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1.5549; lit.2 b.p. 91° (1.2 mm.), n®p 1.5583. The infrared
gpectrum often showed a weak to medium band at 13.8 u and a
shoulder at 3.3 u which were absent in.pure samples. The proton
magnetic resonance spectrum of the compound in carbontetra-
chloride with internal tetramethylsilane showed an octet cen-
tered at 5.67 . This spectrum was obtained some years after
completion of the remainder of the work, and no pure material
remained. The spectrum was obtained on a sample that con-
tained about 10% of 1, judging from the area of the vinyl hydro-
gen absorption. Hence some of the finer features of the re-
corded spectrum may be due to impurity.

Bicyclo[4.2.0]oct-7-ene (V).—The olefin was prepared by treat-
ing dibromide IV with magnesium, b.p. 131-133°, n%®p 1.4729;
lit.4 b.p. 132.5°, n®p 1.4761. Addition of bromine to V in
methylene chloride at 0° gave an 809 yield of the dibromide 1V,
a colorless liquid, b.p. 94° (1.2 mm.), n®p 1.5517. The infrared
gpectrum (2-15 x) was superimposable upon that of authentic
Iv.

¢is and frans-1,2-Dibromocyclobutane.—These compounds
were prepared according to standard procedures.®'? The trans-
dibromide had b.p. 93-94° (55 mm.), n%Dp 1.5344; lit.® b.p.
74-75° (26.5 mm.), n®p 1.5352. The cis isomer, obtained by
addition of hydrogen bromide to 1-bromocyclobutene in the
presence of benznyl peroxide, was purified by gas chromatog-

(17) P. 1. Abell and C. Chiao, J. Am. Chem. Soc., 82, 3610 (1960).
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raphy, and was pure by that criterion, n%p 1.5485; lit.1" n%p
1.5478. The infrared spectra were in good agreement with
those obtained by Abell and Chiao.!7:18

Dipole Moments.—The moments were calculated by essenti-
ally the method of Halverstadt and Kumler,!® utilizing an IBM
7070 computer programmed as described earlier.® The molar
refractivities were calculated from tables?! and atomic polariza-
tion was neglected. The apparatus has been described pre-
viously .22
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The diastereoiosmeric pulegone oxides have been isolated as crystalline solids.

These isomers are assigned

configurations Ia and IIa on the basis of the n.m.r. spectra, the optical rotatory dispersion curves, the thermal
isomerization occurring at 200°, and a consideration of the available conformations.

Over three decades ago, Prileschaev reported® the
preparation of a crystalline oxide, m.p. 44°, from pule-
gone by oxidation with perbenzoic acid. This work
was recently confirmed by Pigulevsky and Mironova,?
who also found that this dextrorotatory oxide was con-
verted to a more strongly dextrorotatory liquid modi-
fication when heated at 200° for ten hours. On the
basis of the Raman spectra and the change in specific
rotation the latter workers concluded that isomeriza-
tion of the crystalline pulegone oxide (Ia or Ila) to its
diastereoisomer (Ila or Ia) was taking place, and that
no deep structural changes occurred during heating.
The lack of convincing evidence for this assertion
combined with our interest in the high temperature
reactions of oxiranes® has led us to re-examine these
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(1) M. N. Prileschaev, Bull. soc. chim., (iv) 41, 687 (1927).
(2) G. V. Pigulevsky and I. K. Mironova, Zh. Obshch. Khim., 27, 1101

(1957).
(3) W. Reusch and C. K. Johnson, J. Am. Chem. Soc., 84, 1759 (1962).
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facts and interpretations. In this paper we report
the isolation of and assignment of configurations to the
diastereoisomers Ia and Ila.

Good yields of pulegone oxide mixtures were obtained
from pulegone either by oxidation with perbenzoic
acid!? or by reaction with alkaline hydrogen peroxide.*
These mixtures yielded to analysis by vapor phase
chromatography (v.p.c.) and proved to be almost identi-
cal in composition (339 Ia and 679, ITa). The crys-
talline modification, m.p. 44°, was readily isolated,
but v.p.c. analysis showed this to be a compound con-
sisting of equal proportions of the two diastereomers.
These isomers were eventually separated by careful
distillation at reduced pressure, followed by crystalliza-
tion from petroleum ether. A survey of appropriate
physical properties is given in Table 1.

TasLe I
M.p.,
Isomer °C. Aheptane mp (0 #SSM em. [a)C?HeOH
Ia 59 209 (225) 1727 +48.0°
303 (¢ 31)
IIa 55 209 (221) 1728 —19.6°
303 (31)

In contrast to the report by Prileschaev, both Ia and
ITa, prepared in this manner, are stable indefinitely
under normal laboratory conditions. However, heat-
ing either Ia or Ila at 200° in an inert atmosphere does

(4) W. Tretbhs, Ber., 66, 1492 (1933).
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TFig. 1.—Nuclear magnetic resonance spectra of the pulegone
oxides.

produce a transformation similar to that described by
Pigulevsky and Mironova. This reaction is con-
siderably more complex than originally believed,? since
extensive rearrangement and fragmentation accompany
the isomerization. After ten hours of heating, more
than half the pulegone oxide has decomposed, and at
least ten products have been observed by v.p.c. analy-
sis. The isolation and identification of the major re-
arrangement products will be described in a future
paper.

The assignment of configurations Ia and Ila, as
described in Table I, rests upon four arguments. First,
the similarity of the ultraviolet spectra and the group
frequency region of the infrared spectra for the two
isomers suggests that the principle conformations in
each case have almost identical or enantiomeric con-
figurations in the neighborhood of the earbonyl group.
Furthermore, the bathochromic shift of the n —
* transition, with respect to that found in menthone,
ABeptane 906 mu (e 21), is an indication that the oxirane
oxygen atom is oriented above (or below) the plane
of the carbonyl group.® An examination of molecular
models has enabled us to conclude that the chair con-
formation Ib is a major contributor to the isomer of
configuration Ia, while twist boat conformation IIb
predominates in isomer Ila. These conformations not
only satisfy the previous points, but also have mini-
mal nonbonded interactions.®

Secondly, there are significant differences in the n.m.r.
spectra of the two isomers which can reasonably be
explained in terms of conformations Ib and IIb. In
the chair conformation Ib, the equatorial hydrogen at
C-2 is almost eclipsed by the adjacent carbonyl group,
and is therefore deshielded with respect to the axial

(5) The bathochromic influence of an axial polar substituent at the a-
position in eyclohexanones has been well substantiated [R. C. Cookson and
8. H. Dandegaonker, J. Chem. Soc., 352 (1955)].

(8) Measurements made with the aid of Dreiding Models indicate the fol-
lowing unfavorable steric interactions: Ib, C-9-C-5 1.9 A., C-10-carbonyl
oxygen, 1.6 &.; IIb, C-9-C-5 2.0 A., C-10-carbonyl oxygen, 1.7 A. Only
distances less than 2.5 A. are reported, and the values refer to the distance
at which maximum compression occurs. It is doubtful that these measure-
ments are reliable to less than =+0.05 A. In considering other conforma-

tions, such as the chair conformation of Ila having an equatorial methyl -

group at C-1 (IId), one should keep in mind that steric compression is not
the only important destabilizing factor. In the case of I1Id, the electrostatic
repulsion resulting from the eclipsed oxygen bonds at C-3 and C-4 also is
important.
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C-2 hydrogen, which is located above the plane of the
carbonyl group.” The former is thus expected to show
a resonance pattern which is essentially the low field
portion of an ABC system. The observed spectrum
(Fig. 1) agrees with this interpretation in exhibiting a
pair of doublets at 7.44 and 7.58 7, Jy;, = 2.2 c.p.s.,
Jeem = 9.0 c.p.s. The area of these doublets is only
one fourth that of the methyl group at 8.63 r; how-
ever, it is likely that the latter resonance is reinforced
by parts of other multiplets.

On the other hand, one of the distinguishing features
of the twist conformation IIb is that the carbonyl
group bisects the H-Cy—H bond angle. The hydrogens
at C-2 will, therefore, have similar chemical shifts, and
may be expected to exhibit an AB, relationship with
the tertiary hydrogen at C-1.8 The observed spectrum
(Fig. 1) agrees with this suggestion to the extent that
the lowest field absorption is a doublet, 7.68 ; how-
ever, the apparent coupling constant for this doublet,
2 c.p.s., is smaller than that anticipated from earlier
studies.®* Furthermore, the integrated areas of the
doublet in question and the methyl group at 8.55
are not in exact agreement with this assignment, the
ratio being 2.5/3, respectively. Despite these dif-
ficulties, the previous interpretations seem generally
sound and should require only minor modification.

The most striking variation in the physical proper-
ties listed in Table I is seen in the opposite signs of the
specific rotations of Ia and ITa. We have learned that
this difference is a consequence of opposite Cotton
effects near 300 mu (having amplitudes of roughly
2000°), and the third argument in favor of our assign-
ment rests upon this evidence. The application of the
Octant Rule® to conformations Ib and IIb is readily
made, using projection formulas Ie and Ilec. The
oxirane oxygen and the C-7 methyl group occupy
positive quadrants in Ic and negative quadrants in
ITe; the agreement with the positive and negative
Cotton effects observed for Ia and IIa, respectively, is,
thus, excellent. -Alternately, the axially oriented oxi-
rane oxygen atom and the adjacent carbonyl function
may be viewed as an inherently disymmetric chromo-
phore, similar to those which gave rise to the “‘axial
halo ketone rule.”'® If this is the case, the nature of
the anomolous dispersion curve is determined pri-
marily by the configuration of the disymmetric chromo-
phore. An interpretation paralleling the ‘“‘axial halo
ketone rule” agrees with the observed dispersion
curves.

The fourth and final argument concerns the isomeri-

(7) L. M. Jackman, *“Applications of Nuclear Magnetic Resonance Spec-
troscopy in Organic Chemistry,”’ Pergamon Press, New York, N. Y., 1959,
" (182)2.Tha.t the chemical shifts may not be identical and that Jap # JAB’
are apparently of little consequence in this case (i); indeed, a parallel
situation (ii) has been reported by R. Richards and T. Schaefer, Mol. Phys.

1, 331 (1958). In the latter work the B hydrogens appeared as a doublet;
Jsppe.rent = (JaB + JaB")/2.
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(9) W. Moffitt, R. B. Woodward, A. Moscowitz, W. Klyne, and C.
Djerani, J. Am. Chem. Scc., 83, 4013 (1961).
(10) C. Djerassi and W. Klyne, tbid., 79, 1508 (1957).
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zation of Ia and Ila observed at elevated temperatures.
This isomerization and the accompanying rearrange-
ments and fragmentations (leading irreversibly to prod-
ucts P) are illustrated in equation 1. By heating samples
of pure Ia and Ila at 200° for varying lengths of time,

1
ITa <__~_E 1a

w\ Sk
P W

we have found that the ratio Ia/Ila approaches a
limit of approximately 3. Because of the concurrent
rearrangement reactions, this ratio does not neces-
sarily represent the equilibrium constant, K.,

ki/ky. Utilizing the fact that such a limiting ratio
exists, however, the relationship expressed in equation
2 may be derived.!! Although quantitative values for

(8ks — 3ka)
Kw=3— % 2)

the rate constants are not available, a few qualitative
relationships may be pointed out. Thus, & > ks,
ks > k4, and ky > ky.  These differences do not appear
to be large and (3k; — 3ky)/4ks is thought to be no
greater than one. In this event, the equilibrium
constant would be greater than unity and AF°, for
the isomerization, would be negative. These con-
clusions agree well with the assignment of configuration
presented in Table I. Although the qualitative nature
of the previous reasoning makes a detailed conforma-
tional analysis of doubtful value, one may conclude
from an inspection of models® that only slight differences
in nonbonded interactions exist between Ib and IIb.1%
The main difference lies, therefore, in the torsional
strain'? present in the twist boat conformation (IIb)
but not in the chair form (Ib). Measurements!?b.¢
and calculations'® indicate that at 200° a standard
free energy difference of approximately 3 keal./mole
would be anticipated for an equilibrium between the
twist boat and chair conformations of eyclohexane.

Experimental

Melting points were determined on a Kofler hot stage. The
infrared spectra were recorded by a Perkin-Elmer, Model 21,
spectrophotometer, and the ultraviolet spectra were measured
with a Cary, Model 11, spectrophotometer. Optical rotatory
dispersion measurements were made at Wayne State University.
The n.m.r. spectra were determined in carbon tetrachloride solu-
tion using a Varian Associates, A-60, high resolution spectrom-
eter. Vapor phase chromatography analyses were made using
an Aerograph, A-90-P, gas chromatograph. A 0.25-in., 5-ft.
column of 5% P.D.E.A.S. (phenyldiethanolamine succinate) on
Chromosorb W served very well for the v.p.c. analyses. Micro-
analyses were performed by Spang Microanalytical Laboratory,
Ann Arbor, Michigan.

Preparation of Pulegone Oxide Mixtures. A.—A mixture of
pulegone!® (30 g.), methanol (160 ml.), and 309, hydrogen per-
oxide (34 g.), in a 50-ml., three-necked flask equipped with a stir-
rer, a dropping funnel, and a thermometer, was cooled to 15°.
A solution of sodium hydroxide (1.0 g. in 10 ml. of water) was

(11) This derivation will be found at the end of the Experimental section’

(12) (a) A referee has pointed out that at high temperatures, significant
concentrations of other conformations (e.g., I1d) will be present in IIa. This
is certainly quite likely; however, we have based our argument upon IIb
alone for simplicity; (b) W. 8, Johnson, V. J. Bauer, J. L. Margrave, M. A.
Frisch, L. H. Dreger, and W. Hubbard, J. Am. Chem. Soc., 88, 606 (1961);
(¢) N. L. Allinger and L. A. Freiberg, ibid., 823, 2393 (1960); (d) J. B.
Hendrickson, ibid., 88, 4537 (1961).

(13) Pulegone, obtained from K and K Laboratories, was distilled care-
fully before being used.

-
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added dropwise with stirring over a 15-min. period. Stirring was
continued for 4 hr. with the temperature being maintained at
20-25°. The reaction mixture was then poured into 400 ml. of
brine and extracted with three 200-ml. portions of benzene.
After the combined benzene extracts were washed and dried, the
solvent was removed under reduced pressure and the residue was
analyzed by v.p.c. The crude product, which consisted of 329,
Ia and 689 Ila, was distilled (5 mm.) over a short path to give
20 g. (67%) of a mixture of diastereoisomeric pulegone oxides.

B.—Pulegone!? (1.0 g.) was added to a 0.48 M benzene solution
of perbenzoic acid (15 ml.), and the reaction mixture was kept
at 5~10° for 24 hr. with occasional stirring. The benzene solution
was washed with 109, sodium hydroxide followed by water, and
was then dried over anhydrous magnesium sulfate. The solvent
was removed by distillation, and the residue proved to be a mix-
ture of 349, Ia and 669, I1a when analyzed by v.p.c. Distillation
over a short path at a pressure of 5 mm. gave an 86% yield of
pulegone oxides. Benzoic acid was shown not to isomerize the
pulegone oxides under the described conditions.

Isolation and Properties of Ia and Ila.—Treatment of the
crude oxide mixture, described in the previous section, with
chilled pentane gave a low melting crystalline solid, which, after
several crystallizations from pentane, exhibited physical prop-
erties identical to those previously attributed'? to one of the
diastereoisomeric pulegone oxides; m.p. 42-43°; [a]®Dp +15.2°
(¢ 5.445, in 959 ethanol).

Anal. C&]Cd. fOT CmHmOz:
C, 71.69; H, 9.60.

Analysis by v.p.c. proved this material to be an equimolar
mixture of Ta and Ila.

Isolation of the pure diastereoisomers was achieved by careful
distillation of the oxide mixture through a 16-in., vacuum
jacketed, tantalum spiral column. The fraction boiling at 95-97°
(5 mm.) was crystallized twice from pentane to give ITa; m.p.
55-56°; Akeere 900 (e 221) and 303 mu (e 31); »55* 1728 cm. L.
Rotatory dispersion in 859 ethanol (¢ 0.028), 25°; {a}we —24.9,
lalssy —14.2, [alser —1177.9, [alws +786.5, [a)w + 562.3.

Anal. Caled. for C,oHs02: C, 71.39; H, 9.59. Found: C,
71.60; H, 9.58%.

The fraction boiling at 100-102° (5 mm.) was redistilled, and
the high boiling fraction was crystallized from petroleum ether
(60-110°) to give Ia, m.p. 59°; AXT™™ 209 (e 225) and 303 mu (e
31); »5¢ 1727 em.—'. Rotatory dispersion in 959 ethanol (¢
0.040), 25°%; [alin +32.2, [alse + 50.0, [alse +853.9, [alus
—1242.5, [a)sss —1203.

Thermal Isomerization.—Samples of pure Ia and Ila were
degassed and sealed in carefully -cleaned Pvrex tubes under nitro-
gen. These tubes were heated for varyving lengths of time in an
aluminum block furnace kept at 200 == 2°. The vials were
then opened, and the mixtures within were analvzed by v.p.c.
In many of the samples -acetophenone, which was found to be
stable under the conditions of these experiments, was added as an
internal standard; the absence of very high boiling products
and polymers was thus demonstrated. The reproducibility is
not good, but some general trends may be discerned from the
following data in Table II.

C, 71.39; H, 9.59. Found:

TasLe IT
Isomer Time heated, hr. % decomposition Ia/Ila
Ia 3 29 7.7
Ia 9 52 5.0
Ia 10 57 3.8
ITa 5 55 0.6
IIa 7 76 1.7
IIa 10 90 3.0

If the relationships of equation 1 are accepted and if it may
be assumed that the ratio of the molar concentrations of Ia and
IIa approach the limit X, the following derivation may be made.

8] _ kyite] ~ a)(he + ko)
t
A~ boital ~ M)k, + k)
v _ [al _ [Ia] + dlla]
[IIa) - [1Ia] 4+ d{IIa]
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ko[Ia)® — [Ta][IIal(k: + ks) = ki[IT1a]? — [Ia](IIa)(k: + k)
kzX - ]Gs + k‘z + ’C4 = ]ﬁ(]./X + 1)

ks — ks
X ~h

ki/ky = Keg = X'— X 3 1
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2-Mercaptoadenine 1-N-oxide was obtained from 4-aminoimidazole-5-carboxamidoxime and carbon disulfide.
Methylation and oxidation afforded the 2-methylsulfinyladenine 1-N-oxide, which could be converted to the

2-chloro- or the 2-hydroxyadenine N-oxides, none of which are available by direct oxidations.

A comparison

has been made of the reactivity of the 2-methylsulfiny! and 2-chloro groups in the N-oxides and in the corre-

sponding free bases.

Adenine and several amino or alkyl purine N-oxides
are produced by the oxidation of the parent purine by
hydrogen peroxide in acetic acid.?2® Because N-
oxides of purines containing hydroxy, mercapto, or
chloro substituents in the pyrimidine ring have not
been obtained by direct oxidation, other synthetic
approaches to such purines seemed desirable.

A previous paper? describing the synthesis of 2-
azaadenine 1-N-oxide (II) from the reaction of nitrous
acid with 4-aminoimidazole-5-carboxamidoxime (I)
noted the selectivity of the reaction, in which the al-
ternative 2-aza-6-hydroxylaminopurine was not pro-
duced. Thissame selectivity is found when I is refluxed
in a mixture of ethyl orthoformate and dimethylform-
amide where a high yield of adenine 1-N-oxide (IV)
is obtained. Under the latter conditions, Taylor,
et al.,* obtained hypoxanthine 1-N-oxide from 4-
aminoimidazole-5-hydroxamic acid.

Useful intermediate I, obtained from acid hydrol-
ysis of adenine 1-N-oxide,?® was treated with carbon
disulfide in an attempt to form a purine N-oxide with a
mercapto substituent. The reaction in pyridine and
methanol proceeded smoothly at room temperature;
after four or five days, a crystalline product was col-
lected and analyzed. It evolved hydrogen sulfide
when fused with sodium formate, and gave a dark
green color with ferric chloride solution.® The N-oxide
structure III was preferred to that of the alternative
6-hydroxylamino-2-mercaptopurine, since the product
could be recovered unchanged from brief treatment
with sodium dithionite at 90°. Such conditions are
known to reduce hydroxylamino substituents in purines’

(1) Some of the investigations referred to here were supported by grants
from the National Cancer Institute, National Institutes of Health, Public
Health Service (grant CY-3190), and from the Atomic Energy Commission
[contract AT(30-1)-910].

(2) (8) M. A. Stevens, D. I. Magrath, H. W. Smith, and G. B. Brown,
J. Am. Chem. Soc., 80, 2755 (1958); (b) M. A. Stevens, H. W. Smith, and
G. B, Brown, bid., 82, 3189 (1960).

(3) M. A. Stevens, A. Giner-Sorolla, H. W. Smith, and G. B. Brown,
J.Org. Chem., 31, 567 (1962).

(4) E.C. Taylor, C. C. Cheng, and O. Vogl, ibid., 34, 2019 (1959).

(5) F. Feigl, ““‘Spot Tests in Organic Analyses,” Elsevier Publishing Co.,
Ine., New York, N. Y., 1956, p. 90.

(6) F. Feigl, V. Anger, and O. Frehden, Mikrochemie, 15, 12 (1934).

(7) A. Giner-Sorolla and A. Bendich, J. Am. Chem. Soc., 80, 3932 (1958).

and pyrimidines,® but do not affect adenine N-oxide.
Proof of the 2-mercaptoadenine 1-N-oxide structure
(III) came from the desulfurization of III with Raney
nickel to a mixture of adenine 1-N-oxide and adenine.

Previous? workers have noted the lack of reactivity of
the  2-methylmercapto®® or 2-carboxymethylmer-
capto!! substituents in substituted adenines. In the
hope that a 2-methylmercapto group adjacent to an N-
oxide would prove to be more reactive, III was methyl-
ated with methyl iodide. This led to 2-methylmercap-
toadenine 1-N-oxide (V) in good yield. This com-
pound was highly resistant to hydrolysis in refluxing
259, hydrochloric acid. In a further attempt to ren-
der the substituent in the 2-position more susceptible
to displacement, oxidation of the methylmercapto
group to a sulfinate or sulfonate was investigated.

Todd and co-workers® obtained 2-methylsulfonyl-
adenine (X) by the action of chlorine in aqueous solu-
tion on 2-methylmercaptoadenine (VIII). This de-
rivative is likewise obtained in better yield when the
chlorine oxidation is carried out in methanol, as in a
recent modification'? of this reaction. It is also ob-
tained when 2-methylmercaptoadenine is oxidized
with hydrogen peroxide in alkaline solution, but with
hydrogen peroxide in acetic acid, the 2-methylsulfinyl
analog IX and not the 2-methylsulfonyl derivative is
obtained.

Treatment of 2-methylmercaptoadenine 1-N-oxide
(V)'with chlorine in methanol or with hydrogen peroxide
in acetic acid gave good yields of 2-methylsulfinyl-
adenine 1-N-oxide (VI). TFurther oxidation to the cor-
responding 2-methylsulfony! derivative by prolonged
reaction time or elevated temperature was unsuccessful,
as were attempts to oxidize VI by hydrogen peroxide
in alkaline solution. The failure to oxidize the 2-
methylmercaptoadenine 1-N-oxide beyond the 2-
methylsulfinate stage can presumably be explained on

(8) R. M. Cresswell and T. Strauss, J. Org. Chem., 28, 2563 (1963).

(9) K.J. M. Andrews, N. Anand, A. R. Todd, and A. Topham, J. Chem.
Soc., 2490 (1949).

(10) G. B. Elion, W. H. Lange, and G. H. Hitchings, J. Am. Chem. Soc..
78,218 (1956).

(11) A. Bendich, J. F. Tinker, and G. B. Brown, ibid., 70, 3109 (194 8).

(12) C. W. Noell and R. K. Robins, ibid., 81, 5997 (1959).



