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monophenylcarboxamide was prepared by the method of Weliky 
and Gould.30 The acetyl derivative was prepared by the method 
of Hauser and Lindsay31 and the benzoyl derivative by the method 
of Weliky and Gould and was reduced to the a-hydroxybenzyl 
derivative according to the method of the same authors.30 

Both carbomethoxy-32 and carboethoxyferrocene33 were pre­
pared by esterification of ferrocenemonocarboxylic acid in the 
appropriate alcohol with sulfuric acid catalysts. References to 
the preparation of the disubstituted ferrocenes are given in Table 

(30) N. Weliky and E. S. Gould, J. Am. Chem. Soc, 79, 2742 (1957). 
(31) C. R. Hauser and J. K. Lindsay, / . Org. Chem., M, 482 (1957). 
(32) R. A. Benkeser, D. Goggin, and G. Schroll, J. Am. Chem. Soc, 76, 

4025 (1954). 
(33) V. Weinmayr, ibid., 77, 3009 (1955). 

Aside from occasional examples recorded in the 
earlier literature, the only systematic study of the 
mass spectral behavior of aliphatic nitriles published so 
far is due to McLafferty.3 The interpretation of such 
spectra is complicated by the fact that standard resolu­
tion does not permit a differentiation between the iso-
baric pairs CH2 and N or C2H2 and CN. Thus, it is 
frequently impossible to determine whether a given 
fragment contains the nitrile group or whether a certain 
peak is made up of two species, one with and the other 
without nitrogen. Such uncertainties make it more 
difficult to arrive at firm generalizations about the frag­
mentation behavior of aliphatic nitriles. 

These reasons prompted us to investigate one specific 
example in detail using both deuterium labels and 
high resolution data. The availability of isohexyl 
bromides4 substituted with deuterium in all possible 
positions but C-4 offered the possibility of preparing 
the corresponding labeled derivatives of isohexyl cy­
anide (I) by treatment with sodium cyanide in aqueous 
methanol. This procedure resulted in some back-
exchange at C-2 and thus explains the isotopic impurity 
of the C-2 deuterated analog (see Table I). 

The molecular ion region in the mass spectrum (Fig. 
1) of I contains only peaks of very low intensity; in­
deed the molecular ion can hardly be recognized. 
Slightly more pronounced is the M — 1 fragment 
characteristic of all aliphatic nitriles.3 As Pottie and 
Lossing have demonstrated6 that the dissociation en­
ergy of hydrogen attached to C-2 is nearly identical 

(1) For paper XI.IV see D H. Williams, H. Budzikiewicz, Z. Pelah, 
and C\ Djerassi, Monatsh., 9S, 166 (1964). 

(2) This work was supported by the National Institutes of Health of the 
U. S. Public Health Service (grant Xo. AM-042.57). R. B. is indebted to 
N A T O , for a grant while on leave from the Institut de Chimie des Sub­
stances Naturelles. Gif-sur-Yvette, S. et O., France. 

(3) F, W McLafferty, Anal. Chem., 34, 26 (1962); see also Chapter 6 in 
ref. 6. 

(4) C. Beard, J. M, Wilson, H. Budzikiewicz, and C. Djerassi, J. Am. 
Chem. Soc, 86, 269 (1964). 

(5) R F. Pottie and F. P. Lossing, ibid., 83, 4737 (1961): 

IV. The preparation of the tetrasubstituted ferrocenes was re­
ported by Little and Koestler.34 

Measurements.—The potential measurements were made at 
25° in acetonitrile with a LiC104 supporting electrolyte as pre­
viously described.11" The £0-22 values were within 2 or 3 mv. of the 
Ei/t values. In one case (bistriphenylmethylferrocene), approxi­
mately 5% of methylene chloride was added to the solvent be­
cause of the insufficient solubility of the compound in acetonitrile. 

Acknowledgment.—The authors wish to thank the 
donors of the Petroleum Research Fund, administered 
by the American Chemical Society, for financial 
assistance. 

(34) W. F. Little and R. C. Koestler, / . Org. Chem., 26, 3245 (1961). 

TABLE, I 

ISOTOPIC PURITY OP DEUTERATED ISOHEXYL CYANIDES 

' Number of deuterium atoms 
Compound d\, % di, % 
2-di-\ 60 40 
3-d2-l 6 94 
5-(Z1-I 99 0 
6,6a-rf2-I 3 97 

6 
CH 3 x 5 4 3 2 1 

>CHCH2CH2CH2CN 
C H / 
6a I 

with that of allylically bound hydrogens, it seems plaus­
ible to represent the M — 1 ion as a hybrid of two reso­
nance forms a and a'. The deuterium labels seem to 
support this conclusion, although quantitative measure­
ments are not possible because of the low abundance of 
the ions concerned. 

(CH3)2CH(CH2)2C=NH < [I] + > 
(M + 1) (CH 3 ) 2 CH(CH,) 2 CHC=N + 

a (M - 1) 

t 
I 

(CH 3 ) JCH(CH 2 ) JCH=C=N: 
a' (M - 1) 

In addition to the M — 1 ion, the mass spectrum of I 
(Fig. 1) also shows a peak one mass unit above the 
molecular weight, another characteristic feature of 
aliphatic nitriles.3 Such M + 1 ions are produced by 
capture of a hydrogen radical by the molecular ion and 
the intensity of the M + 1 peak is, therefore, pressure 
dependent.3 The low intensity and especially the 
complexity of the molecular region makes it impossible 
to use the molecular ion itself for establishment of the 
isotopic purity of the labeled compounds. For this 
purpose, the M — 15 peak (m/e 96) had to be used. 
The results summarized in Table I are based on the 
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premise tha t a methyl group is only lost from one of 
the terminal positions (6 or 6a in I ) , an assumption 
which seems reasonable for a compound containing an 
isopropyl group. The spectrum of the C-2 labeled 
compound has been corrected for undeuterated con­
taminant by subtracting the spectrum of the unlabeled 
parent I. 

The peak at m/e 83 (M — 28) in the spectrum (Fig. 
1) of I is essentially all (99%) made up of nitrogen-
containing fragments. In Table I I the masses ob­
served for isohexyl cyanide and its labeled analogs are 
collected for the relevant region, the most abundan t 
peak of the group always being given the arbitrary 
value of 100. The values given in this and subsequent 
tables are not corrected for under-deuterated contami­
nants (see Table I) since this would necessitate addi­
tional assumptions. 

100 

Compound 

4,-1 

2-4>-I 
3-Ci2-I 

5-4-1 

6,6a-4-I 

M A S S SHIFTS 

82 

14 

21 

7 

4 

2 

TABLE II 

IN THE M 

83 

100 

45 

100 

6 

3 

— 28 REGION 

84 85 

8 6 
100 62 

13 3 

100 9 

11 100 

86 

0 

4 

0 

0 

7 

From Table I I it can be seen t ha t the label from C-3 is 
completely lost, while the deuterium a t C-5 and C-6 is 
retained. Since the expelled 28 mass units must corre­
spond to the elements of ethylene (C2H4), two hydrogen 
atoms have been accounted for. The spectrum of the C-2 
labeled analog indicates tha t about 22% of the remain­
ing hydrogen comes from this source and therefore the 
rest has to be lost from C-4. where no labeled deriva­
tive was available. 

Production of ethylene from C-2 and C-3 can be 
rationalized through a four-membered transition state 
(see arrows6 in b) to yield c, while the dominant proc­
ess—incorporation of C-3 and C-4—may proceed 
through a six-membered transition state (d) to give 
the ion e. The spatial requirements of such an inter­
mediate make it necessary tha t the molecular ion exist 
in a mesomeric form (such as d) if this process is to 
operate among nitriles. 

(CHa)2CH-CH2 , C s N (CHs)2CH-CH2-C=N 
C H 2 - C H 2 U. 

C (m/e 83) 
b 

• + 

(CHs)2CHy "^C" ~ C H g = C H 2 . (CHs)2CH-Vl=C=CH2 

C H 2 ^ CH2 

d (CHs)2CH-N-C=CH2 

e(m/e 83) 

The peak a t m/e 69 in the spectrum of I (Fig. 1) is 
made up of C4H7N and C5H9 ions in the ratio of 2.04:1. 
The relevant mass shifts in this region are compiled 
in Table I I I , where it can be seen tha t during the forma-

(6) A full arrow (^~>) will be used to indicate a two-electron shift, while 
a "fishhook" (^~N) represents a one-electron transfer; see H. Budzikiewicz, 
C. Djerassi, and D. H. Williams, "Interpretation of Mass Spectra of Organic 
Compounds," Holden-Day, Inc., San Francisco, Calif., 1964, pp. xi-xiii. 
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Fig. 1.—Mass spectrum of isohexyl cyanide (I). 

tion of both species the labels at C-2 and C-3 are re­
tained. The genesis of the nitrogen-containing frag­
m e n t ^ ) mus t involve the loss of C3H6. Since C-2 and 
C-3 are not involved, the most plausible explanation is 
the explusion of the terminal isopropyl group with 
back transfer of one hydrogen atom. Rearrangement 
from C-5 would imply fission of two bonds a t the same 
carbon atom, a less likely process, and therefore the 
origin of the back-transferred hydrogen can be assumed 
to be C-6. A possible representation would be f, 
which is reminiscent of olefin elimination in hydro­
carbons. 

CH3 

CH2 

. C H 2 ^ 
S>^-» -C3H7 +• 

S ^ n +. CH3CH2CH2CN 
- C H 2 C H 2 C N 

f (m/e 69) 

TABLE III 

M A S S SHIFTS IN THE m/e 69 REGION 

Compound 

4-1 
2-<22-I 

3-4-1 

5-4-1 
6,6a-4-I 

68 69 70 

17 100 9 

16 25 100 

13 12 19 

9 100 42 

19 100 84 

71 

5 

70 

100 
4 

17 

72 

0 

6 

9 

5 

2 

For this process alone, 6 7 % of the label from C-5 as 
well as 4 5 % d2 and 22% dx from both C-6 and C-6a 
should be lost (no isotope effect assumed to be opera­
tive). 

For the formation of the hydrocarbon component of 
m/e 69, a process analogous to the one observed for iso­
hexyl bromide,7 viz., the loss of the terminal methyl 
group together with hydrogen cyanide, can be invoked. 
Ignoring first the hydrogen eliminated as hydrogen 
cyanide, no deuterium loss should be observed from C-5 
for this process and 3 3 % of dx. from C-6 and C-6a; the 
net result for both fragments C4HvN and C5H9 would 

(7) D. H. Williams, C. Beard, H. Budzikiewicz, and C. Djerassi. J. Am. 
Chem. Soc, 86, 877 (1964); see also Chapter 7 in ref. 0 
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then be 6 7 % dx from C-5, and 4 5 % d2 and 5 5 % di from 
C-6 and C-6a. Inspection of Table I I I indicates tha t 
the combined d2-loss from C-6 and C-6a and the <frloss 
from C-5 is higher than calculated, the difference (to­
gether with the unknown loss from C-4) accounting for 
the hydrogen eliminated as hydrogen cyanide. The 
deuterium labeling data are therefore in agreement 
with the proposed modes of fragmentation. I t re­
mains only to mention tha t the loss of hydrogen cyanide 
in this process is much more specific than the loss of 
hydrogen bromide (together with methyl) from iso-
hexyl bromide,7 presumably because of the different 
spatial requirements of the cyanide and bromide sub-
sti tuents. 

The peak a t m/e 55 is again made up of two species, 
C4H7 and C3H6N, in a ratio of 2.94:1. Table IV shows 
the relevant mass shifts upon deuteration. 

TABLE IV 

M A S S SHIFTS IN THE m/e 55 REGION 

,—— m/e— . 

CH; 
+ H 

Compound 

io-I 
2-(Z2-I 
3-di-l 
5-d,-I 
6.6a-<k-I 

54 

24 
24 
31 
19 
31 

55 

100 
100 
32 
44 
32 

56 

12 
41 
47 

100 
100 

57 

14 
36 

100 
12 
16 

58 

1 
3 

24 
7 
7 

One mode of formation of the hydrocarbon portion, 
namely, genesis from the terminal groups by cleavage of 
the 3,4-bond (yielding C4H9) and further loss of two 
hydrogen atoms, can be eliminated immediately from 
the data collected in Table IV. This follows, since 
whatever processes for the abstraction of the two hy­
drogen atoms might be operative, the two deuterium 
labels a t C-6 and C-6a should be retained to an ap­
preciable extent, which is certainly not the case. Loss 
of one terminal methyl group and of methyl cyanide 
(process g analogous to the formation of the hydro­
carbon ion m/e 69) is another possibility. Such a pro­
posal (see g) is supported strongly by the predominant 
loss of one deuterium atom from the 6,6a-(i2 derivative 
as well as the predominant expulsion of both deuterium 
atoms from C-2. Again, ignoring the source of the 
additional hydrogen atom lost in methyl cyanide, the 
theoretical deuterium losses for the C 4H 7

+ component 
of the m/e 55 peak are compiled in Table V. 

The formation of the C3H6N species could be visual­
ized by two processes, either through cleavage of the 
3,4-bond with transfer of one hydrogen atom (h) to 
form CH 3 CH 2 CN + , or cleavage of the 2,3-bond and 
transfer of the terminal methyl group (i) to give form­
ally the same species. The former process (h) would 
involve retention of the C-3 label, while the latter (i) 
postulates retention of one of the C-6 labels. The 
theoretical deuterium losses for the formation of the 
ions h and i are summarized in Table V. The over-all 
effect which should be observed in the spectrum is then 
available in the " to ta l " entries and may be compared 
with the experimental results collected in Table IV. 
Such a comparison indicates tha t an unambiguous dif­
ferentiation between processes h and i is not possible 
and tha t both may be operative. 

Two other intense peaks in the spectrum (Fig. 1) of 
I merit comment. The major contributor (89%) to the 
m/e 43 peak is C 3 H 7

+ and the shifts observed (see 
Table VI) indicate tha t it is mainly derived from the 

1H GH C H2 C H; 
CH3" 

4V^-CH2- ' CN 

-CH3 . 
-CH3CN 

C4H7
+ (m/e 55) 

H-
/ A 

CH3 1 

" C H - C H 2 - I - C H 2 - C H 2 - C N 

CH3
 4 j 3 

h 

CH3 

I 
CH2 CHj -CHa 

C H 2 - C H 2 - C N 

CjH8 -C4Hg 

C3H5N" 

[CH3-CH2-CN] +(m/e 55) 

TABLE V 

CALCULATED DEUTERIUM LOSSES FOR THE FORMATION OF m/e 55 

IN ISOHEXYL CYANIDE 

Compound Fragment iona 

2-d2-I C4H7 

C3H6N (h or i) 
Total 

3-d2-I C1H7 

C3H6N (i) 
(h) 

Total (i) 
(h) 

5-di-I C4H7 

C3H6N (h or i) 
Total 

6,6a-d2-I C4H7 

C3H6N (i) 
(h) 

Total (i) 
(h) 

" The C4H7-C3H6N ratio is ca. 3:1 
resolution mass spectrometry. 

terminal isopropyl group. The m/e 41 peak, on the 
other hand, is made up of two species, viz., C 3 H 6

+ and 
C 2 H 3 N + , in a ratio of 1:1.8. The former is ubiquitous 
in organic substances with a hydrocarbon chain and in 
the present case originates largely from the isopropyl 
group (see shifts to m/e 42 for 5-di and 6,6a-tf2 analogs, 
Table VI) . 

TABLE VI 

M A S S SHIFTS IN THE m/e 41-43 REGION 

Deuterium Jost, % 
d, 

75 
0 

75 
0 

25 
0 

25 
0 
0 
0 
0 
0 
0 

25 
0 

25 

di 

0 
0 
0 
0 
0 
0 
0 
0 
0 

25 
25 
75 
25 

0 
100 

75 

s determined by 

do 

0 
25 
25 
75 

0 
25 
75 

100 
75 

0 
75 

0 
0 
0 
0 
0 

high 

Compound 

d0-l 
2-dt-l 
3-da-I 
5-di-l 
6,6a-<22-I 

39 

19 
16 
18 
15 
12 

40 

5 
19 
6 

17 
20 

41 

100 
78 

100 
100 
100 

42 

13 
66 
22 
32 
66 

43 

48 
100 

59 
13 
29 

44 

2 
54 

7 
53 
16 

45 

0 
2 
4 
2 

64 

The formation of the C 2 H 3 N + ion k has been rational­
ized3 by invoking a six-membered transition state j , 
similar to d, but involving the C-4 hydrogen atom. 
The observed absence of shifts in any labeled analogs, 
except at C-2, is in agreement with this formulation al­
though a C-4 labeled derivative was not available to 
settle this point unambiguously. 
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K N — HN-C=CH 2 *—* HN=C=CH2 
(CH3)2— CH —CH2 CH2 

^cliT k w« 4i) 
j 

Experimental 

The isohexyl cyanides were obtained according to the following 
general procedure: A mixture of 20 mg. of isohexyl bromide was 
heated under reflux for 24 hr. with a solution of 500 mg. of sodium 

A synthetic goal of considerable current interest is 
the so-called "Dewar benzene" system (I) .1 A tech­
nique for the stabilization of systems of type I which 

(CH2)* 

I II ^ 

does not seem to be in the literature is the introduction 
of a paracyclophane bridge (as in II) which is too short 
to permit "valence tautomerizat ion" to the normal 
benzenoid structure. An example of such a stabilized 
"Dewar" aromatic compound is here reported. 

A benzene solution of equimolar amounts of anthra­
cene and 9,10-dichloroanthracene, upon irradiation for 
a few days, gives variable yields, up to 6 1 % , of the 
photoadduct 9,10-dichlorodianthracene ( I I I ) . The 
structure of I I I is assigned in par t from the numerous 
analogous reactions,2 and in par t from the reactions 
which follow. 

A slurry of I I I in benzene-ether reacted with tri-
phenylmethylsodium at reflux temperature to give 

III IV V 

9,10-dehydrodianthracene (IV) in crude yields as high 
as 26%. The reaction is similar to the previously re­
ported transannular debromination with phenyllithium 
of the photodimer of 9-bromoanthracene to give 9,10'-
dehydrodianthracene (VI).2 b Compound IV is a 

(1) (a) E. E. van Tamelen and S. P. Pappas, J. Am. Chem. Soc., 84, 3789 
(1862); (b) E. E. van Tamelen, Abstracts of the Eighteenth National 
Organic Chemistry Symposium, Columbus, Ohio, June 16-20, 1963, p. 71. 

(2) (a) F. D. Greene, S. L. Misrock, and J. R. Wolfe, Jr., J. Am. Chem. 
Soc, 77, 38.52 (1955); (b) D. E. Applequist, R. L. Litle, E. C. Friedrich, 
and R. E. Wall, ibid., 81, 452 (1959); (c) D. E. Applequist, E. C. Friedrich, 
and M. T. Rogers, ibid., 81, 457 (1959); D. E. Applequist, T. L. Brown, 
J. P. Kleiman, and S. T. Young, Chem. Ind. (London), 850 (1959); (d) R. 
Calas, P. Mauret, and R. Lalande, Compt. rend., 247, 2146 (1958). 

cyanide in 1 ml. of water and 1 ml. of methanol. The reaction 
mixture was then extracted with ether, the ether solution dried, 
and the solvent removed by fractional distillation. Purification 
of the oily residue by gas phase chromatography (silicone rubber 
column operating at 60°) yielded pure compounds which were 
immediately injected into the mass spectrometer. 

The low resolution mass spectra were measured with a CEC 
21-103C mass spectrometer equipped with a heated all-glass inlet 
system, ionizing voltage 70 v., ionizing current 50 pa.. For 
the measurement of the high resolution spectra we are indebted 
to Mr. A. P. Gifford of Consolidated Electrodynamics Corp., 
Pasadena, Calif., where those data were obtained with a CEC 
21-110 instrument. 

"Dewar" form of anthracene in the same sense tha t 
II is a "Dewar" form of benzene. Compound IV is a 
colorless solid, m.p. 338-342° dec.; gives satisfactory 
analyses for carbon, hydrogen and molecular weight; 
and has a satisfactory ultraviolet spectrum for such a 
s t ruc tu re^ : Xmax 269.3 mM (e 4170), 275.1 (« 4060), 
and 283.7 (e 3020) (solvent, methylene chloride). 
Chemical confirmation of structure IV is obtained from 
its surprisingly facile reaction with bromine in re-
fluxing carbon tetrachloride to give 9,10-dibromodi-
anthracene (V), which was found to give a 1:1 mix­
ture of anthracene and 9,10-dibromoanthracene upon 
melting. An at tempted synthesis of V by irradiation of 
such a mixture failed to give isolable amounts. 

VI 

I t was found tha t the brominolysis of IV is promoted 
by free radical initiators and inhibited by free radical 
traps. Thus, a sample of IV in refluxing carbon tetra­
chloride with a threefold excess of bromine was con­
verted to V to the extent of less than 10% (as de­
termined by v.p.c. analysis for IV, anthracene, and 9,10-
dibromoanthracene) in 4.6 min. in the dark, whereas 
with 1 equivalent of trichloioacetyl peroxide added, 
the reaction was about 89% complete in this time. 
Photoinitiation was also found, though it was less 
pronounced. Whereas a refluxing control in the dark, 
again containing a threefold excess of bromine, was 
about 4 4 % complete in 30 min. (v.p.c. analysis), an 
irradiated mixture with only the theoretical amount of 
bromine present gave an 82% isolated yield of V after 
25 min. When about one-tenth of an equivalent of 
isoamyl nitrite, a known inhibitor of radical bromina-
tions,3 was added to a dark reaction (threefold bromine 

(3) M. S. Kharasch, P. C. White, and F. R. Mayo, J. Org. Chem., S, 3 3 
(1938). 
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A photoadduct of anthracene and 9,10-dichloroanthracene reacts with triphenylmethylsodium to give 9,10-
dehydrodianthracene (IV), a locked "Dewar" anthracene structure. This substance undergoes free radical 
chain addition of bromine to the interbridgehead single bond. Pyrolysis of IV gives anthracene and bianthryl, 
but no indication of the anticipated dibenzobutalene (VII). 


