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ABSTRACT 

Microwave spectra of phenylisocyanide, C,H,k=c (I), ZD-phenyliso- 
cyanide, 2,4-D.-phenylisocyanide, and 2,4,6-D ,-phenylisocyanide were recorded 

and analyzed. Assuming the structural identity of the C,H(3)H(4)H(5) fragments 

of I and of phenylcyanide (II). A C(l)-N distance of 1.410 A and an &=c distance 

of I _ 142 A followed. The effects of changing some of the assumptions are discussed. 

INTRODUCTION 

A complete determination of the structure of phenylisocyanide, C&&C 

(I), by a spectroscopic method would involve an investigation of nine sufficiently 

enriched isotopic species as in the case of phenylcyanide (II)‘* 2. In this paper the 

results of recording and analyzing microwave spectra of phenylisocyanide (I) and 

of a mixture of 2-D-phenylisocyanide, 2,4-D,-phenylisocyanide, and 2,4,6-D 3- 

phenylisocyanide are reported. Based on the rotational constants derived and on 

the assumption that the geometry of the C,H(3)H(4)H(5) fragment of IL is 

conserved in I, C( 1)-N and &c distances -were calculated. 

The choice of inertial system and the numbering of atoms is strictly anaio- 

gous to those used in ref. 1, substitution occurring at C(I). 

EXPERIMENTAL 

Compound I was prepared according to Appel et aL3. The mixture of 

deuterated isocyanides was prepared from 2-amino-benzoic acid. 15 g of the acid 
was boiled for 5 h with 21.6 g J&O under reflux; The water was removed in vacio 

* On leave of absence from the Laboratorium voor Kristalchemie, University of Utrecht, The 
Netherlands. 
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TABLE 1 

FORMULAE, NOTATION AND PERCENTAGE OF PHENYLISOCYANIDE AND THREE DEUTERATED SPECIES 

Number and type of transitions studied and maximum rotational quantum number Jwx involved. 
Spectral region: 12-40 GHzO. 

Cmpound Species Number of obserued .I- 

Notation Percentage 
trmzsitiom 

R-type Q-tvpe 

phenylisocyanide I 100 30 19 39 
[2-D]-phenylisocyanide III -20 21 7 34 
[2,4-D&phenylisocyanide IV N40 14 10 
[2,4,6-D 3 J-phenylisocyanide V -40 18 10 

a Bach transition is assigned with an accuracy of 2-3 ppm. Measured frequencies are available 
from the authors on request. 
b See text. 

and the H-D exchange procedure repeated. The resulting deuterated 2-amino- 
benzoic acid yielded, upon decarboxylation4 at 180 “C (4 h), 7.0 g vacuum- 
distilled product (69 % yield). After routine formylation of the product it was 
converted to a ca. 1 : 2 : 2 mixture of 2-D-, 2,4-D,-, and 2,4,6-D,-phenyliso- 
cyanide, purified by distillation in vacua (yield 2.4 g (33 %)). Its isotopic composi- 
tion followed roughly from the microwave spectrum. Lines from parent I were not 

observed. 

TABLE 2 

STANDARD DEVIATION (ms), ROTATIONAL CONSTANTS (MHz), CENTRIFUGAL DISTORTION CONSTANTS (kHz), 
PRINCIPAL MOMENTS OF INERTIA, INERTIAL DEFECT (J&+)= AND ASYMMETRY PARAMETER K FUR PHENYLISOCYANIDE 

AND THREE ISOTOPIC SPECIES (Table 1) 

Phenylisocyanide III IV V 

0.056 
5659.5190&-0.0056 
1639.7757&0.0012 
1271.I538~0.0012 

0.8526+0.0090 
-0.0473 f0.0038 
89.29664f0.00009 

308.19826~0.00023 
-397.57266&O.OiIO39 

0.~~770~0%0022 
--0.8320004~:0.00002 

0.062 
5384.321 &U-O14 
1638.7005f0.0023 
1256.1018f0.0022 

0.775 f0.017 
-0.027 &O.Ol 1 
93.86067&-0.00025 

-308.40046~0.00043 
402.33683 &to.000 72 

0.075 70~0.000 55 
‘~b.8146422~0.0000004 

0.047 
5384.564 *0.030 
1583.367 &0.002 
1223.344 _CO.OOl 

Ob 
0’ 

93.8564&0.0005 
319.1781~0.0004 
413.1102~0.0003 

0.0756b 
-0.826963f0.000002- 

0.095 
5129.733 AO.054 
1582.291 50.003 

1209.064 iO.002 
Ob 
Ob 

98.519 &O.OOl 
3 19.3950 &0.0006 
417.9896&0.0006 

0.0756” 
-0.80961q_L0.000005 

a Conversion factor: 505 376 PA’ MHz. 
’ Assumed i&e”. 
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The microwave spectrograph was of the conveational stark-modulated 
(50 Hz) type. The region 12-40 GI-Iz was scanned. Pressures from 3;20 & were 
applied, the spectrum of T was recorded at -7 “C and the remaining spectra at 
roam temperature. Species formulae, notation and percentages are reported in 
Table 1 which, in addition, gives the number and type of observed 
transitions and J,,,, the highest rotational quantum number in the anal- 

ysis. Corrections for centrifugal distortion were calculated using a least- 
squares anaiysis5. For species I and III sufficiently accurate reproduction of 
experimental data was obtained for Z”l = T2 = TS = 0 (T,‘s defined in ref. 2) 
while T, and T+ differed frum zero (Table 2). For the rather incomplete spectra 
of the species IV and V for which Q-lines were observed but not measured, centri- 
fugal distortion was small enough to be ignored. To achieve a reliable value of the 
rotatioaal constant, A, of these species the inertial defect was chosen in agreement 
with III (Table 2). 

Due to the intimate resemblance of the vibrational spectra of I aud II 
documented elsewhere6 considerabfe, but quant&atively unknown, structural 
similarity of I and II is to be expected. This is further substantiated by the experi- 
mental microwave results. Table 3 reports the coordinates of H(2), H(4), and 
H(6) in the inertial system of I which may be derived from the data of Table 2. 

I-ABLE 3 

b” --o.4457S 2.1410 

Dis&nces 
W2z)-HC41 
H(2j-~(61 

0 3.284P 

4.3000 
4.2820 

-0.4444” -2,1412 -0.3995 2.1455 3.3186 0 

4.2927 
4.2910 

-0.3995 -2.1455 

_ - -.~~~~~ 

a Data from species 3 and Iff._Replaced by -0.44~0 in the above cafculations and in Table tZ, 
b Data from species X, Et. and-IV. 
c Data from spscies I,,Ur, IV and V. Replacedby -0.4450 in calwlations.. 
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The coordinates of the corresponding hydrogen atoms in II (in the inertial system 
of II) are also quoted. For both molecules the H(2)-H(4) and the H(2)-H(6) 

distances were calculated, and found to be equal within 2 o/oo. Also, 1, = 89.36076 
and 89.296 64 PA for II and I, respectively, differ by only 0.064 12 &‘. Here, 
the slightly different b-values of H(2) and H(6) account for 2m,(2.1455’- 

2.141 12) = 0.0377 pw2 of this difference leaving 0.0264 pA2 unexplained. In 

terms of a displacement of, say, C(2) and C(6) by (I A from their positions in II 
toward the a-axis this means p = 0.0004 A or close to the error of this coordinate2. 

Of course, contributions to 1,(11)--I,(I) f rom much larger displacements of 

off-axis atoms may accidentally cancel or almost so. 

Using our initial assumption of equal CGH(3)H(4)H(5) fragments of I and 

II and noting that the b-coordinate of H(4) in the inertial system of II is 3.3186 A 

while the b-coordinate of H(4) in the inertial system of I is 6 = 0.0345 Hi less, we 
have summarized the assumed coordinates in the latter inertial system with the 

ones obtained experimentally in the present investigation in Table 4. 

TABLE 4 

ADOP~D ATOMIC COORDINATES a, b (in A) IN THE INERTIAL SYSTEM OF PHENYLISOCYANIDE 

Numbering of atoms as in ref. 1. 

C(1) C(2) C(3) c (4) H(2) H(3) H(4) 

a - 0.5640” 0.1106” 1.5062” 2.2045” -0.4450’ 2.0489” 3.2841’ 

b 0 1.2126b 1.2105b 0 2.141 I= 2. 1467b 0 

J From phenylcyanide’ by subtracting 0.0345 A (= (3). 
b From phenylcyanide2. 
C From this investigation. 

If the coordinates of H(2) were also carried over from the inertial system 
of II to I as done for H(3) we would get a = -0.4340 and b = 2.1455 A, the 

deviation of the a-coordinate being 0.011 A, and the deviation of the b-coordinate 

being 0.004 A from our experimental values. These deviations may be real and 

consistent with our initial assumption, but they may also indicate that fragment 

identity is not strictly fulfilled. 

The required a-coordinates of N and C(7) must obey two conditions. In the 
first place, the centre of mass is at (0, 0, 0). _Secondly, since the coordinates of 
Table 4 are derived from “substitution” coordinates the experimental value of 
r, = 308.19826 d2, corrected as in ref. 2 by 0.17 per cent to 307.67432 d2, 

must be reproduced. The results obtained are reported in Table 5. 
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TABLE 5 

C(l)-& AND &c(7) DISTANCES (in A) IN PHENYLISOCYANIDE AS CALCULATED (1) UNDER ASSUMP- 

TIONS MENTIONED IN THIS PAPER; (2) CHANGING fi = 0.0345 (SEE TEXT) TO 0.0350; (3) CHANGING 

THE U-COORDINATE OF c(1) BY to.002 A; (4) CORRECTING &,‘S EXPERIMENTAL VALUE BY 0.32 

PER CENT INSlEAD OF 0.17 PER CENT 

Distances 

C(l)4 &C(7) 

Condition (1) 1.410 1.142 

Condition (2) 1.400 1.160 

Condition (3) 1.416 I.136 

Condition (4) 1.407 1.149 

DISCUSSION 

Not many “pairs” of cyanide-isocyanides have hitherto been investigated. 

For CH,CN and CH,N=C, a C=N distance of 1.158 A and an N=C distance of 

1.167 A respectively were found ‘. Using assumptions previously specified’ micro- 

wave spectra of tert.-C,H,CN andof ~erf--C4H&C are interpretable in terms of 

a C=N distance of 1.149 A and an N=C distance of 1.166 A, respectively_ In both 

cases C=N < N=C. In phenylcyanide’ the C=N distance is 1.158A. Since the 6% 

distance of phenylisocyanide may be at least equally long, model (2) of Table 5 

makes the better sense. The corresponding C(l)-N distance of 1.400 A agrees with 

an estimate based on covalent radii ‘. According to this philosophy the predic- 

ted C( 1)-N distance is l-451-O-055 = 1.396 A where 1.451 A is the observed 

C(l)-C(7) distance in phenylcyanide’ while 0.055 A is an average difference 

between carbon and nitrogen “covalent radii”. 
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NOTE ADDED IN PROOF 

Using a large basis set (11s 6p ld/6s 3p Id) and including configuration 
interaction, P. K. Pearson, G. L. Blackman, H. F. Schaefer and U. Wahlgren 
have optimized the geometries of HCN and HNC, finding a H-C and a C=N dis- 

tance of 1.068 and 1.153 A for HCN, while the H-k and kc distances of HNC 
were calculated as O-995 and 1.169 A. 


