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B! S[ 2 6— BI S (TR 1 FLUOROME TI LYL ) PUE NYL ] TT N ( 11)

A S I’ABI.E 1)1 l ’II EN YL T l N ( I T )  COMP OUNI)

P. 3. Corv an and J .  J .  Zuckcrman *

1)ep ;irtmeiit (If  C he mi s t r y
U n iv er s i  tV of Ok l ah oma
Norm an , Ok 1 alIoma 730 19

The synt he’s is  ~ f a s ub s t i t u te d  d l p henv l t. in ( i  1) compound , hIs  [2 , 6—

h l s ( t r  I f lu o r o m e t h y I )p henv l I t  111( 11) , W h i c h  is s t a b le  toward polymer !  z at io n  to t h e

t i n  ( IV )  o i l  gomers i r epur  t ed  f o r  t he’ f I r st  t ime . M et h an o l  ysi  s gives the  ArSnOCH 3

der i v a  t lye ’s In  an ex otbe ’rm lc  react ion where’ Ar = 2 , 6—b! (per f lu oromethv l  )p lie’nv —

and 2 ,4 , 6— t r im e t l i o x v p h e n v l  , and r !~ — t01t1Ct~e t 1dO1  g i ve s  h i s  (p,~ r a—

toU1enet lIi~11,Ito ) i n ( I I )  . The s o l i d  h i s ( p er f lu o r op t i e n y l )— , b i s [ 2 —

( d i m et h v  1 am in o ) m et h v  11 phenv l  — and h i s  (2 , 4 , 6— r ime ’tho xyp hcnv l  ) t. In compounds are

oligomers containing tin (IV) atoms .
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BI S[2 , 6—B I S( TRI F LU OR OME THYL ) PI I ENYL ] TIN( I I ) ,

A STABLE DIPH ENYLT IN (I I )  COMPOUND

P. J .  Corvan and J.  J.  Zuckerman
Depar tment  of Chemist ry
U n i v e r s i t y  of Oklahoma
Norman , Oklahoma 73019

Sir/Madam:

We have synthes ized the f i r s t  examp le of an o r g a n o t i n ( II )  compound w i t h  a

pheny lt ln (I I)  a—bond . An ether solut ion of 2 ,6— b i s ( t r i flu o r o m e th y l)p heny l lit h i u m

prepared f rom the a r y l lit h i a t i o n  of l , 3 — bI s ( t r i flu o r o m e t h y l)benzene by the use

of the t e t r ame thy lt ’th y lenediamine n— buty l l ith i u m  comp lex (n—BuLi .TMED) ’ was

added to t in ( I I )  c h l o r i d e  to p rec ip i t a te  a ligh t brown sol id:

+ n-BuLi ~TMED 
Et20 , . ThED + n-BuH

2 + SnC1 2 
+ LiC1’TMED

The tin—119m Mtissbauer spectrum of the product , shown in Figure 1, exhibits a

doublet with Isomer Shift (I.S.) = 3.37 and Quadrupole Splitting (Q.S.) = 1.93 mm/s.

The high I.S. value confirms that the tin atom is in the divalent state ,
2’3

and as such tha t the compound is the first genuine example of a stable dipheny lt in (II)

species. 

~~~- --. ‘



Diphenyltin was first prepared in 1920 by a Crignard route:
4

Et~,O ~C6H5MgBr + SnC1 2 ‘ 

~j—~~C5M5 )2S~~+ 2M g3rCl ‘(3)

The molecular weight of the bright yellow solid increased from the monomer

on aging. The same product r esu lted whe n a liquid ammon i a / e the r  solution of

diphenyltin dihydride was allowed to warm to room temperature :
5

;1113 (1 iq )
(C

6H5)2SnH 2 E~o ~~ ~
‘C6H5 )2Sn]+ ~

12 (4)

Fou r mod i f i ca t ions o f diphe ny lt in were elucidated in the 1960’ s , inc luding a

product from phenyllithium :
6’7

2C 6H5L1 + SnC1
2
—i’j(C

6
H
5
)
2
Sn] + 2LiCl (5)

which was purified by repeated crystallization from benzene by the addition of

methanol (cf. below). The molecular weight of the yellow solid in methylene

chloride corresponds to a hexamer. A colorless modification was also isolated

from the hydride decomposition products in methanol. These forms can be

converted to another colorless form by recrystallization from dimethy lforinamide.

This modification melts at 250°C, and is hexameric In solution and in the solid

state by an X—ray diffraction study which shows the tetrahedral diphenyltin

moieties arranged in asix— tn embered r ing in the cha i r— con fo rma t ion .8 ’9 These fo rms

have identical infrared spectra .
3’4 Oligomers with tetra— and pentameric forms

have also been isolated)’
0 

The dipheny ltin materials exhibit singlet Mdssbauer 

~~~~~~~~~~~~~~ .~~ ~~~~~~~~~~~~~~~~~~ _ _ _ _ _..

~~~~~

--

~ 

j



spectra typical of [Ar 2Sn(lV)]~ species with I.S. variously reported in the range

1.30—1.55 mm/s ,
2 

and are readily reacted with oxygen , sulfur and halogens to 
-

11
give Ar2Snl. (F~= 0, S. X2, respectively), and undergo insertion into the

S—S bond in dlbenzyldisulfide.
8 

Evidence that some forms of “diphenyltin ”

contain branched phenyltin chains comes from the treatment with Iodine in

benzene which yields appreciable quantities of triphenyltin and phenyltin iod ides

in addition to the expected diphenyltin diiodide)’
2 

This hypothesis is supported

by the related equilibria with triorganotin lithium and the organolithium

13,14reagents. The yellow color of the diphenyltin’ modifications has been

attributed to branching of the tin chains)’3 Other known hexameric diphenyitin

derivatives include the para—tolyl— , para—ethoxyphenyl— , para—bipheny l— , and

2—naphthyl . The properties of the l—naphthy l species are anomalous ,’2 and the 9—

phenanthryl derivative , prepared by a Grignard route , is a yelIow—orang~’ solid

whose molecular weight in ethylene bromide ranges from l.~ —2.7 units , depending

upon the age of the sample.
15 

Russian workers claim that the comnound is monomeric

in benzene ,
16 

but the Isomer Shift of their singlet M~ssbauer spectrum (I-S. = 1.8 min/s)

is indicative of an oligomeric structure. 2’3

The ary lation of tin(II) chloride by the pentafluorophenyl Crignard reagent:

Et2~
) 12C6F5MgBr + SnC1 2 ~~~~~C6F5)2S~~

+ 2MgBrCl (6)

gives a ye l low solid which quickly polymerizes on dr” inQ in vacuo to a

dark brown paste. Mdssbauer analysis of this paste (I.S. = 1.69; Q. S .  = 1.39 minIs)

confirms that this product is a tin(IV) oligomer . It is possible that the

initial precipitate is an etherate, which polymerizes when the ether is removed .
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The attempted synthesis of the same compound by the decarbonylation of

bis(pcntafluoropheny lbenzoate)tin(II) failed)’7

18
Likewise, the action of 2—( (dimethylamino)me ...hyl]pheny lllthium produces

a heavy brown precip itate:

CH
2

N(C 11
3)., 

CH
2
N(CH

3
)
2

2 ~~~~~~~Li + SncI2 4 [ (~~~~~~~)2Sn] + 2LiC1 (7)

whose Mössbauer spectrum contains a very broad singlet absorption in the

19tin(IV) region, results in accord with recent findings.

Stabilization of reactive metal complexes by the ortho—effect is well—

known , 2° but ou r monomeric di pheny l t i n  de r iva t ive  undergoes methanol ysis in an

exothermic reaction :

~ 11111~ 
+ MeOM Bz 

3

Sn~~OMe + 
(8)

This reaction contrasts with the inert nature of the dipheny ltin oligomer which

is recrystallized from a methanol/benzene solvent system.6 The doublet M~issbauer spectru~:

of the produc t (mp 216—8°) (I.S. —2.88; Q.S. —2.31 mm/ s) confirms the presence of

2 3 21—23tin as tin(II), ‘ and is very similar to that of dimethoxytin(II). The

infrared spectrum shows absorptions arising from v (C—O) at 1020 cm ’ and v(Sn—O) modes

at 740 cm
1
; the latter occuring in the spectra of tin(II) di— n—butoxfde and

diorgano tin oxides ,25 
and is characteristic of a three—coordinated , associated

structure with bridging methoxide and terminal aryl groups:

E~~~~n n ~~~

Ar Ar



However , an alternative ladder structure such as that found in

h5—cyc lope n t ad iuny l t i n ( I I )  chl or ide 26 can not be ruled o u t .

Both ary l groups are cleaved by the more acidic j~,a r a— t o l u e u c t hi o l :

CF3 CF3

[Ø-~~’s n + Me-~~~~~~ —SH 
~ 

Eie_
~~~~~~~

_s} sn + 2

The doublet  ~Rissb auer spect rum of the b is(~~ r a— t o lu en et h i o 1at o ) tj n ( I I )  p roduct  (mp = l43— 5~~

(I.S. = 3.48;  Q .S.  = 1.79 mm/ s)  resembles that of tin(II) dithiop henoxide (l.S.

3.51; Q.S. = 1.60 mm/s).
27

28
The product of ary llithiation of 2,4,6— trimethoxybenzcne also alkylates

tin(II) chloride:

OMe OMe

2 MeO__Ø_.Li + SnC 12
__

~~ 1eO _.Ø__~~
.._ Sn + L1C1 (10)

but on attempted recrystallization the white precip itate from hexane turned into

a dark colored paste whose broad singlet Mössbauer spectrum was in the tin (IV)

region . However , the crude produc t reacts exotherinicallv with methanol to give

a white solid (mp = 241—3°):

(CH 3O.~~~~~~)2Sn + CH3OH 
.4CH

30..Ø_Sn-OC
H
3 

+ CH3O.Ø

0C11
3 

0CM3 
0CM

3

. 
—- - — —.-.— ..————.—- ,— .— - .‘,— —~ ~~~ .-- -~—~ -.~~ —-.‘— .— - , ._ —
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whose doublet Mössbauer and infrared spectra are very similar to that of the

2,6—bis (trifluorometh yl)pl:enyltln (II) methoxide . An attempt to prepare the

chloride der iva t ive by an exchange reaction of 2,4,6—

trimethoxyp heny ltrimetliy ltin(IV)
29 

with tin(II) chloride gives the expected

t r imethy i t i n  ch lo r ide :

OMe OMe

MeO~~~~~~~~~~ SnMe 3 + snCl 2 THF 

~
1eO*_ SnC1 + Me 3SnC1 (12)

but the brown waxy precip itate indicated tha t the product had oligomerized .

19Similar attempts by other  workers also fa i led .

The s tab i l i ty of the a—bonded , pheny ltin(II) compounds repor ted here derives

from the 2 ,6—substituents blocking the tin atom from both nucleophilic attack

at i ts vacant 5p—orbi t a l  and the use of i ts lone pair of electrons to a t tack

a n eighbo ring molecule .  Bis[2 ,6—bi s( t r i f luo r ome th y l )p heny l ] t i n (I I)  behaves

as a divalent tin compound both in the solid state and in solution . On the

other hand , bis(2,4,6—trimethoxyp henyl)tin, and perhaps bis(perfluorophenyl)tin,

readily give.a dlva lent methoxide derivative in so lu tion , but  exhibit  a

Mössbauer spectrum characteristic of a tin(IV) compound in the solid state. A

parallel may be drawn with bis (9—phenanthryl)tin which is a monomer in bcnzene)’5

but apparently a tin(IV) polymer in the solid from Ntissbauer evidence.’6 It is

interesting to note that his (pentafluoropheny l)— and bis(2,4,6—trimethoxvp hcnvl)tin,

which have functional groups of roughly equivalent steric requirements but place

opposite partial charges on the C—l carbon atom , both form oligoineric structures .



T a f t ’s s~ ~r i ’  s ub s t it u e n t  cons tan ts  a re in the order ~CF 3 ’~> — F> —0CU 3, w h i c h  is

the  same’ as the observed stability of the divalent species found In this stud y.
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Mässbauer Spectrum of Bis[2 ,6-bis(trifluoromethyl )phenyl]tin(II) 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
-.- ~~~~~~~~~~~~~



____________________ - .

T . I I I IC ’  I

119mSn Möss bauer Paran~eters for SubstitutedDiaryltin Comp ou nds a

— 

Compound 
. 

1 5 b Q c C r1
1’

E(c6H5)2sn]5 
d 

1.56 0 2.05

[(C6F5)2Sn]~ 1.69 1.39 0.85 1.57

E(Meo_Ø~~
.sf] 1.60 0 2.80

( Ø. sn 
3.37 1.93 1.49 1.09

288 2.31 1.31 1.08

Sn-OMe 
2.76 2.41 1.39 1.09

( Me ....O.... S
~~

sfl 3.43 1.79 1.45 1.38

a. Recorded at 77°K vs. a Ca 
l l9m

~~0 (New England Nuclear Corp.) at ambien t

I, 
- temperature by pub l ished  t e c h ni ques.

30 
b.  ± 0.06 . e .  0 .12

d. Ref. 2
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