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INTERXCTION OF TETRACYANOETHYLENE WITH SOME ORGANO-TIN 
AND -MERCURY COMPOUNDS = 

0 A REUTOV, V I ROZENBERG, G V GAVRILOVA and V A NIKANOROV 

Itstltute of Organ0 Etenzerzt Con~po~~t~ds of the Academy of Sclenccs of the USSR, I I78’813. 
GSP-I, dIoscow B-234, Vavrlova 28 (US S R ) 

(Recewed March 14th. 19i9) 

Summ‘uy 

The reactlons of tetracyanoethylene (TCNE) with olgano-tm and -mercury 
compounds contammg carbon-metal, metal-sulphur and metal-metal bonds 
have been studled With completely substituted benzyl organometalhcs in 
CH7_C12 the reactlon proceeds via quantltatlve msertlon of TCNE mto the 
metal-benzyl bond to yield metallated clerlvatlves of 1,1,2,24etracyanopropyl- 
benzene PhCH,--C(CN),C(CN),M (M = SnMe3, HgCH?Ph), whose structure was 
estabhshed by elemental analysis, IR and PMR spectra, and by a study of 
their chemical propertles The rate of the msertlon reactions was found to 
depend both on the nature af the metal atom (Sn > Hg) and on the type of the 
substltuent m the benzene rmg of dlbenzylmercury (p-CF&< H < p-CHS) The 
data obtamed are dlscussed In terms of the general problem of a dual (6 or r-r-) 
legloselectlvlty of the reactlons qf -li--acids with amblofunctlonal organometalhc 
donors The reactlons of TNCE with tm mercaptldes e&her yield stable com- 
plexes, (PhS)$n, or (as 1s the case with PhSSnMe,) proceed via quantltatwe 
msertlon into the S-Sn bond to g-we PhSC(CN)zC(CN),SnMe3 whose structure 
was estabhshed by elemental analysis, IR and PMR spectra, and by examma- 
tlon of its chemical properties The products of TCNE msertlon mto the 
carbon-metal bond exhibit a dual reactlvlty m acid and thermal cleavage 
reactions, which can be attributed to the presence m then- structure of two 
competmg o,rf- and o,a-conJugated chams of the C-metal bonds with nelgh- 
bourmg Q- and /3-mtrtie groups The reaction of TCNE with hexamethyldlstan- 
nane m CH2C12 produces a colourless l/2 adduct ldentlfled by elemental analy- 
sis, IR and PMR spectroscopy, and the results of acid cleavage, as dlmetallated 
tetracyanoethane complexes with a second TCNE molecule (Me,SnC(CN),C- 
(CN),SnMe, - TCNE). This latter compound erihlblts extremely high susceptl- 
blllty to homolysls resulting m the formation of the unmotrlcyanoallyl radical 

* Dedscated to Professor H Normant on the occasion of his 72nd btihday on June 25th 1979 
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>le,SnNCC(CN)C(CN), This suqgcsts a ne\\ tm o-&lqs mechanism for the 

formatlon of a lacl~cal spices m the reaction of Me~,Sn, \llth TCNE The mecha- 
nism mvolves the insertion of a x-xicl into the tin-tin bond as the fn-st staee 
nith the subsequent homoly5is or atmosphtlic oxidation of the unstable 

adduc t 

Intlocluctlon 

The present paper summarizes the results of our studies of the reactions of 
tetracyanoethylene (TCKE) with organo-melcur and -tin compounds, n-ntiatecl 

m 1973-1974 [l-3] It was then already knon II that some organometalhc 
compounds of non-transltion metals could react with electron-acceptor olefins 
via 1,2 or 1,4 msertlon mto a-bonds [-l-9] As for TCKE, the study in this 
series was hmlted only to the observation of coloured charge transfer compiexes 

[9--131 Very httle data on the further chemical transformations of the 
complexes was available 

Our studxes touched on a number of mterrelatecl problems such as the 
regloselectlvlty of the reactions of TCNE with amblofunctlonal organometalhc 
donors, the reactivity of polycyano-substituted olganometals, and the mecha- 
nisms of formation of radical species m the reactions of organometals with 
x-acids. While the studies were being made a number of mdependent reports 
m this field appeared [14--181 The results of these studies togethel with our 
own data suggest that the reactions of TCNE with organometals are of substan- 
tial Interest both as syntheses and for their reaction mechanism The capacity 
of TCNE to act as a universal electrophlhc agent m the reactions of non-transl- 
tlon organometals seems to be nearly as good as m another series of transltlon 

metal complexes which have been studied m more detail elsewhere [ 19,201 

Discussion 

The reacfron of TCNE rurth completely srrbstrtrcted benzyl organometals 
It is known that TCNE IS capable of reactmg with a great variety of aromatx 

hydrocarbons to give coIoured charge transfer compleses- If the benzene rmg, 
however, is activated with electron-donor substltuents (such as the NR2 group 

[Zl]) the reaction is not confined to a complexatlon but 1s followed by the 
insertion of Tl5 ZE into the aromatic nucleus (eq. 1) 

NC-C=C-CN 

I 

N CN 

In the present work we were Interested to discover what would be the result 
of this reaction if we were to use a metal-carbon o-bond Instead of n-donor 
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a-ovps as the activatmg substituent m the rmg (accordmg to the UV spectral 
data f 11-131 the groups CH?--M (hl = Sn, Hg) and NR:, are comparable m 
then electron-clonatmg ability) 

For this purpose we studied the reaction of TCNE with completely substr- 
tuted benzyl derivatives of tm and mercury It was already known that benzyl 
organometals were capable of reacting with TCNE m CH2CIZ to g-we coloured 
solutions of charge transfer compleses [ll--131, but the products of subse- 
quent chemical transformations of these complexes had not to our knowledge 
ever been investigated 

At ambient temperature the violet colour of the charge transfer complex of 
PhCH,SnMe, with TCNE m CH2Clz proved to change rapidly to a stable red 
colour due to the formation of reaction products MesSnCN was isolated from 
the mixture m quantitative yield, together with a red 011 (probably 1,1,2tri- 
cyanoallylbenzene or its derivatives) We assumed, however, that these sub- 
stances were not primary reaction products but were formed as a result of 
decomposition of an unstable intermediate whrch appeared durmg the chemical 
transformation of the charge transfer complex Indeed, on coolmg to - -20°C 
a well pronounced Interval of colour change was observed which enabled the 
expected colourless mtermediate to be isolated m high yield by treatmg the 
reaction mixture with hesane at the point of greatest decolouratlon. The mter- 
mediate corresponded to trlmethyl(3-phenyr-l,1,2,2-tetracyanopropyl)stannane 
\\mch IS a l/l adduct of the startmg components and was identified by elemental 
analysis, PMR and IR spectroscopy (Table l), and acid cleavage results (see pp 
XX-XX (Scheme 1) 

SCHEME 1 

20” c - Me,SnCN + 
CH,CI, 

compl 

CN CN 

CH -! ’ 
2 I TSnMe3 

CN CN 

The reaction of TCNE with dibenzylmercury proceeds m a similar manner, 
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Ccm,pound V(Ch) (cm ‘) 11 (ppm) 
-__ 

LLL=J 2145 b 0 10 (CIIj I(II--Sn) 6b HI) 3 30 (CI12) 
7 3-t (Cc,H5) 

PhClI+;C h)$?_(C\)zIl I\ ’ ‘91X d 3 +>I (C+) 5 if, (CH) -i -to (C611<) 

PhSC(Ch)ZC(C~)_Sn~Ic~ \ III ‘ LZ?i .?I60 b (J b&? (CfI3 J(II--Sn) 60 ffl) i 55 (c6EIS) 

(hL3Sn), L C(CK),C(CN), I\ r LLIS 2156 0 i0 (CfI3 I(II--Sn) 6-t HI) 

- -__ _ 

a PVR spcrtrum in CtIzClr b in prmclplr ktcnolmtnatt forms of compounds I and VIII (PhC.II,C- 

(CN)ZC(C”I)=C=~~-S~~I~~ and PhSC(CN)_rC(C\)=C=h-Sn\Iq rcsptctl~el~) should also bc consltlcred 
btcausr of thL presence ot bands at Ll 19 cm-1 ‘n-l 2160 cm-l (cf rcfs 6 16 19 16) ho\\e\er thtrmal 

clcsrage results for compound I (Schrme 1 and p 108) and acid CkdbdgL KSUltS for thr compound (VIII) 
(Scheme 5 -tnd 3 llO-_sbo\r abctteragreerrcnt with the S:luCtureS of C-mti;Aztcd Isorncrs c PAIR spec- 

trum m XIeCN CH-\lbratmn regmn e PiIR spectrum m CII$X~ r-40°C) P\IR spectrum tn die\ tnc 

though much more slowly. The PMR spectrum of the dark blue solution of the 
charge transfer complex of (PhCH&Hg with TCNE m CH&I, at 30°C displays 
after a few minutes a decrease m the Integral mtenslty of the resonance absorp- 
tion signals of (PhCH&Hg, followed by the appearance of two pairs of new 
signals from non-equivalent benzyl groups One of the latter remains bonded 
to the mercury atom, as evidenced by the change m J( ‘H-‘ggHg), while the 
other shows an appreciable shift downfield The reactlon IS complete rn 40 
mm and shows no side reactions 

SCHEME 2 

20°C,24h 

CHzCIZ 

compl 

cn2HgcN 

CN CN 

I I 

I I 
CH,-C- 

I r HgCH2Ph 
CN CN 
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The product of this reaction mas Isolated m high yield as a pale yellow sub- 
stance which was shown by elemental analysis, PMR and IR spectroscopy (Table 
1) and acrd cleavage results (see pp 1017-108) to be an eqmmolecular adduct of 
TCNE and the organometal benzyl( 3-phenyl-1,1,2,2-tetractanopropyl)mercury 
(11) 

Both the compounds isolated (I and II) proved to be stable m the sohd state 
and m an mert atmosphere only On bemg dissolved m organic solvents they 
decompose as shown m Schemes 1 and 2, to yield Me$nCN and PhCH2HgCN, 
1 e the same compounds that were found after prolonged stormg of the corre- 
spondmg reactron mlstures at room temperature Thus, each of the reactions 
under consrderatron represent a two-stage process to start with TCNE IS 
mserted into the metal-carbon bond and then fast decomposrtlon of the pnmary 
adduct occurs The last reactron, rf carrred out without lsolatron of the mter- 
mediate II, can be used as a convenient quantitative method for synthesizmg 
PhCHzHgCN (ref 22) 

The data obtamed testify that m the reactions with completely substituted 
organo-mercury and -tm benzyl compounds the attack of TCNE occurs not on 
the benzene rmg but exclusively at the metal-carbon bond, m gust the same 
manner as the reaction of TCNE with alkylmetals [15-l’i] Thus, the benzyl 
organometals doffer from PhNMe, [Zl] prmclpally because theu- exocychc 
group IS not a rmg-activatmg substituent, but rather 1s a reaction site itself 

Nevertheless, the evrdence we obtained does not rule out the posslbrhty of 
attack on the benzene rmg when using other arylmethyl systems and other 
n-acids or when the condrtrons of the process are vaned For mstance m reaction 
with allyltrunethylsllane, as shown by Hartman and Traylor [14], TCNE attacks 
not the C-S1 bond but the double bond adjacent to the metal to grve the s~lyl- 
carbmyl derlvatrve of cyclobutane (III) The observed difference can, however, 
be reconciled rf the results of the other work [ 141 and our own data are con- 
sidered as the dual ((J- or 7~) regroselectivlty which occurs m the reactions of 
n-acids with ambiofunctlonal organometalhc donors (Scheme 3) For mstance, of 
TCNE is regarded as a “soft” Lewrs acid [23], m the case of tm or mercury benzyl 
derivatives it would prefer to attack a “softer” o-donor fragment, the metal- 
carbon bond (attack on the nng would be less preferable owing to the loss of 
aromaticity), whereas m the case of the ally1 derlvatrve of s&con the role of 
the “softer” electron donor fragment of the amblofunctronal system might be 
played by the C=C double bond Indrrect support for this conclusron 1s provrded 
by the fact that m the reaction of TCNE wrth ally1 denvatrves of germanium and 
tm no cyclobutane products are formed [14] (cf ref 6), and that m the reactron 
of TCNE with toluene whrch has the “hardest” o-donor side cham (the CH2--H 
bond), together wrth attack of this cham, traces of the products of tncyano- 
vmylatron of the benzene rmg &self are also observed [24] *.ztww conwd- 
ering the possrbrhty of 1,4-addrtron mvolvmg TCNE ((CN),C=y+N) [4-61, 

CN 

* In mterpretmg the data of this work [24] It should be taken Into account that the process 1s only 

observed on photozradlatlon (whxh may mvert thermal reaosdectnmty) and E also catalyzed 

by protlc atxds It therefore may proceed not ma TCNE msertlon mto the C-H bond but by a 

radxal-cham mechamsm mvolvmg the tetzacyanoethyl radxal HC(CN)zC(CN)2 _ 
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SCHEME 3 

and of a combined attack on the CJ- and x-bonds of an organometal (Scheme 
[%I, it becomes clear that a better insight mto the nature of rzgxoselectlvlty 

SCHEME 4 

CN CN 

,M I M, I 

c M 
CY 

-t 

?r’ 

TCNE 

4) 

4 
CN 

---‘I CN 

CN 

CN 
-M 

CN 

CN CN 

of such processes requires a special study of a variety of ambiofunctional 
systems in the reactions with va.r~ous rr-acids 

The reactlons of the type shown in Scheme 3 are also of interest because of 
their mechanism_ According to the orbital symmetry conservation prmciple 
1261, four-electron reactions of olefm msertion into both D- and n-bonds should 
proceed by a non-concerted route via iomc or ion-radical intermediates. For 
the reaction of allyltrimethyfs&me with TCNE some evidence has mdeed been 
obtained [14] in favour of the non-converted mechanism involvmg formatlon 
of the zwitterion intermediate stabilized by a-partxxpation of the adjacent 
metal-carbon bond_ However, in our six&es the reactions of benzyl deriva- 



tlves of tm and melcLLry with TCNE, were shown to proceed quantltatlvely 
and were not accompamed by the formatlon of mtermedlate radical species 
oxldatlon products ‘rherefore, the posslblhty of a concerted mechanism for 
them cannot be ruled out all the more since orbltal restrlctlon [26] in tbls 
case may be appreciably lowered due to the presence of heavy metals Still, 
certam evlclence of r-mvolvement of the aomatlc system m the reaction we 
studled IS undoubted!y shown by the dependence of their rates not only on 
the nature of the metal atom ((PhCH,SnMe3 reacts with TCNE about a hundred 
times as fast as (P~ICH~)~H~) but also on the type of the substltuent in the 
benzene rmg (electlon donors promote the reactlon while electron acceptors 
inhibit it) (eq 2) 

CY cl: 
i I 

,Ch-2--"~ChrC5r j-~-R 

TCr’E 
-L 

,c+-C-j-+C42C6n,- - a 

I (2) 
c+iz CN fP1 

(P = CF, no reoctlon , .-J t 
'ir 

13-ltr CP - , 3 r-l-l, 
12 

Such n-partlclpatlon may be realized at the stage of preliminary complexmg 
of TCNE with the benzene rmg of the organometal 

1 
IM 

L-g\ 

0 0 

TCNE 

/M 
CH2 

\ 

(9 
0 

TCNE 

-- 

AM 

- 
Compl 

and/or via electronic delocahzatlon of the charge appearing m the transition 
state or m a short-lived intermediate of the reactions 

The structure of the metallated tetracyanoalkanes I and II (the products of 
TCNE msertlon mto the metal-carbon bond of the benzyl organometal), was 
ascertamed by acid cleavage. Compounds such as I and II are denvatlves of the 
comparatively strong CH-acid T and hence, according to present day ideas should 
possess a lowered reactivity under the condltlons of bimolecular electrophtilc 
substrtutlon [28]. In spite of apparent steric hindrances and lowered electron 
density of the carbon atom bonded to the metal, compounds I and II proved 
to react with HCl m CH&12 almost instantaneously, even at room temperature, 
to ave the correspondmg organometalllc chlorides and 1,1,2,24etracyanopropyl- 
benzene (IV)_ The high reactivity of both compounds I and II and other poly- 

* The value of PK, for the cyanohydrocarbon IV as aetermmed by potentlometnc tltratlon of its 
sodmm salt m water, B 7 03 + 0 13 (the acxdlty of some related systems IS dxscussed elsewhere 
[271) 



cyano-substituted olganometals [ 14-171, seems to result from the acid cleavage 
reactlon proceedmg either via a contact ion pau- such as L’ or the electrophlhc 
fragmentation mechanism (F, [ 291) mvolvmZ tiansfer of the reactlon centre 

(!ZJ 

from the carbon atom to the nitrogen atom of the fi-nltille group (eq 3) 

c 1 CN %C’C ‘_, T 

I I I 
I- -, 

\ - 
r:i \ __ ‘\ 

A__C-_C-q __- ---I_- _s 

- (Z_ ‘P_-_ t-c , I 
m---c, -- L--L- --r ---- ;:-_c--_-_c, , 

I I cry2 
2 1 

-v: ‘--.z, 
/ 

cr, crd CT c I _ 

(Z 

CR = PV”, 4 = 5”lP3 (I) -i~‘k-2’b cc, ’ 

On the other hand, rt has been mentioned above that compounds I and II, as 
well as other polycyano-substituted organometals [ 191, undergo quantitative 
fragmentation even m low-polar solvents, resultmg m the cleavage of two 
a-bonds and the formation of organometalhc cyamdes (Schemes 1 and 2) Thus, 
m acid and thermal cleavage reactlons they exhibit a pecuhar dual reactivity 
which, in our opinion, may be atrlbuted to the presence of two competing 
chains of a,~- and o,o-ccnjugatron of the carbon-metal bond wrth the adJacent 
a- and fi-mtnle groups 

M M 

CN CN 

d, X-conJugat1 on d , d - ConJugation 

Interaction of TCNE wzth trlmethyltin phenylmercaptlde 
Arylmercaptides of heavy metals (Ph-S-M) comprlsmg several electron-donor 

fragments (the n-system of the benzene rmg, the metal-sulphur a-bond, and the 
n-electrons of the sulphur atom) can in a sense be consldered as heteroanalogues 
of benzyl organometals, In view of the findings reported m the previous 
section, it was of interest to estimate the regioselectwlty of TCNE m Its reac- 
tions tith ambiofunctional compounds of this type. 

The symmetrical tin phenylmercaptlde (PhS)$3n (VI) with TCNE in benzene 
forms a stable solution of a charge transfer complex, orange in colour, from 
which the starting components can be isolated in quantltatlve yield even after 
boiling for 72 h. The low reactivky seems to result from the weak electron-donor 
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pr-operties inherent n-r this compound, and, hence, from a low degree of charge 
transfer m the resulting complex 

HOU ever, wrth the non-symmetrrcal trrmethyltm phenylmercaptlde the 
charge transfer complexes whrch first appeared m the solutron enter very easily 
into further chemrcal reactions (Scheme 5) 

SCHEME 5 

SnMe3 

. TCNE 
+ Me,SnTCNE’ 

Zompl 

CN CN 

I I 
S-C-C-SnMe, 

I I 
CN CN 

mm) 

While carrymg out this reaction at temperatures above -30°C we found (m 
quantitative yield) drphenyl-drsulphrde and N-tnmethylstannylated rmmotn- 
cyanoallyl radical (VII), whrch was black-brown m colour and identical m its 
properties to the compound described earlier m the reaction of MesSnCl wrth 
Lr’TCNE- [30] As with the benzyl organometals (cf Schemes 1, 2 and 5), 
we assumed that these substances are not the primary reactron products but 
result from decomposrtron of an unstable product of TCNE msertron mto the 
tm-sulphur bond Indeed on coolmg to -55°C and treatmg the reaction mrxture 
wrth cooled hexane we isolated an extremely unstable dramagnetrc product (VIII), 
which was a cream-coloured substance with m.p 50°C (Scheme 5) 

The substance Isolated proved to be a l/l adduct of the starting components, 
as determined by elemental a.naIysrs To establish its chemical structure, IR and 
PMR spectroscopy was employed (Table 1) The raturz of the aromatrc proton 
spur-spm decouplmg together vvlth the relation between the mtegral mtensrtres 
of the resonance absorptron srgnals m the PMR spectrum of compound VIII 
suggest that the benzene nng and the tm-methyl bond remam unaffected 
dunng the reaction. Compared with the origmal Ph-S-SnMes, the PMR spec- 
trum of compound VIII exhibrts an mcrease by 0.2 ppm m the proton chemical 
shift of the methyl groups bonded to the tm atom, and a correspondmg mcrease 
by 14 Hz of the spm-spm decouplmg constant J(‘H-“‘Sn). These data, which 



pomt to an Increase m the &gee of tht tm atom ciesh~eldm~, suggest that clu~mt: 
the reaction with TCKE cleavage of the Sn-5 bond and folmatlon of a new 
bond between the tm atom and the elect1 onec,ltlve tetlacyanoalkyl su bstltuent 
occur r_ Thus all the data obtamed suggest that compovnci VIII IS S-thiophenyl- 
1,1,2,2-tetracyanoetl~~~ltrimet~i~~Ista~i~i~~ie 

Compound VIII IS extremely unstable and can 0nIy be stored m sohd state 
under mert atmosphere In solutions of olg,m~c solvents lt decomposes homo- 
lytically at temperatures as low as --30°C to 3 ielcl amounts of quantitative 
ThSSPh and the stable radical VII It can therefore be supposed that at tem- 
peratures above -30°C the mteractlon of TCNE with PhSSnMe3 represents a 
two-stage process To st‘u-t M lth TCNE IS Inserted quantltatweIy mto the tm- 
sulphur bond anti then a rapId decomposltlon of the unstable intermediate 
adduct VIII occurs 

Evidence m favour of the structure suggested for compound VIII 1s also 
provided by Its cleavage with HCI which results m the formation of lUe,SnCl, 
dlphenyldlsulphlde, and tetracyanoethane .n quantrtatlve yield (eq 4) 

The direction of this reaction differs from that for the acid cleavage of 
compounds I and II (cf ref 6) under the same condltlons, and this may be due 
to the presence of o,a-conjugation of the C-Sn bond with the C-S-bond of 
compound VIII The analogous of compound VIII, &stannylatecl organosulphldes 
of the type RS-CH2-CH2-SnRX’, are known to be capable of reactmg with 
electrophlllc reagents by attacli on the sulphur atom to gve olefms [32 J It IS 
likely that m the case we have studied acid cleavage of compound VIII proceeds 
in a similar fashion and yields thlophenol and TCNE, which m turn are capable 
of reacting with one another [ 331 to give the final reaction products, tetracyano- 
ethane and dlphenyldisulphide. 

Interactron of TCATE zorth hexarnethyldrstannane 
Studies on the nature of the donor-acceptor reaction of organometak wrth 

TCNE, the latter being considered as an one-electron oxidant of the C-metal 
bond, [15-171 have recently aroused much mterest- m reactlons wAh organo- 
metals containing a metal-metal bond, TCNE IS assigned the same role [ 341 
Such a vlewpoint LS based pnmanly on the presence of paramagnetic species 
among the reaction products Thus, It had been reported recently [M] that the 
reaction of equimolecular quantities of hexamethyldr&mnane and TCNE in 
tetrahydrofuran leads to formation of a black paramagnetlc substance (VII) 
with m-p. 180°C which, accordmg to the hterature [18,30,35] is the trnmethyl- 

* Srmllar changes <by 0 2 ppm and 16 Hz respectively) have been observed when proceeding from 
MeqSoto Me3SnCF3 and Me3SnCF2CFZR C311 
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stannyl clellvatI\e of the TCNE anion-racllcal (eq 5) 

NC CN 
hIe$n--SnBIe, + 2 ‘CZC’ 

NC’ ‘CN 
z 2 hle$nTCNE (5) 

For tl,e reaction of TCNE with PhSSnMe~ which was discussed m the preced- 
mg section of this paper we have, however, found that the metallated radical VII 
can be formed, not through one-electron oxldatlon of the mltlal organometalhc 
compound, but by homolytlcal clecomposltion of the unstable mtermedlate VIII, 
a product of TCNE msertlon mto the tm--sulphm bond (Scheme 5) This gves 
grounds for us to suppose that a slmllar sequence of chemical transformations 
mvolvmg the mtermecllate formatlon of an unstable product from TCNE mser- 
tlon mto the tm-tm bond, can take place m the case of the reactlon of hexa- 
methyldlstannane with TCNE as well (Scheme 6) 

SCHEME 6 

THF 

/- -_ 

I 

2 hIe3SnTChE 

(VW 

! 

(blach paramagnetx m p 180°C) 

R%esSn-Sn?Ie3 I 1 

i TCNET 
i 

NC, /CN I THF 1 

,C = c \ I 
hC CN 

I 

: hIegSn--C(CN)~C<CN)p--Sn~Ieg TCNE 

CH+& (IX) 
(colourless dmmagnetw m p 56’C) 

In the present work the expected organotm compound IX was isolated m 
30% yield by carrying out this reaction m low-polar CHzClz where the com- 
pound proved to be practically insoluble The Isolated compound IX was a 
colourless crystalline substance with m p 56°C ldentlcal m its elemental 
composition to the metallated radical VII described elsewhere [IS] but differ- 
mg from the latter m its m p and also by the absence of colour and paramagnetlc 
properties. 

The PMR spectrum of adduct IX (Table 1) shows only one signal of methyl 
groups bonded to the tin atom. This mdlcates that these groups are equivalent 
and that the tm-methyl bond remams unaffected during the course of the 
reaction The shift of this signal by 0 5 ppm downfield, the increase m the 
spm-spm decouplmg constant J(IH--“‘Sn) from 47 to 64 Hz as well as the 
disappearance of the spin-spin decouplmg J( ‘H-l’ 7Sn-11 7Sn) present m the 
mitial hexamethyldistannane, all suggest that the formation compound IX 
mvolves cleavage of the Sn-Sn bond and the insetion of a TCNE molecule. 
The second equivalent of TCNE present in compound IX as mdlcated by ele- 
mental analysis, seems to be m a complexed form. That the second equivalent 
should be Involved m the formation of compound IX 1s also confirmed by the 
fact that a two-fold excess of TCNE m the reaction with hexamethyldlstannane 
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brmgs about an Increase m its yield from 30 to 70% 
The IR spectrum of compound IX (Table 1) displays an absorption band 

at 555 cm-’ due to the carbon-tm bond There are also two bands at 2156 and 
2215 cm-’ m the rutrrle group absorption region, the first of \bhlch can be 
attributed to the ketenelmine frament (-N=C=C) However, the almost com- 
plete absence of colour and the presence of only one kmcl of methyl group 
at the tm atom, as evidenced by PMR spectral data (Table l), allow us to 
consider that compound IX IS a C- rather than an N-metallated derlvatlve- 

Further evidence to support the suggested structure of compound IX was 
obtamed from the results of acid cleavage, wmch lmmedlately produces tn- 
methylchlorostannane and tetracyanoethane (eq 6) 

2 Me$nCl + 2 H-C(CN),C(CN),-H (6) 

(IX) 

Compound IX, which IS fairly stable m the solid state if kept in vacua at 
lowered temperatures, proved to readily undergo homolysls and atmospheric 
oxldatlon Thus, on standmg m au- for a few mmutes or m a solution of 
CH,C& under argon for a day, compound IX lsomerized quantltatlvely to sve 
a biack paramagnetlc substance ldentlcal m its physlcal properties to compound 
VII obtained earlier [IS]. Consequently, the formatlon of compound IX as a 
precursor of compound VII cannot either be ruled out when the reaction IS 
carried out in tetrahydrofuran To verify this assumption we treated compound 
IX with tetrahydrofuran and found It to be transformed lmmedlately mto a 
black resl&de of the paramagnetic substance VII (Scheme 6) 

All the data obtained suggest that the reaction of hexamethyldlstannane with 
TCNE proceeds as a stage-by-stage process mvolvmg the intermediate formation 
of an unstable diamagnetic adduct of the l/2 composltlon IX. Depenamg on 
the solvent used, this adduct may be Isolated or be SubJect to further transfor- 
mations to the metallated radical VII. 

Experimental 

PMR spectra were taken with Var~an T-60 and XL-100 spectrometers. IR 
spectra (vaseline oil) were obtamed using a UR-20 spectrometer The reactions 
of TCNE with organometallic compounds, and the lsolatlon and punflcatlon 
of products were all carried out under argon atmosphere TCNE (Chemapol) 
was purified according to hterature methods [ 371 by sublimation m vacua 
through a layer of activated charcoal_ 

Reactron of PhCH2SnMe3 with TCNE 
PhCH&Me3 (0_255 g) was added to a magnetically stured suspension of 

0.128 g of TCNE in 20 ml of CH&12 The nut~al violet colour of the mixture 
faded in 25 min and then changed to a stable red. The reaction product was 
isolated by treating the reaction mixture mth cooled hexane at the moment of 
greatest decolouration and reprecipitated from tetrahydrofuran with hexane 
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bemg purlfled by repleclpltatmg w ltil ether from tetrahydrofuran and dried 
m vacua the substance drcl not melt _A 90% yield was obtamed (0 1 g) (Found 
C, 3’7 39, H, 3 25 C7H,N,Sn cakd C, 37 04, H, 3 10% ) IR spectrum v(CN) 
2225 cm-’ 

-4crcl deaLage of IX X suspension of 0 291 g of IX m 6 ml of CH2C12 was 
treated with 4 ml of CH2CI, saturated with HCI (2 5 mol/l) The mixture turned 
pmk, and a white residue was preclpltated By using quantltatwe GLC, bIe,SnCl 
(96%) was ldentlfrecl m the reactlon mature The volatile components of the 
mature were evaporated m vacua, the residue was subhmed at 105” (1 mmHg) 
and replecqxtated wth hesane flom ethyl acetate to yield 0 031 g (90%) of 
tetracyanoethane, m p 16s” (ht [39] m p 168”) 
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