Short Communications

The Reaction between (XCN),
(X=S and Se) and the Cyanide Ion
in Acetonitrile. A Study of the
Mechanism using Ionic **C Cyanide
TOR AUSTAD

Department of Chemistry, University of Bergen,
N-5014 Bergen, Norway

As part of a study of polythionic compounds in
dipolar aprotic solvents, it was found necessary
to study the action of ionic cyanide on thio-
cyanogen and selenocyanogen in acetonitrile.! In
a previous paper we have studied the reaction
between chalcogen dicyanides, X(CN), (X=8§,
Se and Te), and the cyanide ion in acetonitrile.?
In all cases the chalcogen atom was found to be
the electrophilic centre.

Selenocyanogen has been found to react with
ionic selenocyanate to form the triselenocyanate
ion, (SeCN),~.? Likewise, the trithiocyanate ion,
(SCN),™, is formed when thiocyanogen and ionic
thiocyanate are mixed.* The trithiocyanate ion
is far more unstable than the triselenocyanate
ion and it has not yet been isolated as stable
salts. In the dipolar aprotic solvent, acetonitrile,
the cyanide ion is believed to be a more powerful
nucleophile towards divalent sulfur and sele-
nium than is the thiocyanate ion and the
selenocyanate ion. Consequently, a displacement
reaction is to be expected upon mixing ionic
cyanide with the two pseudohalogens, (SCN),
and (SeCN),, in acetonitrile.

The stoichiometry of the thiocyanogen-cya-
nide reaction and the selenocyanogen-cyanide
reaction was found by varying the amount of
the nucleophilic reagent, tetraphenylarsonium
cyanide, and measuring the yield of the corre-
sponding pseudohalide ion applying IR (vgen—
=2059 cm and vgeen—= 2068 cm1).® The nu-
cleophilic reagent was always added to the sub-
strate. The results are collected in Table 1.

Four mol of cyanide ions are consumed per
mol of the substrate in order to give 2 mol of
the corresponding pseudohalide ion. Table 1
further indicates that one mol of each of the
reactants forms one mol of the pseudohalide ion,
and in addition 3 mol of cyanide ions have to
be used to form the second mol of the pseudo-
halide ion.
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Table 1. Determination of the stoichiometry of
the reaction (XCN), +nCN~-Products

where X =S8 or Se in acetonitrile at room tem-
perature.

n Amount of XCN™ formed
(mol)

2 11/3

3 12/3

4 2

A mechanism satisfying these observations
involves a fast substitution by the cyanide ion
at one of the chalcogen atoms displacing ionic
thiocyanate (selenocyanate) in the first step,
eqn. (1).

fast
(XCN), +CON~ 25 XCN-+X(CN), 1)
(X =S8 and Se).

The chalcogen dicyanide that is being formed,
is believed to react with ionic cyanide in aceto-
nitrile according to eqns. (2) and (3).2

X(ON)+ ON~ % XON-+ (ON), @)
oy € N~
3
(CN), +2CN~ 5 >c—c/ (3)
Doy
(DISN)*-

IR of the reaction mixture showed a sharp peak
at 2140 cm~! which has been attributed to
the postulated diiminosuccinonitrile dianion,
(DISN)2-.2

To verify this mechanism, ionic **C cyanide
has been used as the nucleophilic reagent. The
reactions were performed by adding 4 mol of
13C cyanide ions to the substrates. The sharp
peaks in IR of the 12C-pseudohalides and the
13C-pseudohalides were sufficiently apart for
quantitative  measurements (vgiuen-=2010
em~! and wgenen—=2022 cm™!).2 The data are
listed in Table 2. The data of the isotopic

Acta Chem. Scand. A 28 (1974) Neo. 7



Table 2. Isotopic experiments on the reaction
(XCN), + 4*CN~—-»Products

where X =S8 or Se in acetonitrile at room tem-
perature.

X Amounts formed (mol)
XCN~ X13CN™

S 11/3 2/3

Se 11/5 4/5

experiments are in complete accordance with
the mechanism previously reported for the
sulfur dicyanide-cyanide reaction and the sele-
nium dicyanide-cyanide reaction.? The overall
reaction between thiocyanogen and ionic 12C
cyanide may then be pictured by Scheme 1.

*CN
SCN fast /
| + *CN~ —. SCN™ + S
SCN

CN
*CN~ [TNC -8 —~CN-]™ pseudorotation
—_— —_——
slow CN ] fast

slow
[S(CN)g]~ ——> 1/3SCN™+ 2/3 S*CN™ + (CN),
decomp.

*CN/CN=2/1
Scheme 1.

The cyanogen formed in the last step adds 2
mol of eyanide ions in a fast reaction, eqn. (3).

The mechanism of the selenocyanogen-cya-
nide reaction is schematically shown_ by

Scheme 2.
*CN
SeCN fast J
| +*CN™ —» SeCN™+Se —_—
SeCN
CN
fast exchange of
the cyanide groups slow

pposes [Se(CN);]~ d—eTm;-
*CN/CN =4/1
1/5 SeCN ™+ 4/5 Se*CN~+ (ON),
Scheme 2.

Finally some comment concerning the first
step of the Schemes 1 and 2 will be given. The
first steps in both reactions are irreversible, and
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the data of Table 2 are in agreement with such
reactions. In aqueous solution Hauge® has,
however, found the cyanide ion and the seleno-
cyanate ion to be of comparable nucleophilicity
toward divalent selenium. The data in this
paper may be explained by the fact that the
nucleophilicity of the cyanide ion toward methyl
iodide is 4.1 x 10* times greater in acetonitrile
than in methanol.! The increase in the nucleo-
philicity of the thiocyanate ion and the seleno-
cyanate ion toward the same substrate when
going from methanol to acetonitrile is, however,
36 and 19, respectively.® Thus in a dipolar
aprotic solvent the nucleophilicity of the cya-
nide ion toward divalent sulfur and selenium
appears to be much greater than the nucleo-
philicity of the thiocyanate ion and the seleno-
cyanate ion toward the same substrates.

Experimental. Acetonitrile and tetraphenyl-
arsonium cyanide, Ph,AsCN, were purified as
reported previously.® Ph,As3CN was prepared
from K®¥CN, British Oxygen Limited, and con-
tained more than 90 9 3C.

A standard solution of thiocyanogen in aceto-
nitrile was made by the method of Jenkins and
Kochi® applying bromine and excess of lead
thiocyanate, Pb(NCS),. The solution was stored
in a refrigerator.

Selenocyanogen was made from silver seleno-
cyanate and iodine in dry ether.’

The thiocyanogen-cyanide reaction was quan-
titatively studied by measuring the amount of
ionic thiocyanate formed applying IR.® The
reaction was studied using 1.54 x 10-* M of the
substrate and varying the concentration of the
nucleophile up to four times the concentration
of the substrate. During all the experiments the
nucleophilic reagent was always added to the
thioeyanogen solution. The IR of the solution
further showed a sharp peak at 2140 cm—!
which is supposed to be due to the diimino-
succinonitrile dianion, (DISN)2-.

The selenocyanogen-cyanide reaction was
studied in the same way as described for the
thiocyanogen-cyanide reaction. 3.0 x 10-3 M of
selenocyanogen was applied.

Both of the reactions were found to be very
fast, and the amounts of XCN~ (X =S8 and Se)
were measured shortly after mixing the reac-
tants.

The amounts of XCN~ and X“¥CN~ were
reproduced within +3 9, of the exact figures
which are presented in Tables 1 and 2.

The IR measurements were performed on a
Unicam SP 200 G Infrared Spectrophotometer
applying 0.1 em liquid cells.
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The Crystal Conformation of
1,1,9,9-Tetramethylcyclohexadecane
P. GROTH

Department of Chemistry, University of Oslo,

Oslo 3, Norway Fig. 1. Schematical drawing showing the molec-
ular conformation.

By semiempirical calculations of cyclohexa-
decane Dale! has found the square, diamond

Table 1. Final fractional coordinates and anisotropic thermal vibration parameters with estimated
standard deviations (multiplied by 10%) for carbon atoms. The symbol CM is used for the methyl
carbons.

ATOM X Y 4 81 B22 a3y b12 R$3 823
Cia 526(11)  1460( 4)  2755¢ 4)  263( 2M) 26¢ 1) 27¢ M) A10 185) 34( 14) =i 8)
C2A 1383(11)  332n( 4)  3366( 4)  321( 24) 20 3 23C 3) 19(¢ 34} 15( 14) -9( 4)
C3A 3197(11)  3114C 4)  3374( 4)  238( 23) 28¢ ) 23C 3)  =16( 14) «3C 13 d( 5)
Cah 3957(12)  2958( 4)  3983( 4)  334( 27) 27¢ 3 28C 3 17( 16)  «36.( 15) -7C 5)
CSA §736(13) 2741( 8) 4929¢ 4) J6éa( 28) 46( 5) 20¢ 3 =24( 19) =78( 16) -2( 6)
C6A 6A83(18)  2154( 5)  3687( 4) 181¢ 21) 8¢ 4 31¢ 3)  e23( 18)  =d6( 13) «a( 6)
C7A 6139(10) 1559(¢ 4)  3835(¢ 4) 237¢ 2Y) 3t 4 240 3) =1f 18) 20 13) «2¢ %)
C8A 5561( 9) 976C 4)  3511(C 3) 167( 19) 29¢ 3 22( ) 21(¢ 13) «9( 11) 4aC 8
CoA 4622(11" 348¢ 4) J616¢ 4) 243( 23) 27¢ 4) 21 3 S8( 18) -d( 14) 9C 5

C10A 2739(11) 433C 4)  3825( 4)  282( 25) 22¢ 3) 24¢ 3) al 14) 7¢ 14) 3t

CitA 2123(10) 679¢ 4) 2948( Q) 208( 21) 340 3 24C )) 23( 14) 8¢ 13) e5¢ 5)

C12A 145(10) 816( 4) 2912( 4) 147¢ 23) 28( ) 42¢ 3) ~2( 13) 12( 13) “r( 5

C13A «6408(10) 1080( 4) 2347(¢ 4) 195¢ 21) 3t 4 41¢C M) 5C 15) w420 14)  =22( 6)

Claa 58(10) 1719( 4)  2166( 4)  238( 22) 21¢ 3 35¢C 3) =120 14)  «72( 13) ~12( 8)

C15A =129(18) 2254( 4) 2575(C 3J) 194( 24) 28¢( ) 23(C 3) e13(¢ t4) 20 12) “9( 5)

C16A 548( 9) 2872( 4) 2374( ) 199¢ 19) 24 N 23t 3 23 13) §¢ 12) 6( 5)

CMLA 1329(13) 4020( 4) 2489( 4) 888( 33) 29¢ 4) 29¢ %) 2t 18) 6( 17) 22¢ %)

CHM2A «1288(12) 362B( B)  284A( 4)  339( 27) 47¢ O 39¢C N 790 319) e8¢ 17)  =21¢ 6)

CH3A 5069(12) 131¢ 4)  4238( 4)  395( 29 30¢ 4) e 3 630 18) =3( 15) 240 5)

CM4A 5203(11)  e=164( 6)  3229( 4)  332( 27) 53¢( 8 34( %) 167( 18) 39( 15)  e18t 6)
c18 «40{(11)  6475( 4) 9728( 3) 209( 21) 24¢ 4y 21¢ M) af 14) 8 13) 7 %)
[%1.] ~2273010) 658A( 4) 9652( 4) 166¢( 18) 27¢ 3 25¢ 3 «33C 1)) 21¢ 12) ¢ 5
[ ]:] »3n29(1@) 684a( 4) 9783( 4) 1690 17 3¢ N 24¢( 3) =20 13) 14 12) =30 5)
CaB «d885(10) 6954( 4) 9a75( 4) 177¢ 22) 24t M LT AN} =37( 14) 3C 14) 2( 5)
cs8 ~8696(11) 7188( 4) 8504( 8) 195(¢ 22) 34¢ 4 48( &) “i15( 16) »7( 15) =14( &)
cess «5335(10) 7R34C 4) B8286( 4) 183¢ 21) Jo( 4) e 3 37c 14) 60 13) =12¢ 5
€78 »5187¢10) 8335( 4) 8699¢ 4) 125¢ 2m) 29t M 23 ) «6( 14) 13¢ 12) “8( 5)
ces «4531( 9) N7 &) 8451 ( 3) 178( 19 29¢ 3) 17¢ 2) -14C 13) =3( 11) =3¢ 4)
coB «4526(10) 9501( 4) RB63( 3) 208(¢ 21) 28¢C 3 13¢ 2) 17¢ 14) 11e 12) a( 4

ci1e8 *3601(10)  9178( 4)  9439( 3)  234( 21) 26 N 15¢ 23 8r 13) 3n¢ 12) at 4

Ci1B «1811(10) 9253( 4) 2442¢ ) 210( 21) He 3 2{C 2y =11( 14) 20 12) RIGEE S}

c128 ~1044(10) 9110C 4) 1BA39( 4) 186( 21) 27¢ 1) 23 M =25( 14) 1¢ 12) 1( 4

C138 798(11) 8899( 4) 1n387( 4) 262t 23) 3¢ 4 29¢ 3 «37( 18) ety 14) a8

C148 1856¢ 9) 8284( 4) 9755¢( I) 163¢ 18) 3s¢ 3 19¢ ) «h( 13) =5( 11) 160 5)

ci58 142(19) 7693(C 43 9932(¢ 4) 193¢ 27) 23t M 27¢ B 350 13) 49( 12) -pt  5)

€168 $53( 9) 7983( 4) 9629( 3) 201( 19) 32¢ ) 2¢( 2) 23( 14) 32¢ 110 =7¢ 5)

cML8 114(11) A2A4( 4) 10343( O 329¢ 25) e A 20¢C 3 13 16) wd( 1) tac %)

cM28 96(11) 5953¢ 4) 9336( 4) 254( 22) A5¢C 4) ant 3 50¢ 18) 10 14) =90 6)

cM38 «£333(11) 9791¢( 4) 8929¢( 4) 263( 24) 39¢ 4) 26¢( 3) 76( 18) 110 14) 20 )

cM4B «3684011) 1216aC 4) 8557( 3) 346( 27) 26( 1 24 1) =10( 15) A 14) 1 b)

Acta Chem. Scand. A 28 (1974) No. 7



