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formate all fail to give H2 upon photolysis under the 
conditions used for BUP. Furthermore, as the data in 
Table II show, our results from this system agree well 
with the H-atom data obtained from our thiol systems 
and from studies of the high-energy radiolysis of 
aqueous solutions. Also, it might be pointed out 
that the photolysis of HC020-7e/-/-Bu to give H- and 
CH3C020-7e/7-Bu to give CH3- seems quite anal­
ogous;10" unpublished data from our laboratories1011 

indicate that H atoms and methyl radicals show very 
similar selectivity in their reactions.23 

It is also possible that some as yet unknown type 
of photolytic interaction between a thiol and BUP 
could give H2 or HD. This suggestion appears equally 
unlikely, since in a subsequent communication11 we 
will describe a thiol-free perester system which gives 
relative /cH values very similar to those obtained when 
thiol is present. 
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Decomposition of Benzene under Electron Impact1-3 

Sir: 

Five primary decomposition reactions are readily 
discernible in the mass spectrum of benzene: the loss 
of H •, H2, C2H2, C3H3 •, and CH3 • to yield, respectively, 
C6H6+, C6H4 + ,C 4 H 4

+ , C3H3+, and C5H3+.4 The spec­
tra of variously deuterated benzenes show complete loss 
of position identity of the six hydrogens in the formation 
of the four of these products for which the available 
data permit confident conclusions.6-7 This finding is, 
of course, implicit in the loss of H •, and it is not too 
surprising in the loss of CH3-, which necessarily re­
quires some drastic reorganization of the molecule. 
The loss of C2H2 and that of C3H3-, however, are so 
easily visualized as proceeding by rupture of appropriate 
pairs of carbon-carbon bonds in the original ring that 
the observed randomization has constituted a trouble­
some problem. 

(1) Taken in part from M.S. Thesis of W. O. Perry, Purdue Uni­
versity, 1970. 

(2) Presented in part before the 21st Mid-America Symposium on 
Spectroscopy, Chicago, 111., June 1970. 

(3) Organic Ions in the Gas Phase. XXV. For paper XXIV in this 
series, see S. Meyerson, C. Fenselau, J. L. Young, W. R. Landis, E. 
Selke, and L. C. Leitch, Org. Mass Spectrom., 3, 689 (1970). 

(4) J. L. Franklin and F. H. Field, / . Chem. Phys., 21, 2082 (1953); 
K. R. Jennings, ibid., 43, 4176 (1965); C. Ottinger, Z. Naturforsch. A., 
20, 1229 (1965). 

(5) C. G. McDonald and J. Shannon, Aust. J. Chem., 15, 771 (1962). 
(6) K. R. Jennings, Z. Naturforsch. A., 22, 454 (1967). 
(7) M. A. Baldwin, D. P. Craig, and A. Maccoll, ASTM Committee 

E-14, 17th Annual Conference on Mass Spectrometry and Allied Topics, 
Dallas, Texas, 1969. 

Similar loss of position identity of hydrogens and— 
although supporting data here are fewer—of carbons as 
well is widespread in formally benzylic ions, most 
notably C7H7

+, under electron impact.8-9 However, 
much of this randomization seems to occur, probably 
via ring expansion, in the process of forming the 
benzylic ions. Perhaps more to the point, such 
randomization has been shown to occur in the molecular 
ions of many aromatic and heteroaromatic nuclei with 
no skeletal substitution.5-10 In this context, benzene is 
of particular interest as the prototype aromatic com­
pound and by virtue of its high symmetry. 

The discovery in the past few years of the surprising 
skeletal isomerizations occurring in substituted ben­
zenes11-12 and thiophenes,13 and in unsubstituted 
benzene14 as well, under ultraviolet irradiation15 

offered an attractive rationale for randomizing processes 
in the same and related compounds under electron 
impact. In particular, interconversion and/or re-
aromatization of Dewar benzenes (1), prismanes (2), 
and benzvalenes (3) so formed, as is known to occur 
thermally and photochemically, could effect trans-

(8) H. M. Grubb and S. Meyerson in "Mass Spectrometry of Or­
ganic Ions," F. W. McLafferty, Ed., Academic Press, New York, N. Y., 
1963, Chapter 10, and references cited there. 

(9) T. H. Kinstle and P. J. Ihrig, 153rd National Meeting of American 
Chemical Society, Miami Beach, FIa., 1967, Abstracts of Papers, O-110; 
S. Meyerson, H. Hart, and L. C. Leitch, J. Amer. Chem. Soc, 90, 3419 
(1968); P. M. Draper and D. B. MacLean, Can. J. Chem., 48, 738, 746 
(1970); S. Meyerson, Org. Mass Spectrom., 3, 119 (1970); K. L. Rine-
hart, A. C. Buchholz, G. E. Van Lear, and H. L. Cantrill, J. Amer. Chem. 
Soc, 90, 2983 (1968); A. S. Siegel, ibid., 91, 5277 (1970). 

(10) For evidence of randomization in such molecules other than 
benzene, see F. L. Mohler, V. H. Dibeler, L. Williamson, and H. Dean, 
J. Res. Nat. Bur. Stand., 48, 188 (1952); D. H. Williams, S. W. Tarn, and 
R. G. Cooks, J. Amer. Chem. Soc, 90, 2150 (1968); P. Brown, Org. 
Mass Spectrom., 3, 639 (1970); I. R. King and G. W. Kirby, / . Chem. 
Soc. C, 1334 (1966); D. H. Williams and J. Ronayne, Chem. Commun., 
1129 (1967); D. H. Williams, R. G. Cooks, J. Ronayne, and S. W. Tarn, 
Tetrahedron Lett., \171 (1968); S. Meyerson and E. K. Fields, Org. 
Mass Spectrom., 2, 241 (1969); D. G. Earnshaw, G. L. Cook, and G. U. 
Dinneen, / . Phys. Chem., 68, 296 (1964); W. G. Cole, D. H. Williams, 
and A. N. Yeo, / . Chem. Soc. B, 1284 (1968); R. G. Cooks, I. Howe, 
S. W. Tarn, and D. H. Williams, / . Amer. Chem. Soc, 90, 4064 (1968); 
S. Meyerson and E. K. Fields, J. Org. Chem., 33, 847 (1968). 

(11) K. E. Wilzbach and L. Kaplan, J. Amer. Chem. Soc, 86, 2307 
(1964); L. Kaplan, K. E. Wilzbach, W. G. Brown, and S. S. Yang, 
ibid., 87, 675 (1965); K. E. Wilzbach and L. Kaplan, ibid., 87, 4004 
(1965); I. E. Den Besten, L. Kaplan, and K. E. Wilzbach, ibid., 90, 5868 
(1968); K. E. Wilzbach and L. Kaplan, ibid., 88, 2066 (1966); L.Kap­
lan, J. S. Ritscher, and K. E. Wilzbach, ibid., 88, 2881 (1966). 

(12) E. E. van Tamelen and S. P. Pappas, ibid., 84, 3789 (1962); 
E. M. Arnett and J. M. Bollinger, Tetrahedron Lett., 3803 (1964); 
I. Haller, / . Amer. Chem. Soc, 88, 2070 (1966). 

(13) H. Wynberg, Chem. Commun., 204 (1966); H. Wynberg, R. M. 
Kellogg, H. van Driel, and G. E. Beekhuis, J. Amer. Chem. Soc, 88, 
5047 (1966); H. Wynberg, H. van Driel, R. M. Kellogg, and J. Buter, 
ibid., 89, 3487 (1967); R. M. Kellogg and H. Wynberg, ibid., 89, 3495 
(1967); H. Wynberg, G. E. Beekhuis, H. van Driel, and R. M. Kellogg, 
ibid., 89, 3498 (1967); H. Wynberg, R. M. Kellogg, H. van Driel, 
and G. E. Beekhuis, ibid., 89, 3501 (1967). 

(14) R. Srinivasan and K. A. Hill, ibid., 87, 4653 (1965); D. Bryce-
Smith and H. C. Longuet-Higgins, Chem. Commun., 593 (1966); J. K. 
Foote, M. H. Mallon, and J. N. Pitts, / . Amer. Chem. Soc, 88, 3698 
(1966); L. Kaplan and K. E. Wilzbach, ibid., 89, 1030 (1967); K. E. 
Wilzbach, J. S. Ritscher, and L. Kaplan, ibid., 89, 1031 (1967); H. R. 
Ward and J. S. Wishnok, ibid., 90, 1085 (1968); K. E. Wilzbach, A. L. 
Harkness, and L. Kaplan, ibid., 90, 1116 (1968); L. Kaplan and K. E. 
Wilzbach, ibid., 90, 3291 (1968); H. R. Ward and J. S. Wishnok, ibid., 
90, 5353 (1968); L. Kaplan, S. P. Walch, and K. E. Wilzbach, ibid., 
90, 5646 (1968). 

(15) For similar and reverse skeletal reorganizations of arenes and 
their isomers by means other than photochemical, see R. Breslow, P. Gal, 
H. W. Chang, and L. J. Altman, ibid., 87, 5139 (1965); J. Fajer and 
D. R. MacKenzie, / . Phys. Chem., 71, 784 (1967); E. Ratajczak and 
A. F. Trotman-Dickenson, / . Chem. Soc. A, 509 (1958); J. Fajer and 
D. R. MacKenzie, Adcan. Chem. Ser., 82, 469 (1968); W. Adam and 
J. C. Chang, Int. J. Chem. Kinet., 1,487(1969); H. Hopf and H. Musso, 
Angew. Chem., Int. Ed. Engl, 8, 680 (1969). 
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Table I. Isotopic Composition of Labeled Benzene 

No. of 13C atoms 2 1 0 2 1 0 
No. of D atoms 4 4 4 3 3 3 
% 23.1 50.5 21.8 1.0 2.2 1.1 

Table II. Isotopic Composition of C4H1 •
+ Ions 

position of ring carbons without disturbing the carbon-
hydrogen bonds. 

m a e 
1 2 3 

To help define the mechanisms responsible for the 
observed loss of identity of the hydrogens in benzene, 
we postulated three cases: I, scrambling of the six 
carbon atoms without breaking the carbon-hydrogen 
bonds; II, scrambling of the hydrogens with no loss of 
position identity of carbon atoms; III, independent 
scrambling of carbons and hydrogens. To distinguish 
among these cases, we have prepared and examined the 
behavior under electron impact of benzene-/,2- 13C2-
3,4,5,6-di. Findings of two other closely related 
studies16'17 appeared while our results were being 
prepared for publication. The isotopic distribution 
of C4H4 '+ ions derived from benzene-i,3,5-13C3 via 
metastable transitions in the first field-free region of a 
double-focusing mass spectrometer agrees closely with 
that calculated for loss of random pairs of carbons as 
C2H2.

16 Similarly, the isotopic distributions of 
C6H4S-+, C7H8-+, C7H6S+, and CHS+ derived from 
benzo[<V]thiophene-2-13C, in which the sulfur atom 
serves as a second label, reveal extensive scrambling of 
the skeletal atoms.17 

Benzene-V,2-13C2-J,4,5,6-ci418 was prepared by Diels-
Alder condensation of maleic-2,5-13C2 anhydride with 
1,3-butadiene-^, followed by simultaneous dehydro-
genation and decarboxylation with lead tetraacetate in 
dimethyl sulfoxide in a sealed tube at 55 °.19 For 

(16) I. Horman, A. N. H. Yeo, and D. H. Williams, J. Amer. Chem-
Soc, 92, 2131 (1970). 

(17) R. G. Cooks and S. L. Bernasek, ibid., 92, 2129 (1970). 
(18) The synthesis was reported before the EURATOM Second 

International Conference on Methods of Preparing and Storing Labeled 
Compounds, Brussels, 1966. For abstract, see R. N. Renaud and L. C. 
Leitch, J. Label. Compounds, 2, 436 (1966). 

safekeeping and for convenient introduction into the 
mass spectrometer, samples were sealed in indium 
tubes20 containing an estimated 0.01-0.1 ^l each. Mass 
spectral isotopic analysis of the product from an 

identical preparation using unlabeled maleic anhydride, 
estimated from a low-voltage spectrum21 on a CEC 
Model 21-103 instrument, showed no more than a 
possible trace of benzene-^ and thus effectively ruled 
out hydrogen exchange in the synthesis. Nmr spectros­
copy22 confirmed the presence of a substantial amount 
of the desired species, benzene-7,2-13C2-J,4,5,6-di. 

Mass spectra were measured on a Hitachi-Perkin-
Elmer Model RMH-2 double-focusing instrument23 

at the following operating conditions: ionizing volt­
age, 70; total filament emission, 1 ma; ion-accelerating 
voltage, 7500; maximum resolution, 20,000 (5% valley 
definition). The comparatively low limiting resolution 
represents a compromise in the balance of resolution vs. 
sensitivity, necessitated by the small sample size, which 
gave nominal source pressures of 1-2 X 10-7 Torr. 
A low-resolution spectrum revealed no appreciable 
impurity; subsequent high-resolution measurements 
were made at slow scan speeds only in mass regions of 
interest. 

The isotopic composition of the benzene, derived 
from the intensity distribution of molecular ions, 
uncorrected for naturally occurring heavy-isotopic 
species, is shown in Table I. The values for the ds 

species are estimates at best because of incomplete 
resolution from corresponding isotopic C6H5

+ ions, 
in each case differing in mass from the ion of interest 

(19) E. E. van Tamelen and S. P. Pappas, J. Amer. Chem. Soc, 85, 
3297 (1963). Dimethyl sulfoxide was used in place of pyridine to 
avoid possible difficulty in removing pyridine from the benzene. 

(20) H. M. Grubb, C. H. Ehrhardt, R. W. Vander Haar, and W. H. 
Moeller, ASTM Committee E-14, Seventh Annual Conference on Mass 
Spectrometry, Los Angeles, Calif., 1959; S. Meyerson, H. M. Grubb, 
and R. W. Vander Haar, / . Chem. Phys., 39, 1445 (1963); C. H Ehr­
hardt, W. H. Moeller, and H. M. Grubb, U. S. Patent 3176128 (1965). 

(21) D. P. Stevenson and C. D. Wagner, / . Amer. Chem. Soc, 72, 
5612 (1950); R. E. Honig, Anal. Chem., 22, 1474 (1950). 

(22) We are indebted to H. J. Bernstein, of the National Research 
Council, for measurement and interpretation of the nmr spectrum. 

(23) J. H. Beynon, W. E. Baitinger, J. W. Amy, and T. Komatsu, 
Int. J. Mass Spectrom. Ion Phys., 3, 47 (1969). 

No. of 13C atoms 
No. of D atoms 
Nominal mass 
%obsd 
Uncertainty 
% calcd, I 

II 
III 

° Not detected. 

0 
2 

54 
18.5 
1.0 

10.3 
17.5 
17.5 

Table III. Isotopic Composition of C3Hj 

No. of 13C atoms 
No. of D atoms 
Nominal mass 
%obsd 
Uncertainty 
% calcd, I 

II 
III 

0 
1 

40 
10.4 
1.5 
4.8 

12.2 
12.5 

1 
2 

55 
19.2 
0.7 

21.5 
16.3 
19.2 

+ Ions 

1 
1 

41 
8.3 
0.5 

11.5 
7.1 
9.5 

0 
3 

55 
23.1 
0.4 

27.6 
22.2 
22.3 

0 
2 

41 
30.3 

1.4 
30.5 
34.6 
36.8 

2 
2 

56 
4.8 
0.6 
8.9 
4.5 
3.7 

2 
1 

42 
2.7 
0.3 
4.6 
1.7 
1.2 

1 
3 

56 
22.6 
0.6 

25.3 
27.4 
25.3 

1 
2 

42 
25.0 
0.4 

29.1 
20.2 
15.2 

0 
4 

56 
3.9 
1.0 
6.4 
2.9 
2.9 

0 
3 

42 
15.0 
1.9 

19.5 
11.4 
11.9 

2 
3 

57 
5.4 
1.1 

5.6 
4.8 

2 
2 

43 
2.9 
0.3 

4.6 
3.3 

1 
4 

57 
2.6 
0.5 

2.7 
3.3 

1 
3 

43 
5.5 
0.6 

6.5 
8.9 

2 
4 

58 
ND" 

0.9 
0.9 

2 
3 

44 
ND 

1.5 
0.8 
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by about one part in 55,000. Summing the species 
having the same nominal mass leads to an isotopic 
distribution in fairly close agreement with that mea­
sured at low voltage21 on a CEC Model 21-103 in­
strument, and the sum of the da species agrees with that 
found by low-voltage low-resolution measurement on 
the benzene prepared from unlabeled maleic anhydride, 
4.3 %. Thus the analysis shown seems to be reasonably 
accurate. 

Table II shows the observed isotopic distribution of 
C4H4-+ ions and the distribution calculated for cases 
I, II, and III from benzene with the isotopic com­
position listed in Table I. Table III shows the corre­
sponding distributions of C3H3

+. The observed values 
are all averages of three measurements; the stated 
uncertainties are average deviations. Two conclusions 
can be drawn within the uncertainty limits of the 
experiment. 

(1) The presence of C4H4-+ and C3H3
+ ions of 

nominal mass greater than 56 and 42, respectively, 
requires contributions from processes corresponding 
to case II, case III, or both. In view of the recently 
reported results on C4H4-+ ions from benzene-
1,3,5-13C3

16 case III is preferred over case II. 
(2) The yields of 12C4D4-+ 13C2

12CH2D+, 13C12C2-
HD2

+, and 12C3D3
+ are almost certainly greater and 

those of 12C3H2D+, 12C3HD2
+, and 13C12C2D3

+ less 
than can be accounted for by case II or III and therefore 
require contributions from processes corresponding to 
case I as well. The data permit a rough estimate of 
30% for the fraction of C3H3

+ and—though with less 
confidence—C4H4-+ ions that arise by paths in which 
the carbon atoms are scrambled without breaking the 
carbon-hydrogen bonds. In the remaining 70%, the 
hydrogens are scrambled over and beyond whatever 
carbon scrambling may occur.23a 

Further work on this system is in progress. 
(23a) NOTE ADDED IN PROOF. A mass spectral study of scrambling 

in benzene-/-13C-i-rf was reported by D. H. Williams at the Fifth Tri­
ennial International Mass Spectrometry Conference, Brussels, Aug 
31-Sept 4, 1970 (/. Chem. Soc, in press). He reported that isotopic 
distributions derived from metastable-peak intensities indicate complete 
randomization of the carbons and hydrogens independently in the path 
CeHe- T -»• C4H»- + + C2HS. The difference between our results and 
those on benzene-7-lsC-/-d and benzene-/,J,5-13C816 presumably re­
flects the difference in the lifetimes of the decomposing ions leading to 
normal and metastable peaks. 

(24) ICI Ltd., Dyestuffs Division, Hexagon House, Manchester, 
England. 

(25) Research Department, Standard Oil Co., Naperville, 111, 60540. 
* Address correspondence to this author. 
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Alkyl Group Substituent Effects in the Adamantane 
System. Fluorine-19 Chemical Shifts 

Sir: 
There has been considerable controversy regarding 

the electronic effect of alkyl groups attached to sp3-

hybridized carbon atoms.1 For example a methyl 
group at the 3 position retards the rate of solvolysis of 
1-bromoadamantane,2 thus apparently withdrawing 
electron density from the adamantane ring. However, 
Gleicher, et al.,s have presented data from radical 
abstraction reactions which indicate that the methyl 
group may also be electron donating in the adamantane 
system. In other systems there is additional confusion.1 

We wish to present the results of our study of 
the 19F nmr spectra of a variety of alkyl-substituted 
1-fluoroadamantanes (I) which bear directly on this 
question. We chose 19F nmr spectroscopy because the 
great range of chemical shifts usually encountered 
often makes possible the discrimination of subtle 
environmental differences. In this connection, several 
recent studies are pertinent.4-6 All compounds7 were 
prepared from the corresponding bromides by reaction 
with silver(I) fluoride in refluxing cyclohexane.8 Our 
19F nmr results are collocated in Table I. 

I 

The most striking feature of the data is the large 
shielding effect exhibited by the methyl group. The 
value of +2.8 ppm should be compared with +3.6 and 

Table I. Fluorine-19 Nmr Chemical Shifts of Alkyl-Substituted 
1-Fluoroadamantanes (I) 

Ri 

H 
CH3 

CH3 
CH3 
C2H5 

/-C3H7 
tert-dHs 

R8 

H 
H 
CH3 
CH3 
H 
H 
H 

Ra 

H 
H 
H 
CH3 
H 
H 
H 

Chemical 
shift" 

130.0 
132,79 
135.29 
137.78 
132.29 
131.25 
130.I5 

SCS6 

0.0 
2.79 (2.79/CH3) 
5.29(2.65/CHa) 
7.78 (2.60/CH3) 
2.29 
I.25 
0.I 5 

0 Chemical shifts are in parts per million upfield from internal 
CFCl3 in dilute CCl4 solution measured at 56.4 or 94.3 MHz using 
the side-band modulation technique and reading shifts directly from 
an H-P 5212-A frequency counter. Precision was always better 
than ±0.05 ppm. Separate experiments showed that concentra­
tion variation had virtually no effect on the observed shift. b Sub­
stituent chemical shift = (chemical shift of compound) — (chemical 
shift of 1-fiuoroadamantane). 

+ 5.0 ppm found for -CO2R and - F as substituents in 
the same system.9 This methyl effect is additive as 

(1) An excellent discussion of the problem may be found in: C. W. 
Woodworth, Ph.D. Thesis, Princeton University, Princeton, N. J., 
1969. 

(2) R. C. Fort, Jr., and P. von R. Schleyer, J. Amer. Chem. Soc, 86, 
4194 (1964); P. von R. Schleyer and C. W. Woodworth, ibid., 90, 
6528 (1968). 

(3) P. H. Owens, G. J. Gleicher, and L. M. Smith, Jr., ibid., 90, 4122 
(1968). 

(4) M. J. S. Dewar and T. G. Squires, ibid., 90, 210 (1968). 
(5) G. L. Anderson and L. M. Stock, ibid., 90, 212 (1968); 91, 6804 

(1969). 
(6) J. B. Dence and J. D. Roberts, ibid., 91, 1542 (1969). 
(7) AU new compounds gave satisfactory analytical data. 
(8) R. C. Fort, Jr., and P. von R. Schleyer, / . Org. Chem., 30, 789 

(1965). 
(9) P. von R. Schleyer and R. W. Taft, Jr., unpublished results. 
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