Triisobutylisocamyl -~ (11e)
Trimethyl-pn-amyl- 171-172/721um. (85)
n 1.4559
Trimethyl-p-butyl- 149-150/726mm. (85,119)
n#le8 31,4560
Trimethylethyl- 106/746mm, (85)
n 1.4527
Trimethylisoamyl~ 162-164/725mm. (85,119)
n®l 1,4470
Trimethylisobutyl- 140-141/726mm, (85,119)
n®1:8 3 ,4544 '
Tripheaylbenzyl- 90-91 (39)
Triphenyl-p=-bromophenyl=- 133-135 (34,125)
Triphenyl-p=-carboxyphenyl- l66-168 (4,29)
Triphenyl-p-chlorophenyl- 139-140 (This thesis)

Triphenyl-3-diethylamino-
propyl-

(125)
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Table 1 (continued)

Compound m.,b., and Ry, °Ce

References

Triphenyl~3-diethylamino- 173-175
propyltin methiodide

Triphenyl-3~dimethylamino- 199-200

6«(4'-bromophenylazo)phenyl=-

Triphenyl-4~dimethylamino- 170=-172
3«(4'~bromophenylazo )phenyl=

Triphenyl-3-dimethylamino- dec. 358
6-{4'~-carboxyphenylazo)phenyl-

Triphenyl-4-dimethylamino- 162-165
3-(4'-chlorophenylezo)phenyl-

Triphenyl-3-dimethylamino~ 205-206
6-(4'-nitrophenylazo)phenyl=-

Triphenyl~4-dimethylamino- 187-189
3-(4t-nitrophenylazo)phenyl~

Triphenyl~-p-dimethylamino- 110-112
phenyl-

Triphenyl-m-dimethylamino- 90-91
phenyl~-

Triphenyl~p-dimethylemino- 132-134
phenyl-

Triphenyl-p-dimethylamino- 164

phenyltin methiodide

Triphenyl-p-dimethylamino~ 244~246
Phenyltin methosulfate

Triphenyl-2,4-dimethylphenyl- 113~115
Triphenyl-2,5~dimethylphenyl~ 97~99
Triphenyl-2,8-dimethylphenyl~ 118-119

(125)
(This thesis)
(This thesis)
(This thesis)
(This thesis)
(This thesis)
(This thesis)

(4, 29)
(This thesis)
(4, 29)
(125)
(125)

(This thesis)
(This thesis)
(This thesis)
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Compound M.,b., and n,,°C. References
Triphenylethyl- 56-58 (32,39)
Triphenyl-2-furyl 158-159 (34)
Triphenyl~2-hydroxy=3- 97-99 (This thesis)

ohlorophenyl-
Triphenyl-2«hydroxyethyl=- 67-68 (29)
Triphenyl-o~hydroxymethyl- 158-159 (4,29)
phenyl~-
Triphenyl-p~hydroxymethyl- 98«100 (4,29)
phenyl~
Triphenyl-o-hydroxyphenyl- dec. 176-177 (4,29)
Triphenyl-p~hydroxyphenyl- 201-203 | (4,29)
Triphenylmesityl- 157-158 (This thesis)
Triphenyl-g~methoxymethyl- 94,5-95.5 (4,280)
phenyl-
Triphenyl=-o-methoxyphenyl- 130=-131 (This thesis)
Triphenyl-p~-methoxyphenyl- 151-152 (This thesis)
Triphenylmethyl« 60-61 (e8)
Triphenyl-2-pyridyl- 178-179 (34)
Triphenyl=3-pyridyl- 220 (34)
Triphenyl-3-pyridyltin 183-184 (34)
methiodide
Triphenyl-o-tolyl= 165 (This thesis)
Triphenyl-p-tolyl=- 124 (This thesis)
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Table 1 (continued)

Compound M. ,be, and nD,°C. References
Tri-p-propyl-p-butyl- 137-138/37mm. (85,88b,119)
| n 1l.,4741
Tri-n-propylethyl- (119)
Tri-p-propylisobutyl- (119)
Tri-o=-tolylbenzyl- 108-109 (This thesis)

Compounds of the general formulae RzSnX, RpR'SnX,
RgSnXg, and RSnX; [X = F, Cl1, Br, or Il

Methods of preparation. Organotin halides are usually
prepared by cleavage of a symmetrical or unsymmetrical or;
ganotin compound with acidiec agents such as halogens, halo-
gen aclds, stannic halides, aluminum chloride or mercurio
chloride. In order to systematize the review of this method
of prepsration, each cleavage agent will be disoussed under
a separate heading.

Halogen. Manulkin (84, 85, 86, 87, 88) has made
an extensive gstudy on the cleavage of organio groups from
tin in organotin compounds, and in the course of this work
has prepared many organotin halides. Most of the reactions

studied involved cleavage of alkyl groups from both symmetrl-
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‘¢al and unsymmetriocal compounds with iodine., The reactions
were carried out by refluxing the tin compound with iodine
in ether for 1-12 hours. In this manner some twenty organo-

tin iodides have been prepared in yields ranging from 60%

RgSn + Ig ——RgSnlI + RI
RaSﬂR' + Ig _’RQR'SnI + RI

to 90% (84, 85, 86, 87). Menulkin has developed a series
on the ease of oleavage of alkyl groups from tin based on
these iodine oleavage reactions. The group most easily
cleaved is methyl, and the one least easily ocleaved is pn-
octyl: methyl > ethyl > n-propyl > isobutyl > p-butyl
isoamyl > amyl > p-hexyl > p-heptyl > n-octyl.

Vijeyaraghavan (116) attempted to prepare triesllyltin
bromide by reaction of tetrasallyltin with bromine at -15°9,
but instead isolated an inseparable mixture of diallyltin
dibromide and triallyltin bromide. In a reaction with io-
dine, under the seme oonditions, & similar mixture of mono-
and dihalide compounds was formed. In ocontrast with this,
triethyltin bromide was prepared in an 88% yleld by the ad-
dition of bromine to tetraethyltin at ~-10° in & 1l:1 molar
ratio (29). From these results it is apparent that the allyl
group is muoh more easily cleaved from tin by bromine than 1is

the ethyl group.
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Halogen ascid. Meals (89) prepared tri-pn-dodecyltin
chloride, tri-p-tetradeoyltin chloride [85%1, tri-p-hexa-
decyltin chloride [74%], and tri-p-octadeoyltin chloride
[82%] by saturating an ethereal solution of the appropriate
tetrasubstituted compound with hydrogen chloride and allow-
ing the resulting mixture to stand overnight.

RgSn + HCl ——R;z;5nCl + RH

Manulkin (87) prepared trimethyltin chloride [70%] and
dimethylethyltin chloride [80%] by passing dry hydrogen
ehlorids into a refluxing chloroform solution of tetra=-
methyltin and trimethylethyltln, respectively. These re-
sults show that the methyl group is more easily cleaved
by halogen acid than is the ethyl group. Continuing the
study of cleavage reactions, Razuvaev and Fetyukove (10l1)
prepared dibenzyltin dichloride [80%] by dissolving di-
phenyldibenzyltin in ethanol saturated with hydrogen
chloride, demonstrating that the phenyl group is more
easily oleaved than the benzyl group.

.' Stannio halide. The preparation of organotin
halides by reaction of an organotin compound with stannic
halide has an advantage over other cleavage methods in that

none of the substituents attached to the tin atom is lost.

3R¢Sn + SnX4 —— 4R38nX
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R48n + Sn};‘ _—> Z:RQSHX2

R‘Sn + 581’1}(4 — 4R8nX3

Vijeyaraghavan (116) successfully prepared diallyltin
dibromide by reacting tetrsallyltin with stennic bromide in
a sealed tube at 20 mm, pressure and 509 for 10 hours. Pave
lovskaya and Kocheschkov (98) found that compounds of the
type RSnCl,; [where R is an alkyl group] are best prepared
from ArzSnR compounds [where Ar is an aromatic groupl and
stannic¢ chloride, In this manner methyltin trichloride
[65%] was prepared from triphenylmethyltin and stannie
chloride.

Talalaeva, Zaltessva and Kocheshkov (114) heated the
appropriate tetrasubstituted compound with a stennic halide
in a sealed tube for 3 hours at 160° to prepare di-p-
methoxyphenyltin diochloride [87%], di-p-methoxyphenyltin
dibromide [74%], di-p-ethoxyphenyltin dichloride [66%1,
difgnbiphenylyltin‘diohloride {80%]1 and di-p-biphenylyltin
divromide [71%]., Using the same method Jones and co-workers
(62) prepared tri-pn-butyltin chloride, di-p-butyltin 4i-
chloride and ethyltin triochlorlide, and triphenyltin chloride
was prepared in a 72% yleld (37). For an improved proce-
‘dure for the preparation of the latter compound see the Ex-

perimental part.
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Aluminum chloride. In extending his studles to
other oleavage agents Manulkin (888 found that tetraethyltin
in chloroform is readily oleaved by aluminum chloride. After
7 hours at room temperature diethyltin dichloride was ob-
tained in a 71% yield. Under comparable oconditions, tri-n-
butyltin chloride [22%] and di-p-butyltin dichloride [29%]
were prepared from tetra-p-butyltin, end tetraphenyltin was
completely degraded to benzene and stannic chloride. These
results convincingly substantiate previous evidence which
showed that aromatic groups are more readlly cleaved from
tin than aliphatic groups by acidic reagents (9). /

Mercuric chloride. Manulkin (87) found that mer-
curic chloride was less active as a cleavage agent than
- aluminum chloride, but, surprisingly enough, a more active
agent than hydrogen chloride in refluxing chloroform. Tri-
methyltin chloride [70%] and dimethyltin dichloride [13%]
were prepared by edding merouriec chloride to an aleoholio
solution of tetramethyltin at room temperature. Under simi-
lar conditions, tetrassthyltin ylelded triethyltin ohloride
[35%] and diethyltin diochloride [10%].

In conelusion, it appears that aromatioc groups are more
easily cleaved from tin than aliphatioc groups by acldie v
agents; the longer the aliphatic group 1s, the more difficult
it is to cleave; the branched chain isomer is more readily

cleaved then the normzl lsomer where the number of carbon
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atoms in the chain is the same.

These oconclusions are in agreement with those of Kharasoh
and his associates based on the reaction of hydrogen chloride
with unsymmetrioal organomeroury compounds (28a., KXharasch
deduced that the more electronegative radical unites with the
hydrogen theredby providing a measure of the relative electro-~
negativity of various aryl and alkyl groups, The results of
the ocleavage of groups from organotin compounds by acidic
reagents substantiate the conoclusions of these earlier workers.

Another method of preparation of orgenotin halides is
the direot reaction with an alloy. Nesmeyanov, Borisov and
Abramove (94) prepared trans-tri-g2-chlorovinyltin chloride
[40%] by stirring trans-2-chlorovinylmercuric chloride with
a sodium~-tin alloy [15% sodium] in benzene for 3 hours.

Under ocomparable conditions, gis-2-chlorovinylmercuric
chloride gave cis-tri-2-chlorovinyltin chloride in e 50%
yield. Heating tin powder with trang~di-2-chlorovinylmer-
cury in ethanol for 4.5 hours at 50° gave trang-tri-2-
chlorovinyltin chloride [29%] and trans-2-chlorovinyltin
trichloride [1.3%]. 1In another reaction with tin powder,
dicarbethoxymethyltin dibromide [16%] was prepared by re-
fluxing ethyl bromoacetate with the powder for 5.5 hours
(36), Several other reactions with tin powder and similar
haloesters failed to give isolable products.
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n~Butyltin trilodide [25%] was formed by reacting KSnClg
with p-butyl iodide in a seeled Carius tube for 72 hours at
g0® (36). Recently Yakubovich and co-workers (126) reported
that stannic halides react progressively with aliphatic di-
azo compounds to yleld halogen substituted organotin deriva-
tives. Yields ranging from 40% to 80% were reported for the
numsrous compounds preparsed by thls method. The preparation
of compounds with different aliphatic groups attached to tin
was achieved by starting wiph substituted organotin halides
and reacting them with a diazo compound ocontaining another
group.

The reactions with stannic halides were run at & temper-
ature range of 0° to 5° using benzene as the solvent. Stannic
chloride and bromide reacted satisfactorily, but stannic

fluoride did not enter lnto the reaction.

SnXy + CHgNp—> XCHpSnX 4 + Np
XCHgSnXy + CHpNg— (XCHp)gSnX,; + Ny
(XCHg)pSnXp, + CHpN, —— (XCHp)gSnX + Np
(XCHg)3SnX + CHgNpy — (XCHz),Sn + Np

Just before the report of Yeskubovich and co-workers it was
shown that trifgrpropyltin bromide reacted with diazoethane
to form a compound which contained bromine, but, unfortunatsly,

it decomposed before being completsely analyzed (36).
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Tabulation of compounds.

Table 2

RzSnX, RgR'SnX, RpSnX;, end R3nXz; Compounds
(X = 7, C1, Br, or I)

Compounds m.,b., and nD,°C.* References
Eromomethyltin tribromide 109/5mm. (128)
n-Butyl-p-propyltin di- 6768 (88b)
chloride

n-Butyltin triiodide 154 /5mn. (36, 80)

Chloromethyltin tri- 72,5-73/5mm. (126)
chloride n 1.5689

2-Chlorovinyltin tri- 63-65/4mm. (94, 119)
chloride n®® 1,5602

Diallyltin dibromidse 77-79/2.0mm. {116)

Dibenzyltin dichloride 183 (101)

Di-p~biphenylyltin di- 144-145 (114)
bromide

Di-p-biphenylyltin di- 140 (114)
chloride

Dibromomethyltin dibromide 87 (126)

Di-n=-butyl-p-hexyltin 180/6mm, (86, 119)
iodide nif 1,5246

Di-p-butyliscamyltin iodide 195/12mm. (85, 119)

n 1.5254

*See Teble 1.
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Compound m.,b., and nD,°C. References
Di-pn-butyltin dichloride 153-156/5mm. (62, 88a
41-42 88b, 97)
Di-l-carb?g?oxyethyltin di- 82-85/1,.5mm. (36)
bromide
Dicarbethoxymethyltin di- 139 (36, 80)
bromide
Di~l=-chlorobutyltin 4i- 134/5mm. (126)
chloride 53
Di-l-chlorocethylohloromethyl- 128/3mm. (126)
tin chloride n 1.555
Di-l-chloroethyltin di- 112/4mm. (126)
chloride 12
n 1,5535
Dichloromethyltin dichloride 89.5-90 (126)
¢ig-Di-2-chlorovinyltin di- 100-102/3mm. (93, 94,
chloride n l.5675 95, 119)
trang-Di-2~chlorovinyltin 77.5-78.5 (93,94,95)
dichloride
Di-p-ethoxyphenyltin 4i- 46 (114)
chloride
Diethyl-p-amyltin bromide (119)
Diethyl-5~bromoamyltin (119)
bromide
Diethyl=p~butyltin iodide 134~135/13mm, (865,119)
n 1,5460

(?)In this table a question mark following any compound
signifies that its composition as indicated is not definite.
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Compound m.,b., and np, °Ce References
Diethylisoamyltin bromide (119)
Diethyliscamyltin chloride (119)
Diethylisobutyltin bromide (119)
Diethyl-p~propyltin bro- (119)

mide
Diethyl-p~propyltin (119)
chloride
Diethyl-p-propyltin io- 132-134/16mm., (85,119)
dide n 1l.5582
Diethyltin dibromide (63)
Diethyltin dichloride 227/760mn, (2,15,21,
84-85 62,64,87,
88¢88b,
102,106)
Diethyltin dilodide 30-31 (84)
Diisoamylethyltin bromide (119)
Diisobutylethyltin bromide (119)
Dilauryltin diohloride 19.4 (108)
Di-p-methoxyphenyltin di- 102 (114)
dibromide
Di-p~methoxyphenyltin di- 76 (114)
chloride
Dimethyl-n-amyltin iodide 132-133/23mm. (85,119)
nis8 1,5440
Dimethyl-n~butyltin iocdide 118-120/25mm. (85,119)

n 1.5478
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Compound m.,b., and nD,°C. References
Dimethylethyltin chloride 166-168/760mm. (87)
n 1.5082
Dimethylethyltin iodide 78/13mm, (85)
n 1.5705
Dimethylisocemyltin lodide 115/15mm. (85,1186)
n&l 1,.,5410
Dimethylisobutyltin iodide 95/15mm., (85,116)
n 1.5082
Dimethyltin dichloride 185-190/760nm. (2,64,87)
107-108
Dimethyltin diiodide 44 (84,119)
Diphenyl-g-carbomethoxy- 168-169 (29)
phenyltin chloride
Diphenyl-g-oar?g¥yphenyl- (29)
tin chloridet®
Diphenyltin dichloride 42 (29,64,
106,125)
Di-p-propyl-n~butyltin 159~160/24mn. (86,119)
lodide n 1.5320
Di-p-propyltin dibromide {52b)
Di-p~-propyltin dliodide (52b)
Ethyltin trichloride 196-198/760mn. (21lap2)
-10
n 1.5408
Methyltin triohloride 45~46 (98)
Phenyltin tribromide (119)
Phenyltin trichloride 96/1,4mm, (10,119,125)
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n30 1,4732

Compound m.,b., and nD,°C. Refersnces
Tri-p-amyltin bromide (119)
Tri-p-amyltin iodide 168/4mm, (84)
Tribenzyltin chloride (81)
Tri-p~butyltin bromide (119)
Tri-n~-butyltin chloride 145-147/5um. (19,82,

n®l 1,4908 88a,119)
Tri-n-butyltin iodide 168/8mm, (84,86)
n 1.,534%
Tri-l-chloroethyltin 130/3mn. (126)
chloride n 1.5450
Trichloromethyltin chloride 138-140/5mm, (128)
’ n 1.593
¢ig-Tri-2-chlorovinyltin 119,.5/1mm, (94,95,119)
ochloride n 1,5821
trang~-Tri-2-chlorovinyltin 121 (94,95)
chloride
Tri-p-dodecyltin chloride 33 (89)
Triethyltin bromide 105-107/15mm. (19,29,119)
n 1.5240
Triethyltin chloride 95/15mm, (2,19,21a82,
15 63,87,88b,
n 1,505% 119)
Triethyltin fluoride (19)
Triethyltin lodide 117-118/15mn. (19,84,
nt8 1,5653 85,119)
Tri-p-heptyltin iodide 235-240/12mm, (86)
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Compound

Me,b., and nD,“Cc

Raferences

Tri-p-hexadecyltin chloride
Trilsocamyltin bromide
Triisoamyltin chloride
Triigoamyltin iodide

Triisobutyltin bromide
Triisobutyltin chloride
Triisobutyltin iodide
Trimsthyltih bromide
Trimethyltin chloride

Trimethyltin fluoride
Trimethyltin iodide
Tri-p-octadecyltin chlorids
Tri-p~octyltin iodide

Triphenyltin bromide
Triphenyltin chloride

Triphenyltin fluoride
Triphenyltin iodide
Tri-pn-propyltin bromide

55.5-56.5

178«179/11mm,
nl8 1,5209

152-154/760mn.
42

69/15mn.
61=62

215-220/5mm.
n 1.5181

119-120
106

119-121

(89)

(119)

(119)
(85,119)

(119)
(119)
(119)
(63)
(2,87)

(83)
(84,119)
(89)
(86,119)

(120)
(6,21b,29,
123,125)
(21b)
(29,83)

(52b,119)
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Table 2 (ocontinued)

Compound m,,b., &and L, °Ce References
Tri-p-propyltin chloride (19,119)
Tri-p-propyltin iodide 140-141/15mm, (52b,84,119)
Tri-n-tetradecyltin chloride  46-47 (87)

Compounds of the general formulee (Rzﬂn)gY, 3§SﬂY:
and SnY 'Y = 0H, 0, S, ng_Aor (30)3303

Methods of preparation. The reaction of a disubstituted
organotin halide, RpSnX,, with an inorganic base is the method
of choice for the preparastion of organotin oxides of the type
RpSn0O, Talalaeva, Zaltseva and Kocheshkov (114) prepared

RgSnCly + B80H™ —RpSn0 + HpO0 + 2C1°

di-p-methoxyphenyltin oxlde, di-p-ethoxyphenyltin oxide and
di-p-biphenylyltin oxide in 100% yields by dissolving the ap-
propriate organotin dihslide in aloohol saturated with ammo-
nia. By reacting dilauryltin dichloride with sodium hy-
droxide in refluxing ether, Solerio (108) isolated some
dilauryltin oxids.
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Herada (51, 528 prepared trimethyltin sulfide by re-~
acting trimethyltin iodide with sodium sulfide in ethanol.

2(CHy) gSnI + NagS —>[(CHz)zSnleS + 2Nal

Moleocular weight determinetions show this compound to be a
moncmer. Reaction of dimethyltin dilodide and diethyltin
dliodlde with potassium bisulfide or sodium sulfide in eth-
anol led to the recovery of dimethyltin sulfide snd di-
ethyltin sulfide. From molecular weight determinations it

(CHz ) 38!112 + Nags — (CHa ) zSnS + 2Nal

wag decided that these sulfides must be trimers and the pro-

posed formule for their structure is RgSnSSn(R;)SSn(Rp)S, a

six membered heterocyocle. Telalaeve, Zaitseva and Kochesh-
kov (114) prepared di-p-methoxyphenyltin sulfide [71%], di-~
p-ethoxyphenyltin sulfide and di-p-biphenylyltin sulfide
[72%] by rescting the appropriate organotin dichloride with
potassium hydroxide in ethanol saturated with hydrogen sul-
fide.

Arbuzov and Grechin (1) prepared compounds of the type
RpSn(POzRp)g [where R 18 a short chain alkyl group] by mix-
ing an organotin dihalide, RpSnXp, with a phosphorus ester,
P(OR)z, and heating to 100°, The compounds thus formed are

RgSﬂXg + P(OR); _")Rasn(Po;gRg)g +  2RX
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soluble in hot butanol and chloroform, but are almost com=-
pletely inscluble in other orgsnic solvents, Molecular
weight determinations by the Rast method show these compounds
to be dimeric in structure. The phosphorus-tin bond is ex-
tremely sensitive, and it is readily cleaved by dilute hy-
drochloric acid, 10% sodium hydroxide solution or halogen.

In an analogous reaction, Arbuzov and Pudovik (2) have pre-
pared ocompounds of the type RzSnPOzRp by mixing an organotin

halide, RzSnX, with a phosphorus ester. These compounds are
RagSnX + P(OR)z —»RzSnPOzR; + RX

readily soluble in orgenic solvents, are monomeric in struc-
ture, and are easily cleaved by dilute acld, halogens and

acetyl chloride.
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Tabuletion of compounds.

Table 2

(RzSn),Y, RzSnY, RsSnYR, RySnYg, ReSnY, RoSn(YR)g,

RpSn(YR')g, and SnY, Compounds
[Y = OH, 0, S, RCOp, or (RO)gPO]

Compound m.,b., and nD,°C.* References
Di-p-biphenylyltin oxide (114)
Di-p-biphenylyltin sulfide 134.5-135 (114) -
Di-p~butyldi-p-butoxy- (17)
Di-p-butyldiethoxy- (17)
Di-p-butyldimethoxy- (17)
Di-n-butyldi-n~-octoxy- (17)
Di-n-butyltin diacetate (119)
Di-n~-butyltin diundecate (119)
Dl-l-chloroethyltin sulfide 180 (126) -
Di-p~ethoxyphenyltin oxide (114)
Di-p-ethoxyphenyltin sulfide 127 (114)
Diethyltin sulfide 219-221/760mm. (52a )
Diethyltin tetraethyldi- 249-251 (1)

phosphorate

*See Table 1.



Table 3 (continued)

Compound m.,b., and nD,°C. References

Diethyltin tetramethyldi- 263.,5~265 (1)
phosphorate

Diethyltin tetra-p-propyl=- 262-264 (1)
diphosphorate

Dilauryltin oxide dec, 110 ~(1056)

Di-p~methoxyphenyltin oxide (114)

Di-p~methoxyphenyltin sulfide 95 (114) —

Dimethyltin sulfide 149 (52a)

Dimethyltin tetramethyldi- 245-247 (1)
phosphorate

Diphenyl~gfo?£?oxyphenyl-, (29)
inner salt

Diphenyltin oxide (105,123)

Di-n-propyltin oxide (52b)

Di-n-propyltin sulfide (52b) -

Di-n-propyltin tetra-p- 251-253 (1)
propyldiphosphorate

Ethyl triphenylstannyl- (83)
acetate

Tin tetraacetats 253 (104)

Tri-p-butyltin hydroxide (119)

Triethylethoxy- 82~-84/11mm., (2,116)

ni% 1.4842
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Table 3 (ocontinued)

Compound m.,b., and nD,°C. References
Triethyltin diethylphos-~ 210~220/2, 5mm. (2)
phorate nlé 1,4858
Triethyltin sulfide 187-188/20mm. (51)
Trimethyltin dimethyl- 96 (2)
phosphorate
Trimethyltin hydroxide 118 (2)
Trimethyltin sulfide 118/18mm. (51)
Triphenylsiloxytriphenyl- 141-142 (This thesis)
N-Triphenylstannylbenzene- (83)
sulfonamide
Triphenyltin p-butyrate (83)
Triphenyltin hydroxide (6)
Triphenyltin oxide 124 (105)
Tri-p-propyltin hydroxide (52a)
Tri-p-propyltin oxide (52a) -

Tri-p-propyltin sulfide 215-219/19mm, (51)
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Compounds of the general formulae stnSnRa,
RgR'SnSnR'Rp, RzSnR'SnRz, and R3813n33

Methods of preparation. The most direct method for the
preparation of ditin oompounds of the type RzSnSnRj; is the
reaction of a trisubstituted organotin halide with sodium
metal in refluxing xylene. Harada (50) used this method to
prepare hexsethylditin.

2 ( CgHs ) 5SnK + 2Na ——_’( CgHg ) 3SnSn( CgHs ) s * 2NaX

Wittig, Meyer and Lange (123) reacted triphenyltin
bromide with the intermediate, triphenyltin-lithium, to
prepare hexaphenylditin in a 48% yield. Triphenylsilyltri-
phenyltin [71%] has been prepared by reacting triphenyl-
chlorosilane with triphenyltin-lithium in ether at reflux
for 3 hours (39). This compound has also been prepared by
reacting triphenylsilyl-potassium with triphenyltin ohloride
(125). Attempts to prepare triphenylleadtriphenyltin by re-
acting triphenyltin-lithium with triphenyllead chloride, and
triphenyllead-lithium with triphenyltin ohloride were un-
successful (125).
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Tabulation of compounds.

Table 4

R;SnSnR3, ReR'SnSnR'Rg, RzSnR'SnRyz, and R,;S1SnR, Compounds

Compound m.,b., and nD,°C.* References
Decamsthylenedi-(tri- (119)
ethyltin)
Hexasthyldi-~ 153-155/17mm. (50,119)
Hexaisobutyldi- (119)
Hexamethyldi=- (91)
Hexaphenyldi- 229=-231 (39,120,123)
Hexa-n-propyldi- (119)
Hexa~g~tolyldi- 298-300 (87, This
thesis)
Pentamethylenedi- (119)
(triethyltin)
1,1 ,E,Z-Tetrﬂethyl-l,z* (119 )
diisobutyldi-~
1,1,2,2-Tetrasthyl-1,2- (119)
di-p-propyldi-
Triphenylsilyltriphenyl- 289-291 (39,125)

*Seg Table 1.
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Compounds of the general formulae RzSnH,
RgSﬂHg, and RSan

Methods of preparation. Finholt, Schlesinger and co-
workers (2la, 23) found that orgenotin halides are readily re-

duced by lithium aluminum hydride to organotin hydrides in
excellent ylelds, and the products are obtained in a high
state of purity. The reduction is carried out by stirring
the organotin halide with lithium aluminum hydride in dioxane
for 1 hour at 25°., Under comparable conditions no reduction
is achleved when lithium hydride is substituted for lithium
aluminum hydride.

4RySnX4,y + (4-y)L1AlH4'-—-—>4RySnH4_y + (4~-y)LiX +

(4"Y)A1X3

This method has been used to prepare silenes and germanes in
good ylelds.

Triphenyltin hydride was prepared in a 42% yield (37)
using the method of Chambers and Scherer (16) by ammoniating
triphenyltin-sodium in liquid ammonia with ammonium bromide.

(CgHp)zSnBr + 2Na —> (CgHg)zSnNa + NeBr
(CQHG ) sana + NH4B1‘ N (CSHE ) 3SHH + NHz + N&Br

Wittig, Meyer and Lange (123) reduced triphenyltin bromide
directly with lithium aluminum hydride in ether to prepare
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triphenyltin hydride in 34% yield. Detailed directions for
the preparation of this hydride by reduction of triphenyltin
iodide with lithium aluminum hydride are included in the Ex-

perimental part.
Tabulation of compounds.

Teble $
RzSnH, RpSnHp, and RSnHy Compounds

Compound m.,b., and n,,°C.* References
Dimethyltin hydride 35/760mm., (24)
n 1.4480
Methyltin hydride 0/760mn, (24)
Trimethyltin hydride 59/760mm. (24)
Triphenyltin hydride 155-157/0.1mm. (37,123)

*See Table 1.
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Organometallic Complexes

Since the preparation of lithium boron hydride by
Schlesinger and Brown (103) about a dozen articles dealing
with organometallic complexes have been published. These
papers, together with aell prior publications covering this
field, will be reviewed herein in order to systematize the
information now at hand.

The question arises as to how boron can, with a normal
oxidation state of three, accommodate the five atoms ap-
parently around it in lithium boron hydride. The answer
to this question is found in the reports of Wittlg and co-
workers (120, 121, 122, 123, 124), They substituted phenyl
groups for the hydrogen of lithium boron hydride, and studied
the physiocal and chemical bshavior of the more easily handled
tetrephenylboron-lithium. The boron atom in triphenylboron
has an open ooctet in that 1ts outer shell contains but six
electrons, In 1ts need to fill its octet, the boron will
share a palr of electrons donated by a nucleophilic group
which the boron can accommodate. If phenyllithium is looked
upon as & tight lon pair (18, 92), then 1t 1s apparent that
the phenyl group can readily share its electron pair with
the boron atom. This sharing leaves the newly formed tetra-
phenylboron group with a formal negative charge, enabling
it to hold the lithium ion oclose by electrostatioc interasction.
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CeHp . ?335 .
CgqHg—B + CeHg: Li — |CgHg —B«C H i
els | et elg els|

CeHg Cellg

Wittig has compared this complex formation wlth the ad-
dition of phenyllithium to the polar form of benzophenone.
+ - +
(Csﬂs)gc > (CsHa)gC + 05H52 1] —
I

0

(CBHS)EB?‘_ CaHa + ILi
0

The carbon atom bonded to the oxygen atom in the polar form
possesses an open octet whioch is quickly filled by the phenyl
anion.

The same reasoning can be used t0 explain complexes like
triphenylberyllium-~lithium and triphenyltin-lithium. It will

- + - +

CaHs-Be + C5H5: mhw——-— CaHs‘-Bﬁ‘-CsHs 11

l
CeHg Cellg
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Q'

CSHG_T; + 5H5: 44— CGHS_SIR(_‘CsH’ Li

Cgllg Cellp

b —

be noted that in the case of the beryllium-complex, the beryl-
lium atom stlll has an open octet. This accounts for some re-
actions into which it enters. These will be discussed in de~-
taill in the next section.

up I

In 1858 Vanklyn (117) attempted to prepare ethylsodium
by the cleavage of diethylzine with sodium metal but was not
successful. Instead he had prepared triethylzinc-sodium
rrcm which the desired ethylsodium could not be obtained.
Much later Hein (54, 55, 56, 58) showed that the addition
of one equivalent of ethylsodium to one equivalent of di-
ethylzine 1n an lnert solvent formed a solution with a con-
duotivity equal to that of a 0,1 N potassium chloride solu-
tion, and that sodium ion migreates to the negatively charged
electrode and triphenylzine ion migrates to the positively
charged electrode.

More recently it was reported (31) that an attempt to
prepare diethylstrontium by the action of strontium metal on
dlethylzinc resulted in the preparation of a complex, tetra-

ethylzinc~strontium. A simllar reaction was carried out
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2(0535)3211 + Sr ——"(Cgﬁa)gzn'sr(CgHg)g + Zn

between barium metal and diethylzine, and dilethylbarium was
prepared in good yield. De Postin (20) used the cleavage
method to prepare triethylzino-cesium from diethylzine and
cesium metel., Hurd (59) found that one equivalent of di-
methylzine in ether will take up two equivalents of methyl~
lithium to form tetramethylzino-dilithium.

(Cﬂz)gm + 20H3L1 B— (CH3)4anig

Wittig and oco-workers have made an intensive study
(120, 121, 122, 123, 124) on the nature of organometallioc
complexes and in the course of their research prepared tri-
phenylberyllium-lithium, triphenylmagnesium-lithium, tri-
phenylzine-~lithium, heptaphenyldizine-trilithium, and tri-
phenyloadmium-lithium., In each oase the complex was prepared
by adding an ethereal solution of phenyllithium to a solution
of the diphenylmetallioc compound in ether.

(GGHS ) 2M + CBH’L’. B (CsHa ) 3MLi

(M = Be, Mg, Zn and Cd)

It was not possible to prepare a complex from diphenyl-
meroury and phenyllithium. Further study showed that the
complex, triphenylmercury-lithium, could not be prepared by

several different approaches,
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Triphenylberyllium~lithium 18 a colorless solid which
is stable up to 200°, Diphenyiberyllium, in contrest, begins
to decompose at 160°, The complex can be crystallized from
dioxane with four molecules of solvent, and from xylene
solvent-fres. Triphenylmagnesium~lithium decomposes at 212°
while diphenylmagnesium is stable up to 250°., The complex
can be orystallized from dioxane with two molecules of sol-
vent, and from xylene solvent-free. Triphenylzinc=-lithium
decomposes at 165°, and hsptaphenyldizine-trilithiup is
gtable up to 215°. Diphenylzinoc is resdily vacuum distilled
without decomposition. Both complexes can be crystallized
solvent-free from xylene. From dioxene, the former orys-
tallizes with four molecules of solvent and the latter, with
five. Investigations (123) have shown that the addition of
phenyllithium to diethylzinc in a 1l:1 ratio results in the
preparation of triphenylzinc¢-lithium., The further addition
of 0.5 equivalent of phenyllithium leads to the formation
of the second complex, heptaphenyldizino-trilithium,

(0885 ) an + 03H5L1 _— (GaHg ) 3ani
2( CgHs ) 32111:1 + GsHsLi —_— (CsHﬁ ) .,anLis

Triphenylcadmium-lithium is unstable, blackening slowly in
the dark and rapidly in the presence of light. The addition

of dioxane to an etherseal solution of the complex precipi-
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tates the triphenylcadmium-lithium with four scolveting mole-
cules of dioxane.

Reaction with Michler's ketone., Color Test I (42) is

based on the fact that moderately active organometallic com-
pounds add to the carbonyl double bond of Miohler's ketone
to form, upon hydrolysis, a tertiary carbinol which is con-
verted to a di- or triphenylmethane type dye by iodine in
acetic aocid. Tor phenyllithium the reaction is:

[p-(CHy)pNCgHg 15050 + CgHgli —22 9{p~(CHy) o NCgH,15CCHs +
OH

Lo_

- +
L10H —guZao,a > 1(0Hz) sN=( )\
O
(CHg) zN—O/

Malachite Green

Therefore Color Test I provides a good method for following
the course of complex formetion and for qualitatively esti-~
mating complex stability. If the complex were part of an
equilibrium system, some phenyllithium would be present in
solution and the equilibrium mixture would give a positive

Color Test.
(CaHs ) 3M'Li_) (Csﬂa ) 2M + CBH5L1

The latter is valid, of course, only if the complex itself

does not add as a unlt to the carbonyl double bond, thereby
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giving a positive test, Tortunately, none of the complexes
tested hag sufficient activity to add as a unit., Table 6
outlines the results of Color Tests I with ethereal solutions

of these complexes,

Table 6
Reaction of Group II Complexss with Miohler's Ketone

(CgHp ) gML1 Color Test I
Be Negative
Mg Positive
Zn Negative
cd Positive

(CgHp )pZngliy Negative

The results indicate that the complexes of magnesium and
cadmium are involved in equilibrium systems, and those of
beryllium and zine are not.

Reaction with fluorene. Phenyllithium metalates fluorene
promptly to form 9-~fluorenyllithium which on carbonation
yields diphenyleneascetioc acid. Diphenylberyllium, -magnesium,

-zine, and -cadmium do not metalate fluorene. This reaoction,
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CofsL + — D - cam
Hp Hli

e L

K COgH

therefore, provides an excellent method to gain an insight
into the stability of these complexes provided that any %=~
fluorenyllithium formed does not itself form a stable complex
with the dlphenylmetallics. TFortunately the latter happens
only in the case of diphenylcedmium, and the resulting com-
plex, diphenyl-9~fluorenylcadmium-lithium, is so weakly formed
that it does not interfere with the oarbonetion reaction.
Table 7 summarizes the results of the reaction of fluorene

with ethereal solutions of these complexes.
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Table 7

Reaction of Group II Complexes with Fluorene

(CgHg ) gMILL Number of days % yield of diphenyl-
reacted ensacetic acid
Be 14 0
Mg 35 47
Zn 10 18
cd 3 64
(CgHg ) pZngliy 10 44

From these results & series of complex-stability,
(CgHp)zBeli > (CgHg)azZnli ) (CgHg)azMgli D (CgHg)zCALi, may be
nade. The exact position of (CgHg)sZngLiz cannot be decided
on, but it is apparent that the complex first dissociates
into (CgHg)zZnli and CgHgLl, and that this step is fairly
rapid. Note that although the zinc~complexes do not give a
positive Color Test I they do metalate fluorens,

Reaction with benzophenons. The addition of phenyl-
lithium to the carbonyl double bond of benzophenone is quite
prompt, therseby providing another method for measuring the
stability of these complexes. Unfortunately this method is
complicated by the fact that some of the diphenylmetalliecs



49

possess sufficient activity to add to benzophenone. Table 8
shows the yield of triphenyloarbinol (tritanol) when each of
the diphenylmetellios was reacted with benzophenons for 1

hour,

Table 8
Resction of Diphenylmetallic Compcunds with Benzophenone

(CgHg ) oM % tritanol
Be 55
Mg 67
Zn 0
cd o
[CegHpL1] [99]

Table 9 outlines the results obtained when each of the

complexes was reacted with benzophenone for 1 hour.
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Table 9

Reaction of Group II Complexes with Benzophenone

(CeHg) zMLL % tritanol based on the addition
of one phenyl group
Be 45
Mg 100
Zn 54
ca 96
(CgHp) pZngLiyg 100

Surprisingly enough triphenylberyllium-lithium and benzo-
phenone resct to form tritanol in fair yield. Since this come
plex does not glve a positive Color Test I and does not metal-
ate fluorene, 1t is thought that the carbinol arises not from
phenyllithium addition but, instead, by direct reaction of

the complex with benzophenons.

-
(CgHg)gC=0 «——> (CgHg)gC~0 + (CgHg)gBeli —>

+
(CgHB)gc*o +
2 | —— (CgHy)pC-0Be(CgHp)g + LL—
CeHp-~BeLi | |
l CeHg
(CeHgle

(CEHB);SCOH + (CsHs)gBﬂ



51

The energy necessary for the direct addition of the complex
to the polar form of benzophenone is believed (123) to come
from the desire of the beryllium stom to add two electrons
to complete its octet. The intermediate thus formed then
rearranges to form the carbinol.

As 1t is known that triphenylmagnesium-lithium is part
of an equilibrium system the question arises whether the car-
binol is formed by direct addition of the complex to benzo~
phenone or from diphenylmegnesium and phenyllithium adding
gseparately. Table 10 summarlizes the results of series of ad~-

ditions to benzophenone.

Table 10

Reaction of Organometellice Compounds with Benzophenone

Compound added % triteanol after % tritenol after
five minutes ons hour
(CeHg ) Mg 44 67
(CgHp ) gMaLl 60 81

CeHpLi 78 99
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The yield of tritanol from the ocomplex represents the mean
between the diphenylmegnesium end phenyllithium, and from
this it was concluded that the oarbinol arises from addition
of the latter pair of compounds to benzophenons and not from
ocomplex addition (123).

Reaction with benz etophe e, Organometallic com-
pounds with high reactivity, such as phenylpotassium, add
1,2 to benzalacetophenone to form diphenyl-ﬂ-styryloarbinol,
while moderately aotive compounds, like diphenylmagnesium,
add 1,4 to form diphenyl propiophenocne.

+ - - +
CgHpCH=CHC=0 «——CgHzgCH=CHC=0 + CgHyzt K ——
ésﬂs | ésﬂa

CeHg

GGHECH“GH?-O K —» G, HgCH=CHC(0H)(CqHg) s
CeHp

4+ - +
CGHECHzCHC"O + (CGHB)ZMQ — CdﬂsCH“GHCCsH; >
|

06H5 (03H5 ) BMgO
: CeH H
CSHGCHCH’CGGHG -_— CGHBCHCHg’?CGHﬁ E— (CGHﬁ ) QCHCHCCBHB
86 i

CQHS
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In some additions & secondary reaction takes place whioch

leads to the formetion of %-phenyloﬁ—benzoyl-f—benzhydryl-

butyrophenone.

(Cng )QCHCH‘z?CsHs + CGHscH“CH?zO ———’
0M805H5 c sHa
0
1
(CeHg) ecﬁc‘:ﬂcc oHs
CgHg CHCH, CC gHg
i
0

Phenyllithium adds to benzalacetophenone to form diphenyl-8-
styrylearbinol [1,2-addition] in an 84% yield and diphenyl
propiophenone [1,4-addition] in a 16% yleld. The diphenyl-
metallics in their reactions with benzalacetophenone form
only diphenyl propiophenone [1,4-additionl, except diphenyl-
cadmium, which does not reaoct at all. Table 1l summarizes
the results of the reaction between somse of these complexes

with benzalacetophenons, under comparable conditions.
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Teble 11

Reaction of Group II Complexes with Benzalacetophenone

(CgHg ) sMLL % carbinol 4 ketone % diketone
Be 0 41 0
Ng 0.4 95 0
Zn 10 0 24
Ccd 7 22 1.8
(CgHp ) pZnglis 12 0 32

As with benzophenone, triphenylberyllium-lithium must
add to benzalacetophenone as & unit, or else some ocarbinol
would have been isolated., The seme reasoning must follow for
triphenylmagnesium-1ithium, which also adds to benzalaceto-
phenone &s a unit., The zinc-complexes must first dissociate
into diphenylzino and phenyllithium whioh then add to the
ketone, It is interesting to note that triphenylcadmium-
lithium must add as a unlt to the ketone while diphenylcad-
mium shows no rsaction. This mey be due to the desire of

the cadmium in the complex to complete its open octset.
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Complexes of Group III metals

In 1933 Thomson and Stevens (115) tried to prepare tri-
methylethylboron-lithium from trimethylboron and ethyllithium
in ligroln at 120° without success, An attempt to prepare
tetraphenylboron~lithium from triphenylboron and phenyl-
lithium, under the same conditions, was also unsuccessful,
Seven years later Schlesinger eand Brown (103) announced the
preparation of lithium boron hydride by reaction of diborané
with ethyllithium, and, in order to prove that this type of
complex was not unique, successfully synthesized and fully
described trimethylethylboron-lithium. The latter complex
was prepared by adding an ethereal solution of ethyllithium

to trimethylboron in ether, at room temperature,

BgH‘ + CgHgLi E— LiBH‘ + CgHe

(CHs)sB + GQH‘;Li E— (CH3)3(02H5)BL1

Hurd (59), using the method of Schlesinger and Brown,
prepared tetramethylboron-lithium and tetramethylaluminum-
lithium from the trimethyl organometellic compounds and
methyllithium in ether, Wittig and co-workers, along with
their studies on the nature of the complexes of Group II
metals, have prepared asnd fully described tetraphenylboron-
lithium and tetraphenylaluminum~lithium (120, 121, 122, 123).
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These complexes were prepared by the method of Schlesinger

and Brown.

(CgHg)sB + CgHpld —> (CgHg) (BLL

(CgHg) 3A1 + CgHgLi — > (CgHg)4ALLL

Tetraphenylboron-lithium can be reorystallized solvent-free
from cyclohexane plus ether or from di-p-propyl sther to
yield shiny colorless needles., The great stability of this
complex is highlighted by the fact that it does not rsact
with water, and water solutions of tetraphenylboron~-lithium
are stable. The complex does not glve a positive Color Test
I, and it does not react with benzophenonse or acetone,

Tetraphenylaluminum-lithium can be reorystallized from
dioxane, ILike tetraphenylboron-lithium, this oomplex will
not give a positive Color Test or react with benzophenons,
but tetraphenylaluminum-lithium does react with water im-
medietely on contact to yield benzene, aluminum hydroxide
and lithium hydroxide. Analogous resctions with water are
entered into by the Group II complexes.

(CBH5 )‘AlLi + 4HOH —>4CGH6 + M(OH) s *+ LiOH

Starting with tetraphenylboron-lithium it is possible
to prepare tetraphenylboron-complexes with other alkali

metals and the pssudoalkeli, the ammonium ion., Tetraphenyl~
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boron-potassium, -rubidium, -cesium, and -ammonium are formed
by reacting an aqueous solution of tetraphenylboron~lithium
with a very concentrated salt solution of the appropriate ion
[e.g., potassium chloridel]., Tetraphenylboron-sodium is pre-

pered from the lithium complex and sodium methoxids.

(CaHs ) ‘BLI + K+ —_— (03H5 )‘BK + Li+

(CgHg) ¢BLL + NaOCHz;——> (CgHg),BNa + L10CH;

An interesting oomplex, (CgHg) BP(CgHg)s, 18 formed by
reacting tetraphenylboron-lithium with tetraphenylphosphorus
bromide in ether.

(03H5 ) ‘BLi + (GsHs )‘PBI' —_— (CGHB )‘BP( CsHa ) 4 * LiBr

Triphenylboron and triphenylaluminum react with hydrides of

the alkali metals to form stable complexes.

(CBH5)3B + AH — ‘Csﬂs)aBHA
~ [A = 1i, Ne or K]
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Complexas of Gro 1V metal

It has been known for some time that reactive interme-
diates of the type RzMA [where R may be an aliphatic or aro-
matic group, M is 81 (7, 32, 46, 68, 72), Ge (66, 869, 70, 74),
Sn (11, 12, 16, 71, 73) or Pb (25, 30, 57), and A is 1Li, Na
of K] can be prepared by the reaction of alkali metsls or
thelr alloys with compounds of the type R;MX [where X may be
an allphatic, aromstie, alkoxy, RzM, halogen, oxygen, hydro-
gen, and possibly nitrogenl.

In 1941 it was reported that three equivalents of phenyl-
lithium react with one squivalent of lead chloride in ether
at ~«10° to form triphenylleed-lithium (43). The reaction has
been shown to be a two step process, the first being simple
nucleophilic displacement of chloride ion by phenyllithium
and the second, complexation of the diphenyllead, thus formed,
with phenyllithium (43).

2CgHgLL + PbCly — (CgHg)pPb + 2LiCl

(CsHs ) ePb + CaHsLi _"( C°H5 ) 3PbLi

Wittig (120, 123) hes prepared triphenyltin~-lithium from
diphenyltin and phenyllithium in ether. The complex may be
crystallized solvent-free from dioxane to yield brilliant
yellow needles., As with the lead~-complex, triphenyltin-
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lithium hes been prepared by direet reaction of three equi-
valents of phenyllithium with one equivelent of stannous

chloride (39).

205H5L1 + Snclz I (Csﬁs ) 2811 + 2Licl

(CgHs ) BSR + CGH5L1 E— (CGHE ) 3SnLi

Complexes of tin containing aliphatic groups, tri-n-
butyltin~lithium and triethyltin-lithium, nave been prepared
by reacting the appropriate alkyllithium oompound with stan-
nous chloride (41).

Triphenylgermenium-lithium hes been prepared, in like
manner, by reacting germanium diiodide with phenyllithium,
but little information is available on this complex at this
writing.

Reaction with Michler's ketone. Triphenylsllyl-potassium

(125) gives a positive Color Test I but the result is a blue
color which is remindful of Michler's hydrol and not the usual
green of Malachite Green. Triphenyltin-lithium does not give
a positive Color Test, but triphenyllead-lithium does glve a
positive Test. From this result and other data cited below
it has been concluded that triphenyllesd-lithium is part of
an equiliﬁrium system, with the equilibrium displaced at least
80% toward the lead complex (43).

(CaHs )2Pb + CsHﬁLi ‘___s ( CBH5 ) 3PbLi
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Reaction with unsaturated linkages. Triphenylsilyl-

potassium reaots with Dry Ice to form triphenylsilylacetio
acid, This acid is metastable, and on warming to 135° lib-

erates carbon monoxide with formation of triphenylsilanol (7).

+
(CgHg) 581K + 00p —E—5 (GgHy)551C0pH

(CBH5 ) 381COBH -_— (CBHS ) 3SiOH + CO

The high reactivity of this intermediate 1s emphasized by

1ts addition to trans-stilbene to yield @-triphenylsilyl-a,-
diphenylethylpotassium which on hydrolysls forms triphenyl-
aQ-diphenylethylsilane (47).

( Cng ) 3SiK + CaHsCH“CHCsHE —_—> (05H5 ) 381CH( CsHa )CH( CSH5 )K
HyO
—J—_) (Csﬁa)381CH(06H5)CH2(06H5)

Triphenyltin-lithium does not react with Dry Ice, gaseous
carbon dioxide, benzophenone, benzalacetophenone, or trans-
stilbene. From these results it has been conocluded that, like
triphenylberyllium~1ithium, tetraphenylboron-lithium and
tetraphenylaluminum-lithium, this tin~-complex is not part of
an equilibrium system.

Triphenyllead~lithium reacts with gaseous carbon dloxlide
to form benzoic acid and a diphenyllead polymer. Apparently
the carbon dioxide combines with the phenyllithium present in
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the equilibrium mixture giving riss to the benzoic acid (43).

(CBH5 ) 3PbLi _— (CGHQ ) ng + CSHaLi

CeHglL + CO0p —HT s CgHgCOLH

Reaotion with water. Each of the three complexes dis-
cussed in this section reacts with water in a different man-
ner, Triphenylsilyl-potassium ylelds triphenylsilane, which
immediately hydrolyzes to triphenylsilanol, and potassium hy-
droxide; triphenyltin-lithium yields hexaphenylditin, hydro-
gen, and lithium hydroxide; triphenyllead-lithium yields a
diphenyllead polymer, benzene, and lithium hydroxide,

(CeHg) 351K + HOH —— (CgHg)zS1H + KOH
L (C4Hg)3S10H

(03H5 ) 3811101 + HOH — (CGHs ) esng + Ha + LiOH

(GeH;)stLi + HOH —— [ (CGHE )zpb3x + CQHQ + LiOH

Reacgtion with orgenic halides. The complexss discussed

in thls seotion ares formed from compounds in whioch the me-
tallic element has oxldation state of two. Unlike the metals
of Group II and III complexes, the Group IV metals can re-
arrange their eleoctronioc configuration and assume an oxida-
tion state of four. Thess Group IV complexes react promptly
with aliphatic and aromatic hallides to form compounds of the
types, R,M and RzMR' [where R and R' may be aliphatic and/or

aromatio groupsl, in good yields. Triphenyllead~lithium,
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although part of an equilihrium system, reacts as a unit with

organic halides.

(CgHg)gPbLi + CgHyCHeCl — (CgHy)gPbCHoCgHg (70%)

+ ILicl

In conclusion it may be sald that triphenylsilyl-potas-
sium and triphenyltin-lithium are not involved in equilibrium
systems, and that the former is much more reactive than the
latter. Triphenyllead~lithium 1s part of an equilibrium sys=-
tem and its reactivity is about the same as that of the tin-

complex.,

Analytical Procedures

The most convenient qualitative test for tin, although
not the most accurate, in organotin compounds is to ignite
a small sample of the ocompound on a clean spatula or crucible
cover, The gray-white residus of stannio oxide indicetes the
presence of tin, This test may be ineffective with volatile
organotin compounds, and descomposition of a sample of the
compound with bromine followed by precipitation of the tin
as the sulfide can be used as an alternative test for the
presence of tin., Reocently another test for tin has been de=-

veloped based on the fact that Mo'®, as in the Yellow precip-
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itate, is reduced to Mo*® by Sn'2., Mo*® compounds are blue
in color, and the change in color from ysllow to blue is in-
dicative of tin (22, 34).

Quantitatively, tin in orgenotin compounds is determined
ag stannic oxide. Pfeiffer (99) introduced a method which
involves decomposition of the sample by the use of fuming
nitrio acid in a sealed tube, followed by evaporation of the
product with concentrated sulfuric scid and ignition to stan-
nic oxide. A more convenient method (76) uses fuming nitric
plus fuming sulfuric sc¢id in a covered porcelain erucible
té deocompose the semple, followed by ignition to stannio
oxide. Concentrated sulfuric acid plus 30% hydrogen per-
oxide has been used in plece of fuming nitric plus fuming
sulfuric acid (111). Volatile organotin compounds usually
give low results by the fuming acid procedure. A method has
been introduced whereby the volatile organotin compound is
first deocomposed with bromine in carbon tetraechloride, fol-
lowed by treatment with concentrated nitric plus concentrated
sulfurio acid and finelly ignition to stannic oxide (35).
it hag been found that orgeanotin compounds can be completely
decomposed simply by treatment with concentrated sulfurie
acid followed by ignition to stannic oxide. This method can

be applied to volatile as well as non-volatile compounds.
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EXPERIMENTAL

Organotin Reactions
Studies on the nature and reactlions of
triphenyltin-lithium in ether

Preparation of triphenyltin-lithium in ether. The gen~
eral procedure which was used for the preparation of tri-

phenyltin-lithium on a 0.045 mole scale was as follows: the
calculated volume of solutlion necessary to give 0,135 mole

of phenyllithium!s® was added dropwise, over a period of
about 1.5 hours, to 8.54 g. (0.045 mole) of finely ground
anhydrous stannous chloride?® suspsended in 100 ml. of ether
in a 500 ml., four-necked flask., The operations were carried
out under nitrogen. During the esddition the mixture was

cooled in an ice-salt bath whose temperature was maintained

i1H, Gilmen, E. A, Zosllner and ¥W. M. Selby, J. Am. Chem.
Sog., 55, 1252 (1933); see also ibid., 54, 1957 (I932)., =

R, G. Jones and H. Gilman, "Orgenio Reactions", Vol. 6,
John %iley and Sons, Ino., New York, N.Y., 1951, p. 353.

. dngtannochlor" purchased from Metal and Thermit Corpora-
tion.
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at -10°, Mechanical stirring, one of the most important
points in the technique, was employed. A glass blade stirrer
(8+gs, Ace Glass Co. stirrer, catalog number 8245) was found
to be very efficient. The stlirrer blade must fit the bottom
of the flask closely, otherwise the dense stannous chloride
colleocts on the bottom of the flask and the rsesaction prooceeds
irregularly.

The phenomena which occurred during the addition of the
phenyllithium were as follows: the first few drops produced
a yellow color. The color gradually inoreased in intensity
and was bright yellow at 0.5 equivalent of phenyllithium,
orange at 1.0 equivalent, red at 1.9 equivalents, deep red
at 2,1 equivalents, rust at 2.5 equivalents, and tan at 3.0
equivalents, The deep red color is believed to indicate di-
phenyltin®, and the ten color, triphenyltin-lithium®. Color

Test I® for reactive organometallic compounds remained nega-

4ses E. Krause and A. von Grosse, "Die Chemie der metall-
organischen Verbindungen®™, Gebruder Borntraseger, Berlin, 1937,
p. 355, for a discussion of the color of solutions of diaryl—
tin compounds 1n organic solvents.

®G. wittig, Angew. Chem., _g, 231 (1950); G. Mttig, F.
J. Meyer and G, Lange, Ann., 571, 167 (1951).

: ;H. Gilman and F. Schulze, J. Am. Chem. Soc., 47, 2002
1928).
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tive until 3.05-3.10 equivalents of phenyllithium had been
added. At no time during the addition was there a homogene-
ous solution. The triphenyltin-lithium was reasdy for subse-
quent use as soon as the addition of the phenyllithium solu-
tion was completed. These phenomena were confirmed ocarefully
in at least four different runs, and were observed in general
in numerous other experiments.

It was found that the rate of addition of the phenyllith-
ium solution to the stannous chloride was particularly criti-
cal., If the phenyllithium solution was added too rapldly,
Color Test I remeined positive throughout the eddition and
the color ohanges described above did not take placs. Color
Test I remsined positlive even § hours after the rapid addi-
tion of three equivalents was completed. A dropwise addition,
at a rate where each drop ocan be seen distinetly, was found
to give optimum results.

Hydrolysis of reactions involving triphenyltin-lithium,
After the desired reaction time had elapsed the mixture was
hydrolyzed by ppuring it into 400 ml. of saturated ammonium
chloride solution contained in & 1 liter beaker. The contents
of the beaker were stirred efficiently during the hydrolysis
by the use of a magnetic stirrer (e.g., Precision Soclentific
Co., Meg~Mix, catalog number 65904). Any solld which may

have come out of solution upon hydrolysis was filtered off
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and air-dried. The ether and water layers were separated,

the ether layer dried over anhydrous sodium sulfate, and the
water layer discarded, After drying, the ethereal solution
was flltered from the sodium sulfate, the ether was removed
by distillation from a water bath, the last traces of the

solvent were removed at water pump pressure, and the residue
worked up as required by the nature of the expected product.

It was found that the symmetrical organotin compounds
were best recrystellized from benzene, petroleum ether (db,p.
77-120°), or & mixture of both, Unsymmetrical compounds
were best recrystallized from ethanocl or a mixture of meth~-
anol and benzene,

Hydrolysis of triphenyltin-lithium. Triphenyltin-lithium
was prepared by the addition of 0.135 mole (3 squivalents) of
phenyllithium in 123 ml. of ether to 8,54 g. (0.045 mole) of
stannous chloride suspended in 100 ml. of ether at -10°., The
reaction mixture was hydrolyzed, as soon as the addition of
the phenyllithium was completed, by pouring it into 400 ml.
of water. Upon hydrolysis the ether layer became orange
colored and had an orange solld suspended in it. On standing,
a yellow solid precipitated from the ether layer.

The so0lid recovered on hydrolysis was cerystellized from

petroleum ether (b.p. 77-120°) to yleld 2.1 z. (14.6%) of
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tetraphenyltin melting at 222-225°7, A mixed melting point
with an authentic specimen showed no depression.

The ether layer yielded & yellow solid which when crys-
tallized from petroleum ether (b.p. 77-120°) ylelded 2.1 g.
(10.9%) of hexaphenylditin melting at 226-229°%, A mixed
melting point with an asuthentiec specimen showed no depres-
sion., A mixed melting point with tetraphenyltin melted at
190-200°, showing a drastic depression.

Run 2. A second run carried out exactly as the
first led to the rscovery of 1.5 g. of tetraphenyltin (10.0%)
melting et 224-226° and 2.2 g. of hexaphenylditin (14.0%)
melting at 226-228°, Mixed melting points with authentie
specimens showed no depression.

Carbonation of triphenyltin-lithium with gaseous garbon
dioxide. The theory was developed that in the triphenyltin-
lithium preparations there exiated an equilibrium betwesn
diphenyltin and phenyllithium, on the one hand, and triphenyl-
tin-lithium on the other,

(CaHs ) gsn + CaHﬁLi ;_s( CsHs ) 3SHL1

?D. Gedderd and A. E, Goddard, J. Chem, Sog., 121, 256
(1922).

8. Krause and R. Becker, Ber., 53, 173 (1920).
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ordinarily far displaced toward the triphenyltin-lithium®.
Such an equilibrium would help to explain the formation of
tetraphenyltin in the reactlion of triphenyltin-lithium with
benzyl chloride (see pp. 91 ) by proposing a metal-metal
interconversion between triphenylbenzyltin, as formed, aend

phenyllithium,

(CsHs ) 3811CH2‘C£]5 + 06H5L1 I ( CaHs ) 4Sn +

(CgHg ) g (CgHgCHz ) SnIL

to yleld tetraphenyltin and & new intermediate. For char-
acterization of the phenyllithium the carbonation reaction
was employed.

Triphenyltin-lithium was prepared by addition of 0.135
mole (3 equivalents) of phenyllithium in 162 ml. of ether to
8.54 g, (0.045 mole) of stennous chloride suspended in 100
ml, of ether at =-10°, Color Test I was very weakly positive
after the addition of the phenyllithium was completed, and
the reaction mixture was tan colored. Dry carbon dioxide
ges was then passed over the surface of the solution, still
stirred in the cold, for 4 hours. The reaction mixture did
not change in appearance in any way, and was hydrolyzed by

pouring it into 100 ml, of water.

9
H, Gilman, L. Summers and R. W. Leeper, J. Org. Chem,
17, 630 (1952). ’
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On hydrolysis a yellow=brown solid came out of solution.
The so0lid was filtered off and air-dried, and the layers were
separated., The ether layer was exiracted with three 15 ml.
portions of 15% potassium hydroxide solution, and then dried
over sodium sulfate. The potassium hydroxide layers were
combined with the water layer of the hydrolysis mixture.
The water layer was acidified with dilute hydrochloriec acid,
and the solution became faintly cloudy. The aqueous solution
was extracted three times with 25 ml. portions of ether. The
portions of ether were combined and dried over sodium sulfate,

The ether was removed from the layer which should con-
tain the benzolc acid leaving a small amount of olly residus.
No benzoic acid or addition products of benzoic scld were
isolated from the oll. |

The solid (10.7 g.) recovered on hydrolysis was extracted
with benzene and filtered hot. On cooling, 3.4 g. (23.6%) of
tetraphenyltin melting at 222-225° was obtained. A mixed
melting point with an suthentic specimen showed no depression.

The ether layer from the hydrolysis ylelded a solid on
‘distillation., Crystallization of the solid from petroleum
ether (b.p. 77-120°) ylelded 2.5 g. (15.9%) of hexaphenyldi-
tin melting at 227-230°., A mixed melting point with an au-
thentic specimen showed no depressicn.

A check run geve essentislly the same results, and no

benzolc acid or addition products of benzolc acid were iso=-
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lated. These results tend to eliminate the hypothesis that
an equilibrium exists between diphenyltin and phenyllithium,
on the one hand, and triphenyltin-lithium on the other.

Carbonstion of triphenyltin-lithium with Dry Ice. Tri-
phenyltin-lithium was prepared by the addition of 0.135 molse
of phenyllithium in 152 ml. of ether to 8.54 g. (0.045 mole)
of stannous chloride in ether. The reaction mixture was then
carbonated directly by pouring it onto a Dry Ice-ether slurry.

On warming to room temperature the ethersal solution was
filte:ed from the solid suspended in it. This solid was ex-
tracted with 100 ml. of petroleum ether (b.p. 77-120°) and
filtered hot. On cooling, 0.9 g. (4.7%) of tetraphenyltin
melting at 222-225° was obtalned. A mixed melting point with
an authentioc specimen showed no deprsssion.

The ethereal solution wes evaporated to dryness, and the
oily residue was sxtracted with 50 ml, of refluxing petroleum
ether (b.p. 77-120°) for 0.5 hour and the filtrate decanted.
The insoluble solid was extraoted with 50 ml., of water and
filtered hot. Acidiflication of the agueous solution with
concentrated hydrochloric acid yielded no acid. The petro-
leum ether solution yigqlded no tetraphenyltin or hexaphenyl-
ditin.

Reaotion of triphenyltin-lithium with benzophenone. The

purposs for carrying out this resotion was twofold. TFirst,

it was used to measure the reactivity of triphenyltin-lithium
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toward a carbon-oxygen double bond; second, it was used to
further test the possibillty that triphenyltin-lithium is

in equilibrium with diphenyltin and phenyllithium, as pre-
viously mentioned., Wittig and co-workers® have used this
method very sucocessfully in the measurement of the stabllity
of verious organometallic complexes.

Triphenyltin¥lithium was prepared by the addition of
0.330 mole (3 equivalents) of phenyllithium in 250 ml. of
ether to 20.9 g. (0.110 mole) of stannous chloride suspended
in 100 ml, of ether at -10°, Color Test I was vsry weakly
positive after the addition of phenyllithium was completed,
and the reaction mixture was ten colored., Then 20.0 g.
{0,110 mole) of bdenzophenone was added in one portion. The
reaotion mixture beoeme chocolate brown and inoreased in vig-
cosity almost immediately. The ilce-salt bath was mainteined
at «10° while the mixture was stirred for 2 hours, Hydroly-
sis was carried out &s desoribved above.

The solld recovered on hydrolysis was extracted with
500 ml, of petroleum ether (b.p. 77-120°), filtered hot, and
the filtrate placed in & refrigerator to cool. 0On cooling,
3.5 8. (9.5%) of tetraphenyltin melting at 223-225° was ob-
tained. A mixed melting point with an authentic specimen

showed no depression.
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The ether was removed leaving a yellow oll. On standing
the 0il solidified. The yellow solid was extraocted with 100
ml, of petroleum ether (b.p. 28-36°) at reflux and the mix-
ture was allowed to cool to room temperature. The solid wes
filtersed off and dried while the petroleum ether was distilled
from the filtrate lesaving a yellow oil. The solid from the
petroleum ether extraction was digested with 400 ml. of pe-
troleum ether (b.p. 77-120°), filtered hot, and the filtrate
placed in & refrigerator to cool. On cooling, 5.7 g. (14.8%)
of hexaphenylditin melting at 226~229° was obtained. A mixed
melting point with an authentic specimen showed no depression.

In order to determine the nature of the yellow oil re-
covered from the petroleum ether extraotion a sample of it
wasg reacted with phenylhydrazine to form & phenylhydrazone
melting at 135-137° (the phenylhydrazone of benzophenone
melts at 137°)3°, A second sample wes reacted with 2,4-
dinitrophenylhydrazine to form a 2,4-dinitrophenylhydrazone
melting at 236-238° (the 2,4-dinitrophenylhydrazone of ben-

zophenone melts at 239°)19,

1°g, L. Shriner end R. C, Fuson, "The Systematio Iden-
tification of Organie Compounds”, John Wiley and Sons, Inc.,
New York, 1948, 3rd Edition, p. 264.
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The 0ill was extracted with 50 ml. of ethanol and filtered
hot. The ethanol was removed by distillation at the water
pump, and the residue was distilled at reduced pressure (124°/
0.8 mm.)., Only one fraction was obtained. A recovery of
12.6 g. (60.0%) of benzophenone melting at 46°1° was made.

During the course of the work-up of the reaction partic-
ular attention was paid to the possible recovery of tri-
phenylcarbinol but no trace of this compound was found., A
check run was made and essentially the same results were
obtained.,

Reaction of triphenyltin-lithium with benzalacetophenone.

Triphenyltin-lithium was prepered by the addition of 0.135
mole of phenyllithium in 152 ml. of ether to 8.54 g. (0.045
mole) of stannous chloride suspended in 100 ml. of ether.
To this was added 9.4 g. (0.045 mole) of benzalacetophenone
in 50 ml. of benzene. No apparent change took place upon
addition or as the reasction progressed. The cooling bath
was removed, the mixture was refluxed for 24 hours, and hy-
drolyzed. The solid recovered on hydrolysis was extracted
with petroleum ether (b.p. 77-120°), and filtered hot. On
cooling, 1.5 g. (7.8%) of tetraphenyltin melting at 224-225°
(mixed melting point) was obtainedQ

The ether and benzene were removed by distillation

leaving a brown gum. The gum was extracted with 225 ml. of
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methanol and filtered hot. On c¢ooling, an oil came out of
solution., Varlous attempts to orystallize the oil (10.0 g.)
proved unsuccessful. In order to determine the nature of
the o0ill a semple of it was reacted with phenylhydrazine to
form & phenylhydrazone melting at 116-119° (the phenylhydra-
zone of benzalacetophenone melts at 120°)*%, A second sample
was reacted with 2,4-dinitrophenylhydrazine to form a 2,4-
dinitrophenylhydrazone melting at 243-245° (the 2,4~dinitro-
phenylhydrazone of benzalacetophenone melts at 245°)1°,

From these results it was concluded that the oil was prin-
ciply unreacted benzslacetophenone,

Preparation of triphenzl-z~hxdio;16thxlt;g. Triphenyl~-
tin-lithium was prepared from 8.54 g. (0.045 mole) of stan-
nous chloride and 0,135 mole of phenyllithium in 150 ml. of
ether, With the salt-lce bath (~10°) still in place 15.0 g.
(750% excess of 0.045 mols) of ethylene oxide in 20 ml., of
ether was added., The color changed from tan to light yellow
almost immediately. The reaction mixture was stirred for 1
hour, with the cooling bath in place, and hydrolyzed.

The solid (1.3 g.) recovered on hydrolysis was extracted
with 150 ml. of petroleum ether (b.p. 77-120°), treated with
Norit A, and filtered hot. On ocooling, 1.0 g. (5.2%) of
tetraphenyltin melting at 223-225° (mixed melting point) was
obtained,
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The ether layer yielded an oil which was extracted with
100 ml, of methanol, and filtered hot. On cooling, a small
amount of solid came out of solution. The methanol solution
was decanted and the solid was ignored. The methanol was re-
moved by distillation from & water bath, and the residue dis-
solved in a minimum amount of refluxing petroleum ether (b.p.
77-120°). On oooling, 8.3 g. (44.8%) of triphenyl-2~hydroxy-
ethyltin melting at 66-67°11 (mixed melting point) was ob-
tained.

Preparation of triphegzl-2~hxdro;1-3-ohloropronx;tin.
Triphenyltin~lithium was prepared from 8.54 g. (0.045 mole)
of stannous chloride and 0,135 mole of phenyllithium in 147
ml. of ether. With the salt-ioce bath (ca. -10°) still in
place 12.3 g. (0,045 mole plus 200%) of epichlorohydrin wes
added. The color of the reaction mixture changed from tan
to gray almost immedistely. The mixture was then stirred
for 1 hour, with the oooling bath in place, and hydrolyzed.

The solid (2.6 g.) recovered on hydrolysis was extracted
with 200 ml. of petroleum ether (b.p. 77-120°), treated with
Norit A, and filtered hot. On cooling, 1.9 g. (9.9%) of

: ?1H. Gilman and C. E. Arntzen, J. Org. Chem., 15, 994
1950).
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tetraphenyltin melting at 224-226° (mixed melting point) was
obtained.

The esther layer ylelded an oll which was extracted with
100 ml. of methanol, and filtered hot. On cooling, & small
amount of solid came out of solution. The methanol solution
was decanted and the solid discarded. The methanol was re-
moved by distillation from a water bath, and crystals were
obtained from the residusl oil by vigorous mixing with 25 ml.
of petroleum ether (b.p. 60-70°). The yleld of orude tri-
phenyl-2«hydroxy-3-chloropropyltin melting at 94-97° was 8.7
g. (43.5%). This crude product was extracted with 50 ml. of
petroleum ether (b.p. 77-120°), and filtered hot. On cool~-
ing, 5.4 g. (27.0%) of triphenyl-2-hydroxy-3-chloropropyltin
melting at 97-99° was obtained.

Anal. Caled. for CpyHp,0ClSn: &n, 26.76. TFound:
Sn, 26.77.

Run 2. This run was carried out exactly as the
first. The yield of tetraphenyltin melting at 223-225° was
1.6 g. (8.4%) and of triphenyl-2-hydroxy-3-chloropropyltin
melting at 97-99° was 4.7 g. (23.5%).

Reaction of triphenyltin-lithium with trans-stilbense.
It was found that triphenylsilyl-potassium possesses suffl-

cient reactivity to add to the carbon-carbon double bond of
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gggggrstilbensle, and this resction was run to compare the
reactivity of the two organometallic intermediates,

Triphenyltin~lithium was prepared from 8.54 g. {(0.045
mole )} of stannous chlorlide and 0.135 mole of phenyllithium
in 144 ml. of ether, Color Test I was negative after the
addition of the phenyllithium solution wes completed, Then
8.1 g. (0,045 mole) of trans-stilbene in 200 ml, of ether
was added. No apparent change took place and Color Test I
remained negative throughout the course of the reaction.
The mixture was stirred for 72 hours, and carbonated by
pouring it onto a Dry Ice-ether slurry.

On warming to room tempereture the ether mixture was
extracted with 100 ml, of water. The layers were separated,
and the ether layer dried over sodium sulfate. Acidiflca~
tion of the agueous layer gave a clear solution. No acid
was recovered.

The ether layer ylelded a white sollid which was ex-
tracted with 200 ml. of methanol, and filtersed hot. On
cooling, 7.8 g. (96.4% recovery) of trang-stilbene melting

at 121-124° was recovered.

( ?BT. C. %Wu, Dootoral Dissertation, Iowa State College
1952).



a7

Reaction of triphenyltin-lithium with iodine. The tri-
phenyltin-lithium was prepared by reacting 8.54 g. (0.045

mole) of stannous chloride with 0.135 mole of phenyllithium
in 125 ml. of ether. Then 1l.4 g. (0.045 mole) of iodine
in 100 ml. of ether was added, dropwise, to the reaction
mixture., At first the iodine color was discharged as the
sthereal solution was added but near the end of the addition
the iodine color became permanent and was never completely
discherged. Ten minutes after the iodine addition was com-
pleted, the reaction mixture wes hydrolyzed by pouring it
into an aqueous solution of sodium thiosulfate. The ilodine
color was discharged immediately, and a white solld came out
of solution.

The solid recovered on hydrolysis was extracted with
250 ml, of petroleum ether (b.p. 77-120°) and filtered hot.
On cooling, 9.0 g. of sollid melting over the range 190-195°
was obtained.

The ether layer ylelded a solid which was extracted with
150 ml. of petroleum ether (b.p. 77-120°). On cooling, 1.0
g. Of solid melting over the range 190-200° was obteined.
The two solids were combined but further attempts to purify
the mixture by reorystallization were unsuccessful., Infra-

red anelysis showed the solid to be a mixture of tetraphenyl-



tin and hexaphenylditinl®,

Run 2. This run was ocarried out exactly as the
rirst except that 17.1 g. (0.0675 mole, 50% excess) of io-
dine was reaocted with 0,045 mole of triphenyltin-lithium.

The solid recovered on hydrolysis was crystallized
twice from petroleum ether (b.p. 77-120°) to yield 3.7 g.
(23,5%) of hexaphenylditin melting at 226-229° (mixed melt~-
ing point). The solid recovered from the ether layer was
orystallized twice from petroleum ether (b.p. 77-120°) to
yield 1.4 g. (6.5%) of triphenyltin iodide melting at 117-
119°** (mixed melting point).

Run 3. In this run 1l.4 g. (0.045 mole) of iodine
in 150 ml. of xylene was added to 0.045 mole of triphenyltin-
lithium in 200 ml. of ether and the reaction mixture was re-
fluxed for 4 hours, The ilodine color was not completely dis-~
charged. The reaction mixture was hydrolyzed as above, the
layers were separated, and the ether-xylene layer dried over
sodium sulfate.

The dried solution was ooncentrated to about 75 ml. by
distillaetion and eooled to about 60°., Then 20 ml. of meth-

13The infrared investigations reported herein were car-
ried out by Dr. V. A, Fassel and M, Margoshes of The Ames
Laboratory, Iowa State College.

145, Krause, Ber., 51, 912 (1918).
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anol was added to the oconcentrated solution which was then
rlaced in a refrigerator for 3 hours. On cooling, some solid
came out of solution. This was filtered off and reorystal-
lized from petroleum ether (b.p. 77-120°) to yield 1.4 g.
(7.3%) of tetraphenyltin melting at 223-225° (mixed melting
point).

The mother liquor was evaporated to dryness by pulling
a stream of air over the surface of the solution, and the
so0lid residue was ecrystallized from 200 ml. of petroleum
ether (b.p. 77-120°) to yleld 10.0 g. of triphenyltin iodide
melting at 118-119°, Conocentration of the petroleum ether
mother liquor led to the recovery of an additional 2.0 g.
of triphenyltin iodide melting at 117-119°, The total yleld
of triphenyltin iodide was 12.0 g. (56.7%).

Run 4. This run was carried out exactly as the
third except that the reflux time was lengthened from 4
hours to 18 hours. The yield of tetraphenyltin was l.4 g.
(7.3%), m. 223-225°, and of triphenyltin iodide was 8.5 g.
(40.2%), m. 118-119°,

Run 5. In this run 5.7 g. (0.0225 mole) of iodine
in 100 ml. of ether was added, dropwise, to 0,045 mole of
triphenyltin-lithium, and the reaction mixture was refluxed
for 18 hours. The iodine color was completely discharged.
The reaction mixture was hydrolyzed and worked up in the

usual manner.
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The solid which was recovered on hydrolysis was extracted
with 250 ml. of benzene and filtered hot. On oooling, 3.0 g«
(20.0%) of hexaphenylditin melting at 552-334:~(m1xed melting )
point) was recovered., The mother liquor was evaporated to
dryness by pulling a stream of alr over the surface of the
solution, and the solid residue was corystallized from 200 ml.
of petroleum ethsr (b.p. 77-120°) to yleld 6.0 g. of solid
melting over the range 196-205°., Further attempts to purify
the solid by recrystallization were unsuccessful. Infrared
analysis showed the solid to be a mixture of tetraphenyltin
and hexaphenylditin.

Reaction of triphenyltin-lithium with oxygen. Triphenyl-
tin-lithium was prepared from 8.54 g. (0.045 mole) of stannous
chloride and 0.135 mole of phenyllithium in 135 ml. of ether.
Then oxygen was bubbled through the reaction mixture for 2
hours at room temperature, with gcod stirring, and the mix-
ture was hydrolyzed. The color of the reaction mixture
changed from tan to light yellow almost immediately after the
admission of the oxygen.

The solld (9.5 g.) recovered on hydrolysis was orystal-
lized from & petroleum ether (b.p. 77-120°)-benzene solvent
pair to yleld 8.1 g. of meterial melting over the range 180~
1g0°,

The ether was removed by distillation leaving an oily
solid whioh when crystallized from petroleum ether (b.p.
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77-120°) ylelded 1.0 g. of material melting over the range
170-190°, The two solids (9.1 g.) were combined and infra-
red absorption speotra showed the materiel to be a mixture
of hexaphenyldltin and tetraphenyltin. No triphenyltin hy-
droxide was isolated.

Preparation of triphenylbenzyltin. Benzyl chloride 1s
usually the reagent of ehoice for the characterization of
reactive organometallic intermedistes, and it was thought
that it would prove useful in the cheracterization of tri-
phenyltin-lithium.

Triphenyltin~lithium wes prepared from 8,54 g. (0.045
mole) of sgtannous ohloride suspended in 100 ml, of ether at
«10° and 0.135 mole of phenyllithium in 156 ml., of ether.
Then, with the salt-ice bath in place, 5.2 g. (0.045 mole)
of benzyl chloride in 20 ml. of ether was added, Color Test
I was negative before the addition of the benzyl chloride,
and was negative 1l minute after its addition. The reaction
mixture was stirred for 15 minutes in the cold, refluxed for
1.5 hours, and hydrolyzed.

The solid (4.0 g.) recovered on hydrolysis was extraoted
with 250 ml. of petroleum ether (b.p. 77-120°), and filtered
hot. On cooling, 3.3 g. of tetraphenyltin melting at 223-225¢
(mixed melting point) was obtained.
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The ether layer ylelded & yellow oll which was stirred
with 15 mi. of ethanol, and the flask containing the mixture
wag placed on a cake of Dry Ice for 10 minutes. The oil
solidified on cooling, and the solvent was decanted into a
crystallization dish. The solidifisd oil was extracted with
100 ml. of methanol and filtered hot. Some of the solid
(2,0 g.) d4id not dissolve in the methanol and it was corys-
tallized from petroleum ether (b.p. 77-120°) to yield 1.9 g.
of tetraphenyltin melting at 224-225°., On thorough cooling,
the methanol solution yielded 4.6 g. of very crude triphenyl-
benzyltin melting over the range 80-84°, This was recrys-
tallized from methanol to yleld 1.9 g. of triphenylbenzyltin
melting at 89-91°*%, on standing, 2.0 g. of triphenylbenzyl-
tin melting at 89-91° precipitated from the ethanol solution
in the crystallization dish. Both triphenylbenzyltin samples
were ldentified by a mixed melting polint with an authentic
specimen, The total yield of tetraphenyltin was 5.2 g.
(36.1% based on the available phenyl groups), and of tri-
phenylbenzyltin was 3.9 g. (19.7%).

Run 2. This run was carried out exactly as the

first. The total yield of tetraphenyltin was 5.7 g. (39.6%),

18R, A. Bullard, J. Am., Chem. Soc., 51, 3065 (1929).
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and of triphenylbenzyltin was 1.5 g. (7.6%). The results
of the two runs were somewhat erratic and it appeared as if
some seoondary reactlon were taking plaoce.

Run 3. This run was mede at a lower temperature
in order to minimize possible side reactions. Triphenyltin-
lithium wes prepared from 8.54 g. (0.045 mole) of stannous
chloride suspended in 100 ml. of ether at -10° and 0.135
mole of phenyllithium in 160 ml. of ether. The 1ge bath
wag then replaced by a Dry Ice-acetone bath at -35°., Then
5.7 g (0.045 mole plus 10%) of benzyl ohloride in 30 ml.
of ether was added. The reaction mixture was stirred for
0.5 hour while ths bath was meintalned at -35°, and then for
an additional hour while the bath slowly warmed to -10°. The
reaoction mixture was then hydrolyzed.

The solid (9.1 g.) recovered on hydrolysis was extracted
in a Soxhlet with petroleum ether (b.p. 77-120°). A recovery
of 8.7 g. of tetraphenyltin (80% based on the available phenyl
groups) melting at 223-225° (mixed melting point) was made.

The ether layer yielded a yellow oil whieh, upen cooling
in an ioce bath, partially solidified. The solid was filtered
off and dried on a suction filter. This solid (3.7 g., m.
88-91°) was orystallized from ethanocl, and 3.4 g. (17.2%) of
triphenylbenzyltin melting at 90-91° was recovered. Upon
working up the remasining oil with the ethanol mother liquor,
an additional 0.9 g. (4.5%) of triphenylbenzyltin melting at
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90-91° (mixed melting point) was obtained.

Run 4. This run was made to investigate the effect
of order of addition upon the relative yield of the products.
Diphenyltin was prepared from 8.0 g. (0.042 mole) of stannous
chloride suspended in 100 ml, of ether at -10° and 0.084 mole
of phenyllithium in 100 ml. of ether. Then 5.7 g. (0.045
mole) of benzyl chloride was added. No apparent reaction
took place upon the addition of the halide. Then an addi-
tional 0,042 mole of phenyllithium in 50 ml. of ether was
added, dropwise and in the cold, to the reaction mixture,.

The color of the mixture lightened somewhat as the addition
of the phenyllithium solution prégressed but some red colora-
tion remained when the addition was completed. The mixture
vas stirred for 15 minutes in the cold and hydrolyzed.

The s0lid (4.1 g.) recovered on hydrolysis was extracted
with petroleum ether (b.p. 77-120°). On cooling, 3.4 g.
(25.5%) of tetraphenyltin melting at 227-229° (mixed melting
point) was obtalned.

The ether layer ylelded a yellow o0il which was digested
with 15 ml, of methanol and then cooled. The oll solidified
ylelding 3.9 g. (21.1%) of orude triphenylbenzyltin melting
at 85-89°, The orude s0lid was recrystallized from methanol
to yleld 3.0 g. (16.2%) of triphenylbenzyltin melting &t
90-91® (mixed melting point).
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From these results it may be ooncluded that order of
addition has little or no effect on the reaction as the
yields of tetraphenyltin and triphenylbenzyltin are of the
same order of magnitude as in the previous reaotions.

Preparation of tetraphenyltip. For this preparation
there were used 8.54 g. (0.045 mole) of stannous chloride
in 100 ml. of ether, 0.135 mole of phenyllithium in 140 ml.
of ether, and finally 10.1 g. (0.045 mole plus 10%) of io-
dobenzense. The mixture was refluxed for 1.5 hours and hy-
drolyzed. The solid recovered on hydrolysis was extractsd
in a Soxhlet with petroleum ether (b.p. 77-120°) for 12
hours. A totel of 12.0 g. of tetraphenyltin melting at
224~-2256° (mixed melting point) was obtained.

An additional 0.7 g. of tetraphenyltin melting at 224~
225° was recovered from the ether layer, The total yield of
tetraphényltin was 12.7 g« (66.2%).

Run 2. For this run 8.54 g, (0.045 mole) of stan-
nous chloride in 100 ml, of ether, 0,135 mole of phenyllithium
in 139 ml. of ether, and finally 10.1 g. (0.045 mole plus
10%) of iodobenzene were used, The reaction mixture was re-
fluxed for 6 hours, stirred ove?night, and hydrolyzed. The
solid (25.9 g.) recovered on hydrolysis was refluxed with
300 ml, of benzene overnight, and filtered hot, 0On cooling,
13.2 g» of tetraphenyltin melting at 227-229° (mixed melting
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point) was obtained. Concentration of the benzene mother
liquor led to the recovery of 2.3 g. of tetraphenyltin melt-
ing at 228-229®*., The total yleld of tetraphenyltin was 15.5
g. (80.8%).

In Table 12 there is a summary of the resction of tri-
phenyltin~lithium with a series of organic halides. Thesse
reactions were ocarried out as outlined above for benzyl

chloride and lodobenzene with minor changes as noted in the
table,

Preparation of triphenyl-2,6-dimethylphenyltin, Tri-
phenyltin-lithium was prepared from 8,54 g. (0.045 mole) of
stannous chloride and 0.135 mole of phenyllithium in 157 ml.
of ether. Color Test I was negative after the addition of
the phenyllithium was completed. Then 10.5 g. (0.045 mole)
of 2,6-dimethyllodobenzene in 40 ml. of ether was added, No
epparent change took place, but a Color Test I made 1 minute
after the addition was very strongly positive. The loe bath
was removed and the reaction mixture brought to reflux.
Color Test 1 remained positive for 90 minutes after reflux
started. The reaction mixture was refluxed for a total of
18 hours and hydrolyzed.

The solid (3.4 g.) recovered on hydrolysis was extracted
with 300 ﬁl. of petroleum ether (b.p. 77-120°). On cooling,
2.4 g« (12.5%) of tetraphenyltin melting at 227-228° (mixed
melting point) was obtained.
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Table 12

Preparation of (CgHg)zSnR from (CgHg)zSnli and RX

Halide® M.P. and yield M.P. and yield Reaction
(CgHp ) 3SnR (CgHg)4Sn conditions
Ethyl iodide 56-58% 223=2256° 1.5 hours
36.4% 26.9% at reflux
Bromobenzene 227-229° 6 hours
82.2% at reflux
Chlorobenzene 228-229° 6 hours
22,9% at reflux
p-Iodotolusne® 1.5 hours
at reflux
Bromomesitylene 155-é23° 223-225° 24 hours
38, 1204% at reflux
p-Bromoanisole 151-152° 225-226° 6 days
30.1% 17.7% at 25°
p-Iodochloroben-
zene® 1368-139° 222-224° 24 hours
19.7% 6.8% at reflux
ngromodimgthyl~
aniline 22R«-224° 1.5 hours
25.5% at reflux

8None of these halides entered into the halogen-metal in-

terconversion reaction reported below, bReorX
ONo pure products were isolated.
olution (6:1).

ethanol.

from an ethancl-benzene
this halide was made,
tween this halide and triphenyltin-lithium, and 36.7
halide was recoversd.

stallized from
Recrystallized
%A 14% recovery of

Apparently no reaotion tookdplaoe be~
70

of the
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The ether layer yielded an oily solid which was recrys-
tallized three times from & minimum amount of ethanol to
yield 7.0 g. (34.1%) of triphenyl-2,6-dimethylphenyltin
melting at 116-119° (mixed melting point).

Run 2. In order to identify the organometallic
compound causing the positive Color Test I after the addition
of 2,6-dimethyliodobenzene to triphenyltin-lithium the fol-
lowing reaction was carried out.

Triphenyltin-lithium was prepared from 8.54 g. (0.045
mole) of stannous chloride and 0.135 mole of phenyllithium
in 115 ml, of ether. Coloxr Test I was negative after the
addition of the phenyllithium was completed. Then 10.5 g.
(0,045 mole) of 2,6-dimethyliodobenzens was added. Color
Test I made 10 minutes after the addition of the halide was
very strongly positive, and the reaction mixture was carbon-
ated by pouring it onto a Dry Ice-ether slurry with vigorous
stirring.

On warming to room temperature the ether solution was
decanted from the solid on the bottom of the flask, The
solld was extracted with a mixture of water and benzene, and
filtered hot. The layers were separated and the benzene
layer dried over sodium sulfate, Aocidification of the aque-
ous layer yielded nothing. The benzene was removed by disg-
tilletlion from a steam bath and the residue extracted with
100 ml. of petroleum ether (b.p. 77-120°). On cooling, 2.2
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g. 0f s80lid melting over the range 195-215° was obtained,
This was recrystallized from petroleum ether (b.p. 77-120°)
to yleld 2.0 g. of so0lid melting over the range 195-215°,
Infrared analysis showed this so0lid to be a mixture of tetra-
phenyltin end hexaphenylditin, |

The ether layer ylelded an olly residue which was ex~
tracted with 100 ml. of petroleum ether (b.p. 60-70°). The
s01id whioch d4id not dissolve in the petroleum ether was ex-
tracted wifh 100 ml. of water, and filtered hot. Acidifica-
tion of the aqueous solution with oconcentrated hydrochloric
aclid precipitated the crude 2,6-dimethylbenzoic acid which
was reorystellized from petroleum ether (b.p. 60-70°) to
yield 1.1 g. (16.2%) of 2,6-dimethylbenzolo acid melting at
116° (mixed melting point). The petroleum ether solution,
on thorough cooling, ylelded a small eamount of solid. This
- was reorystallized twloe from petroleum ether (b.p. 77-120°)
to yield 0.7 g. (2.2%) of hexaphenylditin melting at 229-231°
(mixed melting point).

Run 3. This run was made on a larger socale in order
to isolate and identify all the secondary products. It was
concluded that the 2,6-dimethylbenzoic aocld arose by way of
a halogen-metal interconversion between triphenyltin-lithium
and 2,6-dimethyliodobenzens to form triphenyltin iodide and
2,6~dimethylphenyllithium, which on subsequent carbonation
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yielded the substituted benzolc aclid. This reaction path
would also explain the origin of the hexaphenylditin whioch
would be brought about by reaction of triphenyltin-lithium
with triphenyltin iodide, as formed,

CHg CHg
@—Snm + I-@ —_— OSnI + Li«@
3 3
CHz CHg4
CHgz CHgy
G v w00 —prooans
CHz CHg

@—SnLi + @..su —_— Q_Sng
3 3 6

Triphenyltin-lithium (0.10 mole) was prepared from 18.97
g+ (0.10 mole) of stannous chloride end 0.30 mole of phenyl-
lithium in 310 ml. of ether., Color Test I was negative after
the addition of the phenyllithium solution was completed.
Then 23.2 g. (0.10 mole) of 2,6~dimethyliodobenzene was added.
Color Tests I made 1 and 10 minutes after addition of the
halide were strongly positive., The reaction mixture was car-
bonated by pouring it onto a Dry Ice-ether slurry 10 minutes
after the addition of the halilde.
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On warming to room temperature the ethereal solution
was filtered from the solid suspended in it. This so0lid was
extracted with 100 ml. of benzene for 2 hours and filtered
hot. On cooling, 11.0 g. of solid melting over the range
195-215° was obtained, The benzene mother llquor was evep-
orated to dryness and the solld residue orystallized from
petroleum ether (b.p. 77-120°) to yield 1.3 g. of solid
melting over the range 193-218°.

The ether layer ylelded an oily residue whioch was ex-
tracted with 100 ml. of refluxing benzene for 0.5 hour, and
the filtrate decanted. The insoluble solld was extracted
with 100 ml, of water, and filtered hot. Aclidification of
the agueous solution with concentrated hydrochlorie acid
precipitated 2.8 g. (18.7%) of 2,6-dimethylbenzoic aocid melt-
ing at 115-116° (mixed melting point).

The bsnzene solution was evaporated to dryness and the
residue orystallized from petroleum ether (b.p. 77-120°) to
yield 1.9 g. of solid melting over the range 196-214°.,

The three high melting solids (l14.2 g.) were combined.
Infrared spectre showed the material to be a mixture of
tetraphenyltin and hexephenylditin., The solid was extracted
with successive 50 ml. portions of carbon disulfide. Hexa-
phenylditin is very much more soluble in this solvent than
tetraphenyltin, and the two compounds were sepearated from

each other by this extraction method. EKach 50 ml. portion
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of solution was allowsed to evaporate to dryness and each solid
fraction worked up by orystallization from a minimum amount

of petroleum ether (b,p. 77-120°). A total of 8.7 g. (66.6%
based on the amount of acid recovered) of hexaphenylditin
melting at 231-232° and 4.3 g (10.8%) of tetraphenyltin
melting at 228-229° were obtailned. Both compounds were iden-
tified by mixed melting points with authentic specimens.

In Teble 13 there is & summary of the reasoction of tri-
phenyltin-lithium with a series of organic halides which en-
tered into the halogen-metel interconversion reaction. These
reactions were carried out as outlined above for 2,6-dimethyl-
iodobenzene with minor changes as noted in the table. Two
reactions were oarrled out bstween each halide and triphenyl-
tin-lithium; first, to prepare the unsymmetricel organotin
compound; seoond, to indirectly identify the organolithium
compound formed during the halogen-metal interconversion re-
action.

Preparation of hexaphenylditin. For this preparation
4.77 g. (0.023 mole) of stannous chloride in 100 ml. of ether,
0.069 mole of phenyllithium in 78 ml., of ether, and finally
8.86 g, (0.02% mole) of triphenyltin chloride in 250 ml, of
ether were used, The reaction mixture was refluxed for 1.5
hours and hydrolyzed. The solld recovered on hydrolysis was
extraoted with 800 ml. of petroleum ether (b.p. 77-120°).



Table 13
Reaction of (CgHp)zSnLi with RX, Followed by Carbonation with Dry Ice

Halide M.P. and yield M.P. and yield Reaction M.P. and M.P, and yield
(CgHg ) zSnR (CgHpl¢Sn  conditions yield acld (CgHg)zSnR
2,4-Dimethylio~- l112-115° 223-225° 17 minutes 125-126° 113-1156°
dobenzene 42 .7%2 13.0% at -10° 9.3%° 13,3%
2,5;Dimethylio» 97-99¢° 223-225° 17 minutes 131-132° 96-99°
dobenzene 43,042 8.3% at -10° .7%° 19,5%
o-Iodotoluene 163-165° 223~225° 18 hours 103-104° 163-164°
25.3% 24.5% at reflux  11.5%° 19.2%
Todomesitylene 156-158° 224-225° 24 hours 152-155° ¢
13,740 7.8% at reflux 20,
o-Iodoanisole 129~130° a 17 minutes 100-102° 129-130°
24,352 at =10° 4.4%° 12.1%

8Reorystallized from ethanol. bRecrystallizad from an ethanol-benzene solu-
Sion (6:1). ®No unsymmetrical compound was isolated in the carbonation reaction.
No attempt was made to recover the tetraphenyltin. SReaction tims before carbon-
ation was 2 minutes, freaction time before carbonation was 10 minutes.

£0T
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On oooling, 3.6 g. of hexaphenylditin melting at 229-231°
(mixed melting point) was obtalned.

The ether layer ylelded a solid which wes crystallized
from 800 ml. of petroleum ether (b.p. 77-120°). On cooling,
4.1 g. of hexaphenylditin melting at 229-251' was obtalned.
The total yleld of hexaphenylditin was 7.7 g. (52.8%),

Run 2. For this preparation 8.54 g. (0.045 mole)
of stannous chloride in 100 ml. of ether, 0.135 mole of
phenyllithium in 162 ml. of ether, and finally 17.3 g. (0.045
mole) of triphenyltin chloride in 100 ml. of benzene were
used. The reaction mixture was refluxed for 24 hours and
hydrolyzed. The solid recovered on hydrolysis was extracted
with 200 ml., of benzene for 3 hours, and filtered hot., On
cooling, 9.4 g. of hexaphenylditin melting at 233-234° (mixed
melting point) was obtained. Concentration of the mother
liquor led to the recovery of 2.9 g. of hexaphenylditin melt-
ing at 232-234°,

The ether layser ylelded & solid whlch was orystallized
twicé from a minimum amount of benzene to yleld 4.6 g. of
hexaphenylditin melting at 233-234° (mixed melting point).
The total yield of hexaphenylditin was 16.9 g. (53.7%).

Preparation of triphenylsilyltriphenyltin. For this
preperation there were used 8.54 g. (0.045 mole) of stannous
chloride in 100 ml, of ether, 0,135 mole of phenyllithium
in 101 ml. of ether, and finelly 13.3 g. (0.045 mole) of
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triphenylohlorosilane in 100 ml., of ether, The color of the
reaction mixture changed from tan to gray on addition of the
silane. The mixture was refluxed for 3 hours and hydrolyzed.

The solid recovered on hydrolysis was extracted with
benzene, On eooling, 21.3 g. of white solid melting at 282-
287° was obteined. Thls was recrystallized from benzene to
yield 19.5 g. (71.3%) of triphenylsilyltriphenyltin melting
at 289-201°,.

Anal. Calod. for CzgHzoSiSn: Si, 4.613 Sn, 19.48.
Found: 8i, 5.09; Sn, 19.61, |

A mixed melting point with a speolmen prepared later by
the reaction of triphenylsilyl-potassium with triphenyltin
chloride showed no depression®Z. -

Reaction of triphenyltin-lithium with triphenylsilane.
Triphenyltin-lithium was prepared from 3.65 g. (0.0193 mole)
of stannous chloride in 100 ml., of ether and 0.0580 mole of
phenyllithium in 52 ml. of ether. To this was added 5.0 g.
(0.0193 mole) of triphenylsilane18 in 100 ml. of ether, and .
the reaction mixture waes refluxed for 3 hours and hydrolyzed.

The so0lid recovered on hydrolysis was extracted in a
Soxhlet with benzene., A total of 1.7 g. (20.0%) of tetra-
phenyltin melting at 225-227° (mixed melting point) was ob-
telned.

: ;36. E. Dunn, Dootoral Dissertation, Iowa State College
1951).
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The ether was removed leaving & yellow oil., This was
extracted with 100 ml. of petroleum ether (b.p. 80-70°) and
filtered hot. The so0lid which 4id not go into the petroleum
ether was combined with the s0l1id whioh ocame out of the pe-~
troleum ether on cooling, to yield 1.7 g. (32.0%) of tri-
phenylsilanol melting at 148-151°17 (mixed melting point).

Reagtion of triphenyltin-lithium with triphenylehloro-
methene. For this preparastion there was used 8.54 g. (0.045
mole) of stannous chloride in 100 ml. of ether, 0.135 mole
of phenyllithium in 121 ml. of ether, and finally 12.0 g.
(0.045 mole) of triphenylchloromethane in 100 ml. of ether.
The mixture was refluxed for 3 hours and hydrolyzed.

The solld recovered on hydrolysis was extracted with
250 ml. of ohloroform, and flltered hot, Then 250 ml. of
ethanol was added to the flltrate and the solution placed
in a refrigerator. On ocooling, 14.5 g. of solid, which when
heated turned red at 165° and melted at 174~179°, was ob=-
tained. This solid was recrystallized from a chloroform-
ethanol solvent pair to yield 12.8 g. of material which when
heated turned red at 169° and melted over the range 174-190°,
Further attempts to purify this materlial by recrystallization
failed. It has been reported that triphenylstennyltriphenyl-

17H, Marsden and F, Kipping, J. Chem. Soec., 93, 198
(1908).
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methane turns red at 260° and melts at 272-273°18, From
these results it may be concluded that some triphenylstannyl-
triphenylmethene was formed, but that it was contaminated by
secondary products, probably tetraphenyltin.

The ether layer ylelded 1.3 g. of solid which turned red
at 170° and melted at 172-178°, Attempts to purify this ma-
terial feiled,

Run 2., A second run oarried out as the first was
made with a fresh sample of triphenylchloromethane (Eastman
Kodak white label, m.p. 112-113°) and, unfortunately, the
results obtained were the same.

Reagtion of triphenyltin-lithium with triphenylmethane.
Triphenyltin-lithium was prepared from 8.54 g. (0.045 mole)
of stannous chloride in 100 ml. of ether and 0.130 mole (2,9
equivalents) of phenyllithium in 121 ml. of ether. To this
was added 11.0 g, (0,045 mols) of triphenylmethane in 50 ml.
of ether. The reaction mixture was then refluxed for 18
hours. Color Test I remained negative for the entire reflux
time. On completion of reflux the reaction mixture was cer-
bonated by pouring it onto a Dry Ice-ether slurry with good
mixing.

187, C. Ballie, Iowa State Coll. J. Soi., 14, 8 (1939).
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On warming to room temperature the ethereal mixture was
extracted with 100 ml. of water. The solid whioh dld not go
into solution wes filtered off and alr-dried. The layere
were separated, the ether layer was dried over sodium sulfate,
and the water layer acidified with dilute hydrochloric aciad.
No solid precipitated from the water solution on aoidifica-
tion,

The solid recovered on hydrolysis was extracted with
200 nml, of petroleum ether (b.p. 77-120°), and filtered hot.
A total of 1.5 g. of tetraphenyltin (10.0%) melting at 224-
226° (mixed melting point) was obtained.

The ether layer ylelded a white so0lid which was extracted
with 100 ml., of methanol, and filtered hot. The solid whioch
did not go into solution was orystallized from petrolsum
ether (b.p. 77-120°) to yield 2.2 g. of hexaphenylditin
(14.0%) melting at 227-229°. On cooling, 9.0 g. of tri-
phenylmethane (81.8% recovery) melting at 93-94° was re-
covered from the methanol solution. Mixed melting points of
the last two compounds with authentic specimens showed no
depression.

Preparation of bromobenzene~free phenyllithium, In a
1 liter flask were placed 71.0 g. (0.2 mole) of diphenyl~
meroury, 5.6 g. (0.8 g. atom) of lithium wire cut into 1/8
inoch lengths, and 400 ml., of dry benzene, The mixture was

stirred vigorously and maintained at an internal temperature
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of 75° for 5 days. Then the benzene was distilled and, after
the flask had oooled, 400 ml. of ether wes added. The mix~
ture wag placed in a refrigerator for 12 hours. The ethereal
solution was carefully decanted into & 500 ml. graduated drop-
ping funnel leaving the black sludge behind. The yleld, de-
termined by aocid titration of a 5 ml, aliquot, was 0.312 mole
(78.5%)19. All of the above operations were ocarried out under
nitrogen.

Preparation of bromobenzens~free triphenyltin-lithium in
ether. The bromobenzene-free phenyllithium prepared above

was used to synthesize thres 0,033 mole runs of triphenyltin-
lithium. The runs were carrlied out sxaotly as in all the
previous preparations., It was noted that the color ohanges
previously outlined took place once again, but that they were
not as dramatic. The change in color from orange at the one
equivalent's point to the deep red of the two equivalents?
péint was a gradual one, and once passed the two equivalents'
point the change from deep red to the ten color present at
the three equivalents® point takes place more promptly. In
each run Color Test I was negative after the addition of the

phenyllithium solution was completed.

1%yaing essentially the same method W. Schlenk end J.
Holtz, Ber., 50, 273 (1916) prepared phenyllithium but no
yield was quoted.
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Run 1. Triphenyltin-lithium was prepared from

6.27 g, (0.033 mole) of stannous chloride and 0.099 mole of
bromobenzene~free phenyllithium in 135 ml, of ether. With
the salt-ice bath (-~10°) still in place, 15.0 g. of ethylene
oxide in 20 ml, of ether was added. The color of the reaction
mixture ohanged from tan to light yellow elmost immediately.
The mixture was stirred for 1 hour with the cooling bath in
place and hydrolyzed.

The so0lid (3.2 g.) recovered on hydrolysis was extracted
with 150 ml. of petroleum ether (b.p. 77-120°), and filtered
hot. On cooling, 1.3 g. (9.2%) of tetraphenyltin melting at
223-225° (mixed melting point) wes obtalned.

The ether leyer yielded an intractable oll whioch could
not be solidified though many different approaches were tried.
This may have been due to the presence of some unreacted di-
phenylmerecury which has a solubility in orgenic solvents simi-
lar to that of the expeocted product, triphenyl-2-hydroxy-
ethyltin.

Run 2. As before, 0.033 mole of triphenyltin-
lithium was prepared from 6.27 g. (0.033 mole) of stannous
chloride and 0.099 mole of phenyllithium in 135 ml. of ether.
Then 4.2 g. (0.033 mole) of benzyl chloride was added. Color
Test I remained negative, The reaotion mixture was refluxed

for 1.5 hours and hydrolyzed.
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The solid (2.8 g.) recovered on hydrolysis was extracted
with 150 ml. of petroleum ether (b.p. 77-120°), and filtered
hot. On cooling, 1.5 g. of tetraphenyltin melting at 223-225°
(mixed melting point) was obtained.

The ether layer ylelded &an o0ill. To this o0il was added
15 ml. of ethanol and the solution was permitted to ocool
slowly. The s0lid recovered by this treatment was recrystal=-
lized from 150 ml. of petroleum ether (b.p. 77-120°) to yleld
0.5 g. of tetraphenyltin melting at 223-225°, Total yield of
tetraphenyltin was 2.0 g. (14.2%).

To the ethanol mother liquor was added 75 ml. of methanol,
and the mixture wes placed on a bloeck of Dry Ice for 10 min-
utes. The filtrate was then poured into a orystallization
dish leaving most of the gummy sblid behind; the filtrate was
allowed to stand overnight. In this manner, 4.3 g. of crude
triphenylbenzyltin melting at 81-84° was obtained., This orude
product was recrystallized from methanol to yleld 2.1 g.
(14.4%) of triphenylbenzyltin melting at 89-91° (mixed melt-
ing point).

Run 3. Finally, 0.033 mole of triphenyltin-~lithium
was prepared from 6.27 g. (0.033 mole) of stannous ohloride
and 0,099 mole of phenyllithium in 135 ml. of ether. Then
6.6 g. (0.033 mole) of bromomesitylene was added. Color Test
I remained negative. The reaction mixture was refluxed for

24 hours eand hydrolyzed.
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The solid (3.4 g.) recoversd on hydrolysis was extracted
with 150 ml. of petroleum ether (b.p. 77-120°), and filtered
hot. On ecooling, 1.3 g. of tetraphenyltin melting at 223-225°
(mixed melting point) was obtained.

The ether layer ylelded an oil which was dissolved in
100 ml. of methanol plus 50 ml, of benzene by refluxing the
mixture for 1 hour., On cooling, e small amount of solid ocame
out of solution., This solid was reorystallized from 50 ml.
of petroleum ether (b.p. 77-120°) to yleld 1.2 g. of tetra-
phenyltin melting at 224-225°, The total yield of tetra-~
phenyltin was 2.5 g. (17.7%).

The methanol-benzene mother liquor was evaporated to
dryness on & water bath and the residue was extreoted with
100 ml. of methanol and filtered hot, On cooling, 4.6 g,
(30.0%) of triphenylmesityltin melting at 155-157° (mixed
melting point) was obtained.

It will be noted that in all three runs soms tetra-
phenyltin was isolated, and the yleld inoreased as the re-
action time was lengthened, Apparently part or all of the
tetraphenyltin isolated in previous runs mey arise from
some reaction path other than that of unreacted bromoben~
zene oomblning with triphenyltin-lithium as formed.

Preparation of triphenyltin hydride®, 1In a 250 ml.
flask were placed 4.8 g. (0.01 mole) of triphenyltin ilodide
in 50 ml., of ether and 0.5 g. (0,01 mole plus 25%) of
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lithium aluminum hydride. The mixture waes refluxed for 1
hour. Color Test I was positive at the end of the reflux
period., Then some hydroquinone was cautiously added. A
heavy white precipitate formed accompanied by & vigorous
evolution of gas. The mixture was then extracted with 100
ml, of saturated sodium hydroxide solution and all the solid
dissolved. The aqueous layer was removed by means of a
pipet and the ether layer dried over sodium sulfate, All

of the above was carried out under nitrogen.

The ethereal solution was filtered through a sintered
glass plate into a distilling flask, and the ether was re-
moved by distillsation from a water bath. The residual oil
was filtered through a sintered glass plate into a second
distlilling flask, and distilled under reduced pressure
direotly into a glass ampule., The yield of triphenyltin
hydride was 1.8 g. (51.8%); b.p. 151°/0.,05 mm. All of the
above was carried out under a nitrogen atmosphere, Using
this same method Wittlg and co-workers® prepared triphenyltin
hydride in 43% yield.

Run 2. This run was carried out exactly as the
firat. The yield of triphenyltin hydride was 1.8 g. (51.6%);
bepe 172°/0.5 nm,
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Reaction of triphenyltin hydride with methyllithium®.
A 250 ml. flask wes equipped with a magnetlc stirrer, a 100

ml. graduated dropping funnel, a nitrogen inlet tube and a
gas outlet tube., The gas outlet tubs was attached to a gas
bubble counter filled with coneentrated sulfuric aocld; the
counter was, in turn, attached to a Dumas tube filled with
fine ocupric oxlde; the tube was attached to water- and carbon
dioxide~-absorption tubes used in micfo carbon and hydrogen
quantitative analysis.

About 50 ml. of ether was placed in the flask, gentle
stirring was begun, and a very slow stream (ga. 1 bubble
every 3 seconds) of nitrogen gas was passed through the en-
tire system for 1 hour., The long burner under the Dumes
tube was turned on during the sweep~through of the gas. The
absorption tubes were then weighed.

After the absorption tubes were returned to their posi-
tions 1.6 g. (0.0046 mole) of triphenyltin hydride was added
to the reaction flask and 0.0046 mole of methyllithium in 35
ml. of ether was placed in the dropping funnel. The same
rate of nitrogen sweep-through and stirring as before were
meintained while the methyllithium solution was added drop-
wise, There was no decernadble inorease in the bubble rate
during the addition of the methyllithium solution and a white
solid preciplitated. No tan colored preocipitate or yellow
gsolution formed (indicative of triphenyltin-lithium). The
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system was swept with nitrogen for 0.5 hour after the addition
was completed. The absorption tubes were then rewsighed and,
within limits of allowable error, there was no change in
weight for elther tube. A Color Test I made 1 hour after the
addition was complsted was negative.

The ethereal solution was filtered from the white solid,
extracted with 50 ml. of water, and dried over sodium sulfats,
The ether layer yielded an oil which was digested with 50 ml.
of methanol, and the mixture was allowed to cool slowly. On
cooling, 0.4 g. of solid melting ovér the range 170-225° was
recovered, This solid was recrystallized from 25 ml., of pe~
troleum ether (b.p. 77-120°) to yield 0.35 g. (25.0%) of
tetraphenyltin melting at 224-225° (mlxed melting point).

The methanol was removed by distillation leaving an oil.
Thorough cooling in a Dry Ice bath ylelded an oily solid.
This mass was extracted twice with 5 ml, portions of cold
ethanol to yield 0.5 g. of orude triphenylmethyltin melting
at 48-«54°, This orude solld was reorystallized from 5 ml.
of ethanol to yield 0.3 g. (18.1%) of triphenylmethyltin
melting at 59-61°2° (mixed melting point).

20R, H. Bullard and W. R. Robinson, J. Am, Chem. Soc.,
49, 1368 (1927).
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Run g. This run was oarried out preclsely as the
first. Onoce again no gas evolution was noted and the weight
of the gas absorption tubes remained constant. In this run
0.35 g. (25.0%) of tetraphenyltin melting at 222-225° and
0.25 g. (15.0%) of triphenylmethyltin melting at 60-61° were
obtained., Both ocompounds were identified by mixed melting

points with authentlic specimens,

Studies an gaotio f othe
orzaenotin- hi 0 ) in et
Preparation of tri-p- ltin-1ithi ether. In order

to explore the scope of the reaction of RM (where R may be
alkyl or aryl and M may be Li, Na or MgX) with stannous
chloride, a series of ocompounds wes reacted with the tin ha-
lide, the firat of these being p-tolyllithium. The ocalou-
lated volume of solution necessary to give 0.135 mole of
p-tolyllithium® was added dropwise, over a period of about
1.5 hours, to 8.54 g. (0.045 mole) of finely ground anhydrous
stannous ochloride suspended in 100 ml. of ether. During the
addition the mixture was cooled in an ice-salt bath whose
temperature was maintained near -10°, and all operations
were carried out under nitrogen.

The phenomsenea which occurred during the addition of the
p-tolyllithium were as follows: the first few drops produced

a yellow color. The color gradually inoreased in intensity
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and was bright yellow at 0.5 equivalent of p-tolyllithium,
deep yellow at 1.0 equivalent, very deep red at 2.0 equiva-
lents, and olive dreb at 3.0 equivalents, Color Test I re-
mained negative untll 3.0 equivalents of p-tolyllithium had
been added, The tri-p-tolyltin-lithium was feady for subse-~
quent use as soon as the addition of the p-tolyllithium so-
lution was completed.

Prepara ra=p=t tin. PFor this preparation
there ware used 8.54 g. (0.045 mole) of stannous ohloride in
100 ml. of ether, 0.135 mole of p-tolyllithium in 141 ml, of
ether, and finelly 10.8 g. (0.045 mole plus 10%) of p=-iodo-
toluene in 50 ml., of ether. The mixture was refluxed for
1.5 hours and hydrolyzed. The solid recovered on hydrolysis
was extracted with benzene. On cooling, 1l.1 g. of tetra-
p~tolyltin melting at 233-235°21 (mixed melting point) was
obtained. Conocentration of the benzene mother liquor led
to the recovery of 4.3 g. of tetra-p-tolyltin melting at
232~-234°,

An sdditional 1.0 g. of tetra-p-tolyltin melting at
232-234® was recovered from the ether layer, The total yield
of tetra-p-tolyltin was 16.4 g. (74.2%).

2lp, Pfeiffer, Z. anorg. Chem., 88, 122 (1910),
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Reaotion of tri-p-tolyltin-lithium with 2,6-dimethyl-
iodobenzene. Tri-p-tolyltin-lithium was prepared from 8.54

g+ (0.045 mole) of stannous chloride and 0.135 mole of p-
tolyllithium in 126 ml, of ether. Color Test I was negative
after the addition of the p-tolyllithium soclution was com~
pleted. Then 10.5 g. (0.045 mole) of 2,6-dimethyliodobenzene
in 40 ml. of ether was added to the reaction mixture. No
apparent change took place, but a Coloxr Test I made 5 minutes
after the addition was very strongly positive. The reaction
mixture was then carbonated by pouring it onto a Dry Ice~
ether slurry with vigorous stirring.

On warming to room temperature the ether solution was
decanted from the solid on the bottom of the flask. The
solid was extraocted with 100 ml, of petroleum ether (b.p.
77-120°) and filtered hot. On c¢ooling, 1.8 g. of solid
melting over the range 210-215° was obtained. This was re-
orystallized from 50 ml. of petroleum ether (b.p. 77-120°)
to yleld 1.5 g. of tetra-p-tolyltin melting at 231-233°
(mixed melting point).

The ether layer yielded an oily residue which was ex-
tracted with 100 ml. of petroleum ether (b.p. 77-120°). The
80114 whioch did not dissolve in the petroleum ether was ex-~
tracted with 100 ml., of 5% potassium hydroxide solution, and
filtered hot. Aocidification of the agueous solution with
concentrated hydrochloriec acid precipitated the crude 2,8~
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dimethylbenzoio aoid., This erude acld was recrystallized
from petroleum ether (b.p. 60=-70°) to yield 1.6 z. (23.7%)
of 2,6~dimethylbenzolic acid melting at 115-116° (mixed
melting point). The petroleum ether solution, on thorough
cooling, ylelded 0.2 g. of tetra-p~tolyltin melting at 233~
235%, The total yield of tetra-p-tolyltin was 1.7 g. (7.8%).

Preparation of tri-m-tolyltin-lithium in ether. The
caloulated volume of solution necessary to give 0.135 mole
of m-tolyllithium® was added dropwise, over a period of about
1.5 hours, to 8.54 g. (0.045 mole) of finely ground stannous
chloride suspended in 100 ml, of ether at -10°,

The phenomena whioh ooccurred during the addition of the
m-tolyllithium were as follows: the first few drops produced
& yellow color. The color graduelly lnoreased in intensity
and wag bright yellow at 1.5 equivalents, deep red at 2.0
equivalents, red at 2.5 equivalents, and red~brown at 3.0
equivalents. Color Test I remsined negative until 3.0 equiva-~
lents of m-tolyllithium had been added. The tri-m-tolyltin-
lithium was ready for subsequent use as soon as the addition
of the m-tolyllithium solution was completed.

arat tetra~m- tin. For this preparation
there were used 8.54 g. (0.045 mole) of stannous chloride in
100 ml., of ether at -10°, 0,135 mole of m-tolyllithium in
141 ml, of ether, and finally 7.8 g. (0.045 mole) of m-bromo=-
toluene in 20 ml., of ether, The mixture was refluxed for 24
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hours and hydrolyzed. The solid (23.9 g.) recovered on hy-
drolysis was orystallized from 100 ml., of methanol plus 40

ml, of benzens to yleld 15.5 g. of tetra-m-tolyltin melting
at 122-123°%2, Concentration of the methanol-benzene mother
liquor led to the recovery of an additional 1.9 g. of product
melting at 122-123°., The total yleld of tetra-m-tolyltin was
17.4 g. (80.2%).

calculated volume of solution necessary to give 0.135 mole
of g-tolyllithium! was added dropwise, over a period of about
1.5 hours, to 8.54 g. (0.045 mole) of finely ground anhydrous
stannous ochloride suspended in 100 ml. of ether at -10°.

The phenomena which ocourred during the addition of the
o=tolyllithium were as follows: the firat few drops pro-
duced a yellow color. The color gradually inoreased in in-
tensity and was bright yellow at 0.5 equivalent of g-tolyl-
lithium, orange at 1.0 equivalent, deep red-brown at 2.0
equivalents, deep red-brown at 2.5 equivalents, red-brown
at 2.8 equivalents, and desp brown at 3.0 equivalents.

Color Test I remained negative until 3.1 equivalents of o~
tolyllithium had been added. The tri-p-tolyltin-lithium

285, Krause and R. Becker, Ber., 53, 185 (1920).
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was ready for subsequent use as soon as the addition of the
o=-tolyllithium sclution was completed.

Preparation of tetra-o-tolyltin. For this preparation
there were used 8.54 g. (0.045 mole) of stannous ohloride in
100 ml. of ether at -10°, 0.135 mole of g-tolyllithium in
150 ml. of ether, and finally 10.8 g. (0.045 mole plus 10%)
of p-iodotoluene. The color of the reaction mixture changed
from deep brown to light tan in about 5 minutes after addi-
tion of the halide. The mixture was refluxed for 6 hours,
stirred overnight and hydrolyzed. The solid recovered on
hydrolysis was extracted with 40 ml. of benzene, and filtered
hot. The so0lid whioh did not go into solution welighed 7.4
g. &nd melted at 287-300°, On cooling, and additional 0.4
&, Of s0lid melting at 298-300° was obtained from the benzene
solution, It was suspected that this high melting solid was
hexa-o-tolylditin®® and a sample wes analyzed.

Anal., Celod. for CggH,o8n: Sn, 30.27. Found:
Sn, 30.01. |

The ether layer ylelded a viscous yellow oil whieh par-

tially solidified on standing in a refrigerator for 24 hours.

234, Morris, W. Byerly and P. W. Selwood, J. Am. Chem.
m., _6_1’ 1727 (1942)0
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The supernatant oil wes decanted, and the solid wes orystal-
lized from 80 mi. of 50% benzene-methanol solution. On cool-~
ing, 0.9 g. (4.2%) of tetra-g-tolyltin melting at 211-213°%4
(mixed melting point) was obtained.

Preparation of tri-o-tolylbenzyltin. For this prepara-
tion there were used 8.54 g. (0.045 mole) of stannous chlor-
1de in 100 ml, of ether at -10°, 0.135 mole of o-tolyllithium
in 150 ml. of ether, and finally 5.9 g. (0.045 mole plus 10%)
of benzyl ohloride. The mixture was brought to reflux and a
gradual change in ocolor from red to dark yellow took place.
The mixture was refluxed for 5 hours, stirred overnight at
room temperature, and hydrolyzed. The white solid recovered
on hydrolysis was extracted with 500 ml, of benzene. The
benzene solution was concentrated by distillation to about
250 ml. On cooling, 6.5 g« (37.6%) of hexa-p-tolylditin
melting at 298-300° was obtained from the distillate, A
mixed melting point with a sample of hexa-o-tolylditin iso-
lated in the previous experiment showed no depression.

The ether layer yielded & viscous yellow oil. To this
0ll was added 20 ml. of methanol, and the mixture was placed

in a refrigerator overnight. A smell amount of solid came

%4g, Kreause and M. Sohmitz, Ber., 52, 2159 (1919).
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out of the mixture, It was filtered off, and crystallized
from & benzene-methanol solution to yleld 0.7 g. of tetra-go-
tolyltin melting at 214-215° (mixed melting point).

The original methanol mother liquor was then ooncen=-
trated on e steam plate until all solvent was remci‘d, and
the olly residue was dissolved in 100 ml, of petroleum
ether (b.p. 77-120°). This petroleum ether solution was
then chrometographed using Merck & Compeny adsorption alumina.
Petroleum sther (b.p. 60-70*) was used as the elution solvent
and the eluate was>taken off in fifteen 200 ml. fractions.
Fractions 3-8 yielded an additionel 0.8 g. of tetra-g-tolyl-
tin melting at 213-215°., Totel yield of tetra-p=-tolyltin was
1.5 g, (6.9%). Fraoctions 11-13 yielded an oil from which
orystals were obtained by treatment with a benzens-methanol
solution. A total of 0.5 g. (2.3%) of tri-g-tolylbenzyltin
melting at 105-107° (mixed melting point) was obtained.

dithium in ether. The caloulated volume of solution
neceasary to glve 0.135 mole of p-dimethyleaminophenyllithium
was added, dropwise, to 8,54 g. (0.045 mole) of finely
ground anhydrous stannous ohloride suspended in 100 ml. at
-10°,

The phenomena which ocourred during the addition of
the p-dimethylaminophenyllithium were as follows: the first
few drops produced a yellow color. The color changed rapidly



124

and was pea green at 0,2 equivalent of p~dimethylaminophenyl-
lithium, pea green at 0.5 equivalent, yellow at 1,0 equiva-~
lent. At this point Color Test I beceams positive and re-
wained so for 1 hour., At 1.8 equivalents the color was
golden, the ice bath was removed, and Color Test I remained
positive for 2 hours. At 2.3 equivaltnts the color was tan
and Color Test I remained positive even after 72 hours., At
this point the resetion was abandoned because none of the

third equivalent was taken up after 72 hours,

general procedure which wes used for the preparstion of tri-
p-butyltin-lithium on a 0.045 mole scale was as follows:

the calcoulated volume of solution necessary to give 0.136
mole of grbutyllithium”’”‘ was added dropwise, over a period
of about 2.5 hours, to 8.64 g. (0,045 mole) of finely ground
anhydrous stannous chloride suspended in 100 ml. of ether at
-10%,

The phenomena whish ocourred during the addition of the
p~butyllithium were as follows: the first few drops produced
a yellow ocolor. The color gradually inereased in intensity
and was light orange at 0.5 equivalent of p-butyllithium,
orange at 1.0 equlvalent, red at 1.5 equivalents, deep red at

%94, Gilmen and coeworkers, J. Am. Chem. Sog., 71, 1499
(1949).
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2.0 equivalents, deep red at 2.5 squivelents, deap brown at
2.8 squivalents, and deep brown at 3.0 equivalents. Color
Test I for organcmetallie compounds remained negative until
2.0 equivalents of p~butyllithium had been added. At the
2.0 equivalents' point Color Test I became positive and re-~
mained positive for the rest of the addition®®, Color Test
II for very reactive organometallic compounds®? remained ne-
gative untll exaotly 3.0 equivalents of p-~butyllithium had
been added, At no time during the sddition was thers a homo-~
geneous solution, The tri-p-butyltin-lithium was ready for
subsequent use about 15 minutes after the addition of the g~
butyllithium solution was completed., These phenomena were
confirmed omrefully in at least four different runs, and
were observed in general in other experiments.
Praeparation of tetra~-pn-butyltin. Tri-p-butyltin-lithium
wag prepared by the addition of 0,135 mole (3 equivalents) of
B-butyllithium in 112 ml. of ether to 8.54 g. (0.045 mole) of
stannous chloride suspended in 100 ml. of ether et -10°, To
this preparation there was then added 9.1 g. (0.045 mole plus
104) of p~butyl iodide, still in the ocold. The brown oolor

2800lor Test I at this point was not the usual dark green
eolor but was remindful of the blue of Miehler*s hydrol.

274, Gilman and J. Swiss, J. Am. Chem. S08., 62, 1847
(1940).



126

of the reaction mixture shanged to bright yellow immediately
upon the addition of the halide, and Color Test I was negative
5 minutes after its addition. The reaction mixture was stir-
red for 15 minutes in the cold, refluxed for 3 hours, and hy~-
drolyzed as desoribed above.

The ether layer ylelded about 15 ml. of a water-like
liquid which was distilled under reduced pressure to yleld
8.2 g+ (52.2%) of tetra-p-butyltin distilling at 127¢/1.7 mm.;
nf° 1.4727%8,

Tri-p-butyltin-
1ithium was prepared by the addition of 0,30 mole of p-butyl-

lithium in 336 ml. of ether to 18.96 g. (0.10 mole) of stan~
nous ochloride suspended in 180 ml, of ether at ~10°. To this
preparation there was then added 20.4 g. (0.10 mole) of 1o~
debenzene in 35 ml, of ether., The reaction mixture was stir-
red for 15 minutes in the ocold, refluxsed for 24 hours, and
hydrolyzed.

The ether layer ylelded a water-like liquid which was
distilled under reduced pressure, and two fraotions were col~-
lected. Fraotion I distilled at 70-87°/0.1 mm,.,, weighed
10.0 g, nf° 1.4780. Fraotion II distilled at 94-110%/0.1

28y, J. Jones and co~workers, J. Chem. 50G., 39 (1935).
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mm,, weighed 15.4 g., nf® 1.5094, Fraotion II wes redis-
tilled under reduced pressure to yleld a forerun dlstilling
at 108-136°/0.6 mm.,, and 10.0 g. (27.6%) of tri-p-butyl-
phenyltin distilling at 139°/0.6 mm., nf° 1.5155.
Apal. Caled. for CygHzgSa: Sn, 32.33., Found:

Sn, 32.37.

The forerun was combined with Fraotion I whioh was then
rediastilled under reduced pressure to yield 7.2 g. (27.8%)
of tetra-p-butyltin distilling at 109°/0.5 mm., nf® 1.4731.

The ethyl-
lithium solution, ebout 1 M, was prepared as desoribed abdove
for g-butyllithium. The celoulated volume of this solution
neoessary to give 0,135 mole of ethylliithium was added, drop-
wise, over a period of 2.5 hours, to 8.54 g. (0.045 mole) of
finely ground anhydrous stannous ehloride suspended in 100
ml, of ether at =~10°,

The phenomense whieh occurred during the addition of the
ethyllithium solution were as follows: +the firat few drops
produced a yellow color. This color graduelly inoreased in
intensity and was light orangs at 0.5 equivalent of ethyl-
1lithium, orsnge at 1.0 equivalent, red at 1.9 equivalents,
deep red at 2.0, 2.5, and 3.0 equivalents, Color Test I re~
mained negative until 2.0 equivalents of ethyllithium hed
been added. At the 2.0 equivalents' point Color Test I be~

game positive and remained positive for the remeinder of the
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addition®®, Color Test II remained negative until exmotly
2.5 equivalents of ethyllithium had been added, and was posi-
tive from this point to the oompletion of the addition. At
no time during the addition was there a homogeneous solutlon.
The triethyltin-~lithium wes ready for subsequent use 15 min-
utes after the addition of the ethyllithium sclution was come
pleted.

Preperation of tetraethyltin. Triethyltin-lithium was
prepared by the addition of 0,135 mole (3 equivaelents) of
ethyllithium in 162 ml. of ether to 8.54 g. (0.045 mole) of
stennous ohloride suspended in 100 ml. of ether. To this
preparetion there was then added 10.0 g. (0.09 mole, 100%
excess 0,045 mole) of ethyl bromide, still in the cold. The
deep red color of the reaction mixture immediately changed
to dark grey. The mixture was stirred overnight and hydro-
lyzed.

The ether layer ylelded a water-like liquid which was
distilled to yield 7.3 g. (68.6%) of tetraethyltin distilling
at 178.5°, nf° 1.4691%°,

291, L. Gershbein and V. N. Ipatietf. . Am. Chem. Sog.,
74, 1540 (1952).
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Run 2. This run was carried out exmctly as the

first. The yield of tetraethyltin was 7.7 g. (72.6%); b.p.
177*, nf° 1.4691.

On a Dry Ice-

ether slurry was dropped, with vigorous stirring, 0.048 mole
of 2,4~dimethylphenyllithium®® in 98 ml. of ether. On warm-
ing to room temperature the mixture was extracted once with
100 ml. of water and once with 50 ml. of 15% potassium hy-
droxide solution., The aqueous layers were combined and
varmed on & steam plate for 1 hour to remove any traces of
ether. Upon neutralization of the aqueous solution with con-
centrated hydrochloriec acid, the orude 2,4~dimethylbenzoic
acid precipitated from solution, This corude scld was crys-
tallized from an ethanol-water sclution to yleld 6.4 g.
(87.8%) of 2,4~dimethylbenzoic aoid melting at 124-126°3%,

Preparation of triphenyl-2,4-dimethylphenyltin. In e
500 ml, flask was pleced 19.25 g. (0,050 mole) of triphenyl-

20prepared in ©9.4% yield by refluxing 23.2 g. (0.10
mole) of 2,4~dimsthyliodobenzene (Eestmen Kodak white label)
in 200 ml. of sther with 1.7 g. (0.2 g. atom plus 20%4) of
slioced lithium wire for 1 hour.

%10, Jecobsen, Ber., 11, 18 (1878); %. H, Perkin and
J. ¥. S, Stone, J. Chem. Sog., 127, 2283 (1925),
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tin chloride in 100 ml, of ether. To this was added, drop-
wise and with good stirring, 0.050 mole of 2,4-dimethylphenyl-~-
lithium in 102 ml. of ether. The reaction mixture was stirred
for 2 hours and hydrolyzed. The layers were separated and

the ether layer dried over sodium sulfate.

The ether layer yielded an oil whioch was digested with
25 ml. of methanol, and the oil solidified after several
minutes' refluxing. The methanol solution wes decanted, and
the so0lid was reoryatallized twice from a methanol-benzene
golution to yield 16.2 g. (71.2%) of triphenyl-2,4-dimethyl-
phenyltin melting at 113-115°,

Anal. Calod. for CpgligeSn: Sn, 26,08, Found:
Sn, 25.97,.

Preparetion of 2,5~d benzoic ecid., On a Dry Ioce~
ather slurry was dropped, with vigorous stirring, 0.045 mole
of 2,5-dimethylphenyllithium®® in 92 ml. of ether., On warm~
ing to room temperature the mixture was extracted onoce with
100 ml, of water and once with 50 ml. of 15% potessium hy-
droxids solution, The aqueous layers were ocombined and

warmed on & steam plate for 1 hour. Upon neutralization of

32prepared in 96.5% yisld by refluxing 23.2 g. (0.10
mole) of 2,5-dimethyliodobenzene (Eastmen Kodak white label)
in 200 ml. of ether with 1.7 g (0.2 g. atom plus 20%) of
gliced lithium wire for 1 hour.
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the aqueous solution with concentreted hydrochlorie aseid the
orude 2,5~dimethylbenzoic aocld precipitated from solution.
This orude ecld was orystallized from an ethanol-water solu-
tion to yield 6.5 g. (96.5%) of 2,5~-dimsthylbenzoioc roid melt~
ing at 131-132°38,

Preparation of triphenyl-2,S5-dimethylphenyitin. In a
500 ml., flask wes placed 19.85 g. (0.050 mole) of triphenyl-
tin ohloride in 100 ml. of ether. To thls was added, drop~
wise and with good stirring, 0,050 mole of 2,5~-dimethyl-
phenyllithium in 103 ml, of ether. The reaction mixture
wes stirred for 2 hours and hydrolyzed. Cn hydrolysis a
white s0lid ocame out of solution. It was flltered off, the
layers were separated, and the ether layer dried over sodium
sulfate,

The solid recovered on hydrolysis was orystalllized from
petroleum ether (b.p. 77-120°) to yleld 4.0 g. (25.0%) of
tetraphenyltin melting at 224-225° (mixed melting point).

The ether layer ylelded a violet oil whioh was dissolved
in 100 ml, of ethanol plus 30 ml. of henzene by vigorous re-
fluxing. On ocooling, & small amount of oil came out of solu~

tion. The o0ll was dissolved in 50 ml. of methanol by reflux-

330, Jecobsen, Ber., 14, 2111 (188l).
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ing. On oooling, 0.8 g. of triphenyl-2,5-dimethylphenyltin
melting at 98-99° was obtained. Then the ethanol-benzene
mother liguor was refluxed with some Norlt A, filtered hot,
and concentrated by distilletion. The concentrated solution
wae seeded and allowed to oool slowly. On thorough cooling,
10.5 g+ of triphenyl«2,5~-dimethylphenyltin melting at 97-99°
was rescovered. Total yleld of triphenyl~2,5-dimethylphenyl-
tin was 11.3 2. (49.7%).

Preparation of 2,6~-dimethylbenzoio ecid. On a Dry Ioe~-
ether slurry was dropped, wilth vigorous stirring, 0.042 mole
of 2,6~dimethylphenyllithium®® in 90 ml. of ether. On warm-
ing to room temperature the mixture was extracted once with
100 ml, of water and once with 50 ml. of 15% potagsium hy-
droxide solution. The aqueous layers were combined and
warmed on a steam plate for 1 hour. Upon neutralization of
the aqueous gsolution with concentrated hycrochlorie aeid
the oruds 2,6-dimethylbenzolc secid precipitated from solu-

tion. This crude acld was crystallized from petroleum ether

34ppepared in 93.0% yleld by refluxing 23.2 g. (0.10
mole) of 2,6-dimethyliodobenzene (Eastman Kodak white label)
in 200 ml. of ether with 1.7 g. (0.2 g. atom plus 20%) of
slleed lithium wire for 1 hour.
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{(beps 60-70°) to yleld 5.4 g. (86.0%) of 2,6-dimethylbenzolic
acid melting at 115-116°35,

Preparatio triph «2,6=-dimet ) s+ Ina
500 ml., flask was placed 19.25 g, {0.050 mole) of triphenyl-
tin chloride in 100 ml. of ether, To this was added, drop-
wise and with good stirring, 0.050 mole of 2,6-dimethylphenyl-
lithium in 108 ml. of ether. The reaction mixture was re-
fluxed for 30 hours and hydrolyzed. Color Test I was weakly
positive Jjust before hydrolysis, The layers were saeparated
and the ether laysr dried over sodlum sulfate.

The sether layer yielded an oll which was digested with
25 ml, of methanol, and the oil sollidified after several
minutes' refluxing., The methanol seolution was decanted and
the solid was recrystallized twice from a methanol-benzene
solution to yleld 10.1 g. (44.5%) of triphenyl-2,6-dimethyl-
phenyltin melting &t 118-119°,

Apal. Caled. for CpgHgeSn: Sn, 26,08 Found:

Sn, 26.13.

Preperation of mesjityllithium. Mesityllithium was pre-
pared on & 0,1 mole scale as follows: in a 250 ml, three-

necked flask were placed 19.9 g. (0.10 mole) of bromomesityl-

3R, W. Hufferd and W, A, Noyes, J. Am. Chem. Sog., 43,
929 (l9zl).
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ens (Eastman Kodak white label), 1.7 g. (0.2 g. atom plus
20%) of sliced lithium wire and 200 ml, of sther, The mix~
ture was stirred and refluxed for 48 hours, cooled, and then
decanted through a thin glass wool plug into a 250 ml. grad-
uated dropping funnel, The yield was determined by titration
of & 2 ml. aliquot with standerd scid, and was 90.3%.

P ation gitole apsld. On a Dry Ice-ether slurry
was dropped, with vigorous stirring, 0.039 mole of mesityl-
1ithium in 96 ml. of ether, On warming to room temperature
the mixture wes extrscted once with 100 ml, of water and once
with 50 ml. of 15% potassium hydroxide solution. The aqueous
layers were combined and warmed on a steam plate for 1 hour,
Upon neutralization of the aqueous solution with concentrated
hydrochloric acid the crude mesitoie acid precipitated from
solution, This crude acid was crystallized from an ethanol-
water solution to yield 6.4 g. (98.9%) of mesitoioc acid melt~
ing at 152.154°%8,

Preparation of triphenylmesityltin. In & 500 ml, flask
was placed 19.25 g. (0.050 mole) of triphenyltin chloride in
200 ml. of ether., To thls was added, dropwise and with good
stirring, 0.0560 mole of mesityllithium in 122 ml., of ether.

38p, Jannesch and W. Weiler, Ber., 27, 3446 (1894).
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The resotion mixture wag refluxed for 15 hours and hydrolyzed.
The layers were separated and the ether layer dried over
godium sulfate.

The ether layer ylelded a light yellow =20lid which was
extracted with 25 ml., of methanol for 10 minutes., The meth~
anol solution was decanted and the residual solid was orys-
tallized twlce from a msthanol-benzene solution to yield 17.4
ge (74.2%) of triphenylmesityltin melting at 157-158°.

Anal. Caled. for CppHggSn: 8Sn, 25.30. Found:
Sn, 25.54.

Preparation of triphenyl-o-methoxyphenyltin. In a 500
ml, flagk was placed 7.5 g. (0.020 mole) of triphenyltin
chloride in 200 ml., of ether, To thls was added, dropwise
and with good stirring, 0.022 mole of g-methoxyphenylmeg-
nesium iodide3” in 50 ml. of ether. The reaction mixture
was refluxed for 1 hour and hydrolyzed. The layers were sep-
arated and the sther layer dried over godium sulfate.

The ether layer ylelded & white so0lid which was orys-
tallized twloce from an excess of ethanol to yield 3.2 g.
(36.0%) of triphenyl-g-methoxyphenyltin melting at 129-130°,

3?prepared by refluxing 5.0 g. (0.022 mole) of o-iodo~
anisole in 50 ml. of ether with 1.0 g. (0.042 g, atom) of
magneslum metal for 35 mlnutes,
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Anal. Caled., for CpgHypOSn: Sn, 25.97. Found:
Sn, 26.10.

Preparation of triph =p= : « Ina 500 ml,
flask was placed 7.5 g. (0.20 mole) of itriphenyltin chloride
in 200 ml. of ether. To this was added, dropwise and with
good stirring, 0.024 mole of p~methoxyphenylmagnesium bro-
mide®® in 50 ml. of ether. The reaction mixture was refluxed
for 1 hour and hydrolyzed. The layers were sspsrated and the
ether layer drlied over sodium gulfate.

The ether layer yielded an oil whioch solidified on
thorough cooling. This solid was corystallized three times
from an exceas of ethancl to yleld 3.3 g. (37.1%) of tri-
phenyl-p-methoxyphenyltin melting at 151-152°,

Ansl. Csled., for CggHgp0Sn: Sn, 25.97. Found:
Sn, 26.21.

Preparation of triphe et « In e 500 ml, flask
was placed 10.0 g. (0.026 mole) of triphenyltin chloride in
200 ml. of ether, To this was added, dropwise and with good
stirring, 0.039 mole of methylmagnesium iodide in 50 ml, of
ether. The reaction mixture was refluxed for 1 hour and hy-~

drolyzed. The layers were separated and the ether layer

38ppepared by refluxing 4.4 g. (0.024 mols) of p-bromo-
anisole in 50 ml. of ether with 1.0 g. (0.042 g. atonm) of
magnesium metal for 2 hours,
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dried over sodium sulfate.

The ether layer ylelded an oil which solidified on
thorough cooling. The solld was crystallized twiee from &
minimum emount of ethanol to yleld 1.2 g. (20.2%) of tri-
phenylmethyltin®® melting at 60-61°.

Preparation of triphenyle-p-tolyltin, In a 500 ml. flask
was pleged 5.0 g (0,013 mole) of triphenyltin ohloride in
200 ml, of ether., To this was added, dropwise and with good
stirring, 0.024 mole of p-tolylmagnesium bromide in $0 ml.
of ether. The reaction mixture was refluxed for 1 hour and
hydrolyzed. The laysrs were separated and the ether layer
dried over sodium sulfete,

The ether layer ylelded an oll whioch solidified on
thorough cocoling. This so0lid was crystallized twice from
an excess of ethanol to yield 2.1 g. (36.8%) of triphenyl-
p~tolyltin melting at 123-124°39,

Preperation of tetra-p-tolyltin., In a 2 liter flask
was placed 39,15 g. (0,15 mole) of stannic chloride in 150
ml. of benzene., To this was added, with good stirring,
0.625 mole of o-tolyllithium in 630 ml. of ether at a rate
to maintaln gentle reflux, The addition took 4 hours to

%95, Krause and M., Sohmitz, Ber., 52, 2150 (1919).
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complete, and when completed the mixture was stirred for 18
hours at room temperature. Color Test I was negative at the
end of this time and the reaction mixture was hydrolyzed by
cautious addition of water.

The solid (23.4 g.) recovered on hydrolysis was thorough-
ly air-dried and crystallized from petroleum ether (b.p. 77~
120°) to yield 20.7 g. of product melting at 215-216°., The
ether and benzene were removed by distillation, and the solid
residue was orystallized from petroleum ether (b.p. 77-120°)
to yleld 28.6 g. of product melting at 214-216°. The total
yield of tetra-o-tolyltin®® was 49.3 g. (68.1%).\

Preparation of hexa-o-tolylditin. In a 125 ml. flask
were placed 4.0 g. (0.0094 mole) of tri-o-tolyltin ohloridelé,
3.0 g. of sodium shot, 10 ml., of benzens, and 30 ml, of xy~
lene, The reaction mixture was refluxed for 1 hour, and filw
tered hot. The solvent was removed by passing a stream of
air over the surface of the solution. The solid residue was
recrystallized twice from a minimum amount of benzene to yield
2.3 g (62.1%) of hexa-o~tolylditin®® melting at 298-300°
(mixed melting polnt).

Reagtion of hexs-o-tolylditin with oxygen. In a 250 ml.
flask wes placed 3.0 g. (0.0038 mole) of hexa-g-tolylditin in
200 ml. of benzene and oxygen was bubbled through the solution

for 24 hours, During the last 2 hours the solution was re-
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fluxed, The solvent was then distilled, and the solid resi-
due was recrystalliged from a minimum smount of benzene to
yield 2.8 gL (93.4% recovery) of hexa=-o-tolylditin melting
at 298-300°,

Preparation of tri-o-tolylbenzyltin. In a 100 ml. flask
was placed 5.0 g. (0.012 mole) of tri-o-tolyltin chloride in
25 ml, of ether, To this was added, dropwise and with good
stirring, 0.015 mole of benzylmagnesium ohloride in 25 ml. of
ether, The reaction mixture was refluxed for 1 hour and hy-
drolyzed. The layers were separated and the ether layer
dried over sodium sulfate,

The ether layer yielded an oily solid whioch was crystal-
lized twice from methanocl to yield 3.4 g. (58.6%) of tri-o-
tolylbenzyltin melting at 108-109°.

Anal, Caloed, for CggHpgSn: Sn, 24.73., Found:
Sn, 24.96.

Studies of oleavaze reactions with organolithium
compounds

Reae¢tion of triphenylbenzyltin with phenyllithium. 1In
a 250 ml, flask was placed 2.0 g, (0.0046 mole) of triphenyl-

benzyltin in 150 ml., of ether, The flask was immersed in a
Dry Ice~-acetone bath which was meintained at «385°, Then 0.0l
mole of phenyllithium in 10 ml. of ether wes added., The solu-
tion turned bright yellow immediately. After 5 minutes of
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stirring & white solid precipitated from solution. The mixe
ture was gtirred for 1 hour and hydrolyzed. The solid whioch
remained suspended in the ether laysr was filtered off and
air-dried. The layers were separated, and the ether layer
dried over sodium sulfate,

The tetraphenyltin recovered on hydrolysis weighed 1.5
g. and melted at 223-225° (mixed melting point).

From the ether layer 0.3 g. of tetrephenyltin melting
at 222-225° and 0.2 g. of triphenylbenzyltin melting at 89~
91° were recovered. Total yleld of tetraphenyltin was 1.8
g. (91.8%).

The triphenylbenzyltin used in this experiment was pre-
pared eg follows: in a 250 ml., three-necked flask was
placed 15.0 g. (0.039 mole) of triphenyltin chloride in 100
ml. of ether. To thls was added, dropwise and with good
stirring, 0.08 mole of benzylmagnesiqm chloride. After ad-
dition was oompleted the mixturse was refluxed for 1 hour
and hydrolyzed. The layers were separated and the ether
layer dried over sodium sulfate.

The ether layer ylelded a so0lld residue which was cerys-
tallized from petroleum ether (b.p. 77-120°) to yield 13.8
g. (80,4%) of triphenylbenzyltin*® melting at 90-91° (mixed
melting point).
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Run 8. A seoond run oarried out aa the first gave
almost the same results: 4.41 g. (0,01 mole) of triphenyl-
benzyltin was reacted with 0,013 mole of phenyllithium at
«35°, Total yleld of tetraphenyltin melting at 223-225° was
3.8 go (89,0%), and no triphenylbenzyltin was recovered,

Bun 3. This run was devoted to identifying the
benzyllithium whieh was formed by the metal-metal intercon-
version which took place in the formation of the tetraphenyl-
tin (8s was established by the following): 5.0 g. (0.0113
mple) of triphenylbenzyltin was rescted with 0.012 mole of
phenyllithium at ~35°, The yellow color (ether solutions of
benzyllithium ere yellow in color) wes formed immediately and
tetraphenyltin precipitated from solution a few minutes later.
After 1 hour of stirring, the mixture was allowed to stand a
few minutes while the solid szettled from solution. The super-
natant liquid was then decanted onto a Dry Ice-ether slurry
with vigorous stirring, and the yellow color was discharged.
Upon warming to room temperature the sther layer was extractsd
with 100 ml. of water and then with 50 ml. of 15% potassium
hydroxide solutiocn, The aqueoas layers were comblined and
placed in & liquid-liquid extraction apparatus and extracted
for 16 hours with petroleum ether (b.p. 60-70°). The basic

agqueous layer was then acidified with concentrated hydro-

chlorio aeld, returned to the extraction apparatus and ex~

tracted with a new sample of petroleum ether (b.p. 60-70°)
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for 18 hours. The petroleum ether was then placed in a orys-
tallization dish, and the solvent was allowed to evaporate
et room temperature, The white s0lid residue recovered in
this manner waes g¢ollected and orystallized from petroleum
ether (b.p. 77-120°) to yleld 0.6 g« of phenylacstioc acid
(39.0%) melting at 73-74° (mixed melting point).

The total yleld of tetraphenyltin melting at 223-225°
{mixed melting point) was 4.1 g. (88.0%).

Reaction of triph o tin with phe ithium, In a
100 ml., flask was placed 1.9 g. (0.005 mole) of triphenyl-
ethyltin in 50 ml, of ether, To this was added 0.005 mole
of phenyllithium in 4.8 ml. of ether, The sclution was
stirred for 1 hour at room tempersture (ga. 25°), no color
change was noted, and no solid precipiteted from solution.
The sclution was then poured onto a Dry Ice-ether slurry.
Upon warming to room temperature the ether leyer was extracted
twioce with 25 ml. of 10% potassium hydroxide solution. The
aqueous layers were combined, made slightly acld with concen-~
trated hydrochloric scid, then made alkaline by the additlon
of solid sodium bicarbonate, filtered, and finally acidified
vith oconcentrated hydrochloric acid.

The solld which precipitated from solution on the final
scidifioation was filtered off and air-dried. The yleld of

benzolec aoid melting at 120-122° (mixed melting point) was
0.4 g (64.5%),
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From the ether layer 0.2 g. (9.4%) of tetraphenyltin
melting at 223-225° and 1.0 g. (52.6% recovery) of triphenyl-
ethyltin melting at 56~58° were reoovered. DBoth samples were
identified by mixed melting points with authentiec specimens.
No carbonation reection was run to identify and ethyllithium
that may have been formed.

Reaction of triphenylbenzyltin with triph tin-lithiunm.
Triphenyltin-~lithium was prepared by the addition of 0.0729
mole of phenyllithium in 72 ml, of sther to 4.6 g. (0.0243
mole) of stannous chloride suspended in 100 ml. of ether.

Then 10,7 g. (0.0243 mole) of triphenylbenzyltin in 50 ml.
of ether was added. The mixture was stirred for 2 hours at
-10° and hydrolyzed.

The white so0lid recovered on hydrolysis was extracted
with 300 ml. of petroleum sther (b.p. 77-120°). Upon ccoling,
2.8 g, (26.9%) of tetraphenyltin melting at 223-225° (mixed
melting point) was obtained,

The ether layer yielded & yellow oll which was extracted
with 60 ml., of ethanol, and filtered hot. Upon cooling, 6.3
g. of triphenylbenzyltin melting at 90-91® was recovered,
Concentration of the ethenol mother liquor led to the recovery
of an additional 0,5 g. of triphenylbenzyltin melting at 89~
pl°, Total recovery was 6.8 g, (63.5%).

It is known that some tetraphenyltin acoompanies all pre-
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parations of triphenyltin-lithium but the amount isolated
under comparable conditions is not as great as that obtained
above. A better recovery of triphenylbenzyltin, if it had
not reacted with the triphenyl~lithium, ococuld be hoped for.
Therefore the triphenyltin~lithium may have reacted to a
slight extent with the triphenylbenzyltin to form the tetra-
phenyltin.

bromide. In a 250 ml., flask was placed 4.4l g. (0.0l mole)
of triphenylbenzyltin in 50 ml, of ether. The solution was
brought to reflux, and 0,01 mole of phenylmagnesium bromide
in 10 ml, of ether was added. Reflux was continued for 1
hour, no ysllow color developed, and the solution wes then
carbonated by pouring it onto a Dry Ice-ether slurry. On
warming the ethereal gsolution was extracted with 25 ml, of
water, and then with 25 ml. of 10% sodium hydroxide solution.
The aqueous layers were combined, placed in a liquid-liguid
extraction apparatus, and treated as outlined on p.l4l. The
ether layer was dried over sodium sulfate,

The ether layer ylelded an oily solid which was orys-
tallized from & minimum amount of ethanol to yleld 3.6 g.
(81.9% recovery) of triphenylbenzyltin melting at 90-91°,

No phenylacetio aocid was isolated by the extraction process,
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Reac¢tion of hexaphenylditin henyllithium. In a
250 ml, flask were placed 5.0 g. (0.00715 mole} of hexaphenyl-
ditin in 92 ml., of sther and 0,00715 mole of phenyliithium in
8 ml, of ether. The mixture was refluxed for 24 hours, The
suspended sollid was then allowed to settle out and the super-
natant liquid was filtered off under nitrogen. The solid was
orystallized from petroleum ether (b.p. 77-120°) to ylield 4.7
g. (88.,6%) of tetraphenyltin melting at 224-225° (mixed melte
ing point).

The ether solution hed a pale yellow oolor, Vhen 5 ml.
of bromobenzens were added to the ether solution the yellow
color gradually faded and the solution became c¢loudy. Work
up of this solution led to the recovery of 0.6 g. of solid
which éoftened at 220° but did not ocompletely melt up to 300°,
In order to be sure that the stearting material was hexaphenyl-~
ditin and not tetraphenyltin, & sample of the starting ma-
terial was used in a mixture melting point with an authentie
speoimen of tetraphenyltin, The mixture melted over the
range 190-195°,

Preparation of ¢ henvl-4-dim aming«3=(4t-nitro-

phenylazo)phenyltin'*. In a 1 liter beaker, surrounded by
an ice bath and equipped with a magnetic stirrer, were plaocsd
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3.5 g« (0,007 mole) of triphenyl-p~dimethyleminophenyltin®?,
4.1 g+ of sodium acetate, 75 ml. of ethyl acetate and 50 ml,
of water. A solution conteining 0.007 mole of p-nitrobenzene-
diszonium chloride, to which enough sodium acetate had been
added to neutralize the exosss hydroochlorlic acid, was added
dropwise and with vigorous stirring. A red color formed al-
most immediately. The solution was stirred for 2 hours, the
ioe bath was removed, and the mixture allowed to stand over-
night, The water, in which a red oil was suspended, was de-
canted, and the red mass was digssted wlth two 25 ml. portions
of sthanol leaving & brown solid., This solid was dissolved
in a minimum emount of refluxing chloroform, then ethanol was
added at reflux until & trace of solid preocipitated from solu-
tion. On ocooling, 1.1l g. (24.0%) of triphenyl-4-dimethylamino-
3=-{4'~-nitrophenylezo)phenyltin, a bright gold gilt color,
melting at 187-189° (mixed melting point) was obtained.

Run 2. 1In this run 1l4.l1 g (0.03 mole) of tri-
phenyl-p~-dimethylaminophenyltin, 16,4 g. of sodium acetate,
300 ml, of ethyl acetate and 200 ml. of water were reacted
with a solution containing 0.06 mole of p~nitrobenzenediazon-
ium ohloride exsoctly as outlined above. On working up the
reaction 4.2 g. (22.9%) of triphenyl-4-dimethylamino-3-(4'~
nitrophenylazo)phenyltin melting at 187-189° was obtained.
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Preparation of triphenyl-4-dimethylamino-3-(4°'-bromo-~

phenylazo)phenyltin, In a 1 liter beaker, surrounded by an
ioce bath and equipped with & magnetic stirrer, were placed

3.0 g. (0.0064 mole) of triphenyl-p~-dimethylaminocphenyltin,
75 ml. of ethyl acetate, 4.1 g. of sodium acetate and 50 ml.
of water, A solution containing 0.008 mole of p-bromoben-
zenediazonium chloride, to whiech enough sodium acetate had
been added to neutrallze the excess hydrochloric acid, was
added dropwise and with good stirring. A red color formed
almost immediately, after 1 hour a desp red solid appeared,
and after 2 hours all the ethyl acetate had evaporated and
a deep red tar remsined in the water. The water was de-
ocanted, and the tar digested with two 50 ml. portions of
ethanol, The brown so0lid residue was orystallized twice
from petroleum ether (b.p. 77-120°) to yield 0.3 g. (7.2%) of
trlphanyl-4~dimsthylamino~3~(4'~bromophenylazo)Ehanyltin
melting at 170-172°,

Apal. Caled. for CzpHpgNzBrSn: N, 6.43; Sn, 18.17,
Found: N, 6,43} Sn, 18,36,

Run 2. A second prepsration cerried out exactly
as the rirst except that 9.0 g (0.0191 mole) of triphenyl-
p~dimethylaminophenyltin was reacted with 0,040 mole (100%

excess) of p~bromobenzenediazonium chloride, The yleld of

triphenyl-4~dimethylamino~3-(4'~bromophenylazo)phenyltin
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melting at 170-172° was 2,1 g. (16.8%). Note that in this
reastion the yield of dye was increased by changing the
relative amounts of the reactants, whereas there was no ef-

fect in the previous preparation.

phenylezo)phenyltin., The sems procedure as that outlined
for the preparation of triphenyl-4-~dimethylamino-3«(4'-

bromophenylezo)phenyltin was followed except that 2.4 gz.
(00,0061 mole} of triphenyl-p~dimethyleminophenyltin was re-
aoted with 0.006 mole of p-chlorobenzenediazonium chloride.
The yield of triphenyl-4-dimethylamino-3-{4'~ghlorophenyl-

8%z0)phenyltin melting at 162-165° was 0.28 g. (4.5%).
Anel. Oalod, for CsgHpgNClSn: N, 6.893 Sn, 19.47,
Found: N, 7.00; Sn, 19.58.

rounded by an ice bath and equipped with a magnetic stirrer,
were placed 5.9 g. (0.0125 mole) of triphenyl-p-dimethyleminoe
phenyltin, 5.0 g. of sodium acetate, 125 ml, of ethyl acstate
and 60 ml, of water. A solution contalning 0.025 mole of p-
sulfobenzenedlazonium chloride was edded, dropwise and with
vigorous stirring. Upon addition of the diazonium solutlon

& white solid preoiplitsted, and the characteristio red color
never developed although the reaoction mixture was stirred over-

night, This solid was then filtered off and orystallized from
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petroleum ether (b.p., 77-120°) to yield 3.7 g. (62.7% re-
covery) of triphenyl-p~dimethylaminophenyltin melting at
152"134’ .

Preparation

In a 400 ml. beeker were placed 34.0 g. (0.25 mole) of p~
nitroaniline and 110 ml. of 42-45% fluoborioc acid., The emine
wag dissolved by warming the mixture on & ateam bath., The
beaker was then surrounded by en ice bath and the solution
was stirred vigorously. On cooling, the amine salt precipi-
tated from solution. Then a cold solution of 17.0 g. (0.25
mole) of sodium nitrite in 34 ml. of water was added drop~-
wise, Vhen the addition was completed the mixture was
stirred for 10 minutes and then filtéred by suction on &
sintered glass filter., This 80114 wes washed once with 285
ml. of cold fluoborisc aoid, twiece with 15 ml. of c¢old alco-
hol, and three times with 10 ml. of ether. The yield of p~-

nitrobenzensdiazonium fluoborate was 47.0 g (79.5%).

placed 8.0 g. (0,017 mole) of triphenyl-p~-dimethylamino-

phenyltin in 100 ml. of dioxene. The beaker was surrounded

( :OE. B. Starkey, Org. Syntheses, Coll. Vol. II, 225
1943).



150

by an ice bath and 4.0 g. (0,017 mole) of p-nitrobenzene-
dlazonium fluoborate dissolved in 250 ml. of dloxane and 50
ml, of water was added, dropwise end with geood stirring.
After addition was ocompleted, the deep red mixture was
stirred for 15 minutes, and then 400 ml. of water was added.
The deep red solid whioh precipitated on addition of the
water was filtered off and alr-dried, The s0lid wes then
extracted with 125 ml. of ohloroform, and filtered hot.

On oooling, 2.1 g. of red solld melting at 228-231° wag ob~-
tained.

If expulsion of the triphenylstannyl group was the main
gourse of the reaction, the dye formed would be 4-dimethyl-
amino-4t-nitroazobenzens. A mixed melting point betwseen an
authentic specimen of 4~dimethylamino-4'~nitroazobenzene and
the red so0lid recovered above showed no depression. Total
yleld of 4-dimethylamino-4'~nitroazobenzene was 2.1 g.
(45.7%) 42,

The followling dlegram outlines the course of the proposed

expulsion reection:

41z, Meldola, J. Chem. Soc., 45, 107 (1884).



151

Oronpmtomte + 0wl pma’ —
O+ oo moms)s

The ultimate fate of the triphenylstannyl group has not
been established.

aration of p-bromocbenzenedia oborated®,

In a 1 liter beaker were placed 37.0 g. (0.125 mole) of p~
bromoaniline, 80 ml, of concentrated hydrochloriec acid, and
25 ml. of water. The amine was dissolved by warming the mixe-
ture on a hot plate., The beaker was then surrounded by an
loe~3alt bath and 23.0 g, (0.333 mole) of sodium nitrite in
30 ml. of water was added, dropwise and with good stirring.
After addition was ocomplsted the solution wes stirred for 15
minutes, then 110 ml. of 42-45% fluoboric acid was added all
at once. The s0lid which precipltated on the addition of

the fluoboric acld waes filtered off, washed twlce with 20 ml,
of water, twice with 20 ml, of ethanol, twice with ether, and

423, Sechiemann and R. Pillersky, Ber., 64, 1340 (1931).
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was then thoroughly eir-dried. Total yleld of p~bromobenzene=-
diazonium fluoborate was 34.7 g. (60.0%).

8+ In a 1 liter beaker was
placed 8,0 g. (0.017 mole) of triphenyl~p-dimsthylaminophenyl-
tin in 100 ml, of dioxene. The beaker was surrounded by an
ice bath and 4.6 g. (0.017 mole) of p~dromobenzenediezonium
fluoborate dissoived in 250 ml. of dioxense and 50 ml., of
water was added, dropwlse and with good stirring. A deep red
solution was formed almost lmmediately, After addition was
completed the deep red mixture was stirred for 1 hour, then
600 ml, of water was added. The orange solid whioh preoipi-
tated from solution on addition of the water was filltered off
and air-dried. The solid was then extracted with 150 ml. of
ethanol, and filtered hot. On cooling, 3.0 g. of orange solid
melting at 148-152° was obtained. Two reorystallizations of
the solid from a minimum amount of ethanol yielded ‘2.3 g.
(45.3%) of 4-dimethylamino~4'-bromoazobenzene melting at 151-
153043,

434, Goldsehmidt and B. Bardach, Ber., 25, 1375 (1892).
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Preperation of triphenyltin ghloridet. 1In a 1 1iter
flask equipped with an air condenser were placed 118.0 g.

(0.276 mole) of tetraphenyltin which had been air~dried at
120° for 12 hours and 33.4 g. (0.09 mole) of anhydrous stan-
nic ohloride. The flask was placed in an 0il bath which was
maintained at 220° % 10° for 1 hour. The flask was shaken
oceasionally. After the mass had eooled, it was extracted
with 500 ml. of petroleum ethsr (b,p. 77-120°), treated with
Norit A, and filtered hot. On cooling, 92.8 g. (65.5%) of
triphenyltin chloride melting at 104-106° wes obtained (mixed
melting point)., This reaction was repeated many times in the
course of this research, and the yields were consistently

between 60% and 70%.

In a 2 liter,
three-necked flask were plsced 100 g. (0.58l mole) of m~
bromoeniline and 100 ml. of water. The flssk was partially
immersed in & running water bath and 70 ml., (91 g., 0.72 -
mole) of freshly redistilled dimethyl sulfate was added,
dropwise and with good stirring. Ten minutes after addition
was oompleted the solution was neutralized by adding 150 ml.

of saturated sodium oasrbonate solution. 4 second and third

44private communication from Eastman Kodak Company.
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addition of 70 ml. of dilmethyl sulfate were made followed by
neutralization with sodium carbonate solution after esach ad-
dition (care was taken to meke the mixture strongly basie
after the third addition). The resction mixture was then ex-
tracted with 500 ml. of ether, the layers were separated, end
the ether layer was dried over sodium sulfate. To the water
layer was added 500 ml. of saturated potassium iodide solu-
tion, and a voluminous white solid preecipitated. The solid
was filtered off and air-dried., The ether was removed by
distillation from & water bath and the residue digested with
150 ml., of saturated sodium oarbonate solution. The result-
ing mixture was poured into the potassium lodide mother
liquor, and the preocipitate thus formed was flltered off and
air-dried. The 20lids were ocombined (158.5 g.) and distilleq
at water pump pressure (122.5°/15 mm., 136°/22 mm.); the
total distillete was oollected in one freotion. The distil-
late partially solidified on standing., The entire fraoction
was then redistilled under reduced pressure (78°/1.0 mm.)

and two outs were taken, DBoth fractions had the same index
of refraction, nﬁ"i 1,6011. Total yleld of p-dromodimethyl-
aniline was 79.2 g. (68.2%)

m~Dimethyl~

aminophenyllithium was prepared on a 0.045 scale as follows:

in & 250 ml., three-neoked flask wers placed 0.8 g. (0.09 g.
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atom plus 20%) of sliced block lithium or lithium wire and
50 ml. of ether, In a dropping funnel was placed 9.0 g.
(0,045 mole) of p-bromodimethylaniline in 40 ml. of ether.
The halide solution was added to the reaction flask, with
good stirring, at a rate to maintain very geantle reflux.
VWhen addition was oompleted the mixture was refluxed for 30
minutes, cooled, and then decanted through a glass wool plug
into & 250 ml. graduated dropping funnel. The yield was de-
termined by titration of a 1 ml. aliquot with atandard acid
using phenolphthalein as the indicator, and usuelly wss be-
tween 97% and 105%4%,

SR ti Uil & ! BIYV.L~N=-C 110 Y LAM.L Yy L0 In

a 500 ml., three-neoked flask was placed 15.0 g. (0,039 mole)
of triphenyltin ohloride in 200 ml., of ether. The flask wes
immersed in & running water bath, and 0.046 mole of mp~dimethyl-
aminophenylliithium in 84 ml, of ether was added, dropwise and
with good stirring. The mixture was stirred for 1 hour after
addition was completed; Color Test I was negative at the end
of this time. The reaction mixture was hydrolyzed by the ad-
dition of 150 ml. of water to the rsasction flask, the layers

were separsted, and the ether layer dried over sodium sulfate,

45v161de in excess of 100% were attributed to the pres-
ence of small amounts of m~bromo-Ne-methylaniline in the halide
used.
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The ether layer yielded an oil whioh was dissolved in
25 ml, of chloroform plus 100 ml. of methanol by vigorous re-
fluxing. On oooling, 12.3 g. of white solid melting at 87-
9l® was obtained. The solid was again recrystallized from
25 ml, of ohloroform plus 100 ml. of methanol. oh cooling,
10.4 g. of triphenyl-m-dimethyleminophenyltin melting at
80~91®* was obtained, Concentration of the mother liquor led
to the recovery of 1.2 g, of triphenyl-p~-dimethylaminophenyl-
tin melting at 89-91°., Total yleld of triphenyl-m-dimethyle
aminophenyltin wes 11.6 z. (63,4%)

Apel. Celed. for CpgHgsNSn: Sn, 25.24. Found:

Sn, 25.28.

phenylazo)phenyltin. In & 1 liter beaker, surrounded by an
ice bath and equipped with a magnetic stirrer, was placed

8.0 g+ (0,017 mole) of triphenyl-m-dimethylaminophenyltin

in 100 ml. of dioxens. A solution of 4.0 g« (0.017 mole) of
p-nitrobenzenediazonium fluoborate in 500 ml. of a 50% di-
oxane~water mixture was added, dropwise and with vigorous
stirring. A deep red solution was formed almost immediataly.
Fifteen minutes after the addition was completed 400 ml, of
water was added, and 8 deep red solid precipltated., The solid
wes filtered off and air-dried on a suction filter. Extrec-~
tion of the solid with two 150 ml., portions of refluxing pe~
troleum ether (b.p, 77-120°) yielded 5.7 g. of red solid melt~
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ing at 205-206°. The solld, recovered on ocooling the two
pestroleum ether mother liquors in an ioce bath, was recrystel-
lized twice from petroleum ether (b.p. 77-120°) to yield 1.3
g. of shiny green platelets melting at 205-205,5°., A mixed
melting point between the red and green solids showed no de~-
pression. The total yleld of triphenyl«3«dimethylamino«ée
(4*-nitrophenylazo)phenyltin was 7.0 g. (66.6%)
Anpl., Caled. for CgzpHpgOgNgSn: Sn, 19.17. Found:

Sn, 19.18.

In a 100 ml. flask were placed 4.0 gi (0.0065 mols) of
the dye, 8.0 g. of stannous chloride, 10 ml, of water, and
30 ml. of concentrated hydrochloric acid. The mixture was
stirred vigorously, and warmed on & hot plate until decolor-
ized (ga. 3 hours). The s0lid residue was filtered off, and
the filtrate was then made basic with 10% sodium hydroxide
solution and extracted with ether. The ether layer was dried
over sodium sulfate. The ether wes evaporated by passing a
gentle atream of air over the surface of the solution. The
crude bases were warmed on & water bath with 1.0 g. of acetie
anhydride for 5 minutes., This solutlon wss then diluted wlith
25 ml. of water, and filtered.,

The filtrate was neutralized with saturated sodium oar-
bonate solution, and extracted with ether, The ether layer

wag dried over sodium sulfate. Then the ether was onoce again
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removed using & stream of alr, and the residus wes orystal-
lized from water to yileld 0.4 g. (35.0%) of p-dimethylamino=
acstanilide melting at 131° (mixed melting point).

The following diagram shows the struoture proof.

N{CHg)g

@gﬁn
9—@4«0 s

SnCl (CH; ) QN .@'NHS + HQN NO e

(CH3GO) 20

(cﬁs)gn-@mcocﬂa + Hzcocrm@mg

Aclid Soluble Acid Insoluble

No effort was nede $o recover the organotin halide or

p-nitroacetanilide.



bhenylazo)phenyltin, In a 1 liter besker, surrounded by an
loe bath and squipped with e magnetic stirrer, was placed 4,0
g. (0.0085 mole) of triphenyl-p~dimethyleminophenyltin in 100
ml, of dioxene. A solution of 2.3 g. (0.0085 mole) of p=-
bromobenzenediezonium fluoborate in 100 ml, of dioxane plus
15 ml, of water was added, with good stirring. The solution
was stirred for 4 hours while a deep red color gradually
formed, Then 600 ml. of water wes added, snd the red solid
whioh precipi&ated wes filtered off and eir-dried on a suoc-
tion filter. The s80lid (3.7 g.) was extracted with 150 ml.
of petroleum ether (b.p. 77-120°), and filtered hot. On
eooling, 2.7 g. (48.6%) of triphenyl-3-dimethylamino~6-(4'-
bromophenylaezo)phenyltin melting at 199-200° was obtained.

| Anal, Calod, for CzpHpgN,BrSn: Sa, 18.17. Found:
Sn, 18.01. |

In a 400 ml, beaker werse placed 34,3 g. (0.25 mols) of p=-
aminobenzoic acid and 100 ml. of 42-45% fluoboric acid. The
emino aeld was almost completely dissolved by warming on a
steam bath, The beeker wes then placed in an ioce bath and
cocled with vigorous stirring. On cooling the amine salt
precipitated., A cold solution of 17.0 g. (0.25 mole) of
sodium nitrite in 34 ml, of water was added dropwise. After
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addition was completed the mixture was stirred for 0.5 hour
and filtersd on a sintered glass filter. The s0lld was
washed once with 15 ml, of iced fluoboric acid, onoe with 10
ml. of iced aloohol, and once with 20 ml. of ether, The total
yleld of p-carboxybenzenediazonium fluoborate wes 35.4 g.
(60.,04). The diazonium sslt 18 very soluble in water and this
tends to lower the yleld when & purse product is desired. Us-
ing the same general procedure Dunker, Starkey and Jenkins4®
prepared this diazonium salt in 76% yleld, and Ruddy, Starkey
and Bartung®” in 84% yleld. Specific directions for the pre-
paration of the salt were not included in either of the re-
ports and no mention of the comparatively high water solubll-
ity of the salt was made,

h o)phenyltin. In a 1 liter beasker, equipped as above,
was plaesd 4.0 g. (0.0085 mole) of triphenyl-m~dimethylamino-
phenyltin in 50 ml. of dioxane. A solution of 2.0 g. (0.0085
mole) of p-carboxybenzenedieazonium fluoborate in 200 ml. of
dioxane plus 15 ml. of water was added. A deep red colox

developed almost immediately., The solution was stirred for

48y, ¥. W. Dunker, E. B. Starkey and G. L. Jenkins, J.
An. Chem, Soe., 58, 2308 (1936).

47A. W. Ruddy, E. B. Staerkey and W. H. Hertung, ibid.,
84, 828 (1942).
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4 hours, then 500 ml. of water was added. An oil, whioeh
quickly solidified, ocame out of solution. This solid (4.1
g+) was filltered off, air-dried and extracted with 100 ml.
of petroleum ether (b.p. 77-120°) for 0.5 hour, and the hot
sclution was decanted. The 80lid residue was then orystale
lized from 250 ml. of ethanol. On cooling, 0.8 g. of solld
was obtalned from the ethanol solution. Concentration of
the mother liquor led to the recovery of an additional 1.1
g« of solid, Both solids had the same decomposition point,
358°, The total yield of triphenyl-3-dimethylemino«6«(4'-
ocarboxyphenylazo)phenyltin was 1.9 g. (36.2%).

Anal. Calod. for CgzzHpgOgNgSn: Sn, 19.20.
Found: 8n, 19.37.

Run 2. A seoond preparation carried out exactly
as the first exocept that 3.6 g. (0.0074 mole) of triphenyl-
m-dimethylaminophenyltin was reacted with 1.75 g. (0.0074
mole) of p-carboxybsnzenedieszonium fluoborate. The solid
recovered from the resction mixture was extracted with 100
ml. of petroleum ether (b.p., 77-120°), and filtered hot.
The yield of triphenyl-3-dimethylamino~é~(4'=-carboxyphenyl-
azo)phenyltin was 2.2 g. (47.8%), deo. 358°,

The acld is insoluble in water, very slightly soluble
in dilute hydrochlorio acid end 5% sodium bicarbonate,
slightly soluble in 5% sodium carbonate and 5% sodium hy-
droxide, and extremely soluble in ethanol.



mnethy no)phenylazobenzoste. In a 250 ml. beaker was
placed 2.0 g. (0.00324 mole) of triphenyl-3-dimethylamino~6-
(4*-carboxyphenylazo)phenyltin in 100 ml. of ethanol. To
this was added exactly 53.8 ml. of 0.096 N sodium hydroxide
aolution (0.00324 mole)., The molution was then poured into
& orystalllzetion dish, and the ethanol psermitted to evapo-
rate., A resovery of 2.0 g (96.5%) of sodium p-(2t-tri-
phenylstannyl~4'~dimethylamino )phenylazobenzoate, oreange in
color, was made, This salt is very slightly soluble in
water, Infrared studies indlocated that the compound was the
sodium salt of triphenyl-3-dimethylemino-6~(4'~carboxyphenyl«
ezo)phenyltin.

borate*®, In a 800 ml. beaker were placed 17.0 g. (0,10
mole) 6# p~amino«N,N~dimethyleniline monohydroshloride and
100 ml. of conocentrated hydroechloric sold. The beaker was
Placed in an ioe bath and cooled with vigorous stirring. 4
eold solution of 6.9 g+ (0.10 mole) of sodium nitrite in 14
ml. of water was added dropwise, The diezotizetion pro-
ceeded smoothly and, 5 minutes after the addition of the ni-

48, Schiemann and W, Winkelm#ller, Ber., 66, 727 (1933).
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trite solution was completed, 100 ml. of 42-45% fluoborie
aold was added. The stirring was continued for an additional
15 minutes to ensure that the precipltation of the dlazonium
fluoborate was oomplsete, The salt was filtered off on a
8intered glass filter, washed onve with 15 ml. of iced fluo~
boric acid, once with 15 ml, of ioed aleoohol, and twice with
ether. Total yield of p-dimethyleminobenzenediezonium fluo-
borate was 9.5 g. (40.4%). This dlazonium salt is very sol-
uble in water, Using the general proocedure Schiemenn and
Winkelm#lller*® prepared this diazonium selt in 56% yield,
p~Aminodimethyleniline was used as the starting materisl in
place of the p-aminodimethylaniline monohydrochloride used
above:. No mention of the comparatively high water solubllity

of the salt was made.,

equipped es above, was placed 2,0 g. (0.0042 mole) of tri-

phenyl-m~dimethylaminophenyltin in $0 ml. of dioxsne. A
solution of 1.0 g. (0.0042 mole) of p~-dimethylaminobenzene-
diazonium fluodborate in a dioxane-water mixture was added.
The oharacteristic red color did not develop within 2 hours
g0 the 1oe bath was removed and the solution wes atirred

overnight, A light red oolor developed on the long stirring.
About 300 ml. of water was added to the beaker, and the solid

whioh precipitated from solution was filtered off and eir-
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dried. The so0lid was orystallized from 25 ml. of ethanol to
yield 1.7 g. (85.0% recovery) of triphenyl-m~dimethylemino-
phenyltin melting at 90-91° (mixed melting point}.

Qther organot reactio

epara h si 8 « In a 250

ml, flask wers placed 5.0 g, (0.018 mole) of triphenylsilan-
014® in 150 ml., of dry toluenme and 1.0 g. (0.04 g. atom) of
sliced sodium metal, The mixture was refluxed for 1 hour,
then decanted hot through a glass wool plug into a 250 ml,
flask, and 7.0 g. (0,018 mole) of triphenyltin chloride was
added to the toluene solution. The mixture was refluxed for
1 hour and filtered hot to remove the insoluble sodium
c¢hloride whioch was formed during the reflux period. On
cooling, 11.2 g, of white solid melting at 138~142° wes ob~
tained. The solld was orystallized from pstroleum ethsr
(bep. 77-120°) to yleld 10.6 g. (95.0%) of triphenylsiloxy~
triphenyltin melting a8t 141-142¢, A mixed melting point
with triphenylsilancl melted at 121-1285°,

This compound was analyzed by deoomposing & 0.2 g.

sample with ooncentraeted sulfurio aecid in a 30 ml. vycor

i 1?93'. Kipping and L. Lloyd, J. Chem. Sog., 79, 452
$01).
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orucible on a Rogers! ring burner, followsd by ignition to
the ocombined oxides (eilicon dioxide plus stannie oxide).
The combined oxides were then weighed and the percent com-
bined Si-Sn determined. The stanniec oxide was then removed
by heating the combined oxides with 15 times ita weight of
ammonium iodide et 450° for 1 hour®®, This trestment oon-
verts the stannioc oxide to stannic iocdlde whioh is lost by
volatilization leaving the silioon dioxide behind, The
silicon dioxide was then weighed and the percent Si deter-
mined., The percent Sn was determined by the difference of
percent combined Si-Sn and percent Si.

Anal. Calod. for CzgHzq08iSn: Combined Si-Sn,
23.46; S1, 4.48; Sn, 18.98, Found: Combined Si-Sn, 23.46;
Si, 4.77; Sn, 18,69.

Reaction of phenyllithium with tin. Talalaeva and
Koocheshkov®! reported the preparation of tetraphenyltin in
46% yield simply dy stirring phenyllithium with tin powder
suspended in ether for 185 hours at room temperature, Be~
cause of the interest aroused by this report the reaction

was investigated.

80g, R. Caley and M. G, Burford, Ind. Epg. Chem., Anal.
Ed., 8, 114 (1936).

51
Te V. Talalaeva and K. A. Kooheshkov, J. + Chem.
(U.S.SCRO)! Lg-’ 403 (1942) [goéo, §1’ 3068 z1943%
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In a 500 ml, flask was placed 11.9 g. (0.1l g. atom) of
tin powder (Metels Disintergrating Co. Ino., Lot 1007-F,
Order 6540) suspended in 50 ml. of ether., To this was added
0.4 mole of phenyllithium in 325 ml, of ether, and the mix~
ture was stirred vigorously and refluxed for 7 days. Coler
Test I was strongly pesitive at the end of the reflux period.
The mixture was hydrolyzed, the black solid was filtered off
and the ether layser dried over sodlum sulfate,

\ The black sollid was extreoted in a Scxhlet with petro-
leum ether (b.p. 77-120°) for 24 hours. On concentration
and cooling, 1.0 g. (2.5%) of tetraphenyltin melting at 224-
225° (mixed melting point) was obtained.

Reaotion of

action was run to compare the reaoctivity of phenylmagnesium
bromide with that of phenyllithium toward tin metal, In &
500 ml. flask wes placed 11.9 g. (0.1 g. atom) of tin powder
suspended in 50 ml. of ether, To this was added 0.4 mole of
rhenylmagnesium bromide in 350 ml. of ether, and the mixture
was stirred vigorously and refluxed for 7 days. Color Test I
was strongly positive at the end of the reflux period, The
mixture was hydrolyzed, the black solid was filtered off, and
the ether layer dried over sodium sulfate.

The blaeok solid was placed in a Soxhlet and extraoted
with petroleum ether (b.p. 77-120°) for 24 hours. No solid
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was recovered from the petroleum ether on concentration and

cooling. The ether layer yislded no solid material either,

Organolead Reactions

In order
to afford a ready means of comparison of the methods of pre-
paration of triphenyltin-lithium and triphenyllead-lithium in
ether the direotions for the preparation of the latter com-
plex ere included here. For a more comprehensive coverage of
triphenyllead~lithium, its chemlocal nature and reactions, the
report of Gilmen, Summers and Leeper® should be consulted.
The oceloulated volume of solution necessary to give 0.120
mole of phenyllithium® was added dropwise, over a period of
about 1 hour, to 1ll.1 g. (0.04 mole) of dry lead chloride in
30 ml. of ether at -10°,

The phenomena which ocourred during the addition of the
phenyllithium were as follows: the firmt few ml. produced no
visible effect., Within a short time a yellow color developed
and deepensd to a bright orangs-yellow. This color, whioch is
believed to indiocate diphenyllead®, inoreased in amount up to
2 equivalents of phenyllithium, if the addition was made
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slowly enough so that the phenyllithium could react ag added.
If at any time the phenyllithium was added much faster than
indicsted above, the color would disappear and then resppear
when addition was slowsd. Color Test I remained negative up
to sbout 2.75 equivalents of phenyllithium. Between 2,75 and
3.00 equivalents the yellow color disappeared and d4id not re-
appear. At the same time Color Test I became positive. The
finel mixture sontained a gray-white precipitate in a light
yellow solution, and was ready for subsequent use as soon as
the addition of the phenyllithium solution was completed.

The most striking differsence bstween the preparations
of triphenyltin-lithium and triphenyllead~lithium is the re-~
sults obtained with Color Test I. With the former complex
Color Test I remeins negative until a slight excess of 3.0
equivalents of phenyllithium had been added, but with the
latter complex Color Test I beoomes positive at the 2.75
equivelents' point,
lead®, This experiment is
included to highlight the great difference in reasctivity of

triphenyltin~lithium and triphenyllead-lithium towerd benzyl
chloride. In the reamoction of the tin complex with this ha-
lide, under ocomparable oonditions, triphenylbenzyltin was
obtained in a 20% yield and a ssecond product, tetraphenyltin,
in a 36% yleld. On the other hand, only one product, tri-
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phenylbenzyllead, was isolated in a 71% yield in the reaction
of the lead complex with this halids,

Benzyl ohloride was the reagent employed for the ashar-
aoterization of triphenylleed-lithium. Triphenyllead~lithium
was prepared, as desoribed above, by the addition of 0.120
mole of phenyllithium in 112 ml. of ether to 1l.1 g. (0.04
mole) of lead chloride in 30 ml. of ether. To this prepara-
tion there was then added 6.1 g. (0.04 mole plus 20%) of re=~
distilled benzyl chloride in 50 ml, of ether, atill in the
c0ld. Thers was no visible heating effect. The mixture was
stirred for 15 minutes in the cold, and then refluxed for 1.5
houra. The gray appearance gave way to the dead-white color
of lithium ohloride. The mixturs was cooled and hydrolyzed
by pouring it into 400 ml. of saturated ammonium ohloride
solution which had besen previously eooled in an ice~-salt beth.
The hydrolysis left only traces of solid, which were filtered
off, The ether layer was separated, washed with water, and
dried over sodium sulfate, The ether was removed on a water
bath, and finally by evacuation at a water pump at room tem-
perature, This left & s80lid residue weighing 18.8 g., which
was extracted with 175 ml. of 95% ethanol and filtered hot.
On sooling, l4.4 g. of triphenylbenzyllead melting at 91-93°
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(mixed melting point) was obtained®®, Concentration of the
mother llguor led to the recovery of an additional 0.6 g. of
triphenylbenzyllead melting at 90-83®, The total yleld of
triphenylbenzyllead was 15.0 g. (71.0%).

It would be a distinot advantege if unsymmetriosl organclead
compounds containing funotional groups could be prepared
directly from triphenyllead-lithium and orgsnie halides. For
this reason an attempt to introduce & hydroxyl-containing
group was mede. To 0.04 mole of triphenyllead-lithium was
added 9.0 g. (0.04 mole) of 6-bromo-2-nephthol®® in 60 ml. of
ether, still in the cold, There was no visible heating effect.
The mixture was stirred in the cold for 15 minutes and then
brought slowly to reflux. Just as the ether began to reflux
& large smount of fine black s0lid precipitated on the sides
of the flask, The flask wes instently cooled in en ice-sgsalt
bath, Working up the reaoction mixture led to the recovery of
a trece of hexephenyldilead and some metalllc lead, Appar-
ently the presence of the active hydrogen decomposed the tri-
phenyllead~lithium,

524, Gilmen, E, B, Towne and H. L. Jones, J. Am. Chem,
Sog., 55, 4689 (1933). ’

(192 j”ﬁ. Frazen and G. Stalble, J, prakt., Chem.,, 103, 352
8922).



phenoxides. To 0,04 mole of triphenyllead-lithium was added
0.04 mole of lithium g-bromophenoxide (prepared by reacting
0.04 mole of g-bromophenol with 0,04 mole of phenyllithium)
suspended in 50 ml, of ether. The mixture was stirred for

4 hours at ~10*, 8 hours at room temperature (ga. 20°), and
then refluxed for 1,5 hours, The mixture was cooled end hy=-
drolyzed by pouring into 400 ml. of saturated ammonium ohlore
ide solution which had been previously coocled in an ioce-salt
bath,

Upon hydrolysis a gray solid came out of solution. This
801id was filtered off and air-dried, the layers were sepa-
rated, and the ether layer dried over sodium sulfate. The
ether layer was deep orange in color and, on stending, an
orange solid preoipitated from the ethsr solution. The solid
recovered on hydrolysis was extraoted with ethanol and £il-
tered hot. On cooling, 0.5 z. (2.9%) of hexaphenyldilead, deo.
170-172¢, was obtained.

The ether layer ylelded a white so0lid whioh was extraoted
with ethenol, and filtersd hot. On ocooling, 1.0 g. (6.4%) of
tetraphenyllead mslting at 221-222° (mixed melting point) was
obtained, An attempt to recover the o~bromophenol was unsuc-

cesslful,
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P ation of triphenyl-o-metho: 8 ead, To 0.045
mole of triphenyllead~lithium wes added 7.5 g. (0.04 mole) of
o~bromoanisole in $0 ml, of ether, still in the cold., The
mixture was stirred for 15 minutes in the cold, refluxed for
1.5 hours, eooled and hydrolyzed as outlined above.,

Upon hydrolysis a small amount of solid came out of so-
lution. This solid was filtered off and air-dried, the layers
vere separated, and the ether layer dried over sodium sulfate,
The solld recovered on hydrolysis was extraoted with ethanol
and filtered hot. On cooling, 0.2 g. (2.5%) of tetraphenyl-
lead melting at 224-226° (mixed melting point) wes obtained.

The ether layer ylelded a amall smount of solid in a
yellow oil, The mixturs was dissolved in ethanol by vigorous
refluxing. On cooling, 10,3 g. of white s0lid melting at
120«125° was obtained. This was recrystallized from petro-
leum ether (b.p. 77-180°) to yleld 7.8 g. (35.8%) of tri-
rhenyl~-p~-methoxyphenyllead melting at 127-129° (mixed melt-

ing point )54,

Reactiop

benzoats, To 0.045 mole of triphenyllead-lithium was added

84p, S. Melstrom, Iowe State Coll. J. Sei., 18, 65
(1943) [C.A., 38, 728 (1944)); H., Gilman and D. S. Melstrom,
l’ &0 m. SOQC’ 1_2_, 2953 (1950).
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9.5 g (0.04 mole plus 10%) of methyl g~-bromobenzoate in 50
ml. of ether. The reaotion mixture became chocolate brown
upon the addition of the ester. The mixture waas stirred for
15 minutes in the o0ld, and then refluxed for 1.5 hours.

The mixture was then cooled and hydrolyzed as above,

The sollid recovered on hydrolysis was extracted with a
petroleum ether (b.p. 77-120°)«chloroform solvent palr and
filtered hot., On oooling, 7.5 g. of hexephenyldllead, deo.
155¢, was obtained.

" The ether layer ylelded a yellow so0lid which was extrao-~
ted with petroleum ether (b.,p. 60-70°), and filtered hot,
The residue was then crystallized from a petroleum ether
{b.p. 77~120°)-chloroform solution to yield 2,0 g. of hexa-
phenyldilead, dec., 155°, Total yleld of hexaphenyldilead
was 9.5 g. (54.0%). From the original petroleum ether ex-
traoction 0.8 g. of tetraphenyllesd (3.7%) melting at 223«
224°* (mixed melting point) wag obtained. An attempt to re-

ocover the methyl o~bromobenzoate was unsuocessful.
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DISCUSSION

The preparation of triphenyltin-lithium from stennous
chloride and phenyllithium is a two stsep process, ths first
step being nuocleophilic displacement of the chlorine atoms
bonded to the tin atom as chloride lons by the phenyl anion
of phenyllithium to form diphenyltin. The sécond step in-
volves addition of the phenyl anion to the open ostet of the
tin atom in diphenyltin to form the complex, triphenyltin~
lithium. The energy for the second step must be provided by
the necessity of the tin atom to fill its valence shell with
& full quote of slectrons.

.o - + .o + -
SnCly + 2CgHgt Li —> (CgHg)eSn + 2LiC1

.o - + oo - +
(CgHg)Sn + CgHyg: LI — [(CgHgleSn CgHgl Id

The attraotion of the phenyl anion for the diphenyltin
must indesd be strong as the complex does not appear to be
involved in an equilibrium system with its component parts
as evidenced by reasotions with gaseous oarbon dioxide, Dry
Ice, benzophenone and benzalasetophenone. If the complex

did dissociate into its component parts, it would be expected
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thet the phenyllithlum would reaet with the aforementioned
compounds to form benzole acid, triphenylearbincl and d4i-
phenyl-@-styrylearhinol. respectively. In each reaction the
only compound formed was tetraphenyltin (ge. 10%), and in
the last two, good recoveries of the ketones were made,
Several different types of reaections indicate that tri-
phenyltin~lithium hes & lower level of reactivity then
phenyllithium. The complex does not add to earbon-carbon
or garbon-oxygzen double bonds, but it does possess suffiocient
activity to successfully attack the oxirene ring®® as evi-
denced by the preparation of triphenyl-2-hydroxyethyltin and
triphenyl~-2-hydroxy-3-chloropropyltin, by reaction of ethyl-
ene oxide and splchlorohydrin, respectively, with the complex.
Triphenyltin-lithium reaots promptly with iodine to form tri-
phenyltin iodide bdbut the resction is compliceated by the rapid
‘attaok on the iodide, as formed, by excess triphenyltin-
1ithium, resulting in the preparation of hexaephenylditin.
Triphenyltin~lithium rescts promptly with orgenioc lodides and
(CgHg) zSnLL + cﬂg—cﬁg—ﬁj—» (CgHpg ) sSNCHCHgOH + Ii*
0

88R. C. Elderfield, "Heterooyolic Compounds", John Wiley
and Sons, New York, 19850, p. 2.



176

(CCES ) 38!1141 + Ig —_—> ‘0gHQ ) 35111 + ILiI

(GaH; )gSﬂLi + (CQH; ) 33111 — (CGHQ ) .Sng + IiX

bromides to form unsymmetrical compounds of the type
(CeHp)sSnR in falr yields. Aryl ohlorides, such as chloro-
benzene, apparently do not rsact readily with the complex,
but, under oorresponding conditions, more active organie

chlorides, such as benzyl chloride, react promptly.
(CsH;) 38!11-1 + R — (Ceﬂs ) 3SnR + LiX

It was found that when 9-substituted eryl ilodides were
reacted with triphenyltin-lithium a second reaction, ealong
with that of the formation of the unsymmetrical compound,
took plage., This seocond reaction was first observed when
2,6«dimethylicdobenzens was resoted with the complex, and
made itself apperent when Color Test I changed from negative
before the addltion of this helide to positive after its ad-
dition. The change is most directly explained by proposing
& halogen-metal interconversion reaotion® betwsen the halide
and triphenyltin-lithium. The products formed by this re-
action would be triphenyltin lodide and 2,8~-dimethylphenyl-
lithium, The letter compound was indirectly identified by
conversion to 2,6~-dimethylbenzoic ecid by meens of the oai~

bonetion reaction, end the hexaphenylditin obtained in the
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game reaction is believed to arise by resction of triphenyl-
tin-lithium with the triphenyléin iodide, as formed. Of those
halides tested only lodo compounds with one or both g~
positions substituted with methyl or methoxy groups entered
into the halogen-metal interconversion reaction.

The usuel nuoleophilie displacement rsaction to form the
unsymmetrioal compound accompanies the halogen-metal intercon-
version reaetion. The presence of this competing resction is
oconfirmed by the isolation of triphenyl-o-tolyltin from the
reaotion of g~lodotoluene with triphenyltin-lithium followed
by oarbonation just 2 minutes after halide addition. In re-
actions with 2,6~dimethyllodobenzens and iodomesitylene,
where carbonation was ocarried out 10 minutes after halide
addition, no unsymmetrieal orgenotin compounds were isolated.
Apparently the presence of methyl groups in the o-positions
markedly deorsases the veloeity of the substitution resction.
This deorsase is probably due to the steric hindrance pre-
sented by the two methyl groups, At the same time there is
en spparent increase in the interconversion reaotion as indi-
oated by the inoreased yields of 2,6-dimethylbenzoio aoid and
mesitolo aold, Whether this increase is due to the lack of
ocompetition from the substitution reaction or from some elec-
tronio efreot dus to the presence of the second o~-substituent

cennot be ascertained from the evailable data,
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Ir, a8 proposed, the triphenyltin iodide reacts immedi-
ately with triphenyltin-lithium a question arises about the
ultimate fate of thg organclithium compound formed by the
halogen-mstal interoconversion reaction. There are four pos-
sible reactions which the orgenolithium oompound may under-
go: first, 1t mey couple with unreacted aryl halide to form
a substituted diphenyl oompound; second, it may cleave the
solvent, diethyl ether; third, it may enter into a metal-
metal interconversion reaction®® with the unsymmetriocal com-
pound, as formed; fourth, it may ocleave the tin-tin bond of
hexaphenylditin to form triphenyltin-lithium and an unsym-
mstrical organctin compound., From the known behavier of
organolithium compounds the first two reactions are of minor
importanee under the experimental oonditions ugsed. In a re-
action of hexsphenyldlitin with phenyllithium, tetraphenyltin
was obtained in an excellent yield, thereby supporting the
fourth alternative,

Another reactlion which indicates a lower order of ac-
tivity for triphenyltin-lithium as oompared to phenyllithium
is that between triphenylsilane and the complex. Treatment

56n, Gilman, F. W, Moore and R. G. Jones, J. Am. Chem.
Spe., 63, 2482 (1941); see¢ also H. Gilman, "Organie Chemis-
try", John Wiley and Sons, New York, 1943, 2nd ed., p. 572.
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of this silane with phenyllithium results in the preparstion
of tetraphenylsilans and lithium hydride®?, whereas triphenyl-
tin-lithium does not react with triphenylsilene, Similarly,
the complex does not reaoct with triphenylmethsne, whereas
phenyllithium rescts to form triphenylmethyllithium and ben=-
zene, Triphenyltin-lithium does react promptly with tri-
phenylehlorosilane and triphenyltin chloride to form tri-
phenylsilyltriphenyltin and hexephenylditin, respectively,

in good ylelds,

Complexes other than triphenyltin-lithium may be ob-
tained by substituting other organolithium oompounds for
phenyllithium. The preparation of symmetrical alkyl and aryl
organotin oompounds by this method appears to be promising as
the yields of tetraethyltin, tetra-p-butyltin, tetra-p-
tolyltin and tetra-p-tolyltin were in exocess of 70%, It
would be of interest to see if long chaln alkyl compounds,
such as tetradodeeyltin, and polyeryl compounds, such as
tetra-p-biphenylyltin, cen be prepared using this method.

The preparation of compounds using these ocomplexes as inter-
mediates hes distinot advantages over the usual laboratory

method, which employs stennic¢ chloride and an organclithium

$7H. Gilman and H, W, Melvin, J. Am. Chem. Soe., 71,
4050 {1949).
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compound or Grignard reagent, in that the stannous chloride
is much more eesily handled than stannlio chloride, and the
overall preparation is less time consuming.

It was not possible to prepere tetra-g-tolyltin by treat-
ment of tri-p-tolyltin-lithium with o-iodotoluene., The steric
hindrence®® presented by the three o-methyl groups probably
prevents & successful attack on the halide from taking place.
A resction between this complex and benzyl ochloride prepared
the desired unsymmetrieal compound in only a 2.3% yleld. It
would be of interest to see if the hindrance of the methyl
groups would be great enough to prevent a sucecessful reaction
between the ocomplex and methyl lodide. 1In the reaotions of
tri-p-tolyltin-lithium with g~lodotoluene and bsnzyl chloridse,
respeotively, 2 considerable amount of solid which analyzed
for hexa~p-tolylditin was lsolated. Thia material melted at
298-300° and was almost oompletely insoluble in organie sol-
vents, Morris, Byerly and Selwood®® reported thet they hed
prepared hexa-g-tolylditin by reduction of tri-g-tolyltin
bromide in benzene with sodium metal and ethanol. Their prod-
uot melted at 208-210°, 1In order to clear up this apparent

$8por a complete review of steric hindrance as applied
to Group IVE elements see C. G. Brannen, Dootoral Disserta-~
tion, Iowa State College, 1951.
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discrepancy another sample of hexa-9-tolylditin was prepsred
by reacting tri-p-tolyltin chloride with secdium shot in re-
fluxing xylene. The compound thus obtained melted at 298~
300%, showed no depression in a mixed melting polnt with a
sample of the solid isolated from the tri-o-tolyltin-lithium
reaotions and had the same infrered spectrum as this latter
semple.

Several investigators have studled the possible dis-
sooiatlon of hexaalkyl- and hexsarylditin compounds into free
radicals of the type R;Sn®3+69,80,81,62,82,64,86  gng gyperi-
mentel evidence is contradictory, amd it 1s difficult to de-
cide whether thess ditin compounds actually do dissociate.
Molecular weight determinations made by ebulliometrioc methods
indicate that hexaethylditin is partially dissoclated in
sthereal solutions®®, hexacyclohexylditin to be ocompletely

5®1. Righeimer, Apn., 364, 51 (1909).
860G, Gréttner, Ber., 50, 1808 (1917).
61, Krause and R, Becker, Ber., 53, 173 (1920).

827. Bleseken and J. J. Rutgers, Reg¢. irav. ghim., 42,
1017 (1923),

8%5. Krause and R. Pohland, Ber., 57, 532 (1924).

64
C. A, Kraus and W, V. Sessions, J. Am. Chem. Scc., 47
2361 (1925). ' P

8%, Morris and P. W. Selwood, ibid., 83, 2509 (1941).
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dissoclated in benzene®®, and hexamethylditin to be com-
pletely dissociated at a ooncentration of 0.4% and completely
assoclated at 5.0% in benzene®4, Using oryoscople methods in
benzene the followlng oompounds have been shown to be aom-
pletely associated, within limits of experimental error:
hexsethylditin, hexa-p-propylditin, hexaisobutylditin, sym.-
tetraethyldi-p-propylditin, gym.-tetraethyldiisobutylditin®®,
and hexaphenylditin®1»82, Using the Rast method hexaoyclo=
hexylditin in camphor wes found to be completely assoociated®3,
Morris and Selwood®®, using magnetic susceptibility measure-
ments, eonecluded that hexamethylditin does not exist as the
monomer even in dilute benzene solutions. This method ia
sensitive enough to deteot diésooi&tion down to a minimum of
less then 2%. In an attempt to investigate the reasons behind
the apparent contradiction between ebulliometric measurements
and the other methods cited above, Morris, Byerly and Sel-
wo0d®? made a series of ebulliosoopic messurements using
hexamethylditin in benzene, They conoluded thet ebullio-
metric measursments are of little valus for the atudy of ore
genometallic free radicals as the compound noticeadly decom~
poses even before the apparatus cen come into equilibrium.
The reactions of hexaalkylditin compounds with halogens and
moist alr suggest that if there 18 no actual dissocolation
into free radicals, the tin-tin bond must, at best, be a

wesk one,
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Hexa-p=tolylditin wes reacted with oxygen in benzene in
the hope that it would show free radical behavior but appar=
ently no reaction took place as evidenced by almost quanti-
tative recovery of the ditin compound.

Unsymmetriocal compounds of the type RzSnR' are more
easily prepered by the usual laboratory procedure, which em-
ploys an organotin halide and an organolithium compound or
Grignard reagent, than by using these complexes as interme-
diates, The reason for this is the formation of a small
amount of symmetriocal compound in all reactions in whioch
these complexes are involved. The symmetriocal by-product
contaminates the desired unsymmstrical compound thereby ren-
dering the latter more diffiocult to purify and lessening its
yield. From the data avallable it is not possible to ascer-
tain exaotly how the symmetriocal by-product is formed. 1In
general, it appears that the longer a reaction is continued,
the higher is the yleld of the symmetrical compound. In re-
sotions with triphenyltin-lithium it was thought that the
tetraphenyltin erose from the reaction of the ocomplex, as
formed, with unreacted bromobenzene carried over from the
preperation of phenyllithium, The resctions with bromoben-
zene~free triphenyltin-lithium demonstrated that this explan-
ation ocannot bs the only meochanism involved in the formeation

of the by-product, as tetrephenyltin was 1solated in yiselds
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comparable to those obtained with the ususl complex prepara-
tion., The tetraphenyltin may also arise from disproportion-
ation of diphenyltin, triphenyltin~lithium or the unsymmetri-
cal compounds, as formed. A more intensive study of this
phenomenon is needed to shed more light on this side resotion,
Another method of synthesls for unsymmetrical compounds
whieh might prove to be lnteresting i1s the preparation of
RpSnR'; end RgSnR'R" ocompounds by reaction of mixed organotine
lithium complexes with appropriate organic halides. This

method would afford e direet synthesls for these mors complex

RzSn + R'L1I —— RgR'Snli
RgR*Snll + R'X ——RgSnR'p, + LiX

RgR'SnId + R"X — R,SnR'R" + LiX

unsymmetrical organotin compounds as the reaotion could be
carried out in one flask and only the final product would
astually be 1solated and purified, thereby tending to in-
erease the overall yield of desired compound.

In order to study the effect of substituents on the re-
aotivity of organie halides toward triphenyltin~lithium, the
complex was reacted with p-bromodimsthylaniline, p-bromoani-
sole and p~lodoochlorobenzene, respeotively. The first halide
apparently did not remct at all, while the last two reacted
to form triphenyl-p-methoxyphenyltin (30%) and triphenyl-p-
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ochlorophenyltin (20%), respectively. Bromobenzene, in con-
trast, reaots with triphenyltin~lithium to form tetraphenyl-
tin in 82% yield. Complexes like triphenyltin-sodium and
triphenyltin~-potassium should prove to be more reactive than
triphenyltin-lithium and thereby these former complexes, if
they could bs similarly prepared in sther, might be more use-
ful in the preparation of unsymmetrical organotin compounds.

The preparation of triphenyltin hydride (52%) by redue-
tion of triphenyltin iodide with lithium aluminum hydride
proved to be a more efficient method of synthesis than the
ammoniation method of Chambers and Scherer®®, wittig, Meyer
and Lange® successfully reduced triphenyltin bromide to form
triphenyltin hydride (43%), but it was found that triphenyle~
tin ohloride apparently could not be reduced by lithium
aluminum hydride, under corresponding conditions, es svi-
denced by almost quantitative recovery of the organotin
ohloride,

vittlg, Meyer and Lange® reported that triphenyltine
lithium was prepared by the addition of methyllithium to tri-
phenyltin hydride in ether. The oomplex was indirectly iden-~
tified by reaction with triphenyltin dromide to form hexa-

88R. F. Chambers and P. C. Scherer, J. Am. Chem. Sog.,
48, 1084 (1928).
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phenylditin, It was learned in a private oommunication fronm
(CGHS ) SSRH + CH3L1 _—> ‘CBHQ ) 33111:1 + CH‘

Dr. Wittlg that the gas which wes evolved during the methyl-
l1ithium addition was not anslyzed, and that the reaoetion was
not run in duplicate, It is known that silanes of the type
R;9iH (where R may be alkyl or aryl) react with organo-
lithium eompounds to form symmetrlicel and unsymmetriocal ei-
lanes, and lithium hydride®?, Triphenyltin hydride has been
reacted with phenyllithium to form tetraphenyltin (90%) and
l1ithium hydride®?. Because of the apparent contradietion
between these latter results and the report of Wittig and coe
workers, triphenyltin hydride was reacted with methyllithium.
It was found that no gas was evolved, and that the reaction
apparently progressed es reported for silanes to form tri-
phenylmethyltin (18%), tetraphenyltin {25%) and lithium hy-
dride. Apparently disproportionation takes place, even under
these mild conditions, to form the tetraphenyltin end its
presenoe mey, in part, account for the low yield of triphenyl-
methyltin by rendering the latter more difficult %o purify,

67H, Gilman and S, P. Massie, ;%_ 68, 1128 (1946);
R. N. Meals, ibid., 68, 1880 (19468); R. A. Benkeser and F. J.
Riel, ibid., 73, 3472 (1951).
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To cheok these findings the resetion was repeated and essen-
tially the same results were obtained. An attempt to prepare
triphenyltin~lithium by reacetion of triphenyltin ohloride with
lithium metal in ether proved to be unsucocessful as evidenced
by almost quentitative recovery of the ohloride,
In the preperation of triphenyl-2,5-dlmethylphenyltin
and triphenyl-m~dimethylaminophenyltin from triphenyltin
ochloride and the appropriate organolithium compound, it was
found that tetraphenyltin was formed as a by-produot if the
organclithium ocompound was added rapidly to an ethereal so-
Jution of the chloride, The tetraphenyltin is probably
formed by disproportionetion, even under these mild ocondi-
tions, The formation of the tetraphenyltin could be preven-
ted by slow addlition of the organolithium compound to a cold
ethereal solution of the chloride.
| The resction between triphenylbenzyltin and phenyllithium

proved to be extremely interesting ln that the benzyl group
| was preferentlially olsaved by the organolithium sompound.
This result is an exact reversal of the reaotion between tri-
phenylbenzyltin and halogen aeid, in whioh the phenyl group
is preferentially removed%®, This eontrediotion suggests that

685, A. Razuvaev and V. Fetyukova, J. Gen Chem. (U.S.S.R.),
21, 1010 (1961) [C.A., 48, 1479 (1952)1.
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a systematic investigation of the oleavage of alkyl and aryl
groups from tin by basic agents, such as p-butyllithium® or
phanyllithiuma, might prove to be of interest.

Another coleavage reaotion whioh opens the way for fur-
ther investligation is that between hexaphenylditin and
phenyllithium, whioh resulted in the preparation of tetra-
phenyltin in very high yield. It would be of interest to
explore thia reaction using other orgsneclithium compounds
end othsr ditin eompounds,

The preparation of azo tin compounds by reaction of
triphenyl-p~dimethyleminophenyltin with p-substituted den-
zenedlazonium chlorides in a buffered solution proved to be
8 rather unsatisfaoctory method. In fact, it is highly
doubtful that the dlazonium ohlorides actually exist as such
under the oconditions of the reasection. It is more likely
that the diazo compound is the diezonium a¢etate or hydrox-
ide, whioh are of a lower energy level than the true salts®?,

The use of the easily lsolated and purified p-substi-
tuted benzenediazonium fluoborates in the ocoupling reaction
proved to be very interesting. Vhen rescted with triphenyl-

89x. H. Saunders, "The Aromatic Diazo-Compounds and Their
Technieal Appllioations™, Edward Arpold, London, 1949, 2nd ed,
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p~dimethylaminophenyltin these salts caused expulsion of the
triphenylstannyl group with formetion of p,p'-substituted
azobenzene compounds. Isolated examples of the expulsion re-
action have been reported®®, but no systematic investigation
of the phenomenon has been made, The expulsion of the tri-
phenylstannyl group in reesctions with triphenyl-p~dimethyl-
aminophenyltin suggests that it may provide an excellent
method re; the study of the relative reactivity of diazonlium
oompounds toward the coupling reaction by the use of kinetlo
and quantitative measurements.

It was found that azo tin ocompounds could be prepared
direotly and in good ylelds by reacting triphenyl-m-dimethyle
aminophenyltin with p~substituted benzenediazonium fluo~-
borates, The problem remaining is to synthesize azo tin
compounds which are sufficiently water soluble to be tested
elinioally as anticarcenogenic agents. This might be done
by reacting p~ocarboxybenzenedlazonium fluoborate with tri-
phsnyl-m-hydroxyphenyltin or triphenyl-2,6«dihydroxyphenyl-
tin, and then converting the resulting azo tin compounds to
the di- and trisodium salts, respectively.

The struoture of the dyes prepared by resoting tri-
bPhenyl-medimethylaminophenyltin with p-substituted benzene-
diazonium fluoborates was determined by chemiocal methods.
The key to the structure proof was the isclation of p-di-
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methyleminoacetanilide (35%). This compound ocould have besn
formed only if the azo group and dimethylamino group were
para to each other in the original dye (barring moleoular re-
arrangement)., Therefore, in the trisubstituted benzene ring,
the triphenylstannyl group has been assigned the 1 position;
the dimethylamino group, the 3 position; and the p-subati-
tuted ezophenyl group, the 6 position. Infrared studies on
triphenyl-3-dimethylamino~6~(4'~nitrophenylazo)phenyltin

were inconclusive and a definite orientation of the groups
could not be assigned, but with triphenyl-3-dimethylamino-
6-(4'-bromophenylazo )phenyltin 1,2,4~substitution waa olearly
indicated by the infrared spsotrum. This latter finding
supports the structure aasslgned as a result of the chemieal
degradation of triphenyl-3~-dimethylamino-6-(4'~nitrophenyl-
azo)phenyltin, Two of the dyes, triphenyl-3-dimethylemino-
6-(4'=-nitrophenylazo)phenyltin and triphenyl-3-dimethylamino~
6-(4'-bromophenylazo)phenyltin, were tested by Dr. Diokey”?
for their substantivity aas dyes. The formsr oompound weasa
tested with 12 different fabrics and & slight pink coloration

was develbped with each, but this ocolorstion almost ocom~

7%pr. J. B. Dickey of Tennsssee Eastman Company, Division
of Eastman Kodak Company, Kingasport, Tennessee.
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Pletely faded on exposure to light for 20 hours. The latter
dye was tested with 6 febrics and there was no coloration at
all. In & letter dlscussing the results Dr. Dickey stated,
"1 would like to suggest that you switoh from the triphenyl
compound to the trimethyl or ethyl, for example as the color
will be shifted to the blue and there will be a better
chence for the resulting compounds to color cellulose age-~

tate, nylon, daoron and the like,"
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SUMMARY

A thorough survey of the chemical literature beglnning
with January 1941 and ending with September 1962 has been
made., The methods of preparation of organotin compounds
used during this period have been reviewed, and a series of
tebles listing the vsrious compounds mentioned in the liter-
ature has been made.

The preparation of triphenyltin-lithium from stannous
chloride and phenyllithium in ether has been desoribved. This
complex is not part of en equilibrium system.

Triphenyltin-lithium possesses sufficient astivity to
successfully atteck the oxirane ring but it does not add to
garbon~oarbon or ocarbon-oxygen double bonds, The complex
has been reacted with alkyl and aryl halides to form unsym-
metrical organotin compounds in fair ylelds, With g-substie-
tuted aryl lodides, triphenyltin-lithium enters into a halo-
gen-metal interconversion resction.

Complexes other than triphenyltin-lithium may be ob-
talned by substituting other organolithium ocompounds for
phenyllithivm, and the preparation of symmetrioel alkyl and
aryl organotin compounds by this method appears to be quite
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promising.

A series of organotin compounds has been prepsred by re-
acting triphenyltin ohloride with an appropriate Grignerd re-
sgent or orgenolithium compound, This method of preparation
of unsymmetrioal compounds appears to be superior to the re-
action of triphenyltin-lithium with appropriaete organic ha-
lides,

The preparation of azo tin compounds by resction of tri-
phenyl«p-dimethylaminophenyltin with p-substituted benzene-
diazonium chlorides in a buffered solution proved to be an
unsatigfactory method, It was found that azo tin compounds
oould be prepared directly and in good ylelds by reacting
triphenyle-p~dimethylaminophenyltin with p~substituted ben-
zenediszonium fluoborates. Chemical degradation of one of
thess dyes showed that the azo group couples para to the di-
methylamino group.
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