
Hexacyanoethane reacted readily with a number 
of active-hydrogen coni j)oiinds io give hydroqeii 
cyanide and tars. 

Experimental 

Sodium pent~ic?.ariiie!liaiii~Iei (21 g. ,  0.1s 111o1cj \ Y  

in a dry flask with 40 r n l .  of c>.aiiogcn cliloride. .I 
alurninuni chloride (0 .2 g . )  \va$ added, and t ! ic  1n:s;ure 
was refluxed (wet-ice coiidenserj for Iialf a n  liiiur. C>.anii- 
gen chloride was then tlistiiled off at  atmosplicric pressure, 

crushed under benzene, and \v;islied n i th  herizctic u i i t i l  t!ic 
n d i i n g s  were no longer >-cllo\\-, i~i(1ic:itiiig ciiir~!ilet~ re- 
moval of tetracyaiiiietli~ler~e. '!YIC> irisoliii)!e \ 

that  remained i vns  pure 1 ie~ac~: t i i i~e : l i~ i i . i~ ;  i ~ c i  
(li7,). Heuacyaiioetliane suliliines ahove 150' miti in  :L 
sealed capillary dec,imposes in the 
infrared spectrum has bands a t  4,40, 
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Tetracyanoethylene (TCNE)  reacts readily with n ieLy of reazents inc la l i~ ig  m-tals, iodiles aril alip'iakic amines to  
give tetracyanoethylene anion-radical ( T C S E  j dcri i v s .  Sar?risiiigly, TCNE also undergoes reacti ) I I  w i th  cyanide 
ion to give T C S E  _. Evidence that this reactim proceed:; thraugh the isolable peiitac).aiioet:ianide ha> been obtained 
through tracer studies. 

Tetracyanoethylene (TCKE) is a strong T-acid, 
as evidenced by the large equilibrium values for its 
complex formation with organic T-bases In these 
charge-transfer complexes there is only 1)arti:i.l 
electron transfer, as shown by their diamagnetic 
character. In addition to forming compleucs of 
this type, T C K E  also reacts with A vir:+- of rea- 
gents to form tetracyanoethylene anion-rdicd 
(TCh'E-) derivatives, as established froiii elec- 
tron paramagnetic resonance studies For ex- 
ample, TCKE reacts with potassium,' $odium,? 
a l u r n i n ~ m , ~  magnesiumd and copper3 a t  room tem- 
perature to give the corresponding metal salts of 
TCNE-. 

The details of our earlier work are reported now 
together with a study of an unusual reaction of 
cyanide ion with T C N E  to yield TCKE-. The 
latter reaction was studied in some detail, since i t  
presented a potential source of the cyano rxlical, 
which has been previously detected as  a reactive 
species of some high-energy processes.i Nore re- 
cently, the question of the existence of the cyano 
radical under other conditions h:ts been r2,ised in 

(1) R. E. Llerrifield and \V. I ) .  l'lii!lips, J .  :Ii?i. C 
(1938). 

I 2 )  T h e  existence uf meia: tetr:icyanc~eth> lrnidcs  was 
nized by Pr\,f. i; I. U'eiisman. \Va~.liin;.t,.~i 
see \V. I ) .  Phillips. J .  C l << ,ne i l  iinrl >, I 
33, ti26 (1060) 

1 4 7 0  (1960). 
0 \V LVeiistcr, n' l l ah l e r  and  R.  l i .  

(4 )  See, for example, J IT. TVhilr. .l. ( hci~? /'I?\,,.. 8, 7!l : l fJ4Ll j ;  
8, 4.75! c1nroj. 

reactions involving mercuric cyanide. For example, 
reaction of mercuric cyanide with disilicon hexa- 
chloride gave cyanotrichlorosilane, and a mech- 
anism involving the addition of the cyano radical to 
the Si-Si bond was sug.gested.3 In addition, reac- 
tion of mercuric cyanide with hexaphenylethane 
yielded cranotriphenyllr~ethane, but in this case i t  
is stated that  i t  is not certain whether the reaction 
involved the cyano radical or the cyanide ion.F 

Reaction of Cyanide Ion with TCNE.--Although 
sodium c:;anide is essentially insoluble in aceto- 
nitrile,: rc-action with T C S E  in acetonitrile solution 
occurs rapidly and exothermally a t  room tempera- 
turc to give S a i T C N E -  in iO--S{!?{ yicld. Efforts 
t o  demonstrate the presence of cyanogen (deri\-ed 
fro:?: dimerization of the potentially formed .CS) 
were unsuccessfiil, and rio appreciable quantity of 
h>-drogeri cy-exide (potentially formed by abstrac- 
tion of proton from the solvent by .CN) could be 
detectcc! whet! the reaction was conducted in the 
presciice of ether. In  addition, no polymerization 
occurred when T C X E  was allowed to regct with 
SnCN in the presence of either styrene or methyl 
zcrylate, and efforts to isolate cyanosubstituted 
derivatives of these vinyl monomers were unsuc- 
cessful. On this basis it was concluded that  ,Chr 
~.-ns ::ot formed as a direct product of t!ic reaction. 

.A K.iczin:rrcz>-l a n d  G I-rrl-, .i ,4117.  ( ' I W J I I  5c'r , 81, ,1112 

C'. IY :ic!iimelpfenig, J .  0 1 ' 4  ( h ~ l r i  , 2 6 ,  I l i ( ~  I I ' l I i l )  

I\'? ei.tim:Ltc the  i,iluliility ,,[ . \<ICS In . ic r t . )n i t r i ! r  t,, I;c less 

( I  

th.lil (! 01' ; 



T o  establish that  the course of the reaction was 
not affected by the presence of insoluble cyanide, 
the reaction was studied in a homogeneous system. 
Tetraethylammonium cyanide8 was synthesized for 
this purpose and found to be readily soluble in 
acetonitrile. TCNE- was obtained in 85-95yo 
yield from this cyanide and TCKE, regardless of 
the order of addition of the reagents. 

However, the yield of TCXE- was found to be 
markedly dependent upon the concentration of 
TCNE.  n'hen an excess of T C N E  was used with 
sodium cyanide, the yield of TCNE- fell, and a new 
compound having the composition XaCN.TCNE 
was isolated by diluting the acetonitrile solution 
with ether. nTth lYc excess TCNE,  the yield of 
TCXE? was only 107c, and the yield of NaCX. 
T C N E  adduct was 33Yo, The adduct was obtained 
in 49% yield when a 10% excess of T C N E  was 
used. This adduct was characterized as sodium 
penta~yanoethati ide~ (XaPCE) on the basis of its 
infrared spectrum, which showed strong absorption 
a t  4.31 and 4.63 attributable to a substituted 
malononitrile anion and the absence of absorption 
in the 5-6 p region attributable to C=C or C=N. 
In confirmation of the proposed structure, chlorina- 
tion yielded chloropentacyanoethane, a white solid, 
m.p. 174-175' dec. 

NaPCE was obtained as a slightly off-white solid 
that has moderate stability a t  room temperature. 
On heating to  14Uo, i t  is converted to TCNE- in 
high yield together with cyanogen. Dissolution of 
NaPCE in acetonitrile a t  room temperature re- 
sults in immediate formation of TCNE-. The 
rate of this conversion is markedly lowered by the 
addition of 1 mole per cent. of T C S E ,  and this in- 
hibitory effect is removed by the addition of CN-. 

These results suggest tha t  KaPCE is converted 
to TCNE- by CK-  and that  the concentration of 
CN-  is appreciably lowered by the presence of 
TCNE.  These observations are in accord with a 
reversible reaction involving the formation of 
KaPCE from T C K E  and sodium cyanide as was 
established by studies with radioactive cyanide. 

The reaction was conducted with IT-tagged 
KCX and a ,'3.L'c:) excess of T C N E  a t  -30" to give 
KPCE* which was isolated and converted to 
TCNE-* by heating a t  1.4Oo. The latter was 
oxidized with 7,+7,8,S-tetracyanoquinodimethan 
(TCN$))'O to give TCNE* and RiTCNQ-.  
T C N E  was isolated by sublimation. Counting 
studies established that the molar activity of the 
isolat.ed TCT\;E* was i i .37,  of the initial activity 
of the WX- .  In  a separate experiment it was 
established that no exchange occurred between 
' T N -  and TCXE- under the reaction conditions. 
Complete equilibration of I T S -  with T C N E  to 
give KPCE* would require 7S.2Y0l1 of the activity 

( 8 )  Ionic ct-anides t h a t  are soluble in moderately polar organic 
so!vents a re  of considerable synthetic interest. T h e  prepnratian of 
tetraethylammonium cyanide was previously described (11. S.  Strom- 
holm, B e y . ,  31, 2389 (1898)), but  the  compound was neither isolated 
nor characterized. See ftiotnote 2 2  for synthetic details. 

( e )  T h e  structure of S a P C E  has been further crinfirmed by  reaction 
with cyanripen chltiride t o  give hexacyanoethanr ;S. Trofinienko ani l  
I3 C. RIcKusick, to be published) 

, l o )  1). S. Acker, K S. Harder,  I\. I: IIertler, X- l iah lcr .  I,. R. 
hlelby, R. E. nens<ln .ind LV. 13. AIuchcl, J .  . i i i z .  Cizeiii. Soc., 82, 6108 
(lueo).  

of the *CS- to appear in the TCNE-* (and hence 
in the isolated TCNE*).  

To  establish that  the equilibrium involved Na- 
PCE and the reactants NaCN and TCNE, labeled 
T C K E  was added to  acetonitrile containing 
NaPCE. After 1.5 hours a t  room temperature, 
NaPCE* was isolated, converted to TCT\;E-*, 
and the latter oxidized to  TCKE* having molar 
activity corresponding to complete equilibration of 
the cyano groups. These results estab!isb equj- 
libriuin A .  

CN CX 
1 1  c N 

C N  C N  

C N  CN NO CN C N  

T C N E  + CN3 4 + 3C-C-CN + (rate 
deter .  
step) 

(A)  I /  

1 1 1  

CN C N  
+ BC:-C@ ( -  (CN)I?) 

I I  

TCNE 
__f TCNE: 

Furthermore, in view of the insolubility of the 
~ y a n i d e , ~  i t  appears that  the equilibrium lies far to 
the side of PCE. If CN- is the agent responsible 
for the conversion of PCE- to TCNE-, then stabil- 
ization ol solutions of PCE- by T C X E  is under- 
stood readily. 

The postulated reaction of PCE- with CN- is 
unusual, since i t  involves not only attack of one 
anion on another a t  modest temperature but  also 
the attack of C S -  on a nitrile group. To  establish 
that  the latter reaction could occur under these 
conditions, the action of CY- on phenyltricyano- 
rnethaneI2 was studied. This reaction in acetoni- 
trile a t  - GO" gave phenylmalononitrile anion in 
(jOy0 yield 

and on this basis i t  is believed that  the attack of 
cyanide on PCE- is feasible. By analogy, reaction 
of C K a  with NaPCE would yield disodium tetra- 
cyanoethanediide [SaeTCNE].  In a separate ex- 
periment i t  wzs shown that  NaZTCNE, derived 
froin tetracyaiioetharie and sodium hydride, reacts 
readily with T C N E  to give TCKE- in high yield. 
On this basis, the reactions in Fig. 1 are postulated 
for the conversion of T C K E  to TCNE- with cya- 
nide ion. 

No cyanogen, the expected by-product, was 
found in this study. However, it was shown th:tt 
cyanogen did not survive the reaction conditions. 
Thus, efforts to recover added cvanogen from the 
TCSE-SaCh--acetonitrile reaction system were 
unsuccessful. 

The reaction of T C N E  with an equivalent of 
labeled potassium cyanide was examined a t  25' and 
40'. Under these conditions, no K P C E  was iso- 
lated and K'TCNE- was formed directly. 

If the reaction of CN- with T C N E  were consid- 
erably slower than the conversion of KPCE to 
K+TCKE?-, the TCSET formed would be ex- 

C$HsC(CS).: + CSC? --+ C6HjC(CS)r3 f [ (CS),?]  

I 11) 'rlieory for ri,inplete erluilibratiun of an equimol.ir arnuunt 
d 1'CS- with 'TCNlE i h  80,'l. However, TCXE wds irsed in slight 
e x c e s  thus  acctiuniing fur t h e  theoretical value o f  78.'lC;. 

L12) J. IC. XViIliams, U. S .  Patent  2 ,09~ ,507 ,  August 8, 1 O l i l .  



pected to contain approximately 3370 of the molar 
activity of the CN-* (B). 

CX - TCSE 
(B)  TCSE + K C S  + K P C E  ---+ K2TCSE ------+ 

(lOO',/C) (1oo:L.) (e;[ / ; )  (I)(,;;) 

(33',;) 

(c) 'rcsE + KCS __ KPCE -+ LTCSE --+ 
(100~~) ( l O l y , ; )  (SUiC) (8o:G) 

( Y G )  

2TCSE- 

cs-  T C S B  

BTCSE 

However, if the reversion of K P C E  to T C N E  and 
CKa is much faster than the reaction of K P C E  
with CNS, the TCKE- mould be expected to have 
molar activity approaching SO%b of that of the 
CK-*. These values represent the extreme condi- 
tions, and, if the rates of the reactions are somewhat 
comparable, then molar activities for TCKET 
lying between 33yc and SOYG are to be expected. 

Alt 25" and 40°, 5iyc and 357,, respectively, of 
the molar activity of CN?" appeared in TCKE-, 
as established by counting studies on the isolated 
T C S E .  These results suggest tha t  under these 
conditions T C S E -  is formed by both pathways B 
and C, and that  the rate of reversion of K P C E  to 
T C S E  and CN- is larger than the rate of reaction 
of C N S  with KPCE. 

Other Syntheses of TCNE--As reported previ- 
o u ~ l y , ' ~ ~  T C N E  reacts with a variety of metals a t  
room temperature to give metal TCNE- deriva- 
tives. For example, reaction of T C N E  in acetoni- 
trile with copper yields CufTCXE-. In addition, 
lead also reacts readily to give Pb'+(TCSE-)?. 
These compounds appear to have excellent stability 
to air in the solid state. 

Iodide ion also reacts with T C K E  in acetonitrile 
to yield TCNE-. Free iodine is foriiied in this 
reaction, and excess iodide usually has been used 
as a scavenging agent for iodine by formation of the 
triiodide ion. The .odium and lithium derivatives 
can be prepared readily in this manner from the 
corresponding iodides. .ilkylaiiiiiioniuin iodides 
also react readily with TCNE in acetonitrile to 
give the corresponding ammonium TCNE- deriv- 
atives, as established from rpectral aiialyses. 

Tertiary aliphatic amines also react with 'TCNE 
in acetonitrile to give ammonium T C S E -  coin- 
pounds. In this respect T C N E  further resembles 
T,i,S,S-tetracyanoquinodimethan. lo The source of 
the proton has not been established, but  i t  is pre- 
sumably derived from the ainine.'l 

Reaction of a moderately strong Lewis base with 
T C N E  in the presence of an equimolar quantity of 
tetracyanoethane (H2TCSE) yields onium TCNET 
derivatives readily. For example, 1,4-diazabicyclo- 
[ 2.2.2loctane in acetonitrile with TCSE-H:TCNE 

(13) I t  is of intereht t h a t  imly a hniall temperature  effect is noted. 
Honeve r ,  we d o  not  wish to draw further conclusions i rvm thebe studies 
because uf experimental l i rni ta t ion~ T h e  yield of T C S E -  ia 65- 
SOc+, and  i t  would he diRicult t<)  the  rflecl u[ side rcnctioiis 
introducing activity into TCNII- '-  

114)  This  type  oi reactiuti ia iliscusacd a t  .<)me length for the 
i f  TCSQ ~' derivative. f rom 7 . 7 . 8 . 8  t e t r ~ c y a n i , r ~ i i i n ~ ~ ~ l i ~ i i ~ -  
' Q )  and tertiary al iphat ic  amine- I W C .  I,. I<.  hlc, lhv.  R J 

Harder ,  u'. I<. Hertler, \V. Mahler. I<. IC. Bensm aiid U', i i  h 1 d 1 d  
.I. .1iii. C h c i i i .  Soc . ,  84, 3374 (1 ' 362~) .  

gives the corresponding amnioniuni TCNE- 
derivative. This salt has a volume resistivity of 1.6 
X lo9 ohm-cm. in compacted form.'j 

Presumably, a proton is removed from H?TCNE 
by the base to yield HTCNE-, which undergoes an 
electron transfer with T C N E  to  yield TCNE- and 
HTCNE..  *in acid-base reaction of the latter 
with the Lewis base gives T C N E r  or, alternatively, 
disproportionation of HTCNE. yields T C X E  and 
H,TCNE. Spectroscopic evidence for formation of 
a variety of TCNE- derivatives by this synthetic 
procedure was obtained. 

Chemistry of TCNE--11Ietal TCN E7 deriva- 
tives are relatively stable in the solid state. For 
example, K'TCNE- has been heated at  130" in an 
inert atmosphere for three hours with no apparent 
change. In addition, the compound has been ex- 
posed to  atmospheric conditions for one month 
with no apparent change, as established from in- 
frared absorption studies. In  solution, however, 
metal TCSE-  derivatives are quite sensitive to 
oxygen and, to a lesser degree, to water. For this 
reason solutions must be prepared in anhydrous, 
deaerated solvents and protected from the atinos- 
phere. *Iddition of K+TCNE- to deaerated wdter 
has given potassium tricyanoethenolate'". I 7  in i(i% 
yield. Furthermore, on passing oxygen through a 
solution of IC+TCNE- in acetonitrile, potassiuiii 
pentacyanopropenide16 and potassium tricyano- 
etheiiolate were obtained in :3C;CG and L)2:>C yields, 
respectively. 

Acidification of solutions of TCNE- gives all 
equimolar mixture T C N E  and HyTCXE. Pre- 
sumably, the anion-radical is initially protonated 
to yield HTCKE.,  which disproportionates to the 
observed products. la 

TCNE- derivatives have been oxidized to 
T C N E  by a variety of reagents. For laboratory 
purposes, i,i,S,S-tetracyanoquinodirnethane is a 
preferred reagent, since metal i,i,S,S-tetracyano- 
quinodirnethanides are insoluble and stable. 
Thus, the T C N E  formed can be separated froin the 
oxidant by filtration or sublimation. Silver tri- 
fluoroacetate is also an excellent oxidizing agent, 
giving TCNE in high yield. Bromine and chlorine 
also react with TCXE- to give T C N E  although iii 
lower yields. 

Physical Properties of TCNE---Charactcriza- 
tion of TCNE- derivatives has been facilitated by 
spectroscopic studies. The infrared spectrunl, 
determined in potassium bromide, is markedly sim- 
ple, showing absorption a t  4.33, 4.58 and '7.33 p.  

(13) T h e  resistivities of t h e  TCSE'  derivatives are  much higher 
t h a n  those of t he  correiponding derivatives of 7,7,8.8-tetracvano~juinu- 
dirnethan (see reierence of footnote  1.1). 

(16) \'v' J. hliddleton, E. I.. Little, 13. TI. Coffrnan and V ,  A Ilngel- 
hardt ,  J .  A m  ( ' h n z .  S O L . ,  80,  2786 (1958) 

(17)  C. I,, IXckinson, 1) \V. Wiley and  B. C .  LIcKubick, ibigl., 
82, 6134 (l'J60). 

(18) An alternate mechanism, proposed by I ) .  E Paul, 1) l . i i i k i n  
and  S .  I. Weissrnan tibid., 78, 116 ( ) )  for reaction c i i  aroniatic 
ion radicals with water, is for  the HTC t o  capture  a n  d e c t r m  f r i m  
T C S I C 7  giving H T C N E -  and  T C X E .  h second groton;rtiun then 
complete5 the  reaction to  give HnTCNE and T C S E  

, l!l) A l t h o u ~ h  T C S E  and 7 . 7 . 8 . 8 - i e r r a c y a n r ~ i ~ u i n ~ ~ d i m e t h a n  h<ive 
,iniilu rediicti.,n p ~ t r n t i a l s  ( . + I 1  l . i 2  : lnd + I 1  I l ' i  \ , rr<prcti\ely I ? -  

irrred 1,) S C I; i n  Aretoni t r i le) ,  t l i r  reaction Im,wt .d~  t'cxrlily i i n t l  

sciiti;illy tu  wii iplct iui i ,  p s c s u m a l ~ l y  Ijccriiihc <if the  high imol~ i l i i l i t y  
o f  metal 7 , 7 , 8 , 8 - t e t r a c y ~ 1 ~ u ~ ~ ~ i 1 1 o ~ ~ i m e t h a i ~ i d e s .  
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The ultraviolet absorption spectrum, determined in 
acetonitrile, shows broad absorption from 330 to 
300 mp with numerous vibrational maxima: 468 
(t 4400!, 4 5 i  ( E  5670), 445 (E 6520), 135 (E i1OO), 
4% (E i100), 416 ( e  6890), 4oi (E 6200), 398 (E 
5460), 390 (E 4660), 382 (E 3810), 3'74 (E 3070) and 
366 mp ( E  2440). In  acetonitrile containing 0.1 IV 
lithium perchlorate T C N E  shows two reduction 
waves with El,'? +0.132 and -(I.Xl v. v s .  S.C.E., 
with nearly equal diffusion currents. On this basis 
i t  appears tha t  T C S E  is reduced to  TCXE- and 
the latter to T C S E = .  The pronounced energy dif- 
ference between the formation of the ion radical and 
the dianion presuniably accounts for the high solu- 
tion stability of TCNET with respect to  T C N E  and 
TCXE=. 

Ferricenium Tetracyanoethy1enide.-Xn unusual 
TCNE- derivative was formed from ferrocene. 
Unlike the benzenoid aromatics, which give T-  

complexes, ferrocene with TCXE a t  60" in the solid 
state gave the green ferricenium TCNE-. Solu- 
tions in acetonitrile gave a strong e.p.r. signal 
attributable to TCXE-, and the ultraviolet spec- 
trum showed the presence of TCNE- as well as of 
ferrocene and TCXE. -Addition of the product to 
cyclohexane brought about reversion to T C N E  and 
ferrocene, presumably because of the high solubility 
of ferrocene together with the low solubility of 
TCXE.  These results indicate a facile equilibrium 
between ferrocene-TCSE and ferricinium-TCKE-. 

Experimental 
Acetonitrile \\-as distilled from phosphorus pentoside 

through a glass helices-packed column under nitrogen. The 
water content, as measured by Karl Fischer titration, was 
less than 6 p.p.in.  Because of the  sensitivity of T C S E T  
to  oxygen, all reactions were conducted in a nitrogen 
atmosphere. To avoid exposure of solvents to  the  at-  
inosphere, traiisfers from reagent bottles were made by a 
syririgc. 

Reagent grade pot ium and sodiuin cyanide were 
dricd a t  100° under reduced pressure. Melting points are 
uncorrected. 

Potassium Tetracyanoethy1enide.-To a solution of 
5.10 g.  (0.399 inole) of T C S E  in 500 ml. o f  acetonitrile 
cooled to about - 10" was added 25.4 g.  (0.390 inole) of 
potassium cyanide. The mixture was stirred 2 hciurs and 
then filtered. On standing overnight, 33 g. ( 5 0 ( , ;  yield) 
of K+TCSET crystallized. The product was collected by 
filtration, washed with acetonitrile, and dried. The e.p.r .  
spectrum of T C S E -  consists of 11 lines with a spacing 
of l . j 6  gauss.20 

Anal. Calcd. for C6S4K: C, 13.10; S, 33.51. Found: 
C ,  42.85; S, 33.50. 

Sodium Tetracyanoethy1enide.--A suspension [if 1 . i 6  g. 
(35.9 mmoles) of sodium cyanide in  50 ml. of acetonitrile 
was stirred a t  room temperature under nitrogen, and a solu- 
tion of 4.60 g. (36.0 mmolesi of T C X E  in 50 ml. of aceto- 
nitrile was added dropwise over 4 hours. Crystalline Xa+- 
T C S E T  (3.1- g:, 58'3 yield) was isolated by filtration and 
identified by its infrared spectrum. 

Sodium Pentacyanoethanide (NaPCE).-A suspension of 
10.0 g.  (0.204 mole) of anhydrous sodium cyanide in 200 

(20) T h e  theoretical number of lines fur f<)ur equivalent " S  nuclei 
I t  has been pustulated t h a t  the weak ten th  and eleventh lines i h  nine. 

are due t u  1SC satellite splittings. See fvutnote 2 .  

ml. of acetonitrile was cooled to  0'. Twenty-five grams 
(0.195 mole) of T C K E  was added to  the stirred solution in 
one portion. The  reaction mixture, which had turned dark,  
was stirred for 3 hours at 0' and was filtered under nitrogen. 
Three grams of an unidentified solid remained on the  filter. 
The solution was diluted with 600 ml. of dry ether followed 
by 600 ml. of low-boiling petroleum ether. ,4pproximately 
200 ml. of a dark oil separated. This oil then was diluted 
with approrimatel>- 200 ml. of dry ether. Sodium penta- 
cyanoethanide (17 g. ,  495; yield) crystallized, was sepa- 
rated by filtration, washed with two 100-ml. portions of 
ether, and dried. The infrared spectrum of NaPCE,  
determined in Sujol,  shows absorption at 4.54(s), 4.65(s), 
7.65(m), 8.55(w), 9.48(m) and 11.22(m) p. 

i lnal.  Calcd. for C i x ~ S a :  C, 47.47; 3, 39.55. Found: 
C,  48.15; S,  39.23. 

Approximately 0.2 g.  (1.1 mmoles) of XaPCE was heated 
in an oil-bath at 0.3 mm.  At 140' a gas evolved vigorously 
and was collected in a liquid nitrogen t rap .  The gas evolu- 
tion ceased after a few minutes. The  infrared spectrum 
of the gas showed tha t  i t  was principalll- cyanogen. The 
deep purple residue from the pyrolysis was characterized 
as Sa-TCXE-  by e.p.r .  

For synthesis of TCSE- ,  19.0 g. (0.1073 mole) of S a -  
P C E  was dissolved in acetonitrile a t  room temperature. 
The  solution quickly turned yellow and Xa+TCXE- pre- 
cipitated. The suspension was stirred for 1 hour and was 
diluted with 500 ml. of ether. Filtration gave 13.5 g .  
(83','1) of S a - T C S E -  which was characterized by its in- 
frared spectrum. 
Chloropentacyanoethane.21-To a solutioii of 13.0 g. 

(0.102 mole) of tetracyanoetliyleIie in 200 nil. of acetoiiitrile 
a t  -35" was added 4.90 g. (0.100 inole) of dried, powdered 
sodium cJ-anide. The resulting mixture was stirred for 
3 hours at -4(J to -25". By this time the sodium cyanide 
had completely dissolved, and the dark mixture containing 
some crystalline platelets of sodium pentac)-anoethanide 
was treated with 7.1 g. (0.1 mole) of gaseous chlorine for 
15 minutes. The yellow mixture was filtered, and  the 
filtrate was concentrated by  distillation at room tempera- 
ture and reduced pressure to give a yellow solid. Subli- 
mation a t  110' (0.1 mm. )  gave 16.2 g.  (85:; yield) of crude 
chloropentacyanoethane, m.p.  172-174' dec. Successive 
rapid recrystallizations from ethylene chloride followed by 
sublimation afforded an analytical sample, m.p .  174-175" 
dec. The infrared spectrum shows absorption a t  1.93(s), 
9.10(m), 9.35(s), 9.58(sh, in), 9.96(1n), 10.8(s), 11.0(m) and 
I2.l(s)  p .  The product decomposes on standing a t  rooni 
temperature. 

dnal.  Calcd. for C;S,Cl: C ,  41.38; S ,  36.97; CI, 18.73. 
Found: C ,  44.57; S, 38.08; C1, 18.39. 

Reaction of TCNE with Tetraethylammonium Cyanide . 2 2  

--.-I solution of 0.85 g. (6.64 mmoles) of T C S E  in 20 nil. of 
acetonitrile \vas added dropwise during 3 hours to a stirred 
solution of 1.03 g. [G.60 mmoles) of Et lNCN in 80 1111. of 
acetonitrile a t  room temperature. The ultraviolet spectruiii 
of the reaction solution established that T C S E T  was thc 
major product. 

Essentially the same result \vas obtained when the order 
of addition of the reagents was reversed. .1 sc~lution of 1.12 
g. (7.18 mtnoles) of E t r S C S  in 20 nil. of acetonitrile was 
added dropwise over 3 hours to  a stirred solution of 0.92 g. 
(7.19 mmoles) of T C S E  in 80 ml. of acetonitrile a t  rooin 
temperature. The ultraviolet spectrum of the reaction 
solution indicated that T C S E -  was obtained in 865: yield. 

(21) We are indebted to  Dr.  L). W M'iley for  this experiment 
(22) Although C'tromholm has  reported t h e  use of a n  ayueuus 

solution of tetraethylammonium cyanide.8 the  synthesis of t h e  com- 
pound is n,,t dvscrihed We  have found t h a t  anhydrous tetraethyl- 
ammonium cyanide can be prepared b y  t h e  following method: A sulu- 
tiun of .io y .  of sddium cyanide in 1 I of anhydrous methanol was added 
dropwise during :3 hours t o  a stirred solution of 100 g.  of anhydrous 
tetraethylammonium chloride in 200 ml. of methanul.  T h e  entire 
operation was conducted under nitrogen. T h e  reaction mixture was 
filtered and t h e  filtrate evaporated to  dryness under reduced pressure. 
?'he residue was extracted with 1 I .  of d ry  acetonitrile T h e  resulting 
solution was cdncentrated t u  about 900 ml under reduced pressure 
After filtration and washing with acetonitrile there remained 47 g. of 
tetraethylammonium cyanide. Aizal. Calcd for CsHsoN?: C ,  69 17.  
H .  I ?  90.  S .  1 7  93 Found: C .  69 8 9 ,  €1. 1'796: N ,  17 77 On 
dilution with tetrahydrofuran t h e  filtrate yielded an additional 28 g. uf 
the  cyauidc. 

The yield of E t4S-TCSE-  wa5 9Tf~;. 
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Reaction of TCNE with KCNJ4C.--il solution of 1.501 g. 
(1 1.73 mmoles) of T C K E  in 20 nil. of acetonitrile was cooled 
to -40' and 0.7917 g. (12.15 mmoles) of KCT';-I4C was 
added.23 An additional 0.104 g. (0.81 mmole) of T C N E  \\-a: 
then added and the solution was stirred a t  -40' to  -30 
for 3.5 hours. The  solution was filtered cold and 25IJ nil. 
of ether was added to  the filtrate. KI'CE precipitated and, 
after cooling 30 minutes in an ice-water-bath, was collected 
on a filter. After drying a t  56" (0.3 iiiiii.), the K P C E  
weighed 1.9622 g. (84'1; yield). Its activity was 1.660 
pc./mmole (theor. 1.687). portion (1.8862 g., 9.78 
rnmoles) was heated a t  81)-114° (0.3 inin.) for 2 hours and 
gave crude K+TCSE-  (1.632 g.) .  The activity was 1.156 
pc./mmole. R'TCNE- (0,8193 g., 4.90 mrnoles) was 
suspended in 20 ml. of tetrahydrofurail arid 1.00 g. of an- 
hydrous 7,7,8,S-tetracyanoq~inodirnethari was added. The 
mixture was stirred 2 hours, the solvent was removed under 
reduced pressure, and the residue mils heated in a sublimer 
a t  80-100" (0.3 nim.). Slightly yellow T C K E  (0.3612 g. ,  
5870 yield) was collected and then resublinied. The activ- 
ity of the resublinied product was 1.335 pc./mmole. The 
theoretical value for complete exchange of cyano groups 
is 1.350 pc./innioles. 

Reaction of TCNE with KCN-"C at Room Temperature in 
Acetonitrile.--.+ mixture of 1.210 g. (9.47 mmoles) of T C N E  
and 0.616 g. (9.47 mmoles) of K C X - l T  was stirred under 
nitrogen in 20 nil. of acetonitrile a t  25" for 2 hours. The  
solvent was then removed under reduced pressure,21 and 
2.00 g. (9.8 mmoles) of 7,7,8,8-tetracyanoquinodiiriethan 
was added along with 20 rnl.  of tetrahydrofuran. The mix- 
ture was stirred 1.5 hours. The solvent was reinoved under 
reduced pressure and the residue heated in a sublimer a t  
80-100' (0.5 inm.).  Tetracyanoethylene (0.7755 g., 64(i0) 
sublimed. The activity of the product was 0.988 pc./tn- 
mole. The  theoretical value for complete exchange of - 
cyano groups is 1.382 pc./inniole. 

Reaction of TCNE with KCN-IT a t  45".--X solution of 
1.22 g. (0.95 mmole) o f  T C S E  in 3 0  nil. of acetonitrile 
was heated to  IS", and 0.62 g .  (11.95 ininole) of RCN-L'C 
was added in one portion. The reaction inistiire quickly 
turned brown and was stirred for 0.73 hour. The solvent 
was removed under reduced pressure, a i i d  the residue was 
heated in a sublimer a t  811' ( 0 . 3  ni i i i . )  for 1 hour. K ~ I  
T C S E  sublimed. The residue was suspended in 20 inl. of 
tetrahydrofuran and 2.00 g. (0.98 ininole) of 7,7,8,8- 
tetrac~anoquiiiodirnetliaii w:ts added. .liter stirring 3 
hours the solvetit was again evaporated under reduced 
pressure. On heating the residue a t  8U-l0Oo (0.3 miii.) in 
a sublimer for 1 hour, 0.72 g. (5gr;;) of TCNE subliiiiccl. 
Its activity was 0.936 pc.jniniole. The activity correspond- 
ing to complete exchange is 1.382 pc./nimole. 

Exchange Study of K-TCNE- with K C N J T  .--1 solu- 
tion of 0.60 g .  (3.60 inmoles) of K--TCSET in 30 nil. of 
acetonitrile was stirred with 0.52 g. (12.6 ninioles) of 
KCXJ4C for 12 hours. The mixture was filtered under 
nitrogen, the solvent was removed from the filtrate under 
reduced pressure, and 0.735 g. (3.61 mmoles) of ailhydrous 
7,7,8,8-tetrac~-anr,quinodilnethan and 20 nil. of tetrahydro- 
furan were added. The mixture was stirred 2 hours, the 
solvent was removed under reduced pressure, and the resi- 
due was heated in a sublimer at  80-100" (0.8 inin.); T C S E  
(0.2800 g . ,  SICc yield) sublimed. A scintillation count 
showed the sample to be inactive. 

Exchange of Cyano Groups between Sodium Pentacyano- 
ethane and TCNE.--X solution of T C S E J T  (0.29 g. ,  
2.26 mmoles, 1.34 pc./mniole) in 20 nil. of acetonitrile was 
stirred with 0.50 g. (2.82 inmoles) of S a P C E  for 1.5 hours. 
The deep purple solutiou (X,,, 510 m p )  was poured into 1 1. 
of ether and 10 nil. of petroleum ether. NaPCE (0.33 g., 
66';; yield) crystallized and \v:is collected by filtration. The 
product was redissolved in 20 ml. of tetrahydrofuran and  
stirred for '7 hours a t  room temperature. The KaTTCNET 
which foriried was oxidized h!- stirring with 0.38 g. (1.86 
mmoles) of 'T,T,8,8-tetracyaiioquinodiiiiet~iaii for an addi- 
tional 3 hours. The solvent was removed by evaporation, 
and the residue \\-as heated a t  80-100" (0.3 i i in i . )  to give 

I--., ,.,.,, l'hr KC N-1 IC IIXYI i t i  this i i i i i l  s i ihcqi icnt  experillietits w a s  

olitained f rom N e w  I n g l a n d  ~ ~ u c l e a r  Curl' xnd was in ii finely IX>\V- 

dered form prepared alkali free b y  precipitation from arltieoiii solution 
with ethanol. I t s  activity was 1 7'28 pc./mtnole. 

(2-1) In  similar experiments, i t  was shown t h a t  nu 1 'CSB was pres. 
en t  at th i s  point. 

T C S E  (0.18 g., 767;  yield). Its activity was 0.53 pc./iii- 
mole. The theoretical activity for complete equilibratioii 
is 0.52 pc./rnole. 

Reaction of Phenyltricyanomethane with KCN.--A 
solution of 1.56 g. (9.31 inmoles) of phciiyltricyanometIiane'* 
in 30 ml. of acetonitrile \vas cooled to -40' under nitrogen, 
and 0.65 g.  (10.0 miiioles; of K C S  was added in one portion. 
The suspension was stirred 3 hours. At the end of this time 
all of the potassium cyanide had dissolved and the solution 
was light purple. The cold solution was filtered under 
iiitrogen into 500 nil. of dry ether. Potassium phenyl- 
ilialononitrile (1.09 g., 60(,1 yieldj crystallized and was 
identified by comparison of it5 infrared s'pxtruin with that of 
an authentic saiiiple pregared f.-oin I)hen).linalononi:rile 
and potassium iiiethoxide; A;:?' 4.5i(m),  4.72(s). 6.25(m), 
t j . i2(m),  7.'iU(in), 8 . l l (n i ) ,  8.18(rv),  8.,55(w), 10.3(w), 
11.2(w), 13.3(111) and 14.4(111) p .  

Disodium Tetracyanoetiianediide .--I suspension of 38.0 
g. (0.895 mole) of sodium Ii~-dride-iniiieral oil dispersion 
(jti.ci',i, sodiuiii hydride) in 300 nil. of glyine was cooled to  
-10 to -5'. .A solution of 59 g. (0.46 mole) of tetracyano- 
ethanez5 in 200 ir i l .  of glyine was added dropwise t(J the 
stirred suspension over 2 hours. Hydrogen evolved pro- 
fusely. The mixture was stirred aii additional 6 hours a t  
-10 to - < 5 O .  The cream-colored suspension of disudiuiii 
tetracyanoethanediide was filtered under nitrogen, and the 
product was washed with six 100-nil. portions of glynie. 
After drying 8 hours a t  23" (0.3 mm.) tlie product weighed 
167.5 g.  Tlie product \vas solvated Tvith glyine since a 
weight redticlion corre~ponding to  loss of two dimethoxy- 
ethane residues resulted on heating a t  1-44' (0.3 mm.) for 20 
hours. The infrared spectrum shows absorption a t  4.45(w), 
4.62(s), 4.78(s), 7.9O(m) arid 10.1fj(wj p .  Treatment of the 
product with acid regenerated tetrac~-anr)etliane. 

c ,  41.2%; s, .31.7iI. 
A I Z C ~ ~ .  Calcd. for CoX4Sa2: C, 4I.:j9; S, 32.18. Foulid: 

Reaction of Disodium Tetracyanoethanediide with 
TCNE.--To :L solutioii of l.fii g.  (12.YJ inmoles) of T C S E  in 
30 m1. o f  acetonitrile at  40' was added Y.67 g. (13.62 nirnolesj 
of ~a?TCNE.L 'CH30C~I~CHrOCH, .  Tlie solution turned 
tlark almost iiniiiediately aiiti was wariiietl to room teiiipera- 
ture liver 3 Iiours.  Crystalline Sa'TC 
isolated by  filtratioii and identifieti by its 
Dilution of the  filtrate with ether c a t i d  precipitation of aii 

3 g .  of Sa-TCSB:. ?'!IC totnl yield wiis 

Cesium Tetracyanoethy1enide.-To :i siilutioii uf 5.811 g .  
(45.2 ~ i in ic i lc~)  of T C S E  in 80 i n l .  of acetonitrile was ;irltletl 
11.71 g. (4,5,2 inmoles) of ceiiuin ildide. Tlie mixture 
i ~ i 5  stirrcd ii Iiours under nitrogen; Cs-TCSE- (5.70 g. ,  
48',, yieltl J \viis iwlated by filtration, XII ;uial>-tical SLIIIJ)~~ 
wxs prelinred by  recrystallization from :icetonitrile. Tlie 
identity o f  the product \\-as coiifirinerl by the infrctred 
spectruiri. 

Anal. Culctl. for C6K4Cs: C ,  C7.fil; S, 21.47. 1~1)und:  
C, 2 i . 8 8 ;  S, 21.47. 

Lithium Tetracyanoethylenide Ti) :t suspension of 5.00 
g.  (39.0 inmoles) of TCY-E in 200 nil. of dry ether was added 
4.50 g.  (33.G mimiles) of lithium iodide in 10 nil. of aceto- 
nitrile. The mixture was stirred 2 hours mid filtered to  
give LiTTCIL7ET (1.50 g., 3355)  identified by its infrared 
spectrum. 

B n a l .  Calcd. for C&.,Li: C, 53.38; S, 41.51. Found: 
C, 53.88; S, 41.10. 

Lead Tetracyanoethy1enide.-.2 solution of 1.50 g.  (1 1.7 
minoles) of T C S E  was stirred with 1.15 g. ( 5 . 5 2  mmoles) of 
fresh le:rd filings in 50 nil. of acetonitrile for 24 hours at  
room temperature: Pb++(TCSE-)? (2 .32  g., 90"; ) was 
isolated by filtratioii. An aiial!-tical s:rrnple was dried 
a t  80' (0.3 IIIIII.~. The infrared spectruiu identified the 
product as Pb--+(TCSETL.  

Anal .  Calcd. fix CI:S,Pb: C.  f'31.07: S, 24.18; l'b, 

N-Methylquinolinium Tetracyanoethylenide .2B-Quinoline 
inct!iii)dide (2 .7  g . ,  10.0 nirnoles) w:i? dissirlvetl in  200 inl. 
( ~ f  ixiiliiig iiictliylciie clilririclc. :iri<l i h e  sr.liitiii!i W:LS cooled 
io room tcini)er:iiut-c. Siiiii!:trly, :L siiliitiiiii o r  1 ..'S g. 

44.72. FoLlnd: C, 31 .19; K, 24.01; I'b, -44.fiO. 
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(10.0 nimoles) of T C N E  in 100 ml. of methylene chloride was 
prepared. Thelat ter  was poured quickly into the methiodide 
solution and the flask was immersed immediately in an ice- 
acetone-bath. After 15 minutes, the shiny, golden brown 
needles were collected on a filter, washed with methylene chlo- 
ride, and dried under a stream of nitrogen, then in high 
vacuum a t  room temperature. The yield of N-meth>-lquin- 
oliniurnTCNET was 0.68 g. (25y0), m.p.  129-131Odec.; the 
volume resistivity of a compaction was 5.1 X 10'O ohm-cm. 

Anal.  Calcd. for ClsHloX:: C,  70.57; H ,  3.10; S, 25.72. 
Found: C, 70.67; H,3.95;  N,25.90. 

Cuprous Tetracyanoethy1enide.-To a solution of 4.00 g. 
(31.2 moles) of T C N E  in 15 inl. of acetonitrile was added 
excess copper turnings. The mixture was allowed to stand 
2 days. The copper turnings, which were now coated with 
black Cu"TCNE-, were collected by filtration and were 
washed with fresh acetonitrile. The acetonitrile wash 
solution was diluted with 250 ml. of benzene. Black 
Cu+TCKE- precipitated and was identified by its ultra- 
violet spectrum. 

Anal.  Calcd. for CloS&u: Cu, 33.17. Found: Cu, 
33.05. 

Ferricenium Tetracyanoethy1enide.-.I iniuture o f  1.86 g. 
( 10.0 rnmoles) of ferrocene and 1.28 g. (10.0 minoles) 
o f  T C N E  was heated in an evacuated, sealed tube a t  60° 
for 4 hours. Green, crystalline ferricenium T C S E T  
formed and was purified by sublimation. 

Anal. Calcd. for c~&loXJ?e: C,  61.18; H .  3.22; X, 
17.83; Fe, 17.79. Found: C,  60.91; H, 3.32; S, 17.76; 
Fe,  18.19. 

The 
crystalline ferricenium T C S E -  exhibited no e.p.r. signal. 
However, solutions in acetonitrile gave a strong e.p.r. 
signal. The ultraviolet spectrum of ferricenium T C S E -  in 
acetonitrile clearly showed the presence of TCNE- as well 
as T C S E  and ferrocene, indicating the reversibility of the 
reaction. Dissolution in cyclohexane caused reversion to  

h single crystal had a resistivitl; of 5 X 10% ohm-cm. 

T C S E  and ferrocene. 
K+TCNET from TCNE. H,TCNE and KOAc.--;I solu- 

tion of 11.2 g. (87.5 rnrno'les)-of T C S E  arid 12.0 g. (92.4 
mmoles) of H 2 T C S E  in 100 ml. of tetrahydrofuran was 
stirred with 9.00 g. (91.4 mmoles) of K0;lc a t  rooin tenipera- 
ture. Xfter 0.5 hour the mixture was filtered to  give I;-- 
T C S E T  (7.1 g. ,  18(,& yield) identificd by its characteristic 
e .p . r .  spectrum. 

Reaction of TCNE, H?TCNE and 1,4-Diazobicyclo 12.2.21- 
octane.-A solution of 1 .OO g. (7.81 rnmoles) of T C S E  and 
1.00 g. (7.69 inmoles) ~f tctracyariiJetlianc in 30 nil. of 
tetrahydrofuran was cooled to  O", arid a solution o f  1.74 g. 
(15.5 inmoles) of drJ- l,1-diiiz:il~ic)-clo[2.2.~~ uctuic i n  30 
tnl. of tetrahydrofuran w~i s  added slowly over 5 niinutes. 
The purple solid which precipitated almost a t  OI ICC \vas 
collected on ii filter arid washed with te t ra l i~dr~,furan.  
.lfter drying 4 hours a t  0.2 inin., the product weighed 2.C 
g. (695;). Recrystallization from acetonitrile gave 1- 
azonia-4-azabicyclo I2.2.21 oct ane tetracyanoetliyleiiide, ni .p. 
163' dec. The infrared spectrum \vas consistent with the 
proposed structure. The volunie resistivity \vas 1 .6 x 

ohm-cm. 
Anal.  Calcd. for C12H13S-e: C,  S9.70; H ,  5.45; 3, 31.80. 

Found: C ,  59.77; H, 5 . 5 5 ;  S, 34.4%. 
Quinolinium Tetracyanoethylenide.28-To a solution of 

0.13 g. (1.02 moles) of T C S E  in 25 ml. of methrlene chloride 
a t  room temperature was added 0.13 g. (1.00 mmole) of 
HpTCSE in 5 ml. of tetrahj-drofuran; to  this was added i~ 
solution of 0.26 g. (2.00 mtnoles) of quinoline in 5 nil. ( J f  
CHsC1?, and the resulting solution was immediately cooled 
in ice-water. Golden-brown needles separated and after 
10 minutes the solid was collected, washed with 25 nil. of 
CHIC1:! on the funnel, and was sucked dry under nitrogen. 
The yield was 0.21 g. (lOf,-o). The product was identified 
as quinolium tetraci-atioetliylenide by its infrared mtd 
ultraviolet absorption spectra. The volume resistivity of 
a compaction was :3 X IOq (Jhln-C~l. 

d n n l .  Calcd. for CI;,H,S;,: C ,  69.75; 11, 3.13; S, 27.l:<. 
Found: C .  70.33; I € .  3.33; X,27.01. 

2,6-Lutidinium Tetracyanoethylenide.2''-To a sdut iou 
of 0.1:3 g. (1.02 mnioles) of T C S E  iii 2.5 nil. of methylene 
chloride a t  room temperature was added 0.13 g. (1.00 
mrnole) of H 2 T C S E  in 5 nil. of tetrahydrofuran. To  
this n a s  added a solution of 0.21 g. (2.00 mmoles) of luti- 

dine in 5 ml. of methylene chloride, and the mixture was 
immediately cooled in ice-water. Golden brown leaves 
separated, and after 10 minutes, the solid was collected, 
mashed with 25 ml. of methylene chloride on the funnel, 
and sucked dry under nitrogen. The yield was 0.12 g.  
(25y0). The product was identified as 2,A-lutidinium tetra- 
cyanoethylenide by its infrared and ultraviolet spectra. 
The volume resistivity of a compaction was 9 X lo7 ohni- 
cm.  

Anal .  Calcd. for C I B H ~ ~ N j :  C,  66.08; H ,  4.27; S, 29.65. 
Found: C,66.26; H,1.29; N,29.19. 

Other Tetracyanoethy1enides.-Treatment of an equi- 
molar solution of T C S E  and H,TCNE in acetonitrile with 
triethylamine, py-rrolidirie, N,~-diiiietliylanilirle, pyridine, 
butylamine or aniline produced the corresponding animo- 
nium TCSE- ,  as evidenced by their ultraviolet spectra. 
The charncteristic ultraviolet spectrum of T C S E  w3s also 
observed on addition of either sodium sulfide, sodium 
thiophenylate or sodium etliylmercaptide to  dilute solutions 
of tetracyanoethylene in acetonitrile; T C N E  and tertiary 
aliphatic amines, such as triethylamine, produced T C S E -  
in high yield. In  addition, the characteristic ultraviolet 
spectrum of T C S E -  \ws observed on treatment of a dilute 
solution of T C S E  in acetonitrile with copper, aluminum, 
magnesium and zinc metals and with nickel carbonyl. 

Oxidation of TCNE- to TCNE with 7,7,8,8-Tetracyano- 
quinodimethax--;\ suspension of 0.83 g. (4.97 mmoles) of 
K'TCSE? and 1.0% g. (5.00 mmoles) of 7,7,8,8-tetra- 
cyanoquiriodiniethan in 20 ml.  of tetrahydrofuran was 
stirred 3 hours under nitrogen at room temperature. The 
solvent was evaporated under reduced pressure, and the 
residue was heated at  80-100' (0 .3  m m . )  for 2 hours; 
T C N E  (0.57 g.,  905; yield) suhlirned arid was identified by 
its infrared spectrum. 

With Silver Trifluoroacetate.--I solution of 0.1351 g.  
(0.895 mmole) of Na+TCNE- in 5 ml. of dry glyme was 
stirred with 0.30 g. (1.36 mmoles) of silver trifluoroacetate 
in 5 ml. of dry glyme for 15 minutes. The solvent was re- 
rnovetl under reduced pressure, and the residue was heated 
in a sublimer a t  80" (0.3 mm.) .  White, crystalline T C S E  
(0.0628 g.,  55'7 yield) collected in the sublimation tube 
and was identified by its infrared spectrum. 

With Chlorine.-To a suspension of 1.80 g. (10.8 mmoles) 
of K f T C S E ~  in 30 inl. of acetonitrile, cooled to -XIo, 
was added 130 nil. (5.8 inmoles) of gaseous chlorine. The 
inihture was allowed to  warm to room temperature with 
stirring. The solvent was removed by evaporation, arid 
the residue heated :it 100" (0.3 nim.) ;  T C X E  (1.15 g. ,  
837; yield) sublimed and \viis identified bh- its infrared 
spectrum. 

With Nitric Acid.-K+TCNE- (1 .OO g . ,  5.98 mmoles) 
\vas stirred with 3 ml. of concentrated nitric acid for 1 
minute. Tlic suspension was then diluted with 15 ml. of 
ice-water; T C S E  (0.56 g . ,  7 3 ' ;  yield) was isolated by 
filtration and identified by its infrared spectrum. 

With Sulfur Dichloride.-.I suspension of 5.00 g. (29.99 
Inmoles) of K+TCNE- in 30 nil. of acetonitrile a t  -40" was 
treated with 1 .@ nil. (15.7 mnioles) of freshly distilled sulfur 
dichloride. The inisturc \vas allowed to  warm to room 
temperature over 3 hours and \vas filtered. The solvent was 
reinoveti from the filtrate by evaporation under reduced 
pressure. There remained 3.90 g. (100:; yield) of T C N E  
identified by its infrared spectrum. 

Reaction of TCNE- with Oxygen.-Dry oxvgen was 
passed through a solution of 10 rng. of K+TCNE- in 100 
ml. of acetotihile for 0 .5  hour. Comparison of the ultra- 
violet and visible spectra with standard spectra for potas- 
sium tric\-anoethenolate'7 (A,,, 297 m p ,  c 11,300) and potas- 
sium petitacyanopropenide16 (A,,,, 412 m p ,  e 22,100, and 
283 n i M ,  e 22,600) showed tha t  these conipounds mere formed 
in 36 and 227; yields, respectivelh-. In a separate experi- 
ment, the pentacyanopropenide w a y  isolated as its tetra- 
inethylainin(,nium salt and identified by comparison of its 
infrared spectrum with tha t  of an  authentic sample. 

Reaction of K+TCNE- with Water.-.% solution of 10 
rug. of E; V C K E -  i n  100 1111. of deaerated water was allnwed 
t o  stmid 2 Iinurs. Tlic ultraviolet spectruiii of the solution 
shotvet1 tliat potassiunn trie!ani,etlieliolate (76(;$) was 
Eririiietl and that  potassiutii Ijentac?.atiopropenide and 
K + T C N E -  mere absent. In a separate experiment, the 
ethenolate was isolated and characterized as its tetratnetliyl- 
ammonium salt.17 
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Reaction of K'TCNE- with Acid.-K+TCKE- (1.00 
g., 5.98 mmoles) was added to 10 ml. of ice-cold 6 h'hydro- 
chloric acid. The suspension was stirred 1 minute, and the 
x-hite precipitate which formed was collected on a filter and 
dried. The product (0.63 g., 64% yield) was shown to be a 
1 : 1 mixture of T C N E  and tetracyanoethane by comparison 
of its infrared spectrum with that  of an equimolar mixture 
of authentic T C S E  and tetracyanoethane. 

Stability of K+TCNEy to Heat.--,l sample of K + T C S E -  
was heated in an atmosphere of nitrogen a t  150" for 3 hours. 
The infrared spectrum of the product showed it to  be sub- 
stantially unchanged. Another sample was heated a t  
200" for 3 hours. The infrared spectrum of this product 

indicated gross decomposition. T o  test the stability of 
solid K'TCSE- to atmospheric oxygen and water vapor, 
a crystalline sample was allowed to stand in an  open beaker. 
Periodic examination of the crystals by infrared spectros- 
copy showed no apprecmble decomposition in 1 month 
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The observed differences in isomer distributions and relative reactivities in the nitrations of alkylbenzeties and halohen - 

It  is suggested that  these differences are due tc~ 
zenes with a number of stable nitronium salts such as XOn+BFI-, NO.+ClO1-, NO-!+PFe-, NOy+XsFfi- atid SO:!+HSzO; 
in tetramethylene sulfone and nitromethane solution are discussed. 
steric effects caused by solvent participation and ion pair interactions. 

Introduction 
The nitronium tetrafluoroborate (IY02'BF4- ) 

nitration of alkylbenzenes? and halobenzenesY 
has been discussed previously. It was pointed out 
that  solvent participation and ion pair interaction 
play a certain role in the isomer distributions and 
relative reactivities of the reactions. In  the present 
paper this question is further discussed on the basis 
of extended experimental work. 

Results 
Competitive nitration of benzene with alkyl- 

benzenes and with halobenzenes was carried out 
with different stable nitronium salts. The nitro- 
nium salts used were T\'02+BF4-, N021C104-, 
XOz+PFs-, N02+AsF6- and r\702+HS20i-. The 
use of these stable nitronium salts in nitrations was 
discussed previously4 together with details of their 
preparation and handling. Two solvent systems 
were used for the kinetic nitrations : tetramethylene 
sulfone and nitromethane. 

The solubility of NO? +BF4- in tetramethylene 
sulfone a t  25' is about i%.4 The solubility in 
nitromethane is, however, very low (less than 
0.2%,), and nitrations with XOz+BF4- in nitro- 
methane solution could be carried out only in very 
high dilutions with considerable preparative dif- 
ficulties. N02'PF6- and X02+AsF6- are quite 
soluble both in tetramethylene sulfone and nitro- 
methane. The nitromethane solutions can reach 
concentrations of more than 50% (by weight). 
The solubilities of nitronium perchlorate and hy- 
drogen disulfate are again negligible in nitro- 
methane, and do not allow investigation of homo- 
geneous nitrations. X02+SbF6- although it  is 
quite soluble was not investigated in kinetic nitra- 

(1) Part XI, J .  Ans. Chein SOL., 84, 1696 (1962) 
(2) G .  A .  Olah, S. J. Kuhn  and S. H. Flood, ibzd., 83,  4571 (1961). 
(3) G. A. Olah, S. J. Kuhn  and S. H. Flood, ibid., 83, 4581 (1961). 
(4) S J .  Kuhn  and G. A.  Olah, ibid., 83, 4564 (1961). 

tions, due to secondary rcactioiis caused by SbF6 
with the solvents. 

The method of competitive nitrations and the 
gas-liquid chromatographic analysis of the prod- 
ucts was identical with tha t  previously 

The results of these competitive nitrations are 
summarized in Tables I and TI. 

Discussion of Results 
The differences in nitrations of alkylbenzenes 

and halobenzenes with different stable nitroniuni 
salts in tetramethylene sulfone and nitromethane 
solutions can best be discussed treating separately 
the observed differences on substrate-selectivity 
(c.g.> relative rates) and positional-selectivity (c.g., 
isomer distribution). 

Effects on Substrate-selectivity. (a) Tetra- 
methylene Sulfone as Solvent.-- Only slight dif- 
ferences in relati\-e reactivity over benzene were 
observed. These are in  accordance with possible 
steric interference depending on the size of the aiiion 
inlrolved. BF4--  and C10,- are isosteric and close 
similarities are expected. PFa- and -1sFe- are 
larger than the fluoroborate or perchlorate ions 
and this may explain the observed decrease in 
relative rates. This is most predominant in the 
case of the mesitylene :benzene ratio, where the 
steric interference indeed should be the largest. 
HS20i-, the largest of all anions investigated, 
shows also the lowest relative rates. I t  is signifi- 
cant to compare the mesitylene :benzene ratio, 
which is given in Table 111 for the nitronium salts 
investigated. 

(b) Nitromethane as  Solvent.-Relative rates 
of competitive nitration of alkylbenzenes and 
benzene using nitromethane as solvent are generally 
lower then those observed in tetraniethylene sulfone 
solution. Again the most predominant differences 
can be observed by comparing the mesitylene : 
benzene ratios. 


