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10, Fig. 2) tha t the circular dichroism is zero near the 
absorption maximum at 252 myu and has a maximum 
and minimum at wave lengths where the absorption is 
about 60% of its maximum. The circular dichroism 
curve is not symmetric as predicted for an isolated 
absorption band, but the spectrum shows an overlap
ping of the 200 m/j band. We therefore propose tha t 
the measured circular dichroism is caused by a perpendic
ularly polarized absorption band in poly A centered 
a t 250 mix. I t follows tha t the positive lobe of this 
circular dichroism curve is not primarily caused by an 
n -*• 7T* transition at 262 m/x. A calculation of the 
sign of the circular dichroism curve for poly A11 gives 
results in agreement with experiment and thus further 
supports our interpretation. 

The poly U data are analogous to poly A and pre
sumably have the same explanation. The poly C 
circular dichroism curve shows a single peak, but as 
the poly C spectrum is more complicated and the poly 
C geometry is not known, no interpretation can be 
given a t this time. 

D N A should show the behavior given in Fig. 1. The 
circular dichroism maximum and minimum1 2 and O R D 
trough and two peaks13 are in good agreement with those 
calculated from the D N A spectrum. 

Polypeptide helices also show the type of circular 
dichroism and O R D curves given in Fig. 1. However, 
these helices have the complication of normal circular 
dichroism curves also being present in the same wave 
length region. The amide transition moments are 
tilted with respect to the helix axis instead of being 
essentially either parallel or perpendicular to it as in 
DNA-like helices. This leads to normal circular di
chroism curves a t the absorption maxima of the 
parallel and perpendicular components of the tilted 
transition moments. Furthermore, there is apparently 
a contribution from the amide carbonyl n —»• T * transi
tion.1 4 1 5 Calculation of the sum of these effects leads 
to satisfactory agreement with experiment.16 

In summary all single or multistranded helices with 
an absorption band polarized perpendicular to the helix 
axis should show the effect given in Fig. 1. However, 
the effect can be easily, resolved only for an isolated 
band. Therefore, helical dye arrays would seem to 
provide the best example. One can. also orient the 
helices and measure the rotation or circular dichroism 
for light incident parallel to the helix axis; only perpen
dicularly polarized transitions will contribute. 

Acknowledgment.—We wish to thank Prof. J. T. 
Yang, San Francisco Medical Center, for helpful sug
gestions. 

(•11) The parameters necessary for this calculation are given in ref. 8. 
The ORD curves for oligomers of adenylic acid containing up to 10 base 
pairs are shown in ref. 7, Fig. 3. 
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(13) J. T. Yang and T. Samejima, J. Am. Chem. SoC, 88, 4039 (1963). 
(14) J. A. Schellmann and P. Oriel, J. Chem. Phys., 37, 2114 (1962). 
(15) R. W. Woody, Ph.D. Thesis, University of California, Berkeley, 
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The Selective Oxidation of Arylcarbinols to Aldehydes1 

Sir: 
Recently, Pfitzner and Moffatt2 have reported tha t 

the oxidation of alcohols in the presence of phosphoric 
(1) Acknowledgment is made to the donors of the Petroleum Research 

Fund administered by the American Chemical Society for support of this 
research. 

(2) K. E. Pfitzner and J. G. Moffatt, J. Am. Chem. Soc, 86, 3027 (1963). 

acid, dicyclohexylcarbodiimide, and dimethyl sulfoxide 
produced aldehydes and ketones. This reaction ap
pears to involve dimethyl sulfoxide as a reactant and 
resembles an earlier report by Kornblum 3 and Nace 
and Monagle,4 who obtained aldehydes from the 
reaction of primary halides or tosylates with dimethyl 
sulfoxide. 

In continuation of our s tudy of the reactions of 
alcohols in dimethyl sulfoxide,5 we wish to report the 
selective oxidation of a variety of benzyl alcohols to the 
corresponding aldehydes. This oxidation proceeded 
conveniently by refluxing the alcohol in dimethyl sul
foxide and was facilitated by passing a stream of air 
through the reaction medium. The reaction stopped 
a t the aldehyde stage with over-oxidation to the acid 
occurring in only one case in 3 % yield. In fact, when 
a solution of benzaldehyde in dimethyl sulfoxide was 
refluxed (190°) for 24 hr. with air passing through the 
solution, only 1.6% benzoic acid was isolated with 8 7 % 
benzaldehyde recovered. The unique feature of these 
observations is the role of dimethyl sulfoxide in inhibit
ing further oxidation of aldehydes yet permitt ing the 
oxidation of alcohols. 

The following procedure is representative of this 
oxidation. A solution of benzyl alcohol (10.8 g., 0.10 
mole) and dimethyl sulfoxide (54.6 g., 0.70 mole) was 
heated for 14 hr. at reflux with air passing through the 
solution. The mixture was cooled, diluted with water, 
extracted with ether, and the ether extract washed 
with water, dried, and distilled. The yield of pure 
benzaldehyde, b.p. 75-77° (22 mm.), « 2 0D 1.5440, 2,4-
dinitrophenylhydrazone m.p. 236-237°, was 8.5 g. 
(80%). Table I contains a variety of examples which 
were subjected to these conditions for 4 to 48 hr. Un
less stated otherwise, the yields in Table I represent 
isolated purified material. 

TABLE I 

OXIDATION OF BENZYL ALCOHOLS TO ALDEHYDES 

Alcohol 

P-NO2-C6H4CH2OH 
W-NO2-C6H4CH2OH 
0-NO2-C6H4CH2OH 
P-Cl-C6H4CH2OH 
0-Cl-C6H4CH2OH 
C8H5CH2OH 
P-CH3C6H4CH2OH 
P-CH3O-C6H4CH2OH 

C 6 H 5 CH=CHCH 2 OH 
C6H5CH2CH2CH2OH 

Product 

^-NO2-C6H4CHO 
WJ-NO2-C6H4CHO 
0-NO2-C6H4CHO 
P-Cl-C6H4CHO 
0-Cl-C6H4CHO 
C6H5CHO 
P-CH3-C6H4CHO 
P-CH3O-C6H4CHO 
(p-CH 30-C 6H 4CH 2-) 2-0 
C 6 H 5 CH=CHCHO 
C6H5CH2CH2CHO 

% yield 

77" 
636 

27c 

86 
78 
80 
85 
8.8 
85 

md 
26 

O 
Il 

C6H5CH2CHOHCH3 C6H6CH2CCH3 2511 

C H 5 C H = C H C H 3 36d 

0 Crude yield of 90%. b An additional 13.5% of the aldehyde 
was isolated as the 2,4-dinitrophenylhydrazone. c This was 
isolated as the 2,4-dinitrophenylhydrazone. d These yields were 
determined by vapor phase chromatography. 

Although air facilitates the reaction, oxygen does not 
appear to be the oxidant. There was no oxygen uptake 
when the oxidation of benzyl alcohol was performed 
over a measured volume of oxygen under conditions 
which produced benzaldehyde in 60% yield. In this 
experiment dimethyl sulfide, identified by the mercuric 
chloride derivative, m.p. 146-148° (lit.6 m.p. 150-151°), 

(3) N. Kornblum, W. J". Jones, and G. J. Anderson, ibid., 81, 4113 (1959). 
(4) H. R. Nace and J. J. Monagle, J. Org. Chem., 24, 1792 (19S9). 
(5) V. J. Traynelis, W. L. Hergenrother, J. R., Livingston, and J. A. 

Valicenti, ibid., 27, 2377 (1962); V. J, Traynelis, W. L. Hergenrother, and 
in part H. T. Hanson and J. A. Valicenti, ibid., 29, 123 (1964). 

(6) W. F. Faragher, J. C. Morrell, and S. Comay, ./. Am. Chem. Sue, 51, 
2781 (1929). 
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was isolated in 4 8 % yield while 6 5 % dimethyl sulfide 
was recovered from the oxidation of benzyl alcohol de
scribed above in the representative procedure of oxida
tion. These results support the assignment of di
methyl sulfoxide as the oxidant; however, in the ab
sence of oxygen the reaction failed (only 3 % benzalde-
hyde was formed). In a second experiment under 
oxygen-free conditions /-butyl peroxide (0.001 mole) 
was added to a solution of benzyl alcohol (0.010 mole) 
and dimethyl sulfoxide (0.070 mole) at 190° and a 
second portion of /-butyl peroxide (0.001 mole) was 
added 2 hr. later. After a total reaction time of 4 hr., 
the reaction mixture was processed and gave benzalde-
hyde in 60% yield. These data require the appearance 
of radicals in the mechanistic scheme of this oxidation. 
In addition, experimental conditions qualitatively sug
gest tha t electron-releasing substi tuents para to the 
carbinol carbon enhance reaction while electron-
withdrawing groups retard oxidation. These matters 
are currently under investigation. 
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On the Problem of Radioactive Radiation of Sulfur-35 
Influencing the Catalytic Dehydration of 

Cyclohexanol 
Sir: 

In 1958, the authors reported tha t introduction of 
radioactive sulfur-35 increased noticeably the catalytic 
activity of the mixed catalyst, MgSC>4 + Na2SCj, in 
the cyclohexanol dehydration reaction.1 T h a t was 
the first reported radioactive catalyst. Later this ob
servation was confirmed in. the Oak Ridge National 
Laboratory.2 Furthermore, we found tha t external 
irradiation of a catalyst with electrons of high energy 
does not give this effect.3 4 Krohn and Smith5 came 
to the same conclusion. 

Recently, Krohn and Wymer6 conducted a detailed 
investigation of radioactive catalysts. They believe 
tha t the increase in activity of such catalysts is due to 
their greater surface rather than to the radioactive 
effect. This was also mentioned in earlier reports .7 8 

The effect of radioactive radiation on the structure 
and area of the surface of solids has been noted in a 
number of our publications.9~12 However, we have 
succeeded in preparing radioactive and nonradioactive 
catalysts of the same chemical composition with prac-

(1) A, A, Balandin, Vict. I. Spitsyn, N. P. Dobrosel'skaya, and I. E. 
Mikhailenko, Dokl. Akad. Nauk SSSR, 121, 495 (1958). 

(2) Nucl. Sci. Abstr., 24A, 329« (1960). 
(3) A. A. Balandin, Vict, I Spitsyn, N, P, Dobrosel'skaya, I, E, Mik

hailenko, L V. Vereshchinskyi, and P. Ia. Glasunov, Izv. Akad. Nauk SSSR 
Old. Khim. Nauk, 565 (1961). 

(4) A, Balandin, V. Spitsyn, N. Dobrosselskaia, I. Mikhailenko, I. Vere-
chtchinski, and P. Olazunov., Actes Congr. Intern. Catalyse Ze Paris, 1060, 
1415 (19M). 

(5) N. A. Krohn and H. A. Smith, J. Phys. Chem., 65, 1919 (1961). 
(6) N. A, Krohn and R. G. Wymer, Paper CN-14/17, presented at 

the IAEA Conference on the Application of Large Radiation Sources in 
Industry, Salzburg, Austria, 1963, 

(7) H, A, Smith, Actes Congr. Intern. Catalyse, 2e, Paris, 1960, 1427 (1961). 
(8) ' Fundamental Nuclear Energy Research," a special report of the 

U. S. AEC (Prepared by Division of Plans and Reports), Dec, 1962, 
p. 202. 

(9j Vict. I. Spitsyn, L, L Zemlianova, I. E. Mikhailenko, V. V. Gromov, 
and I, E. Zimakov, Dokl. Akad. Nauk SSSR, 189, 1163 (1961). 

(10) L. D, Beliakova, V. V. Gromov, A. V, Kiselev, and Vict. I. Spitsyn, 
ibid., 138, 1139 (1961) 

(11) Vict. I, Spitsyn and I. E. Mikhailenko, "Proceedings of the 2nd All-
union Conference on Radiation Chemistry," USSR Akademy of Science 
Publishing House, Moscow, p. 642; Chem. Abstr., 58, 9777j (1963). 

(12) I. E. Zimakov, N. P. Dobrosel'skaya, and Vict, I. Spitsyn, Dokl. 
Akad. Nauk SSSR. 148, 884 (1963). 

TABLE I 

CHARACTERISTICS OF CATALYSTS (MgSO4 + Na2SO4) USED TN 

CYCLOHEXANOL DEHYDRATION 

(S35 introduced as Na2S*04) 

Cata
lyst 
no 

1 
2 
3 
4 
4x 
5 
5x 
6 
6x 

NaaSO* con
tent, % 

0 
100 

2.07 
21.87 
21.87 

4.06 
4.06 
0.52 
0.52 

Absolute 
radioactivity, 

mc./g. 

0 
0 
0 
0 

105.2 
0 
9.2 
0 
1.26 

Catalytic 
activity 
at 410° 
%/min. 

(weight of 
the cata

lyst, 0,1 g.) 

23,5 
2.5 

10.1 
3.5 
9.6 
7.8 

12.6 
12.8 
14.6 

Specific 
surface, 
m.'-'g. 

15,52 
0,71 
5.73 
2.02 
2.08 

11.67 
10.41 
13.27 
5.90 

Specific 
catalytic 
activity, 

% ''m.2 min. 

15.1 
35.7 
17.7 
17.3 
46.1 
6.1 

12.1 
9.6 

24.7 

tically equal specific surfaces. In our first report1 this 
was taken for granted when comparing catalytic proper
ties of radioactive with those of nonradioactive cata
lysts. However, since the specific surface of the 
catalysts has become a problem of special interest, we 
present in Table I the results of measurements made 
by the absorption of krypton. A more detailed report 
is given elsewhere.13 

As Table I shows, the greater the Na2S04 content, 
the less is the specific surface of a catalyst. Further
more, the catalytic activity changes although the 
specific surface remains practically constant, so tha t 
contrary to the data of Krohn and Wymer,6 the specific 
catalytic activity increases with the increase of radio
activity. The greatest increase of catalytic activity in 
our experiments was shown by catalyst 4x which had 
the lowest specific surface (2 m.2/g.) and the highest 
specific radioactivity (105.2 mc./g.) . 

Evidently, the conditions which Krohn and Wymer6 

used to prepare their catalyst were in some way un
favorable. This also explains why the values which 
they report for the activation energy of the cyclohexanol 
dehydration are different from ours.1 Our nonradio
active catalysts maintained their activity when stored 
for more than 500 days while theirs displayed a rather 
quick and steady drop within several hours. There
fore, these authors had to conduct two series of experi
ments, one with fresh catalysts and one with catalysts 
which had already been used for a number of hours. 

Figure 1 shows the change in the catalytic activity 
of our radioactive catalyst 4x upon storage. The 
lowest curve represents control samples of a nonradio
active catalyst having the same composition as 4x and 
stored for the same length of time. I t clearly follows 
from these data tha t the catalytic activity of a non
radioactive mixed catalyst MgSO4 + Na2SO4 is main
tained even after 1.5 years of storage. Decrease in 
the catalytic activity of a radioactive catalyst is caused 
only by the decay of the radioactive isotope introduced 
into it. 

The reasons for the instability of catalysts prepared 
by Krohn and Wymer should be studied. I t is not 
unlikely tha t the amount of water on the surface of the 
catalyst is of importance. 

I t was shown by Balandin, et al.,u t ha t the catalytic 
activity of magnesium sulfate is marked at 360°, but 
gradually decreases between 280 and 340°. This may 
probably be at tr ibuted to the formation of a hydrate on 

(13) A. A. Balandin, Vict. I, Spitsyn, N, P. Dobrosel'skaya, and I. E, 
Mikhailenko, Izv. Akad. Nauk SSSR Old. Khim. Nauk, in press. 

(14) A, A. Balandin, M. B Turova-Polak, A, E. Agronomov, N. M, 
Khorlina, and L. S, Kon'kova, Dokl. Akad. Nauk SSSR, 114, 773 (1957), 


