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I. INTRODUCTION 
Tetracyanoethylene (TCSE), the first, percyanoolefin 

to be prepared, is a versatile compound of exceptional 
reactivity. The chemistry of this compound, though 
comparatively of recent date, was reviewed in the year 
1962 (167, in German). During the preparation of 
this manuscript another review (96) devoted to the 
preparation and reactions of TCNE has appeared. The 
present review, however, is an attempt to survey the 
extensive literature on the subject with emphasis on 
more recent work and to  summarize in one article an 
over-all view of the subject. For obvious reasons a 
short account of the preparation of TCNE has been 
incorporated in order to maintain the continuity of the 
subject. Emphasis has been laid on recent develop- 
ments in the chemistry of TCNE, uiz., mechanism of 
alkylation with this reagent, retrograde Michael addi- 
tion, photoaddition reaction, polymer-metal complexes, 
and preparation of tetracyanoethylene anion radical. 
In addition, the analytical and commercial applications 
of TCKE and its derivatives are reviewed. The chem- 
istry of tetracyanoethylene oxide has, however, been 
excluded from this review. 

(1) Department of Chemistry, California Institute of Technology, 
Pssadena, Calif. 91109. 
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For the present article relevant literature has heen 
covered through the March 1967 issue of Chemical 
Abstracts. 

11. METHODS OF PREPARATION 
Tetracyanoethylene (I) has been prepared from 

malononitrile (11) by four different methods. The 
original preparation (24, 26, 28) consisted of the inter- 
action of malononitrile with sulfur monochloride, in 
boiling chloroform-tetrachloroethylene. The second 
method (26, 56) involved the vapor-phase chlorination- 
dehydrochlorination of malononitrile at 450". The 
preparation of TCNE was also accomplished by the 
condensation of malononitrile with 1,3-bis(acetoxy- 
imino)-2-propanone, followed by pyrolysis of the prod- 
uct 111 (26). However, the preferred synthetic prep- 
aration of TCNE (62% yield) (26, 29, 57) involves the 
debromination of the KBr complex of dibromomalo- 
nitrile (IV) with copper powder in boiling benzene. 
The reaction may involve an intermediate dicyano- 

- 
N 
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carbene, which dimerizes to tetracyanoethylene. A 
modification of this method, ie., the pyrolysis (325") 
of the dibromomalononitrile, is reported to give quanti- 
tative conversion to tetracyanoethylene (89). 

Tetracyanoethylene has been prepared, in poor 
yields, by heating dibromomalononitrile with zinc 
powder (57), by treating 1,2-dicyano-1,2-bis(p-tolyl- 
sulfony1)ethylene with sodium cyanide in acetonitrile 
(88), by reacting dichlorofumaronitrile with HCN in 
the gas phase a t  500" (90) or KaCN (39), and by py- 
rolysis of bromodicyanoacetamide (153). However, 
the reaction of tetracyano-1,4-dithiine with potassium 
cyanide and subsequent oxidation with chlorine or 
bromine provides a practical synthesis of TCKE (60%) 
from readily obtainable starting materials (156). 

111. PURIFICATION 
TCNE can be purified by recrystallization from 

chlorobenzene followed by vacuum sublimation (29). 
Alternatively, the impure product is converted to 
water-soluble potassium tetracyanoethylenide (160) by 
treatment with potassium iodide in acetonitrile. It is 
filtered and the filtrate oxidized to TCNE by either 
bromine, nitric acid, or silver trifluoroacetate. 

IV. PHYSICAL PROPERTIES 

A. GENERAL 

TCNE is a colorless crystalline solid that sublimes 
around 120" at  atmospheric pressure and melts a t  
198-200" in a sealed capillary. It has a high thermal 
stability (26). TCNE slowly evolves hydrogen cyanide 
when exposed to moist air a t  room temperature (25). 

B. ELECTRONIC SPECTRA 

The absorption band of TCNE lies a t  265 mp (82). 
Further, the character of the electronic spectrum in the 
2600-A region offers a close analogy with N -+ V and 
N --f R transitions of ethylene and alkylethylenes (125). 

C. INFRARED AND RAMAN SPECTRA 

In TCNE, the stretching frequency of C z X  lies a t  
4.42 p, and a minor peak appears a t  4.49 p in the 
infrared region of spectrum, whereas the C=C stretch- 
ing frequency lies a t  6.55 p (82) (6.37 p (83))) in the 
Raman spectrum. Thus it is apparent that conjuga- 
tion and formal charge in TCNE have a pronounced 
effect on the C=C frequency but not on the C=N 
frequency. The position of the double-bond frequency 
is an indication of considerable resonance between the 
C 4  and the nitrile group (82). 

D. CRYSTALLOGRAPHIC DATA 

Crystallization of TCNE from solution affords mono- 
clinic crystals with a = 7.51, b = 6.21, c = 7.00 A, 

0 = 97" 10' (59). The molecule is strictly planar (7) 
and the bond lengths (angstrom units) corrected for 
vibrational motions, are d(C=C) = 1.317 f 0.009; 
d(C-C), 1.454, 1.443 f 0.007; d(C-N), 1.15, 1.15 fi 
0.012. 

E. THERMOCHEMICAL DATA 

The heats of combustion and sublimation of TCSE 
are 7.22 and 18.65 kcal/mole, respectively (82). 

F. MISCELLASEOUS DATA 

TCKE has a high electron affinity, 150 kcal (118). 
It has a negative stabilization energy (-27 kcal/mole) 
indicating that electrostatic repulsion between highly 
polar cyano groups predominates over electronic 
delocalization stabilization (23). 

G. CHARGE-TRANSFER COMPLEXES 

The presence of four highly electronegative groups in 
TCNE decreases the electron density around the 
ethylenic group and thus makes it a strong electron 
acceptor (99). With suitable electron donors, for 
example, compounds with aromatic a-electron systems 
(35, 94, 99), it forms, usually in solution, colored molec- 
ular complexes by an intermolecular charge-transfer 
interaction (112). The reaction is reversible (49) : 
donor, acceptor, and complex all exist in equilibrium. 
The charge-transfer complexes usually have a charac- 
teristic broad featureless band (30, 155) in the visible 
or ultraviolet region of the spectrum. 

The a complexes of TCNE possess a sandwich struc- 
ture (99), in which donor and acceptor molecules lie 
parallel to each other, so as to allow a maximum overlap 
between the a-molecular orbitals of the two components. 
Sometimes, steric effects may hinder a sufficiently close 
approach of the two partners, leading to instability of 
the resultant complex (149). 

Some of the solid charge-transfer complexes, par- 
ticularly of TCNE with polycyclic aromatic hydro- 
carbons and aromatic amines, are reported to exhibit 
semiconducting properties (1-3, 12, 15, 42, 43, 68-72, 
74-76, 91, 119, 145, 154). In one case, viz., benzene- 
TCNE, the phenomenon of fluorescence in ultraviolet 
light has been reported (169). Each year brings several 
additions to the list of donors whose ?r complexes with 
TCNE have been studied (31-34, 51, 60, 66, 73, 87, 98, 
111, 136, 146, 150, 151, 155). 

Table I lists the ultraviolet spectral data for a number 
of ?r complexes of TCNE. 

V. CHEMICAL BEHAVIOR 
Tetracyanoethylene is a reactive compound that 

undergoes a variety of reactions including addition, 
replacement, and cyclization reactions (26). 
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CHART I: ADDITION REACTIONS OF TCNE 

(N C),CClC CI(CN), reduction (NC),CHCH(CN), 
V VI 

X 
VI11 

0 

CN CN XI 
VI1 

CH3CN CN CH, 

NC-C--C-C-C-CN 
I I I I  

I I I I  

(NChC,-CXCN), - NC 
CH2 

XI1 

CH,CN CN CH, 
M 

TABLE Ia 
x COMPLEXES OF TCNE AND AROMATIC BASES 

IN DICHLOROMETHANE SOLVENT 
I base 

Cyclohexane 
Benzene 
Toluene 
+Xylene 
mXylene 
p-Xylene 
Mesitylene 
Durene 
Pentamethylbenzeneb 
Hexamethylbeneeneb 
Hexaethylbenzene 
Biphenyl 
m-Terphenyl 
pTerphenyl 
Tetraphenyleth ylene 
Naphthalene 
Fluorene 
Pyrene 
Chlorobenzene 
Bromobenzene 
Iodobenzene 
Anisole 
Pyridine 

4220 
3840 
4060 
4300 
4400 
4600 
4610 
4800 
5200 
5450 
5500 
5000 
5000 
5640 
6100 
5500 
5700 
7240 
3790 
3940 
4500 
5070 
4215 

4,760 
3,570 
3,330 
3,860 
3,300 
2,650 
3,120 
2,075 
3,270 
4,390 

56 
1,450 
1,470 

830 
67 

1,240 
1,430 
1,137 
3,840 
5,000 
2,500 
2,080 

10,500 

Xmsx(2). A 

. . .  

. . .  

. . .  

. . .  

. . .  
4150 
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

4290 
4160 
4950 
. . .  
. . .  
. . .  

3840 
4000 

. . .  

. . .  

. . .  

. . .  

. . .  
2,770 
. . .  
. . .  
. . .  
. . .  
. . .  
. .  
. . .  
. . .  
. . .  
1,120 
1,060 

856 
. . .  
. . .  
. . .  

1,640 
10,800 

0 Table reproduced from ref 99, p 2779. Copyright 1958 by 
the American Chemical Society. Reprinted by permission of the 
copyright owner. b T h e  weak complexes have been shown to 
have about 10% electron transfer (150). 

A. ADDITION REdCTIONS 

Addition to the double bond of tetracyanoethylene 
occurs with several reagents, viz., hydrogen, hydrogen 
iodide, etc. (105), chlorine (37), some ketones (105), 
sulfurous acid (105), free radicals (105), hydrogen 
peroxide (79), diazomethane (5), allene tetramer (163), 
and conjugated dienes (105). A summary of the 
reactions is shown in Chart I. 

XI11 

1. Reduction 
Tetracyanoethylene can be reduced to tetracyano- 

ethane (V) by a variety of reagents: molecular hydro- 
gen (palladium catalyst), hydrogen iodide, thiols, hydro- 
gen sulfide, or mercaptoacetic acid. Reduction with 
the latter reagent, however, is preferred, since the work- 
up of this reaction mixture is facilitated by the water 
solubility of both the acid and its disulfide. Tetra- 
cyanoethane is a white sublimable solid. It is a strong 
dibasic acid (pK. = 3.6). It dissolves in aqueous 
sodium bicarbonate from which it can be precipitated 
by acidification. Tetracyanoethane is easily oxidized 
to tetracyanoethylene by a variety of oxidizing agents: 
lead dioxide, cupric oxide, ferric chloride, etc. (105). 

2. Chlorination 
The chlorination of TCNE leads to the formation of 

1,2-dichlorotetracyanoethylene (VI). This reaction is 
catalyzed by chloride ion and thus involves chloro 
carbanion as an intermediate (37). 

3. Reaction with Ketones 
TCNE adds a t  room temperature to ketones con- 

taining an a hydrogen, in the presence of catalysts such 
as boron trifluoride or molecular silver (50), to give 
tetracyanopropyl ketones (VII) (105). These ketone 
adducts are white crystalline compounds that possess 
properties similar to those of tetracyanoethane-they 
are strong acids (105). 

4. Reaction with Sulfurous Acid 
TCNE reacts readily with sulfurous acid to give 

1,1,2,2-tetracyanosulfonic acid (VIII), a dibasic acid, 
of which a number of salts have been reported (105). 
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5. Reaction with Free Radicals 
The a-cyanoisopropyl radical, generated by the 

thermal decomposition of ala'-azodiisobutyronitrile, 
reacts with TCNE (in benzene) to form 2,3,3,4,4,5- 
hexacyano-2,5-dimethylhexane (IX) (105). 

6. The Epoxidation 
The epoxidation of TCNE takes place with 30% 

hydrogen peroxide, to tetracyanoethylene oxide (X), 
a crystalline solid, mp 177-178'. It is stable in air but 
decomposes in the presence of water (79). 

7. Reaction uYith Diazomethane 
Diazomethane reacts with TCNE to give initially a 

pyrazoline (XI), an addition compound, which, how- 
ever, can split off a molecule of nitrogen to give 1,1,2,2- 
tetracyanocyclopropane (XII) (5, 143). 

8. Reaction with Allene Tetramer 
1,3,5,7-Tetramethylenecyclooctane (allene tetramer) 

undergoes an unusual 1,7 addition of TCNE to give the 
tricyclic compound 3,3,4,4-tetracyano-8,ll-dimeth- 
ylenetricyclo[4.3.3.O]dodecane (XIII), formed by a 
transannular reaction (163). 

9. Reaction with Dienes 
Tetracyanoethylene is a reactive dienophile (25, 105, 

137) and undergoes a Diels-Alder type of addition 
reaction with conjugated dienes such as butadiene and 
anthracene, with unusual ease and a t  relatively low 
temperatures. Thus when butadiene is added to 
TCNE in tetrahydrofuran a t  O", the solution first takes 
on a bright yellow color of the ?r complex of the com- 
ponents within a few minutes, and the colorless adduct 
(tetracyanocyclohexene) (XIV) begins to separate 
almost instantaneously and nearly in quantitative 
yield (105). 

The Diels-Alder reaction of TCNE occurs even with 
sluggish dienes such as 2-vinylnaphthalene1 spontane- 
ously and rapidly, without added catalyst or application 
of external heat (105). 

TCNE forms cyclobutane derivatives (16,17,92,162) 
by l12-cycloaddition with a 1,3-diene system, to which 
Diels-Alder addition is difficult or impossible. The 
formation of 2-methyl-5,5,6,6-tetracyanospiro[3.3]hept- 
l-ene (XVI) by the interaction of TCNE with l-methyl- 
3-methylenecyclobutene (XV) is illustrative (162). 
Besides, TCNE readily forms 1,1,2,2-tetracyanocyclo- 
butanes with a variety of electron-rich alkenes such as 
methyl vinyl ether and p-methoxystyrene (164). 

xv 

With some dienes, (llO), e.g., 4,5-dimethylenedio- 
xolanes (XVII) and 4,5-dimethylene-2,2-diphenyldio- 
xolane (XVIII), however, Diels-Alder reaction is 
favored over 1,2-~ycloaddition, when both are possible 
(164). 

XVII, R = H 
XVIII, R - C& 

B. REPLACEMEST REACTIONS 

1. Reaction with Benzenoid and Nonbmzenoid 
Aromatic Compounds, Heterocycles, and 

Aromatic Hydrazones 
TCNE is readily attacked by nucleophilic reagents 

(127) (selected aromatic and heterocyclic nuclei (138)) 
with the elimination of hydrogen cyanide and introduc- 
tion of a tricyanovinyl group a t  one of the positions of 
high electron density (93, 114, 134). Thus alkylation 
with TCNE of phenanthrene (138), azulene (51), 
guaizulene (51, 52), and 2,6-dimethylphenol (55, 138) 
are illustrative. Other tricyanoethylenes, derived from 
heterocycles, are obtainable by interaction with TCNE 
in solvents like acetone, tetrahydrofuran, and N,N- 
dimethylformamide a t  room temperature. Examples 
are 5-(tricyanovinyl)-2-methylfuran (134), 2-(tricyano- 
viny1)pyrrole (53, 138), 2-(tricyanovinyl)-N-methyl- 
pyrrole (53, 138), 3-(tricyanoviny1)indole (114), and 
2-(tricyanovinyl)pyrrocoline (134). Furan (134) , un- 
like methylfuran, fails to react with TCNE. It is 
apparent that the methyl group possesses a sufficient 
electron-releasing capacity so as to cause a qualitative 
difference between these two compounds. With aro- 
matic hydrazones (XIX) (134), the tricyanovinylation 
generally occurs a t  the para position of the molecule. 
Thus 

2. Reaction with Amines 
TCKE reacts readily with primary or secondary 

aliphatic amines and with most primary and secondary 
aromatic amines in boiling tetrahydrofuran, to give 
N-tricyanovinylamine (93). No more than a slight 
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excess of amine is used to avoid the formation of 1,l- 
diamino-2,2-dicyanoethylenes (54). TCNE does not 
react with tertiary aliphatic amines, but it readily 
reacts with both tertiary and secondary aromatic 
amines, attacking the ring to give 4-tricyanovinyl- 
arylamine (93, 128). The mechanism of tricyano- 
vinylation (127, 128) of N,N-dimethylaniline is a three- 
step reaction (127) : (a) rapid formation of a 1 :1 ?r com- 
plex, (b) formation of a u complex, and (c) formation 
of N9N-dimethyl-4-tricyanovinylaniline and hydrogen 
cyanide. A kinetic isotope effect in the tricyanovinyla- 
tion of dimethylaniline lends support to this mecha- 
nism (46). Thus in the formulation XX, the arrow 

xx XXI 

Mil CN 

XXIV 

serves only as a symbol for the interaction of the whole 
molecular orbital of the planar dimethylaniline (includ- 
ing the aromatic sextet and the lone pair of the nitrogen 
atom) with the molecular orbital of planar tetra- 
cyanoethylene. The abstraction of a proton from the 
u complex XXI (catalyzed by amine) results in the 
formation of a new carbanion XXII. In this carbanion 
the electrostatic attraction between the two opposite 
charges in XXI is destroyed and the electrostatic repul- 
sion develops between the aminonitrogen lone pair and 
the negative charge on the tetracyanoethylene moiety. 
This repulsion assists the rotation during the formation 
of XXIII, and the elimination of cyanide ion gives N,N- 
dimethyl-4-tricyanovinylaniline (XXIV) . A similar 
mechanism has been advanced for the tricyanovinyla- 
tion of N-methylaniline (129) and indole (47). Spectro- 
scopic evidence as to the intermediacy of a u complex 
in the reaction between N-methylaniline and TCNE 
has been reported (60). 

On account of the bulkiness of tricyanovinyl group 
the steric factors play a dominant role in determining 
the course of reaction of TCNE with an arylamine (93). 
Thus ortho tricyanovinylation does not take place 

readily. Arylamines with one N substituent usually 
fail to undergo N-tricyanovinylation (129), unless the 
para position is already filled. Substituents situated 
ortho to amine group promote para tricyanovinylation 
in the ring at the expense of N-tricyanovinylation. 
These conclusions are based on the following observa- 
tions. Aniline and N-methyl-p-toluidine undergo N- 
tricyanovinylation. With N-methylaniline, however, 
the tricyanovinylation occurs in the ring (129). With 
2,6-dimethylaniline two products corresponding to para 
tricyanovinylation and K-tricyanovinylation are 
formed, the former predominating. However, with 
N,N-dimethyl-p-toluidine no tricyanovinylation was 
apparent. 

3. Reaction math Active Methylene Compounds 
An interesting example of retrograde Michael re- 

action, the addition of active methylene compounds to 
tetracyanoethylene, is illustrated by 2H,3H-thieno- 
[3,2-b]pyrrol-3-one (XXV). Instead of the expected 
tric y anovin yl derivative, 2-dic yanome thylene-2 H ,3 H- 
thieno[3,2-b]pyrrol-3-one (XXVIII) was actually ob- 
tained. The following mechanism has been proposed 
for this reaction (40). After the addition across the 
double bond of tetracyanoethylene instead of abstrac- 
tion of the terminal hydrogen by the base, the ring 
hydrogen is abstracted giving rise to  the anion XXVII. 
The loss of malononitrile gives the product, XXVIII. 

H 
xxv A 

XXVI 

10 

B 
XXVII 

I 
H 

J 

I 
CH2(CW2 + 0 + CH(CN), - 

N' 
€3 

H 

I 
H 

XXVIII 

In a likewise manner, the formation of 2-dicyano- 
methylene-2H,3H-benzo[b]thiophen-3-one from 2H,3H- 
benzo[b]thiophen-3-one has been explained (40). 
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C. CYCLIZATION REACTIONS 

Tetracyanoethylene has proved to be a useful start- 
ing material for the syntheses of five- or six-membered 
heterocycles, with one or two heteroatoms: thiophenes 
and pyrroles (108) ; isoxazoles, pyrazoles, pyridines, and 
pyrimidines (109). 

1. Reaction with Hydrogen Sulfide 
The base-catalyzed interaction of TCNE with hydro- 

gen sulfide gives a cyclized product, 2,5-diamino-3,4- 
dicyanothiophene (XXIX), which can be rearranged 
to a mercaptopyrrole (XXX), under the influence of 
alkali (108). 

OH8 ::JQG* - 
I 

H 
xxx 

XXIX 

2. Reaction with Mercaptans 
Mercaptans add to TCNE to give 1,4-diamino- 

1,4-bis(alkylthio)-2,3-dicyano-1,3-butadiene (XXXI), 
RSH 

(CN)jC=C(CN)Z - (CH),CH.CH(CN), 
RSH 
base 
- 

H?N-h NC-C-CCN L-NH, < I 

I I  XXXII 
s s  
R R  
XXXI 

I 
H 

XXXIII 

which can be converted to pyrroles XXXII and 
XXXIII by the loss of mercaptan or ammonia (108). 

(CN),C=C(OR'), 

3. Reaction with Sodium Bisulfite 
Tetracyanoethylene reacts with sodium bisulfite to 

form 1,1,2,2-tetracyanoethanesulfonic acid (sodium 
salt) (105). However, tetracyanoethane on treatment 
with a boiling aqueous solution of sodium bisulfite 
affords 5-amino-3,4-dicyanopyrrole-2-sulfonic acid (so- 
dium salt) (XXXIV) in moderate yields (108). 

I 
H 

4. Reaction with Hydrazine, Hydroxylamine, 
and Amidine 

Dicyanoketene acetals XXXV and XXXVII (106), 
secured by the urea-catalyzed reaction of tetracyano- 
ethylene with an alcohol, and closely related com- 
pounds (XXXIX) react with nitrogen bases (log), 
hydrazine, hydroxylamine, and amidine, to give 5- 
amino-4-cyano-3-substituted pyrazole (XXXVI), 5- 
amino-4-cyano-3-substituted isoxazole (XXXVIII), and 
4-amino-5-cyano-2,6-disubstituted pyrimidine (XL), 
respectively (109). In these reactions an alkoxy group 
of the dicyanoketene acetal is displaced by an amino 
reactant attached to a second group capable of adding 
across one of the cyano groups to effect cyclization 
(109). 

5. Reaction with Sodium Malononitrile 

Dicyanoketene acetal on reaction with 1 equiv of 
sodium malononitrile yields the 2-alkoxy-l,1,3,3-tetra- 
cyanopropene salt (XLI) which on treatment with 
hydrogen chloride undergoes cyclization to 2-amino- 
3,5-dicyano-4-alkoxy-6-chloropyridine (XLII) (81). 
The reactive chlorine atom of these pyridines can be 
readily replaced by alkoxy, amino, arylsulfonyl, and 
dicyanomethyl groups. 

NH,NH, . ;:r 
I 

H 
XXXVI 

\ XXXW XXXVJJI 
RICH2CHZOH 

XL XXXIX 
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OR 0.5 hr (115). It shows an absorption a t  250400 mp 

D. MISCELLANEOUS REACTIONS 

1. Formation of Cyanocarbon Acids 
Cyanocarbon acids are preparable from TCXE and 

possess acidity comparable to that of mineral acids 
(107). The high acidity is ascribed to the high reso- 
nance stability of their corresponding anions (107). 
Thus 1,1,2,3,3-pentacyanopropene (XLIII) (102) re- 
sults by the basic hydrolysis of TCXE. While 
1,1,2,4,5,5-hexacyano-3-azapentadiene (XLIV) and 
1 , 1,2,5,6,6-hexacyano-3,4-diazahexadiene (XLV) can 
be prepared by the interaction of TCNE with ammonia 
and hydrazine, respectively, the reaction of dicyano- 
ketene acetal with 2 equiv of malononitrile gives rise 
to 2-dicyanomethylene-l , 1,3,3-tetracyanopropenediide 
(XLVI). As many as 27 resonance structures can be 
written for the dianion (107). 

CN CN 

XLV XLVI 

CN 

XLTII XLIV 

2. Photoaddition Reaction 
Upon irradiation with a G.E. sunlamp for a pro- 

longed period, TCNE undergoes photoaddition reaction 
with tetrahydrofuran to give a 2:l adduct (38). 

VI. TETRACYANOETHYLENE ANION RADICAL 
The high electron affinity of TCNE makes it sus- 

ceptible to one-electron reduction to yield tetracyano- 
ethylene anion radical, TCNEa- (123). It is an 
unstable species and decays with a half-life of about 

(123, 130, 131). The fluorescence spectra of the anion 
has also been studied (126). 

The various methods available for the preparation of 
TCNE .- are outlined briefly. (a) TCNE is reduced to 
the anion radical by merely dissolving i t  in N,N-di- 
methylformamide (130). The resulting solution is pale 
yellow. The same anion can also be generated in about 
10% yield when TCNE is dissolved in pyridine or in 2,4- 
or 2,6-lutidine in vacuo (120). (b) The anion 
radical is also formed by irradiation, either with mercury 
arc lamp of the solution of TCNE in tetrahydrofuran 
(157) or p r a y  irradiation a t  77°K of the solution of 
TCNE in methyltetrahydrofuran (135), or by flash 
photolysis of degassed TCKE (soln) in acetonitrile (148). 
(c) TCNEn- can also be generated by dissociation of 
the charge-transfer complex of TCNE with suitable 
donors, viz., tetramethyl-p-phenylenediamine (SO), by 
employing a solvent of high dielectric constant (41, 61, 
64). (d) It is reported (124) to be formed when 
TCNE is adsorbed, under high vacuum, on certain 
metallic oxides, titanium dioxide, zinc oxide, or magne- 
sium oxide, or by absorption of benzene solution by 
alumina (113). (e) TCNE readily undergoes a one- 
electron reduction with metals (sodium, potassium, 
copper, magnesium, aluminum), certain anions (cyanide 
and iodide ions), and tertiary amines to give the 
TCNEs- derivative (123, 157-159). The reaction of 
TCNE with excess potassium iodide provides a con- 
venient laboratory synthesis of TCNEa- (158) 

3KI + PTCNE + 2KTCNE-  + KI, 

Polarographic reduction of TCKE in acetonitrile also 
gives rise to the anion radical (130). 

VII. POLYTETRACYANOETHYLENE AND 

POLYMER-METAL COMPLEXES OF TCNE 
The preparation of polytetracyanoethylene and a 

number of polymer-metal complexes have been re- 
ported (8-13, 18-20, 22, 77, 144). The polymerization 
of TCNE can be effected by various reagents (alcohols, 
phenols, amines, and amides) at  200" under appropriate 
conditions (11, 14). The polymeric chelate complexes 
of TCNE have, however, been prepared in the form of 
thin films to cm) on metallic surfaces by 
heating the metal with TCNE in evacuated ampoules 
at elevated temperatures for prolonged periods (12). 
The TCNE-metal complexes are formulated to have 
the phthalocyanine type of structure (XLVII) (8). 

These complexes are thermostable up to 400-450", 
partially crystalline, and semiconductive, and possess 
enhanced magnetic susceptibility (12). The polymer, 
as a thin film on metal, has an excellent durability and 
is unaffected by organic solvents, acids, or alkalis. The 
electric properties of these polymers have been reported 
(10, 11, 19-22). 
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i I  c-c 

I l  c=c 
I I  
XLVII 

VIII. METHOD OF ESTIMATION OF TCNE 
Based on the fact that N,X-dimethylaniline under- 

goes tricyanovinylation with TCNE to yield a colored 
derivative, a spectrophotometric method has been 
developed for the semiquantitative determination of 
TCNE (93). 

I x .  USES O F  T C S E  AND ITS DERIVATIVES 

A. GENERAL APPLICATIONS 

Tetracyanoethylene acts as a polymerization inhibi- 
tor for vinyl aromatic hydrocarbons, especially at room 
temperature (116). On the other hand, i t  effectively 
catalyzes, in solution, the addition polymerization of a 
monomer, X-viiiylated carbazole (142), a t  or below 
room temperature. TCSE is used to increase the 
photosensitivity of some organic dyestuffs, viz., phthalo- 
cyanines (97). It can also be effectively employed in 
the aromatization of certain nonconjugated cyclo- 
alkadienes, where it functions as an efficient hydrogen 
acceptor (83). TCKIS has found some use as a com- 
ponent in fuel mixtures (88), which burn to give 
electron-rich gases (48) and also in propellant fuel 
compositions (46). 

Some of the derivatives of TCNE are brilliant dyes. 
Thus p-tricyanovinylamine dyes possess fastness to 
light and washing and are therefore suited particularly 
for dyeing of fabrics (cellulose acetate, silk, and nylon) 
(93). Other fibers, like polyethylene terephthalate and 
polyacrylonitrile can also be dyed. The p-tricyano- 
vinylhydrazone dyes, however, show improvement over 
the tricyanovinylarylamine dyes in resistance to 
degradation by alkali (36, 134). TCSE forms an 
ingredient of a dye composition (TCXE, pyrrole, and 
sulfur) suitable for black dyeing of polyamide and 
polyolefin textiles. The black dye obtained has good 
fastness to light and rubbing (132). Some colored 
complexes of TCNE are used as coloring agents for 
inks used in thermographic copying, as dyes for paints 
and plastics, and as dyes in impregnating solutions in 
impact printing (27). Some salts of ll1,2,4,5,5-hexa- 
cyano-3-azapentadiene (XLIV) are useful for inks or 
dyes (101), and the red-brown copper salt of 2-sub- 
stituted ethoxy-1,1,3,3-tetracyanopropene (XLIII) has 
been used as a pigment (104). 

2,2-Dicyano-1-[2-( dimethylsulfonium)ethoxy]etheno- 
lates, produced by the interaction of XXXVII and 
an organic sulfide, show promise in their use in 
scintillation counters for the detection of ionization 
radiations (44). The potassium, strontium, barium, 
and zinc salts of 2-dicyanomethylene-l,l13,3-tetra- 
cyanopropene (XLVI) are luminescent in the ultra- 
violet region and cathode rays, and this property offers 
possibilities for their application as phosphors in tele- 
vision tubes (103). 2,2-Dicyano-l-[(trisubstituted am- 
monium)alkoxy]ethenenolate, derived from XXXVII 
and a tertiary amine, is useful as an antistatic com- 
pound (100). Some colored 1:l complexes of TCNE 
with aromatic compounds (viz., hexamethylbenzene) 
are useful in identifying paramagnetic materials (27). 

Some other derivatives of TCNE, aryl-substituted 
polycyanocyclobutanes (168), hexacyanoethane (95) , 
and TCNE polymers (28), are useful as ready sources 
of hydrogen cyanide for fumigation purposes. Hexa- 
cyanoethane may be useful as a high-temperature fuel 
for melting metals and as the reducing component in a 
thrust-producing fuel (96). Polymers with high cyano 
content are resistant to mildew, mold, or rot (58), and 
some of these find application as coating compositions 
and are useful for motor oil and transformer wire insula- 
tion (28). 

Tetracyanoethylenide salts are useful as scavengers 
to remove oxygen from gases (161). Some cyano- 
carbons have proved useful as histochemical localiza- 
tion reagents (78). Some of the compounds of TCSE 
with metal salts (viz., CuC1) fmd application as semi- 
conductor components in thermoelectric devices, cur- 
rent amplification devices, thermistors, solar cells, 
photoelectric cells, panel lighting circuits, cathode-ray 
tube coatings, resistors, photocapacitors, etc. (65). 
The chelate polymers of TCNE have shown promise as 
catalysts (67, 133). Thus, the complex of copper with 
polytetracyanoethylene effectively catalyzes the oxida- 
tion of aryl aromatic hydrocarbons and cyclohexane to 
yield hydroperoxides (133). 

B. ANALYTICAL APPLICATIONS 

Tetracyanoethylene has a great analytical potential. 
Thus the ?r complexes of TCSE are useful for determin- 
ing many pure organic molecules, aromatic hydro- 
carbons (140), phenols (147), and aryl ethers (141), 
analogous to the broad utility of metal-EDTA chelates 
in inorganic analysis. TCKE like EDTA is a fairly 
general complexing agent and reacts instantly under 
mild room-temperature conditions. It can be made 
somewhat selective by the use of certain reagents, viz., 
acetic acid, perchloric acid in acetic acid, acetic anhy- 
dride in chloroform, etc. (141). 

The property of TCNE to form intensely colored ?r 

complexes at room temperature with many aromatic 
compounds makes it useful as a color-forming reagent 
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in the paper chromatography of these compounds (62, 
63, 121, 152). It has also been used in the estimation 
of aliphatic, alicyclic, and aromatic 1,3-dienes (1 17). 
The diene is allowed to react with an excess of the 
reagent in dichloromethane and the excess titrated 
with cyclopentadiene, in ethanol. TCNE has been 
used as titrant in complexometric determination of 
aromatic hydrocarbons (140) and the end point is 
found photometrically. It is necessary, however, that 
the titrant be as concentrated as possible. 

An indirect colorimetric method for the estimation 
of anthracene, involving TCNE, has been reported 
(139). It is based on the destruction of red color of 
the napht,halene-TCNE complex, after anthracene and 
TCNE have reacted via the Diels-Alder reaction. 

red complex colorless adduct 

TCNE has also been used for the rapid quantitative 
determination of total nitrogen in petroleum fractions 
(122). This method takes advantage of the fact that 
hydrocarbon-TCNE colors, which persist a t  room 
temperature, are unstable on heating. In  contrast, 
however, many organic compounds, containing hetero- 
atoms, especially nitrogen-containing compounds, leave 
a color on the Glter paper on heating. Furthermore, 
the reaction between TCNE and phenols resulting in 
the formation of colored p-tricyanovinylphenols has 
been used for a qualitative test of phenols (147); 
exceptions are p-nitrophenols, polyhydric phenols, and 
their monoesters. The mode of reaction is reported 
to depend upon the structure of the phenol, thereby 
providing a means for investigating the latter (147). 

Spectrophotometric measurements in the range 400- 
700 mp for the determination of concentration of 
pheophytin in the extract of plant materials is invali- 
dated in the presence of carotenoids. Addition of 
TCNE, however, annuls the interference by causing a 
shift of the carotenoid absorption toward shorter wave- 
lengths (166). Some mono-, di-, tri- and tetrasub- 
stituted ethylenes have been distinguished by the 
differences in the positions of the maxima of the ultra- 
violet charge-transfer band of their iodine and TCNE 
complexes. These maxima shift toward the visible 
(with increasing donor strength) as the double bond is 
increasingly substituted (6, 84). 

Tetracyanoethylene has been shown to be a sensitive 
indicator of ?r-electron availability (4). In this way 
acyldurene has been demonstrated to be deficient in 
s electrons compared to durene, and this has been 
explained to be due entirely to the inductive effect of 
the carbonyl group (165). 
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CioWTCNE) + Ci,Hio + CioHa + CirHio-TCNE 

X. REFERENCES 
(1) Akamatu, H., Inokuchi, H., and Mstsunaga, Y., Nafure, 

(2) Akamatu, H., Inokuchi, H., and Mstsunaga, Y., Bull. 

(3) Akamatu, H., Matsunaga, Y., and Kuroda, H., Bull. 

(4) Ali, M. A,, Carey, J. G., Cohen, D., Jonea, A. J., Millar, 

(5) Bast&, J., and Castells, J., Proc. Chhcm. SOC., 216 (1962). 
(6) Bauer, R. H., Anal. Chem., 35, 107 (1963). 
17) Bekoe, D. A., and Trueblood, K. N ,  2. Krist., 113, 1 

(1960). 
(8) Berlin, A. A.> Matveeva, N. G., and Sherle, A. I., Zzv. 

A M .  Nauk SSSR, Otd. Khim. Nauk, 2261 (1959): 
Chem. Abslr., 54, 10854e (1960). 

(9) Berlin, A. A., Matveeva, N. G., and Sherle, A. I., Russian 
Patent 126,612; Chem. Abstr., 54, P16917b (1960). 

(10) Berlin, A. A., Boguslavskii, L. I., Burshtein, R. Kh., 
Matveeva, N. G., Sherle, A. I., and Shurmowkaya, 
N. A., Dokl. Akad. Nauk SSSR, 136, 1127 (1961); 
Chem. Abstr., 56, 4198d (1962). 

(11) Berlin, A. A., and Matveeva, N. G., Dokl. Akad. Nauk 
SSSR, 140, 368 (1961); Chem. Abstr., 56, 317i (1962). 

(12) Berlin, A. A., Matveeva, N. G., Sherle, A. I., and Kostrova, 
N. D., Vysokomlekul. Boedin., 4, 860 (1962); Chem. 
Abstr., 59, 1766d (1963). 

(13) Berlin, A. A., Sherle, A I., Belova, G. V., and Boreev, 
0. M., Vysokomlekul. Soedin., 7, 88 (1965); Chem. 
Abstr., 63, 10082f (1965). 

(14) Berlin, A. A., and Matveeva, N. G., Dokl. Akad. Nauk 
SSSR, 167, 91 (1966); ChLm. Abstr., 64, 17719e (1966). 

(15) Bijl, D., Kainer, H., and Rose-Innea, A. C.. J. Chem. 
Phys., 30, 765 (1959). 

(16) Blomquist, A. T., and Meinwald, Y. C., J. Am. Chem. 
SOC., 79, 5316 (1957). 

(17) Blomquist, A. T., and Meinwald, Y. C., J. Am. Chem. 
Soc., 81, 667 (1959). 

(18) Boguslavskii, L. I., and Stil'bans, L. S., Dokl. Akad. 
Nauk SSSR, 147, 1114 (1962); Chem. AEstr., 58, 10819a 
11963). 

(19) Boguslavskii, L. I., Sherle, A. I., and Berlin, A. A.. Zh. 
Fiz. Khim., 38, 1118 (1964), Chem. Abstr., 61, 9007d 
(1964). 

(20) Boguslavskii, L. I., and Stil'bans, L. S., VysokomoZekul. 
Soedin., 6, 1802 1964); Chem. Abstr , 62, 5387g (1965). 

(21) Boguslavskii, L. I., and Rozenshtein, L. D., Elektro- 
khimiya, 1, 713 11965); Chem. Abstr., 63, 125218 (1965). 

(22) Boguslavskii, L. I., Zh. Fiz. Khlm., 39, 748 1965); Chem. 
Abstr., 62 15531~ (1965). 

(23) Boyd, R. H., J. Chem. Phys., 38, 2529 (1963) 
(24) Cairns, T. L., and McGeer, E. G., British Patent 757,773; 

Chem. Abstr., 51, P6217e (1957). 
(25) Cairns, T. L., Carboni, R. A., Coffman, D. D., Engelhardt, 

V. A., Heckert, R. E., Little, E. L., McGeer, E. G., 
McKusick, B. C., and Middleton, W. J., J. Am. Chem. 
SOC., 79, 2340 (1957). 

(26) Cairns, T. L., Carboni, R. A., Coffman, D. D., Engelhardt, 
V. A., Heckert, R. E., Little, E. L., McGeer, E. G., 
Middleton, W. J., Scribner, R. M., Theobald, W. C., 
and Winberg, H. E., J. Am. Chem. SOC., 80, 2775 (1958). 

(27) Cairns. T. L., and McGeer, E. G., U. S. Patent 3,140,308; 
Chem. Abslr., 62, 1775e (1965). 

128) Cairns, T. L., and Graef, E. A., U. S. Patent 3,166,584; 
Chem. Abstr., 62, 7648d (1965). 

(29) Carboni, R. A.. Org. Syn. 39, 64 (1959). 

173, 168 (1954). 

Chem. SOC. Japan, 29,213 (1956). 

Chem. SOC. Japan, 30, 618 (1957). 

I. T., and Wilson, K. V., J .  Chem. SOC., 387 (1964). 



DURGA NATH DWR 

Champion, N. G. S., Foster, R., and Mackie, R. K., 

Cooper, A. R., Crowne, C. W. P., and Farrell, P. G., 

Cram, D. J., and Bauer, R. H., J.  Am, Chem. SOC., 81, 

Czekalla, J., 2. Electrochem., 63, 1157 (1959). 
Damerau, W., and Lassmann, G., Monatsber. Deut. Akad. 

Wiss. Berlin, 6 ,  229 (1964); Chem. Abstr., 64, 16017e 
(1966). 

Dewar, M. J. S., and Rogers, H., J.  Am. Chem. SOC., 84, 
395 (1962). 

Dickinson, C. L., Wiley, D. W., and McKusick, B. C., 
J .  Am. Chem. SOC.. 82, 6132 (1960). 

Dickinson, C. L., and McKusick, B. C., J.  Org. Chem., 29, 
3087 (1964). 

Diekmann, J., and Pedersen, C J., J. Org. Chem., 28, 
2879 (1963). 

Du Pont de Nemours, E. I., and Co., British Patent 
880,989; Chem. Abstr., 57, 8507b (1962). 

Van Dyke, J. W., Jr., and Snyder, H. R., J. Org. Chem., 
27, 3888 (1962). 

Eastman, J. W., Engebma, G., and Calvin, M., J. Am. 
Chem. SOC., 84, 1339 (1962). 

Eley, D. D., Inokuchi, H., and Willis, M. R., Discussions 
Faraday Soc., 28, 54 (1959). 

Eley, D. D., Research, 12, 293 (1959). 
Engelhardt, V. A., and Middleton, W. J., U. S. Patent 

Engelhardt, V. A., U. S. Patent 3,017,301; Chem. Abstr., 

Farrell, P. G., and Newton, J., T.trahedron Letters, 3, 189 

Foster, R., and Hanson, P., Tetrahedron, 21, 255 (1965). 
Friedman, R., and Macek, A., 10th Symposium on Com- 

bustion, University of Cambridge, Cambridge, England, 
1964, p 731, discussion 740 (published 1965). 

Gott, J. R., and Maisch, W. G., J .  Chem. Phys., 39, 2229 
(1963). 

Gomberg, M., and Cone, L. H., Btr., 39, 3286 (1906). 
Hafner, K., and Moritz, K. L., Angew. Chem., 72, 918 

Hafner, K., and Moritz, K. L., Ann. Chem., 650,92 (1961). 
Heckert, R. E., U. S. Patent 2,762,810; Chem. Abstr., 51, 

Heckert, R. E., U. S. Patent 2,762,832; Chem. Abstr., 51, 

Heckert, R. E., U. S. Patent 2,762,833; Chem. Abstr., 51, 

Heckert, R. E., U. S. Patent 2,794,823; Chem. Abstr., 51, 

Heckert, R. E., and Little, E. L., Jr., U. S. Patent 

Heckert, R. E., and Middleton, W. J., U. S. Patent 

Heim, P., and Dorr, F., Tetrahedron Letters, 42,3095 (1964) 
Isaaca, N. S., J. Chem. Soc., 1053 (1966). 
Isenberg, I., and Baird, S. L., Jr., J .  Am. Chem. Soc., 84, 

Jan&, J., J.  Chromatog., 16, 494 (1964). 
Janik, J., Klimb, I., and H h a ,  K., J .  Chromatog., 18,270 

Kainer, H., and tiberle, A., Chem. Ber., 88, 1147 (1955). 
Katon, J. E., U. S. Patent 3,267,115; Chem. Abstr., 65, 

Kearns, D. R., and Calvin, M., J. Am. Chem. SOC., 83, 

J .  Chem. SOC., 5060 (1961). 

Trans. Faraday SOC., 62, 13 (1966). 

5971 (1959). 

2,766,270; Chem. Abstr., 51, 11373d (1957). 

57, 11444e (1962). 

(1964). 

1960). 

4422b (1957). 

4422c (1957). 

44225 (1957). 

165143 (1957). 

2,794,824; Chem. Abstr., 51, P16515a (1957). 

2,980,698; Chem. Abstr., 55, 22138h (1961). 

3803 (1962). 

(1965). 

130035 (1966). 

2110 (1961). 

Keier, N. P., Boreskov, G. K., Rubtaova, L. F., and 
Rukhadze, E. G., Kinetika i Kataliz, 3, 680 (1962); 
Chem. Abstr., 58, 74129 (1963). 

Kommandeur, J., and Hall, F. R., J .  Chem. Phys., 34, 
129 (1961). 

Kronic, P. L., and Labes, M. M., J. Chem. Phys., 35, 
2016 (1961). 

Kuroda, H., Yoshihara, K., Kinoshita, M., and Akamatu, 
H., “Proceedings of the International Symposium on 
Molecular Structure and Spectroscopy, Tokyo, 1962,” 
Science Council of Japan, Tokyo, 1962, p DIOI-1. 

Kuroda, H., Yoshihara, K., and Akamatu, H., Bull. 
Chem. SOC. Japan, 35, 1604 (1962). 

Kuroda, H., Kobayashi, M., Kinoshita, M., and Takemoto, 
S., J. Chem. Phys., 36, 457 (1962). 

Laarhoven, W. H., and Nivard, R. J. F., Rec. Trai. Chim., 
84, 1478 (1965). 

Labes, M. M., Sehr, R., and Bose, M., “Proceedings of 
the International Conference on Semiconductor Physics, 
Prague, 1960,” Publishing House of the Czechoslovak 
Academy of Sciences, 1961, p 850. 

Labea, M. M., Sehr, R., and Bose, M., J .  Chem. Phys., 32, 
1570 (1960). 

Labes, M. M., Sehr, R., and Bose, M., J.  Chem. Phys., 33, 
868 (1960). 

Levina, S. D., Lobanova, K. P., Berlin, A. A., and Sherle, 
A. I., Dokl. Akad. Nauk SSSR, 145, 602 (1962); Chem. 
Abstr., 57, 14530c (1962). 

Lhotka, J. F., Nafure, 184, 1153 (1959). 
Linn, W. J., Webster, 0. W., and Benson, R. E., J.  Am. 

Chem. Soc., 87, 3651 (1965). 
Liptay, W., Briegleb, G., and Schindler, K., 2. Electro- 

chem., 66, 331 (1962). 
Little, E. L., Jr., Middleton, W. J., Coffman, D. D., 

Engelhardt, V. A,, and Sausen, G. N., J.  Am. Chem. 
Soc., 80, 2832 (1958). 

Looney, C. E., and Downing, J. R., J .  Am. Chem. SOC., 
80, 2840 (1958’. 

Long, D. A., and George, W. O., Spectrochim. Acta, 19, 
1717 (1963). 

Long, D. R., and Neuzil, R. W., Anal. Chem., 27, 1110 
(1955). 

Longone, D. T., and Smith, G. L., Tetrahedron Letters, 5, 
205 (1962). 

Macek, A., Friedman, R., and Simmons, J. A., NASA 
Accession No. N64-3348. Rept. No. AD 449508. Avail. 
CFSTI, 1964, 39 pp; Science Technical Aerospace Rept. 
2(24), 1964, p 3653. 

Machmer, P., and Duchesne, J., Compl. Rend., 260, 3775 
(1965). 

Martin, E. L., J .  Am. Chem. SOC., 85, 2449 (1963). 
Martin, E. L., U. S. Patent 3,076,836; Chem. Abstr., 58, 

13802b (1963). 
Martin, E. L., U. S. Patent 3,118,929; Chem. Abstr., 60, 

15742h (1964). 
Martin, G. C., and Ubbelohde, A. R., J. Chem. SOC., 4948 

(1961). 
Matteson, D. S., Drysdale, J. J., and Sharkey, W. H., 

J.  Am. Chem. SOC., 82, 2853 (1960). 
McKusick, B. C., Heckert, R. E., Cairns, T. L., Coffman, 

D. D., and Mower, H. F., J .  Am. Chem. SOC., 80, 2806 
(1958). 

McKusick, B. C., and Biehn, G. F., Chem. Eng. News, 38, 
114 (1960). 

McKusick, B. C., and Trohenko,  S., U. S. Patent 
3,201,452; Chem. Abstr., 63, 17915b (1965). 



CHEMISTRY OF TETRACYANOETHYLENE 62 1 

(96) McKusick, B. C., Trans. N. Y. Acud. Sci., 27, 719 (1965). 
(97) Meier, H., and Albrecht, W., Z. Physik. Chem., 39, 249 

(1963). 
(98) Mellon, E. K., Jr., and Lagowski, J. J., Nature, 199, 997 

(1963). 
(99) Merrifield, R. E., and Phillips, W. D., J. Am. Chem. SOC., 

80, 2778 (1958). 
(100) Middleton, W. J., U. S. Patent 2,721,206; Chem. Abstr., 

50, 78463 (1956). 
(101) Middleton, W. J., U. S. Patent 2,762,811; Chem. Abstr., 

51, P4722d (1957). 
(102) Middleton, W. J., U. S. Patent 2,766,243; Chem. Abstr., 

51, 113726 (1957). 
(103) Middleton, W. J., U. S. Patent 2,766,246; Chem. Abstr., 

51, 11372f (1957). 
(104) Middleton, W. J., U. S. Patent 2,766,247; Chem. Abstr., 

51, 11372i (1957). 
(105) Middleton, W. J., Heckert, R. E., Little, E. L., and 

Krespan, C. G., J .  Am. Chem. SOC., 80, 2783 (1958). 
(106) Middleton, W. J., and Engelhardt, V. A., J .  Am. Chem. 

SOC., 80, 2788 (1958). 
(107) Middleton, W. J., Little, E. L., Coffman, D. D., and 

Engelhardt, V. A., J .  Am. Chem. SOC., 80, 2795 (1958). 
(108) Middleton, W. J., Engelhardt, V. A., and Fisher, B. S., 

J .  Am. Chem. SOC., 80, 2822 (1958). 
(109) Middleton, W. J., and Engelhardt, V. A., J .  Am. Chem. 

SOC., 80, 2829 (1958). 
(110) Miller, J. R., J .  Org. ChPm., 25, 1279 (1960). 
(111) Moreau, W. M., and Weiss, K., J .  Am. Chem. SOC., 88, 

(112) Mulliken, R. S., J .  Am. Chem. SOC., 74, 811 (1952). 
(113) Naccache, C., Kodratoff, Y., Pink, R. C., and Imelik, B., 

(114) Koland, W. E., Kuryla, W. C., and Lange, R. F., J .  Am. 

(115) Ormerod, M. G., and Stoodley, L. G., Nature, 195, 262 

(116) Owens, M. L., Jr., U. S. Patent 2,975,221; Chem. Abstr., 

(117) Oaolins, M., and Schenk, G. H., Anal. Chem., 33, 1035 

(118) Page, F. M., and Kay J., Nature, 199, 483 (1963). 
(119) Parkyns, W. D., and Ubbelohde, A. R., J. Chem. SOC., 

2010 (1961). 
(120) Pen'kovskii, V. V., Teor. i Eksperim. Khim., Akad. Nauk 

Ukr. SSR, 2,282 (1966); Chem. Abstr., 65,15198~ (1966). 
(121) Peurifoy, P. V., Slaymaker, S. C., and Nager, M., Anal. 

Chem., 31, 1740 (1959). 
(122) Peurifoy, P. V., and Nager, M., Anal. Chem., 32, 1135 

(1960). 
(123) Phillips, W. D., Rowell, J. C., and Weissman, S. I., J .  

Chem. Phys., 33, 626 (1960). 
(124) Pimenov, Yu. D., Kholmogorov, V. E., and Terenin, 

A. N., Dokl. Akad. Nauk SSSR, 163, 935 (1965); Chem. 
Abstr., 63, 14081c (1965). 

(125) Prochorow, J., and Tramer, A., Bull. Acud. Polon. Sci., 
Ser. Sci. Math. Astron. Phys., 12, 429 (1964); Chem. 
Abstr., 62, 3537f (1965). 

(126) Prochorow, J., and Tramer, A., Bull. Acad. Polon. Sci., 
Ser. Sn'., Math. Astron. Phys., 12, 589 (1964); Chem. 
Abstr., 63, 1365c (1965). 

204 (1966). 

J .  Chim. Phys., 63, 341 (1966). 

Chem. SOC., 81, 6010 (1959). 

(1962). 

55, 17096a (1961). 

(1961). 

(127) Rappoport, Z., J .  Chem. SOC., 4498 (1963). 
(128) Rappoport, Z., Greenzaid, P., and Horowita, A., J. Chem. 

SOC., 1334 (1964). 

(129) Rappoport, Z., and Horowitz, A., J .  Chem. SOC., 1348 
(1964). 

(130) Rieger, P. H., Bernal, I., and Fraenkel, G. K., J .  Am. 
Chem. SOC., 83, 3918 (1961). 

(131) Rieger, P. H., Bernal, I., Reinmuth, W. H., and Fraenkel, 
G. K., J .  Am. Chem. SOC., 85, 683 (1963). 

(132) Roesener, W., German Patent 1,119,223; Chem. Abstr., 
56, 14499c (1962). 

(133) Roginskii, S. Z., Berlin, A. A., Kutseva, L. N., Aseeva, 
R. M., Cherkashina, L. G., Sherle, A. I., and Matveeva, 
N. G., Dokl. Akad. Nauk SSSR, 148, 118 (1963); Chem. 
Abstr., 58, 10771e (1963). 

(134) Roland, J. R., and McKusick, B. C., J. Am. Chem. SOC., 
83, 1652 (1961). 

(135) Ronayne, M. R., Guarino, J. P., and Hamill, W. H., 
J .  Am. Chem. SOC., 84, 4230 (1962). 

(136) Rosenblum, M., Fish, R. W., and Bennett, C., J .  Am. 
Chem. SOC., 86, 5166 (1964). 

(137) Sauer, J., Angew. Chem., 73, 545 (1961). 
(138) Sausen, G. N., Engelhardt, V. A., and Middleton, W. J., 

(139) Schenk, G. H., and Oaolins, M., Talantu, 8, 109 (1961). 
(140) Schenk, G. H., and Oaolins, M., Anal. Chem., 33, 1562 

(1961). 
(141) Schenk, G. H., Santiago, M., and Wines, P., Anal. Chem., 

35, 167 (1963). 
(142) Scott, H., Miller, G. A., and Labes, M. M., Tetrahedron 

Letters, 17, 1073 (1963). 
(143) Scribner, R. M., Sausen, G. N., and Prichard, W. W., 

J .  Org. Chem., 25, 1440 (1960). 
(144) Sherle, A. I., Aseev, Y. G., Frankevich, E. L., Berlin, A. A., 

and Kasatochkin, V. I., Zzu. Akad. Nauk SSSR, Ser. 
Khim., 6, 1132 (1964); Chem. Abstr., 61, 6613h (1964). 

(145) Slough, W., and Ubbelohde, A. R., J. Chem. SOC., 892 
(1957). 

(146) Slough, W., Trans. Fa~aday Soc., 58, 2360 (1962). 
(147) Smith, B., Persmark, U., and Edman, E., Acta Chem. 

(148) Sofue, M., and Nagakura, S., Bull. Chem. SOC. Japan, 38, 

(149) Stamires, D. N., and Turkevich, J., J .  Am. Chem. SOC., 

(150) Stanley, J., Smith, D., Latimer, B., and Devlin, J. P., 

(151) Stewart, F. E., Eisner, M., and Carper, W. R., J .  Chem. 

(152) Tarbell, D. S., and Huang, T., J .  Org. Chem., 24,887 (1959). 
(153) Trofunenko, S., Little, E. L., Jr., and Mower, H. F., 

(154) Cchida, T., and Akamatu, H., Bull. Chem. SOC. Japan, 

(155) Vars, R., Tripp, L. A., and Pickett, L. W., J .  Phys. Chem., 

(156) Vest, R. D., U. 8. Patent 3,101,365; Chem. Abstr., 60, 

(157) Ward, R. L., J .  Chem. Phys., 39,852 (1963). 
(158) Webster, 0. W., Mahler, W., and Benson, R. E., J .  Org. 

(159) Webster, 0. W., Mahler, W., and Benson, R. E., J .  Am. 

(160) Webster, 0. W., U. S. Patent 3,174,993; Chem. Abstr., 62, 

(161) Weissman, S. I., U. S. Patent 3,222,385; Chem. Abstr., 

J .  Am. Chem. SOC., 80, 2815 (1958). 

Scand., 17, 709 (1963). 

1048 (1965). 

85, 2557 (1963). 

J. Phys. Chem., 70, 2011 (1966). 

Phys., 44, 2866 (1966). 

J. Org. Chem., 27, 433 (1962). 

35, 981 (1962). 

66, 1754 (1962). 

P4015c (1964). 

Chem., 25, 1470 (1960). 

Chem. SOC., 84, 3678 (1962). 

16068f (1965). 

64, 4953b (1966). 



622 DURGA NATH DHAR 

(162) Williams, J. K., J .  Am. Chem. SOC., 81, 4013 (1959). 
(163) Williams, J. K., and Benson, R. E., J .  Am. Chem. SOC., 

(164) Williams, J. K., Wiley, D. W., and McKusick, B. C., 

(165) Wilson, C., Cohen, D., Millar, I. T., and Springall, H. D., 

(166) Wilson, J. R., Nutting, M.-D., and Bailey, G. F., Anal. 

(167) Winkler, R., Chimia, 16, 360 (1962). 
(168) Winstein, S., U. S. Patent 3,080,413; Chem. Abstr., 59, 

(169) Wyant, R. E., Poziomek, E. J., and Pokier, R. H., Anal. 

Chem., 34, 1331 (1962). 
84, 1257 (1962). 

J .  Am. Chem. Soc., 84, 2210 (1962). 

Nature, 204, 282 (1964). 

9878c (1963). 

Chim. Ada, 28, 496 (1963). 


