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The condensation of N-alkylhydroxylamines with photolytically monomerized nitrosoalkanes yields mixtures
of O-position isomers of Z azoxyalkanes 5a-g and 6e—g in ~30-95% yields. The major isomer is that one with the
less bulky N substituent syn to the oxygen atom of the azoxy group. This isomer predominates regardless of
whether the less bulky group is on the hydroxylamine or nitrosoalkane reactant. Use of N-alkyl-O-methylhydrox-
ylamines in the condensation gives a single azoxyalkane product, that isomer wherein the azoxy oxygen atom is
derived from the nitrosoalkane; however, the yields are low in these reactions. Aspects of the uv and NMR spectra

of the azoxyalkanes are discussed.

Aliphatic? and aromatic® azoxy compounds exist in na-
ture and, without exception, are unsymmetrically substi-
tuted compounds with potent physiological activity. An ex-
ample of recent interest is cycasin (1a), known to be carci-
nogenic in experimental animals.2¢ The aglycone of cycas-
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in, 1b, the synthetic acetate, 1¢, and synthetic low molecu-
lar weight azoxyalkanes are among the most potent of
chemical carcinogens.?®* There has been a sustained inter-
est in the chemistry of azoxyalkanes, but, as Moss® has
pointed out, until 1972 there existed no general, directed
method for the synthesis of unsymmetrically substituted
azoxyalkanes. The major approach to the synthesis of such
compounds has been the oxidation of unsymmetrical azoal-
kanes,® and, to date, no clear mechanistic picture has
emerged to permit a prediction of which NO-position iso-
mer can be expected as the major product of oxidation. For
example, 2 and 3 are the azoxy compounds isolated from
oxidations of the respective azoalkenes.” In the aromatic
series, all nonortho substituents on monosubstituted diar-
yldiazenes seem to mildly direct the oxidation toward the
more remote N atom of the azo linkage.® Moss and
co-workers’ alkylation of alkane diazotates® of structure
R’-N==N-O~ by alkyl iodides, RI, gives Z azoxyalkanes 4
in 32-64% yields. The reaction, a C-N bond synthesis via
SN2 displacement,® is best suited for the preparation of 4
when R is a primary alkyl group and R’ is either a primary

or secondary alkyl group. When R is a secondary alkyl
group the yield of azoxyalkane is decreased (competing
E27), as it also is when R’ is a tertiary alkyl group of an al-
kane diazotate (competing O-alkylation?).®> Kovacic and
co-workers® have also developed a directed synthesis of
azoxyalkanes. Based on N-N bond formation between ni-
troso compounds and N,N-dichloroamines, the approach is
applicable to the synthesis of unsymmetrical tertiary dialk-
yldiazene monoxides.

Our attention was drawn to the N-N bond formation ap-
proach by the work of Freeman,'®© who, in extending As-
ton’s!! work, reported the formation of (for practical pur-
poses) only 5a and 5b from the condensation of N-meth-
ylhydroxylamine with nitrosobenzene and 2-methyl-2-ni-
trosopropane, respectively. These results stood in sharp
contrast to the results of such condensations in the aromat-
ic series. For example, the condensation of p-chloronitroso-
benzene with phenylhydroxylamine gives azoxybenzene
and 4,4’-dichloroazoxybenzene in addition to an unsymme-
trical azoxyarene.!2 Work by Russell and Geels! substan-
tiated an oxidation-reduction pathway (eq 1) for the for-

ArNO + ArNHOH — [ArNHO'] — ArN(Oy==NAr (1)

0 Q R—N
t 1 NN—cH,
N—FR N—CH, 0
4 5a, R=CdH, 6a, R=C.H;

b, R=¢CH, b, R=t-CH,
¢, R=CH, ¢, R=CH;
d, R=CgHy, d, R=CgHy,
e, R=CHCH, e, R=CH,CH,

f, R=CH,CHCH, f, R=C:H,CHCH;
g, R=o0-CH,CH, g, R=0-CH,CiH,
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Table I.  Yields of Unsymmetrical Azoxy Compounds from the Condensation of (RNO), with R'NHOH at pH 6—7
Conditions
— s ldee
Solvent,a \? Yields Ratio
Entry Ri R (temp, °C) % 5 % 6 Total 5/6
1 C.H, CH, A, dark (0) 69 Trace 69 25-30
2 t-C,H, CH, A, dark (38) 52 1 53 25~30
3 CH, t-C,H, B, 300 (45) 7d 7d 25-30
4 C,H, CH, B, dark (25) Low 2¢
5 C.H, CH, B, 350 (10) 83 11
6 C,H,, CH, B, dark (65) 84S 5f
7 C.H,, CH, C, dark (65) 63 16 958 2.7
8 CH, CH,, B, 300 (45) 38.57 5.9f 4447 6.5
9 C,H,CH, CH, D, 300 (45) 39.37 16d 55 2.5d
10 C,H,CHCH, CH, D, 350 (10) 63.7f 16d 80 3.9d
11 C,H,CHCH, CH, D, dark (65) 41f 18d 59 2.3d
12 0-C,H,CH, CH, E, dark (0) 60d 7d,h 67d 8.5

2Solvent A: THF-H,0, 2:1 by volume; B: methanel; C: THF —methanol, 9:1 by volume; D: methanol~H,0, 9:1 by
volume; E: THF-H,0, 9:1 by volume. b A is the principal emission wavelength (nm) of the Rayonet RPR 100 photochemi-
cal reactor lamp used. ¢ Yields are of isolated, pure products unless noted otherwise. d Determined by NMR analysis of the
reaction mixture using an internal standard. ¢ Yield was not determined; ratio was estimated by VPC analysis. / Determined
by VPC analysis using an internal standard. £ Yield includes a distillation fraction of a mixture of 5 and 6. # Compound 6g
was isolated in small amount by preparative VPC. {Registry no. for respective compounds are 586-96-9, 6841-96-9, 14523~
95-6, 57497-47-9, 13000-13-0, 26779-46-4, 30285-71-3, 611-23-4.  Registry no. for respective compounds are.4229-44-1,

57497-39-9, 25100-12-3.

mation of the symmetrical azoxybenzenes in such reac-
tions. Thus, on the surface, the results of Freeman,!0
wherein the azoxy compound’s oxygen atom was derived
from the nitroso compound, gave indication that the con-
densation of nitrosoalkanes with N-alkyl hydroxylamines
might provide a directed synthesis of unsymmetrical az-
oxyalkanes. We, accordingly, investigated this possibility
and the results are outlined below.

Results

The reaction conditions (basic, refluxing ethanol) em-
ployed by Freemanl!® for the preparation of 5a and 5b ap-
peared to be too strong for general applicability, because of
the sensitivity of nontertiary nitrosoalkanes toward base-
catalyzed rearrangement to the corresponding oxime iso-
mers.'# Also, in our hands, repetition of Freeman’s synthe-
sis of 5a produced azoxybenzene as the major product
(70%), a synthesis more easily accomplished by mixing only
nitrosobenzene with alcoholic sodium hydroxide.l® We
found that the reaction of nitrosobenzene with: N-meth-
ylhydroxylamine at 0° in THF-H30, buffered with N-
methylhydroxylamine hydrochloride at the start!® to pH
6.8, gave consistent yields of 5a near 69% with the yield of
azoxybenzene reduced to 10-15% (see Table I, entry 1).
The same conditions were applied successfully to the prep-
aration of, first, the o-tolyl homologue, 5g (Table I, entry
12), and secondly, by using a convenient temperature for
the dissociation of 2-methyl-2-nitrosopropane dimer, to a
somewhat improved preparation of 5b (Table I, entry 2). In
the syntheses of 5a and 5b, NMR spectral absorptions and
VPC peaks attributable to the isomeric compounds 6a and
6b indicated that 3% or less of these isomers were formed in
the reactions. In contrast, the reaction leading to 5g gave a
5g/6g ratio of 8.5, enough 6g to permit isolation and char-

acterization.
However, nitrosobenzene is monomeric and tertiary ni-

trosoalkane dimers are readily dissociated to monomers
without the possibility of isomerization to the oxime. In
contrast, merely permitting nitrosoethane dimer to disso-
ciate at room temperature in the presence of N-methylhy-
droxylamine (pH 7-8) gave azoxyalkanes 5¢ and 6e¢, but the
reaction time was too long (3 days) and the yields unsatis-
factorily low with several by-products formed (Table I,
entry 4).17 In a similar vein, little or no reaction occurs be-
tween nitrosocyclohexane dimer and N-methylhydroxyl-

amine at or below room. temperature. However, as DeBoer
demonstrated,!® it is possible to dissociate nitrosoalkane
dimers by photolysis without incurring dissociation of the
resulting monomer into R. and NO. Accordingly, the reac-
tion of nitrosocyclohexane dimer with N-methylhydroxyl-
amine in buffered methanol at 10° gives an' 83% isolated
yield of a mixture of 5d and 6d if the reaction is irradiated
with a medium- or high-pressure uv light source (Table I,
entry 5). Although a mixture was obtained, the favorable
ratio of 5d/6d of 11 prompted us to test the alternate con-
densation of nitrosomethane dimer with N-cyclohexylhy-
droxylamine. As entry 8 of Table I records, however, 5d was
again the major azoxy isomer produced in a rather favor-
able ratio but in lower yield. In a like manner, tert-
butylhydroxylamine reacted with nitrosomethane dimer to
produce only 5b in very low yield (Table I, entry 3). Close
examination of the reactions described as entries 2, 3, 5,
and 8 (particularly 5, 8, and others of the “cyclohexyl-
methyl” series, 6 and 7) revealed that the symmetrical
azoxyalkanes were not formed in these reactions, a result
which, in our thinkidg, ruled out an oxidation-reduction
pathway (eq 1) as being responsible for the formation of
the mixture of azoxyalkane isomers. Rather, we speculated
that the formation of the 5d-6d mixture resulted from the
partitioning of an N,N’-diol intermediate, such as 7a or

CH,
LT

YO OX Ar—CH—N==N{O)—R
7a, X=Y=H 8
b, X=CH; Y=H
¢, X=H; Y=CH,
some reactive equivalent, in a final dehydration step which
vields the azoxyalkanes.!® Accordingly, we “synthesized”
intermediate 7b by the condensation of N,0-dimethylhy-
droxylamine with thermally monomerized nitrosocyclohex-
ane (eq 2). Only loss of methanol from 7b will produce an
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azoxyalkane, and only azoxyalkane 5d was produced in this|

reaction (55%). Also, we “synthesized” intermediate 7e by

the condensation of N-cyclohexyl-O-methylhydroxylamine
with photolytically monomerized nitrosomethane, and this
time only 6d was formed (16%). Thus, reaction 2 and its
counterpart just mentioned represent directed syntheses of
unsymmetrical azoxyalkanes. It should be pointed out,
"however, that the yield of reaction 2 is an optimized yield.
N,0-Dimethylhydroxylamine (pK’ys = 4.75) is more
sluggish than N-methylhydroxylamine (pK’; = 5.97) in its
reaction with nitrosobenzene (little 5a after 14 h at 0°), and
the similar lowering of reactivity toward nitrosocyclohex-
ane requires a prolonged irradiation of the photolytically
aided condensation which leads in turn to an increase in
photochemical side reactions. Also, the low yield of 6d from
the N,0O-dialkylhydroxylamine route was not a promising
sign.

Thus, while that condensation which uses N-alkylhy-
droxylamines gives azoxyalkane mixtures, the yields can be
quite high and the azoxyalkane isomers are separable by
standard techniques. As entries 6 and 7 of Table I illus-
trate, thermal dissociation of nitrosocalkane dimers in this
synthesis is also feasible. The nitroscalkane monomer,
though it condenses with the alkylhydroxylamine, does
tautomerize to the corresponding (unreactive) oxime dur-
ing these condensations. Thus, cyclohexanone oxime was
detected (5-10% by VPC) in the reaction mixtures of
entries 5-7 of Table I as was benzaldehyde oxime (entry 9)
and acetophenone oxime (entries 10 and 11). The benzylic-
type nitrosoalkane dimers of entries 9-11 of Table I were
chosen, in part, to provide a test of the method with easily
tautomerized and photolytically cleaved nitrosoalkane mo-
nomers. The method gives satisfactory yields of azoxyal-
kanes, and entries 10 and 11 allow a comparison of the
thermal and photolytic methods for the monomerization of
easily tautomerized nitrosoalkanes. It should be noted that
azoxyalkane 6e was not completely characterized but could
be reproducibly detected by NMR analysis of freshly ex-
tracted reaction mixture [§ 4.05 . (broadened, singlet,
CH3NO), 4.57 (narrow quartet, -CHsN=)]. The compound
was somewhat unstable, presumably owing to a facile oxi-
dative dimerization which has been known to yield com-
pounds of type 8 in similar structural situations.2°

In every case recorded in Table I, isomer 5 is the major
product. Were electronic factors dominant such that the
dehydrative partitioning of 7a placed the more electron-
releasing R group on the formally (+) charged oxidized ni-
trogen atom (e.g., o*;.c,u, —0.30, ¢*cm, 0.00), then for the
5e—6e and 5f-6f isomer pairs, one would predict that the 6
isomers should predominate, since the benzyl group (¢*
+0.215) and the a-phenylethyl group (o* ~+0.10) are elec-
tron withdrawing relative to CHs. Thus, steric factors dom-
inate in the partitioning of 7a such that the major final
product has the less bulky CHj group (in general, that
group with the higher Taft E; value?!) located syn to the
oxygen atom.

In summary of the above, the condensation of N-alk-
ylhydroxylamines and nitrosoalkanes would appear to be
useful for the good-yield preparation of unsymmetrical
azoxyalkanes 4, wherein R is a secondary or tertiary alkyl
group and R’ is methyl or a primary or secondary alkyl
group. While our interests led us to prepare examples of
azoxyalkanes all of which contained an N-methyl group,
there are isolated examples of symmetrical secondary®22
and tertiary®?® azoxyalkanes having been synthesized by
N-N bond formation such that we feel the above general
statement of utility is justified.

Uv Spectra. The uv spectra of azoxyalkanes 5b, 6b, and
5d and 6d had uv maxima in the expected range for Z az-
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Table II. Uv Absorption Maxima of Representative
Azoxyalkanes, RN(O)=N-R'
Structure

R R’ 7\max, nm
CH, CH, 2174
n-C,H, n-C,H, 217a
n-C,H, n-C,H, 218b
i-C,H, i-C,H, 220.54
Cyclohexylf Cyclohexyl 224¢
t-C,H, t-C,H, 2210
t-C,H,, t-C H,, 223a
C,H; n-C,H,, 217.54
C,H, sec-CgH,, 221.5d
CH, Cyclohexy! 222¢
C,H, t-C,H,, 224d
Cyclohexyl CH, 214c
sec-C,H, n-C.H,, 222.5d,e
t-C,H, CH, 215¢

a Reference 25. » Reference 26. ¢ This work. d Reference
5. ¢ The exception to the rule; see text. fRegistry no.,
57497-40-2.

oxyalkanes [Amax 215-224 nm (e ~7000), infl at 270~280nm (e
~500)]. The work of Jaffé and co-workers has indicated
that upon electronic excitation, the azoxy function of azox-
ybenzenes shows a substantial increase in basicity®*® [e.g.,
for CgHsN{O)=NCg¢Hj3, ground-state pK, = —6.57, excited
state pK’1 = 3.28]. Since the initial site of protonation of
ground-state azoxybenzene is the azoxy oxygen atom,?*? it
would seem that in the excited state that atom experiences
a substantial increase in electron density, and, later work
by Jaffé lends strong support to this supposition.?s¢ In
azoxybenzenes, the increase in electron density at oxygen
can come at the expense of the aromatic = system and its
substituents. In azoxyalkanes, such an increase in electron
density at the O terminus must be compensated for by a
loss of electron density principally from the N terminus
and, to what extent is possible, from the N-terminus sub-
stituent. (See structures A and B.) As the data of Table I1

[ oo

+
N—F
A B

show (with but single exception), it is R’ which influences
the position of the principal Amayx of azoxyalkanes, with the
better electron-donating substituents (those with a lower
Taft ¢* or o1) moving the Amay toward longer wavelength.
Thus, when R’ is CHj or primary alkyl, Apax = 216 &+ 2 nm;
when R’ is secondary or tertiary alkyl, Amax = 222 + 2 nm.

The uv spectra of the aryl compounds 5a, 6a,2” 5g, and
6g indicate that the aryl ring of 5g is twisted from copla-
narity with the azoxy function. Thus, the spectrum of 5a27
is similar to that of nitrobenzene. Compound 64,27 with its
intense absorption at 288 nm, reflects the effect of extend-
ed conjugation in this isomer. By contrast, the spectrum of
5g¢ is more similar to that of a nonaryl azoxy compound
with a principal maximum (e 7700) in the range of the com-
pounds listed in Table II, and only a modest maximum at
264 nm (e 1100) (pheny! B band?). The spectrum of 6g
(Chart I) is normal and consistent with coplanar aryl and
azoxy groups (compare 6a, Chart I). For 5g, in a completely
planar conformation, the ortho methyl group would inter-
act strongly with either the oxygen or the NCHj3 portions of
the azoxy group.

With the benzyl-type compounds 5e, 5f, and 6f, the
azoxy group absorption was masked by the intense ben-
zene-ring “end absorption”?® (¢ ~104 at 220 nm).
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Chart 1. Principal Uv Maxima (nm) and Ortho Proton
Chemical Shifts of Aryl-Alkyl Azoxy Compounds

0] CH.
H 3
N/ o
0
H H
4 817 67.87
5a, Anax 6b, A,y 228, 288
/CHJ H&C /CHB
N=N ==
N N\
0]
H
0 67.60
223 6g, Ay.x 228,294

NMR Spectra. The NMR chemical shifts of the « H’s of
azoxyalkanes are, by and large, unpredictable. Recent theo-
retical efforts by Snyder®® have given some rationale to the
observed nuances but problems remain.'? Table III records

Table III. Proton NMR Chemical Shifts (6 ) of
Azoxyalkanes in CDCl, Solvent
Proximal Distal
Compd Hpa Hqo Hg (other)
5b 3.12s? 1.50 s proximal
6b 3.96s 1.25 s distal
5¢ 3.98 ¢¢ 294 s 1.39 t¢ proximal
6¢ 3.99 td 3.387 ¢ 1.23 tc distal
5d 414 m 3.10s
6d 4.02s 3.98m
5e 5.25s 3.16s 7.33 bs (C,H;)
6e® 4.05 bs 4,57 qd 7.36 bs (C, H s)
5¢f 5.50 ¢ 3.20 s 1.83 d¢ prox1mal
6f 4.05s 5.15 q¢ 1.47 d¢ distal
5g 3.40s 2.34 (0-C,H,CH,)
6g 4.23 s 2.22 (0-C,H,CH,)

a Defined as follows: proximal-HCg—HCq—N(O)=N-Cq
H-CzH-distal. b s = singlet; bs = broadened singlet; m =
multiplet; t = triplet; d = doublet; q = quartet. ¢J = 7 Hz.
dJ=1-1.5 Hz. € Signals observed in a mixture of be, Be,
and benzaldehyde oxime, and also in a small sample of 6e
separated by chromatography.

the chemical shifts of the proximal and distal3® o H’s of the
azoxy compounds prepared in this work. Features of the
NMR spectra (see Chart I) of aryl compounds 5a,>” 6a,’
5g, and 6g are consistent with a noncoplanar aryl ring and
azoxy group in 5g as was deduced earlier from the uv data.
Thus, the ortho aryl proton of 5g is shielded by almost 0.7
ppm relative to the ortho protons of 5a (see Chart I). By
contrast, the ortho proton of 6g has a more “normal”
chemical shift (compare 6a). Similar shielding of ortho pro-
tons was observed for the E diastereomers of 5a and 6a.?’
Tilting of the aryl ring out of copolanarity with the azoxy
function apparently moves the ortho proton to a location of
relative long-range shielding above the plane of the azoxy
group.®! The ortho CHj group might be expected to experi-
ence this same effect, but at present no unequivocal model
for comparison is available.

Experimental Section

General. NMR spectra were obtained with a Varian A-60A
spectrometer using tetramethylsilane as internal standard. In-
frared spectra were obtained on Perkin-Elmer 337 or Beckman
IR-12 spectrophotometers. Uv spectra were obtained on a Cary 14
spectrophotometer in 95% ethanol solutions. Midwest Microlab,
Inc., Indianapolis, Ind., performed the elemental analyses. VPC
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analyses were conducted on Hewlett-Packard 5750 (flame detec-
tor) and 700 (thermal conductivity detector) instruments.

For VPC analyses the following columns were used: A, 5% Car-
bowax 20M on Anakrom or Chromosorb W (AW and DMCS); B,
5% UCW-98 on Diatoport S; C, 10-20% Carbowax 20M on Chro-
mosorb W (AW and DMCS); D, 20% SE-30 on Anakrom.

Photochemical reactions were performed in a nitrogen atmo-
sphere using either a medium-pressure 450-W Hanovia type L
lamp (lamp H) or, more often, with a Rayonet photochemical reac-
tor, Model RPR-100 (lamp R) equipped with a 16-tube, variable
light source with 350 or 300 nm as the principal emission wave-
length choices.

(Z)-Phenylmethyldiazene 1-Oxide (5a). To a solution of 4.42
g (0.094 mol) of N-methylhydroxylamine in 200 m! of water and
100 ml of THF, buffered at pH 6.85 with 400 mg of N-methylhy-
droxylamine hydrochloride, at 0° was added (dropwise) a solution
of 10.0 g (0.093 mol) of nitrosobenzene in 30 ml of THF. After the
3-h addition, the solution was stirred for an additional 3 h at 0°, at
which time the pH was 4.8. The reaction mixture was diluted with
100 ml of water and extracted with 3 X 150 ml of pentane. The
pentane extracts were washed with 2 X 150 ml of 1 N HCI, washed
with-2 X 150 ml of water, and then dried (Na2SO,). Fractionation,

_in vacuo, of the yellow-green organic concentrate gave 8.55 g (68%)

of 5a, bp 49° (0.1 mm), and the pot residue contained 1.74 g (19%)
of diphenyldiazene oxide (azoxybenzene), mp 34-36°. The spectral
data for 5a have been reported previously.?’

(Z)-tert-Butylmethyldiazene 1-Oxide (5b). Methylhydroxyl-
amine hydrochloride (4.34 g, 52 mmol) was added, under nitrogen,
to a solution of KOH (3.09 g, 55 mmol) in 100 ml of absolute etha-
nol. After stirring briefly the ethanolic suspension was treated with
4.35 g (25 mmol) of 2-methyl-2-nitrosopropane dimer. The mixture
was stirred for 2 h at room temperature and for 16 h at 38°, after
which dilution with 100 ml of 1 N HCI, extraction with pentane (10
X 10 ml), drying (NasS0y), and distillation (1 atm) gave a colorless
concentrate. Distillation of the concentrate gave 3.03 g (52%) of
99% pure 5b: bp 84-88° (104 mm); uv Amax 215 nm (e 6300) with in-
flection at 270 nm (e ~1000); NMR see Table III. The spectral data
for 5b agreed with previously published data.l%%¢ A second prepa-
ration gave 96% pure 5b in 73% yield.

In a second approach, 0.14 g (11 mmol) of N-tert-butylhydroxyl-
amine hydrochloride, neutralized and buffered at pH 6.1 in 15 ml
of methanol, was condensed with 0.045 g (5.5 mmol) of nitroso-
methane dimer, under irradiation (lamp R, 300 nm) for 4 h. Dilu-
tion with water, extraction with ether, and distillation (1 atm) of
the solvent gave a concentrate to which was added a weighed
amount of CHyCly. Integration of the NMR spectrum showed that
79 mg (6.8%) of 5b had been formed, but no detectable amount of
6b was present. VPC analysis confirmed the low yield of 5b (col-
umn C).

(Z)-Methyl-tert-butyldiazene 1-Oxide (6b). Small samples of
what is likely 6b could be obtained, contaminated by 5b, by pre-
parative VPC of the following “photothermal” rearrangement ex-
periments on 5b. Solutions of 5b (1% weight to volume) in pentane
were irradiated as follows: (1) for 5 h in quartz by lamp R (254 nm)
to give six compounds (VPC, columns A or C) including 5b (73%)

- and 6b (4%); (2) for 3 h in quartz by lamp R (300 nm) to give five

compounds (VPC) including 5b (90%) and 6b (4%). (The percent-.
ages are relative VPC peak areas). NMR spectra of the mixtures of
5b and 6b obtained by preparative VPC gave the signals for 6b re-
corded in Table III. The data for 6b seem to agree with that ob-
tained by previous authors,0?8 who suggest the same structure.

(Z)-Ethylmethyldiazene 1-Oxide (5¢). A solution of 0.55 g
(0.024 mol) of sodium in 10 ml of methanol was added to a metha-
nol solution of 2.0 g (0.024 mol) of N-methylhydroxylamine hydro-
chloride. The resulting white precipitate was removed by filtration
and the filtrate was added, dropwise, to 1.18 g (0.01 mol) of nitro-
soethane dimer!? which had been dissolved in 3 ml of methanol.
The mixture was stirred for 3 days under a nitrogen atmosphere,
diluted with 30 ml of dilute HCl, and extracted with 4 X 20 ml of
ether. The residue from concentration at atmospheric pressure was
subjected to preparative VPC (column C) to yield 5¢ (retention
time 0.7 relative to 6¢): ir (neat) 1518 and 1323 cm™% NMR, see
Table III.

Anal. Caled for CsHsNoO: C, 40.89; H, 9.15; N, 31.80. Found: C,
40.95; H, 9.39; N, 31.70.

(Z)-Methylethyldiazene 1-Oxide (6c). This azoxyalkane was
isolated by preparative VPC from the preceding experiment,
5¢/6c ratio ~2: ir (neat) 1504 and 1325 cm ™t NMR, see Table III.

Anal. Caled for C3HgN,O: C, 40.89; H, 9.15; N, 31.80. Found: C,
40.60; H, 9.34; N, 31.98.



Reaction of Nitrosoalkanes with Hydroxylamines

(Z)-Cyclohexylmethyldiazene 1-Oxide (5d). A solution of 4.6
g (0.055 mol) of N-methylhydroxylamine hydrochloride in 95 ml of
methanol was neutralized (pH 10.2) by the dropwise addition of a
saturated potassium hydroxide-methanol solution. The resulting
solution was buffered at pH 6.97 by the further addition of 1.8 g of
N-methylhydroxylamine hydrochloride and was cooled to 0° in a
Pyrex photochemical immersion well. To this cooled solution, by
dropwise addition over 0.75 h, was added 5.65 g (0.025 mol) of ni-
trosocyclohexane dimer3? in 160 ml of methanol. At the same time,
the reaction was irradiated with a uv lamp (lamp R, 350 nm) with
aliquots being periodically removed for VPC analysis (column A).
After 10.5 h (complete reaction) the mixture was diluted with 150
ml of water and extracted thoroughly with pentane (total volume
375 ml). The pentane extracts were dried (NasSOy), concentrated
(1 atm), and distilled in vacuo to give 5.88 g (83%) of a mixture of
5d and 6d, bp 65° (3.0 mm), 5d/6d ratio 11. Preparative VPC (col-
umn C) gave pure 5d: uv Amax 214 nm (e 6000) with an inflection at
280 nm (¢ ~20) observable at higher concentrations; NMR, see
Table III.

Anal, Caled for C7H14NgO: C, 59.13; H, 9.92; N, 19.70. Found: C,
59.27; H, 9.91; N, 19.92. '

(Z)-Methylcyclohexyldiazene 1-Oxide (6d). This azoxyal-
kane was isolated from the preceding experiment by preparative
VPC: uv Apax 222 nm (¢ 7600); NMR, see Table III.

Anal. Caled for C7H14N20: C, 59.13; H, 9.92; N, 19.70. Found: C,
59,18; H, 9.63; N, 19.95,

Thermally Induced Condensatmns Yielding 5d and 6d. A. A
solution of 0.231 g (0.0275 mol) of N-methylhydroxylamine hydro-
chloride was neutralized (pH 10.4) with saturated potassium hy-
droxide in methanol and was then buffered at pH 6.9 by the fur-
ther addition of 0.10 g of the hydrochloride salt. After the addition
of 0.280 g (0.0125 mol) of nitrosocyclohexane dimer in 25 ml of
methanol the mixture was heated at reflux for 8 h. After dilution
with water, extraction, and drying, the organic extract was ana-
lyzed by VPC (column A) using naphthalene as internal standard.
The analysis indicated the formation of 0.24 g (70.3%) of 5d, 0.050
g (14.1%) of 6d, and 7% of cyclohexanone oxime.

B. A solution of 9.2 g (0.11 mol) of N-methylhydroxylamine hy-
drochloride in 30 ml of methanocl was neutralized (pH 10.8) as be-
fore and then buffered at pH 6.98 by the further addition of 5 g of
the hydrochloride salt. To this was added a solution of 11.3 g
(0.050 mol) of nitrosocyclohexane dimer in 75 ml of THF and the
resulting mixture was heated at reflux for 18 h. After dilution with
250 ml of water, the mixture was subjected to continuous extrac-
tion with 100 ml of pentane. After drying (Na2SO4) the pentane
extract was concentrated and the concentrate was subjected to col-
umn chromatography on 200 g of silica gel. Fractions eluted with
mixtures of pentane and methylene chloride were monitored by
VPC analysis (column A); 20-40% CH5Cl; in pentane gave pure 5d,
9.0 g (63%) after short-path distillation, bp 61° (3.8 mm); 50-75%
CH2Cl; in pentane gave a mixture of 5d and 6d, 2.28 g (16%) after
distillation in vacuo; and elution with 100% CHyCl; gave 98% pure
6d, 2.26 g (16%) after distillation, bp 66° (3.8 mm). In the crude re-
action mixture, VPC analysis indicated a 5d/6d ratio of 2.7.

Preparation of 5d and 6d Using N-Cyclohexylhydroxylam-
ine. A solution of 0.34 g (0.0030 mol) of N-cyclohexylhydroxylam-
ine®3 in 10 ml of methanol was buffered at pH 6.89 by addition of a
solution of the corresponding hydrochloride salt. To this was
added 0.115 g (0.013 mol) of nitrosomethane dimer!® and the re-
sulting mixture was irradiated (lamp R, 300 nm) for 8.5 h with
cooling by an air circulating fan only. VPC analysis (column A)
using an internal standard indicated the formation of 0.142 g
(38.5%) of 5d, 0.0217 g (5.9%) of 6d, 10% of cyclohexanone oxime,
plus unreacted N-cyclohexylhydroxylamine.

Directed Synthesis of 5d. A solution of 0.985 (0.010 mol) of
N,O-dimethylhydroxylamine hydrochloride in 1 ml of HxO was
neutralized (pH 11.4) with saturated aqueous potassium hydroxide
and was then buffered at pH 5.75 by the further addition of 60 mg
of the hydrochloride salt. To this was added 0.057 g (0.025 mol) of
nitrosocyclohexane dimer in 8 ml of THF after which the mixture
was heated at 50° for 12 h. The usual work-up gave a concentrate
which was analyzed by NMR spectroscopy using a weighed
amount of CH2Cl; as an internal standard. The only azoxyalkane
was 5d, 0.040 g (55.8%), and this was confirmed by VPC analysis
(column A) which also showed the presence of cyclohexanol and
cyclohexanone.

Directed Synthesis of 6d. A solution of 0.066 g (0.004 mol) of
N-cyclohexyl-O-methylhydroxylamine hydrochloride in 2 ml of
H20 was neutralized with saturated aqueous potassium hydroxide.
The resulting organic solid was extracted with 4 X 1.5 ml of THF
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and this extract was buffered at ~pH 4.6 by the further addition of
the hydrochloride salt. To this was added 0.018 g (0.2 mmol) of ni-
trosomethane dimer!? and the resulting mixture was irradiated
(lamp R, 300 nm) in a Pyrex vessel for 8 h, VPC analysis (column
B) using tetradecane as an internal standard indicated the forma-
tion of 0.0090 g (16%) of 6d as the only azoxyalkane. A substantial
amount of unreacted starting hydroxylamine was detected. '

N-Cyclohexyl-O-methylhydroxylamine Hydrochloride. A
solution of 0.46 g (0.029 mol) of ethyl N-methoxy-N-cyclohexyl-
carbamate and 0.40 g (0.072 mol) of potassium hydroxide in 3 ml of
methanol and 0.5 ml of HoO was refluxed for 24 h. After extraction
with ether (5 X 5 ml) and drying (Na2SQ,), the extract was concen-
trated to 5 ml volume and excess saturated 2-propanol-HCl was
added. This solution was evaporated to dryness with the last traces
of water being removed by azeotropic distillation with benzene.
The resulting hydrochloride salt was recrystallized from methanol-
ether to give 0.23 g (63%) of white crystals: mp 143-144.5°; NMR
(D20) & 3.45 (m, 1 H, cyclohexyl methine H), 3.9 (s, OCHj).

Anal. Caled for C;H5CINO: C, 50.76; H, 9.57. Found: C, 50.88;
H, 9.97.

Ethyl N-Methoxy-N-cyclohexylcarbamate. To a rapidly
stirred solution of 0.94 g (0.050 mol) of ethyl N-hydroxy-N-cyclo-
hexylcarbamate and 0.52 g (0.093 mol) of potassium hydroxide in 8
ml of methanol at 0° was added 0.6 ml (0.095 mol) of methyl io-
dide. The mixture was stirred for 1 h at 0° and then at reflux tem-
perature for 8 h, The addition of 50 ml of pentane precipitated the
potassium iodide, and, after drying and concentration the crude
product, 0.56 g (46%), was chromatographed over 8 g of silica gel.
Elution with 10% ether in pentane gave 0.5 g of a colorless liquid
which was distilled at 62° (0.5 mm) to give the analytically pure
product: NMR (CDCls) § 4.21 (q, OCHy), 3.70 (s, OCHj), 1.31 (t,
CHs).

Anal. Caled for C10H19NOg: C, 59.68; H, 9.52. Found: C, 59.66;
H, 9.58.

Ethyl N-Hydroxy-N-cyclohexylcarbamate Ethyl chlorofor-
mate (1.73 ml, 0.018 mol) was added dropwise to a solution of 2.08
g (0.018 mol) of N-cyclohexylhydroxylamine3® and 1.95 g (0.018
mol) of NagCOjs in 15 ml of Hy0 and 65 ml of THF at 0°. The mix-
ture warmed to room temperature while being stirred for 3 h. The
reaction was neutralized (litmus) by adding 6 N HCI and the prod-
uct was isolated by extraction with ether (3 X 50 ml), drying
(NagS0y), and concentration in vacuo, Chromatography over 60 g
of silica gel (eluent pentane, ether) gave 2.24 g (66%) of product
which was further purified by molecular distillation at 65° (0.15
mm): ir (CHCls) 3300 and 1670 em™%; NMR (CDCl;) & 4.16 (q,
OCHy), 3.75 (m, cyclohexyl methine H), and 1.27 (t, CHs).

Anal. Caled for CgH17NOg: C, 57.75; H, 9.15; N, 7.48. Found: C,
58.01; H, 9.22; N, 7.31.

(Z)-Benzylmethyldiazene 1-Oxide (5e). A solution of 0.095 g
(0.0011 mol) of N-methylhydroxylamine hydrochloride in 1 ml of
H:0 was neutralized and buffered (pH 6.2) as previously men-
tioned. To this was added 0.12 g (0.5 mmol) of a-nitrosotoluene
dimer®? in 10 ml of methanol and the resulting solution was irradi-
ated (lamp R, 300 nm) through Pyrex for 4 h with cooling by air
circulation only. An aliquot of the reaction was extracted with
ether, and after drying (NapSOy) and concentration, was analyzed
by NMR spectroscopy. The 5e/6é ratio thus obtained was 2.46 (in-
tegration of CHs and CH, signals) and the ratio was seen to in-
crease with time, This aliquot was then analyzed by VPC, using ni-
trobenzene as internal standard (column C), the results of which
indicated the formation of 0.059 g (39.3%) of 5e; thus the yield of
6e was 16% and the total yield 53%. Pure 5e could be separated
from benzaldehyde oxime by chromatography over 15 g of alumina
(neutral or basic), eluting with pentane, followed by molecular dis-
tillation: ir (CDCls) 1506 and 1280 cm™%; uv Apax 273 nm (¢ 350)
and 278 (225); both are peaks on strong end absorption with ¢ ~104
at 210 nm; NMR, see Table IIL .

Anal. Caled for CgH1oN20: C, 63.98; H, 6.71; N, 18.65. Found: C,
63.70; H, 6.94; N, 18.75.

(Z)-Methylbenzyldiazene 1-Oxide (6e). A small sample of this
azoxyalkane could be obtained by silica gel chromatography of the
preceding experiment, a technique which failed to separate 5e
from benzaldehyde oxime. Elution with ether gave 6e, the most
polar compound of the three: ir (CDCls) 1500 and 1260 c¢m™1;
NMR, see Table III.

-(Z)-1-(1-Phenylethyl)methyldiazene 1-Oxide (5f). A solution
of 0.095 g (1.2 mmol) of N-methylhydroxylamine hydrochloride in
1 ml of H2O was neutralized and buffered (pH 6.2) as previously
described. To this was added 0.135 g (0.5 mmol) of 1-nitroso-1-
phenylethane dimer3 in 10 ml of methanol, and the resulting solu-
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tion was irradiated (lamp R, 350 nm) at 10° (water circulation) for
3 h. VPC analysis of the reaction using sulfolane as internal stan-
dard indicated the formation of 0.104 g (64%) of 5f, 0.027 g (16%)
of 6f, and 0.017 g (13%) of acetophenone oxime. From an experi-
ment using the same quantities of reactants, but which was heated
at reflux for 14 h, VPC analysis showed the formation of 0.067 g
(41%) of 5f, 0.055 g (41%) of acetophenone oxime, and, by NMR
analysis, 0.26 g (18%) of 6f, From an experiment increased in scale
by & factor of 10, and heated at reflux for 14 h, pure 5f (0.5.g, 30%)
could be isolated by chromatography over 20 g of silica gel (eluting
with 10% ether in pentane) followed by molecular distillation at
68° (1 mm): ir (CHClg) 1510 cm™Y; uv Amax 257, 268, and 268 nm (e
~300) as peaks on strong end absorption (e ~104 at 210 nin) plus
an inflection at 280 nm (~150) NMR, see Table II1. -

Anal. Caled for CoH1oN20: C; 65.83; H, 7.37; N, 17.06. Found: C,
65.85; H, 7.49; N, 16.82." ’

(Z)-Methyl 2-(1-phenylethyl)diazene 1-Oxide (6f). This
azoxyalkane could be isolated from the preceding preparative ex-
perlment by preparative VPC (column D): uv Amax Do resolved
maxima on a strong end absorptlon € ~10% gt 220 nm; NMR see
Table III.

Anal. Caled for CgH1oN20: C 65.83; H, 7.37, N, 17. 06 Found C,
65.76; H, 7.08; N, 16.86.

(Z)- o-Tolylmethyldiazene -1- Oxlde (5g) A solutlon of 2.78 ¢
(0.033 mol) of N-methylhydroxylamine hydrochlonde in'50 ml of
H20 was neutralized and huffered (pH 6.7) as in previous experi-
ments and then cooled to 0° To this was added 3.03 g (0.030 mol)
of o-nitrosotoluene in 200 m! of THF and the resultlng solution
was stirred for 14 h. The mixture was diluted with.300 ml of H0
and extracted with 3 X 100 'ml ‘of benzene. The benzene extract
was washed with 1 N HC, with Hy0, dried (NasSO4), and concen-
trated to give 8.4 g of hquld NMR analysis using. a welghed
amount of CHzClp as internal standard indicated the formation of
2.7 g (60%) of 5g, 0.3'g (7%) of 6g, and about 0.4 g (18%) of di-6-to-
lyldiazene oxide [by integration of the N-methyl signals of 5g and
6g and the C-methyl signals (~6 2.5) of the diarylazoxy com-
pound]. Analytically pure 5g was isolated by fractional distillation
of the reaction mixture: 1 34 g (30%), bp 67° (1.2 mm); ir (CHCla)
1490, 1375, and 1320 em™?; uv Amax 223 nm (e 7700) and 264 (1500);
NMR see Chart I and Table III.

Anal Calcd for CgH1oN20: C, 63.98; H, 6. 1. Found: C, 63. 79 H,
6.72.

(Z)-Methyl-o-tolyldiazene 1-Oxide (6g). This azoxyalkane
could be isolated from the preceding experiment by preparative
VPC (column C) of higher boiling distillation fractions: ir (CHCl3)
1500, 1420, and 1340 cm ™1 uv Amax 228 nm (e 9800) and 294 (5600),
NMR see Chart I and Table IIT; mol wt, caled, 150 0793 found,
150.0784.
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