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Two methods for the synthesis of bicyclic and polyeyclic cis azo N,N’-dioxides are described. Oxidation of azo
alkanes with trifluoroperacetic acid afford their corresponding azo N,N’-dioxides, while chlorination of 1,4-diox-
imes give the a,a’-dichloro azo N,N’-dioxides. Structures of all new compounds are supported by spectral data

and elemental analysis.

One of the distinct properties of C-nitroso compounds is
their tendency to dimerize to form azo N,N’-dioxides. The
acyclic dimers can exhibit cis-trans configurational isomer-
ism with the trans isomer generally being more stable than
the cis isomer. Although many examples of trans azo diox-
ides are known, there are very few examples reported of cis
azo dioxides. Certain cyclic azo N,N’-dioxides can only
exist in their cis form, e.g., the azo dioxides 1-3,12 and are
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obtained by the ring closure of their corresponding bis ni-
troso precursors. In connection with other work we needed
bicyclic and polyeyelic cis azo N,N’-dioxides and would like
to report convenient synthetic routes to these compounds.?

The key intermediate to the synthesis of the azo dioxide
8 is 2,3-diazabicyclo{2.2.1]hept-2-ene (6), which was pre-
pared in high yield according to Scheme I. The Diels—-Alder
adduct of cyclopentadiene and ethyl azodicarboxylate was
hydrogenated and the product 4 was hydrolyzed with
strong base in ethylene glycol. Oxidation of the crude reac-
tion mixture with 30% hydrogen peroxide gave the bicyclic
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azo compound 6 in overall 97% yield from 4. This observa-
tion is in contrast to Snyder’s report of the formation of the
cis azoxy compound 7 in 73% yield5 from 5 under similar
conditions. The monoxide could, however, be easily ob-
tained in 80% yield by m-chloroperbenzoic acid oxidation
of the azo compound 6.5 The use of hydrogen peroxide for
oxidation of hydrazines, such as 5, has a distinct advantage
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Table I
Physical Data of Bicyclic and Polycyclic Azo N, N’-Dioxides
Az
dioxide? Yield,b % Mp, °C (crystn solvent) Ire em™t Uy, nm (€) NMR,? 5
8 75, 907 153-154 dec 1485, 1420 265 (7850) 1.97 (d, 7= 11Hz, 1 H)
(CHCL-C H,,) 2.25 (br s, 4 H)
2.58 (d, =11 Hz, 1 H)
4.8 (br s, 2 H)
10 71 236-237 dec 1490, 1420 264 (8800) 1.8-2.4 (m, 8 H)
(CHCL,) 4.8 (br s, 2 H)
12 72 184-185 1495, 1430 271 (7000) 2.0 (s, 2 H), 2.36 (s, 3 H), 2.98
(CHC1;-C¢H,) (br s, 1 H), 4.7 and 4.75
(singlets, 2 H)
16 91¢ 236-238 dec 1440, 1395 274 (7100) 1.72 and 2.1 (AB quartet, J = 12 Hz,
(C,H;0H) Av,p = 23 Hz, 2 H), 3.0-3.4 (m, 8 H)
18 (i 234-234.5 dec 1445, 1400" 2173 i
(CH,CN)
1/ 165 dec 1445, 1395" 270 (7800) i
(C,H,0H)

@ Correct elemental analyses were obtained for all new compounds. ? Unless stated otherwise the yield are from the corresponding cyclic
azo compounds and are unoptimized. ¢ Unless indicated otherwise the ir spectra were recorded in CHCl3. ¢ In C;H50H. ¢ In CDCl; with
Me48Si as an internal standard. 7 From the azoxy compound 7. € By chlorination of the corresponding 1,4-dioxime. # In KBr. ! Not sufficiently

soluble. / Earlier work, ref 11.

over the cupric chloride and the mercuric oxide methods in
that it is less cumbersome and affords the azo compounds
in high yield (see Experimental Section).7-8

Treatment of the azo compound 6 or its monoxide 7 with
m-chloroperbenzoic and peracetic acid under a variety of
conditions failed to give the dioxide 8.2 This is presumably
due to the fact that the positively charged nitrogen in mon-
oxide 7 considerably decreases the reactivity at the neigh-
boring nitrogen to further oxidation. The oxidations of 6
and 7 to the dioxide 8 were accomplished,’® however, in 75
and 95% yield, respectively, by use of trifluoroperacetic
acid in methylene chloride. That the method of prepara-
tion of azo dioxides is general was demonstrated by high-
yield conversion of the bicyclic and the quadricyclic azo
compounds 9 and 1178 to the corresponding dioxides 10

and 12.
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The bridgehead dichloro azo dioxide 1 has been prepared
by chlorination of 1,4-cyclohexanedione dioxime.!! We
have now extended the utility of this reaction further in
synthesizing polycyclic «,a’-dichloro azo N,N’-dioxides 16,
18 and 21. Treatment of cage diketone 13 with hydroxyl-
amine gave the bis oxime 14 in 92% yield in contrast to
Cookson’s report of exclusive formation of oxa bird cage
compound 15.12:13 A suspension of the dioxime 14 in a solu-
tion of excess chlorine in ether at low temperature afforded
cleanly the cage azo dioxide 16 in over 90% yield. While the
60-MHz NMR spectrum was able to resolve only the apical
proton as an AB quartet, the 300-MHz spectrum afforded
complete resolution of all of the different protons, thus
supporting the proposed structure 16 (see Experimental
Section). Similarly, chlorination of suspensions of tricyclic

NOH

19, X=Cl 20

22 X=H
bis oximes 17!5 and 201€ gave high-melting azo dioxides 18
and 21 in poor yields, along with blue liquids which decom-
posed to a complex mixure during isolation. The stereo-
chemistry of the azo dioxides 18 and 22 has not been rigor-
ously established but is preferred over the alternative
structures 19 and 22 on the basis of steric approach of chlo-
rine from the least hindered side.!-18

The structures proposed for all of the azo N,N’-dioxides

prepared are in accord with their analytical and spectral
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properties (Table I). They are characterized by a pair of
strong infrared bands between 1350 and 1500 cm~! and
strong w—7r* ultraviolet absorption between 260 and 275
nm.

The bicyclic azo dioxide 1 on heating in a variety of sol-
vents develops a deep blue color (characteristic of nitroso
compounds). Color formation is reversible and is depen-
dent on temperature and solvent, indicating its equilibrium
with bis nitroso isomer 23, In contrast to this observation

cl No *©

Ay

o 'NO
23

other bicyclic and polycyclic azo dioxides showed no color
when they were heated in a variety of solvents.!? Slow heat-
ing of the azo dioxides, in solid state, resulted in charring at
their melting point.20

Although direct irradiation of the azo dioxides 8, 10, and
12 gave complex mixtures, these compounds have been
found to be remarkably stable to sensitized photolysis.
Like 3,3,4,4-tetramethyldiazatine 1,2-dioxide (3), the cis
azo N, N’ le.&ldeS are expected to have very low energy
triplet states. Their efficiency as low energy triplet quench-
ers will be described elsewhere.2:2!

Experimental Section??

2,3-Diazabicyclo[2.2.1]hept-2-ene (6). This azo compound
was obtained as a white, crystalline solid by a modified procedure
of Gassman and Mansfield.*

A slow stream of nltrogen was bubbled for 30 min through 50 ml
of warm ethylene glycol in a 500-ml three-necked flask fitted with
a constant-pressure dropping funnel and a reflux condenser
equipped with a Drierite tube to protect from atmospheric mois-
ture. The solution was stirred with 'a magnetic stirrer and potassi-
um hydroxide (17 g) was added. When the potassium hydroxide
had dissolved the solution was heated to 125°, and the diethyl 2,3-
diazabicyclo[2.2.1]heptane-2,3-dicarboxylate (4, 13.5 g was
dropped in rapidly, maintaining the reaction temperature between
125 and 130°. The reaction mixture was stirred at ca. 125° for 1.5
hr and then diluted with 100 ml of water. The resulting solution
was cooled and to the stirring solution was added dropwise 30% hy-
drogen peroxide solution (100 ml, excess) at room temperature.
The reaction mixture was stirred for 2 hr,2? diluted with water, and
extracted with methylene chloride. The extract was washed with
saturated aqueous sodium sulfite solution and water and dried.
Removal of the solvent afforded the azo compound 6 as a dirty
white solid (5.2 g, 97%). Recrystallization from pentane afforded
white crystals: mp 98-99° (lit.# mp 99.5-100°); § (CDCl3) 0.7-1.8
(m, 6 H), 4.49 (broad s, 2 H).

2,3-Diazabicyclo[2.2.2]oct-2-ene (9). The 4-phenyl-2,4,6-tria-
zatncyclo[B 2.2.0%¢]undeca-3,5-dione?* (2.2 g) in a 1:1 mixture of
ethylene glycol-water (100 ml) was refluxed with potassium hy-
droxide pellets (3.3 g) under a slow stream of nitrogen. After 5 hr
the reaction mixture was cooled and 80% hydrogen peroxide (20
ml) was adde carefully. The solution was stirred for 30 min and
then refluxed for 1 hr. The aniline formed during the reaction was
removed by steam distillation. The resulting product was diluted
with water and extracted with chloroform. The organic layer was
dried and removal of the solvent, under reduced pressure, at room
temperature gave the bicyclic diazo compound 9 as a light brown
solid (700 mg, 76%). The product was purified by preparative tlc
(silica, chloroform-methanol, 9:1) and crystallization from n-hex-
ane gave colorless needles: mp 145-146° (lit.” mp 146-147°); &
(CDCl3) 1.2-2.1 (m, 8 H), 5.1 (broad s, 2 H).

6,7-Diazaquadricyclo[3.2.1.138,024]non-6-ene (11). The ho-
moconjugate Diels-Alder adduct of ethyl azodicarboxylate to nor-
bornadiene was hydrolyzed with potassium hydroxide according to
Moriarty’s method.®2 The product was oxidized with 30% hydrogen
peroxide as above and there was obtained the tetracyclic azo com-
pound 11 as a thick oil which solidified on standing (1.06 g, 87%).
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This was homogenous on TLC (silica) in a variety of solvent sys-
tems and its spectral data were identical with that reported in the
literature.®

Oxidation of the Cyclic Azo Compounds to Azo N,N’-Diox-
ides with Trifluoroperacetic Acid. A general method for the for-
mation of cyclic azo dioxides from the azo compounds is given
below.

Trifluoroperacetic acid was prepared from trifluoroacetic anhy-
dride (46.2 g, 0.22 mol) in methylene chloride (50 ml) and 98% hy-
drogen peroxide (5.4 ml) according to Hart’s?® method. The crude
2,3-diazabicyclic compound 6 (9.6 g, 0.1 mol) in methylene chloride
(21 ml) was added dropwise to an ice-cooled, stirring methylene
chloride solution of trifluoroperacetic acid. The reaction mixture
was stirred in the ice bath for 3 hr and at room temperature for an
additional day. The oxidized reaction mixture was taken in a 1-L
beaker, cooled to 0°, and stirred with aqueous sodium bisulfite so-
lution until it gave a negative test to potassium iodide-starch
paper. The solution was neutralized carefully with saturated aque-
ous sodium bicarbonate and filtered. Continuous extraction of the
filtrate with chloroform for 2 days furnished TLC-pure azo dioxide
8 (10.2 g, 80%) as a dirty white, crystalline solid. Decolorization
with Norit A and recrystallization from chloroform-hexane afford-
ed 8 as shining white microcrystals (9.5 g, 75%), mp 153-154° dec.

Anal. Caled for CsHgN2O2: C, 46.87; H, 6.29; N, 21.87; mol wt,
128. Found: C, 46.81; H, 6.39; N, 21.96; mol wt, 125.3,26

All azo dioxides are white, crystalline solids.

2,3-Diazabicyclo[2.2.1]hept-2-ene 2-Oxide (7). A solution of
the diazo compound 6 (200 mg) in chloroform (20 ml) was stirred
at room temperature with m-chloroperbenzoic acid (1.4 g) for 2 hr,
and was then refluxed for 1 day. The reaction mixture was cooled
and the excess peracid destroyed with 10% aqueous sodium sulfite.
The organic layer was washed with 10% aqueous sodium bicarbon-
ate and water and dried. Removal of the solvent under reduced
pressure afforded a semisolid residue which by TLC and GLC was
found to be only one compound. The product was purified by pre-
parative tlc (silica, chloroform-methanol, 9:1) and there was ob-
tained 7 (180 mg, 80%) as easily sublimable white crystals: mp 93—
95° (lit.? mp 93-95°); vmax (CCLy) 1515 em™%; Apex (MeOH) 228
nm; § (CDCly) 4.7 (broad s, 2 H), 1.5-2.4 (m, 6 H).

The azoxy compound 7 was oxidized in 90% yield to the azo
dioxide 8 with trifluoroperacetic acid in methylene chloride.

Treatment of Cage Diketone 13 with Hydroxylamine Hy-
drochloride. Formation of Dioxime 14. A solution of the dike-
tone 13 (20 g) and hydroxylamine hydrochloride (60 g) in ethanol
(400 ml) and pyridine (200 ml) was heated under reflux for 4 hr,
during which time most of the product crystallized out. The reac-
tion mixture was cooled, stripped of the solvents under vacuum,
and diluted with excess of water. The dioxime 14 was filtered,
washed with water, and dried, mp 302-804° dec (lit.!1% mp 302°
dec). The yield of the dioxime was 24.3 g (92%). Sublimation at
120° (0.03 mm) afforded the analytical sample, mp 303-305° dec.

Anal. Caled for C13H12N3Qs: C, 64.69; H, 5.92; N, 13.72. Found:
C, 64.59; H, 5.82; N, 14,03,

Reaction of Cage Dioxime 14 with Chlorine. Formation of
Dichloro Azo Dioxide 16. The dioxime 14 (20.4 g) was suspended
in dry ether (1 1) in a 2-1., three-necked flask equipped with a gas
bubbler, a thermometer, and a drying tube. The reaction mixture
was cooled in a Dry Ice-acetone bath and chlorine gas (ca. 20 g)
was gently bubbled through the stirring suspension in the dark.
The reaction mixture was warmed slowly to 10-15° and further
stirred for 1.5 hr at this temperature. The white crystalline azo
dioxide 16 was filtered and washed with ether, cold 5% aqueous so-
dium hydroxide, and water. The dried product weighed 22 g (91%,
TLC pure). Recrystallization from ethanol gave 16 as white nee-

H, H,
H y,

Hy
Cl
+

N
~y 0
a +\O

16
dles (19 g), mp 236-238° dec. The 80-MHz NMR, (CDCls) spec-
trum showed apical protons as an AB quartet at § *.72 (H,) and
2.10 (Hp) (J = 12 Hz, Avag = 23 Hz, 2 H) and a multiplet between
53.0and 3.4 (8 H).
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The 300-MHz NMR spectrum (CDCls) exhibited signals at 6
1.70 (d, J = 12 Hz, 1 H, H,), 2.08 (d, J = 12 Hz, 1 H, Hy), 3.07 (5, 2
H, bridgehead protons H,), 3.1-3.2 (m, 4 H, cyclobutyl protons),
and 3.24-3.30 (m, 2 H, Hy).

Anal. Caled for Cy1H;oClaN2Og: C, 48.40; H, 3.66; Cl, 26.00; N,
10.23. Found: C, 48.32; H, 3.60; C], 25.71; N, 10.33.

Chlorination of 1,4-Dioxime 17. Formation of Tetrachloro
Azo Dioxide 18. The tricyclic dioxime 17 (5 g) was suspended in
dry ether (150 ml) in a three-necked flask equipped with a gas
bubbler, a thermometer, and a drying tube. The reaction mixture
was cooled to —40° and chlorine gas was bubbled through it. The
contents of the flask were stirred for 90 min and then allowed to
warm to room temperature. The solid was filtered. The greenish-
blue filtrate was neutralized with solid sodium bicarbonate and
washed with water. The organic layer was dried and evaporation of
the solvent gave a blue semisolid residue which decomposed on
standing for a few hours.

The solid obtained above, containing unreacted dioxime 17 and
the azo dioxide 18, was stirred with 5% sodium hydroxide in the
cold. After 1.5 hr the solution was filtered and the filtrate was aci-
dified (pH 8) with glacial acetic acid to furnish 1.8 g of recovered
dioxime, mp 191-192° dec. The solid residue was washed with
water and dried to give crude azo dioxide 17 (ca. 300 mg, 7%). The
product was decolorized with Norit A and recrystallized from ace-
tonitrile to afford colorless microcrystals of 17, mp 234-234.5° dec.

Anal. Caled for Cy1H12ClN3Os: C, 38.15; H, 3.47; Cl, 41.10; N,
8.10. Found: C, 388.34; H, 3.57; C], 40.93; N, 8.00.

Chlorination of Dioxime 20. Formation of Azo Dioxide 21. A
suspension of dioxime 20 (500 mg) in ether at —40° was treated
with chlorine gas. Work-up as above afforded the azo dioxide 21 as
a white solid: mp 226-230° dec (10 mg); Amax (EtOH) 273 nm; mass
spectrum (70 eV) m/e 278, 276 (M™), 248, (M — NO) 218, 216 (M
—2NO), 183, 181 (M - 2NO Cl).
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ilar conditions: P. Singh and E. F. Ullman, to be submitted for publica-
tion.

(20) The greenish-blue color obtained by heating 3,3,4,4-tetramethyldiaze-
tine 1,2-dloxide (3) at its melting point is considered due to dissolved ox-
ides of nitrogen. Thermolysis of 3 gives a complex mixture of which six
compounds have been tentatively identified: P, Singh and E. F. Uliman,
unpublished observations.
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(21) P. Singh and E. F. Ullman, presented at the 167th National Meeting of
the American Chemical Soclety, Los Angeles, Calif., April 1974, Ab-
stract ORGN 78.

(22) Melting points were determined in capiffary tubes with a Thomas-Hoover
Uni-Melt apparatus and are uncorrected. Solutions in organic solvents
were dried over anhydrous magnessium sulfate. Uv spectra were re-
corded on a Cary 15 spectrophotometer and Ir spectra were run on a
Perkin-Elmer spectrophotomer. The NMR spectra were recorded on a
Varian T-80 machine and the values are given in 6 parts per million
downfield from tetramethylsilane as internai standard.

(28) Further heating of the reaction mixture for 2 hr did not give any azoxy
compound 7 (TLC and GLPC analysis); cf. ref 5.

(24) A. B. Evnin, D. R. Arnold, L. A. Karnischky, and E. Strom, J. Am. Chem.
Soc., 92, 6219 (1970).

(25) H. Hart R. M. Lange, and P. M. Coliins, ‘Organic Syntheses”, Collect.
Vol.'V, H. E. Baumngarten, Ed., Wilsy, New York, N.Y., 1973, p 598.

(26) Determined in benzene with a Macrolab vapor pressure osmometer.



