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1-STYRYLDIHYDROISOQUINOLINE METHIODIDES?®
Yield,
Compd Mp, °C? %°
5a 168-170 78
5b 202-204 92
5¢ 236-238 97
5d 194-197 86
Se 232-235 54
5f 195-198 43
5¢g 205-208 58
5h 205-207 58

o Satisfactory analytical values (C, H, N') were reported for all
compounds (Ed.). ® All the compounds melted with decomposi-
tion. ©Yields are based on the starting amides.

Anal. Caled for CuHauNO;: C, 73.29; H, 6.80; N, 4.50.
Found: C, 73.52; H, 7.06; N, 4.46.

Registry No.—5a, 22796-30-1; 5b, 22796-31-2; 5c,
22796-32-3; 5d, 22796-33-4; 5e, 22796-34-5; 5f, 22796-
35-6; 5g, 22796-36-7; Sh, 22796-37-8; 7, 22796-38-9.

Acknowledgment.—This work was supported by
Grant CA-06140 from the National Cancer Institute.

Structural Rearrangements of
Arylnitrenes and Related Intermediates!

RicHARD J. SUNDBERG AND STUART R. SuTER

Department of Chemistry, University of Virginia,
Charlottesville, Virginia 22901

Received July 11, 1969

A number of skeletal rearrangements are believed to
involve the conversion of arylnitrenes into isomeric
reactive intermediates. These include the formation of
derivatives of 2-amino-3H-azepine when phenylnitrene
is formed in the presence of amines by thermal or
photolytic decomposition of phenyl azide?®™ or photol-
ysis of N-phenyloxaziridines.2#¢ It has been proposed
that the skeletal rearrangement involves conversion of
singlet phenylnitrene® into the azirine intermediate 1,
which subsequently reacts with amines to give aze-
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pines.?* Azepine formation is also observed during
thermal deoxygenation of nitrosobenzene® or nitro-
benzene* by trivalent phosphorus compounds and in
photochemical deoxygenations® of aromatic nitro com-
pounds in triethyl phosphite. Phenylnitrene is
considered to be an intermediate in the pyrolytic
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conversion of phenyl azide into cyanocyclopentadiene.®
We have also attributed the formation of pyridine
derivatives during photochemical deoxygenation of
o-alkylnitrobenzenes® or thermal deoxygenation of
o-alkylnitrosobenzenes’” to skeletal rearrangements of
aryl nitrenes. The formation of azobenzene by pyroly-
sis of triazolo[1,5-a]pyridine is considered to involve
the rearrangement of 2-pyridylcarbene to phenyl-
nitrene.®! As a step toward providing insight into the
nature of the intermediates in these rearrangements, we
have investigated further the structural relationships
between the starting material and produet in the
conversion of o-nitrotoluene into N-(o-tolyl)-2-aceti-
midylpyridine (4).

o-Nitrotoluene labeled with *C at C-1 was prepared
and subjected to photochemical deoxygenation in
triethyl phosphite.! 2-Acetylpyridine was isolated by
hydrolysis of 4 and subjected to the degradation shown
in Scheme I. The data in Table I prove that C-1 in
o-nitrotoluene becomes the exocyclic carbon atom in 5.
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SpecIFIC AcTIvITY DATA
Specific activity, Dilution
Compd dpm/mmol factor
2 1.07 X 108 1
3 0.51 X 108 2
7 0.51 X 108 2
8 0.26 X 108 4
9 0.64 X 1042 4
i1* 0.17 X 108 4

e Activity prior to the final recrystallization was 1.1 X 104,
Further purification by preparative tlc led to no reduction in
activity, ? As BaCO;.
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Taken in connection with earlier data on nitroxyl-
enes,® these results define the structural relationship
between o-nitrotoluene and 2-acetylpyridine, as shown
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above. These data rule out our most recent mechanis-
tic proposal.’ Other proposals®!® are in accord with
these results, although the nature of the rearranged
intermediate and its relationship to the azirine 12
remain incompletely defined. The azirine 12 may be
formed and undergo further skeletal rearrangement to
13.1 However, an intermediate containing the re-
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arranged skeleton and a molecule of triethyl phosphite
cannot be ruled out at this point.

Experimental Section

o-Nitroluene-1-C.—Toluene-1-1C (9.2 g, 0.1 mol, 50 uCi,
New England Nuclear) was nitrated using the procedure of Hurd
and Jenkins.!! Vacuum distillation of the product using a 290-mm
spinning-band still gave o-nitrotoluene (4.48 g) containing 119
para isomer. A second fraction (1.38 g, 799, pure) was also co-
lected.

Photolysis of o-Nitrotoluene-1-4C in Triethyl Phosphite.—o-
Nitrotoluene (6.85 g, 0.0500 mol, 0.51 X 10f dpm/mmol, 5.5%
p-nitrotoluene impurity) was dissolved in freshly distilled triethyl
phosphite (ca. 190 ml) and the solution was flushed with nitrogen
for 30 min and then photolyzed for 24 hr using a type S 200-W
Hanovia mercury lamp and Pyrex filter. A nitrogen flow was
maintained through the solution during the photolysis. The
unreacted triethyl phosphite was distilled from the reaction mix-
ture, bp 25-30° (0.3 mm), followed by a fraction, bp 30-62° (0.25
mm), containing triethyl phosphate and o-nitrotoluene. The
residue was mixed with 1097 hydrochloric acid (100 ml) and con-
tinuously extracted with ether for 24 hr. The aqueous layer was
separated and made alkaline with 309 sodium hydroxide. The
solution was extracted with ether. The extract was dried, con-
centrated, and distilled, giving a mixture containing 2-acetyl-
pyridine (0.44 g, 0.0036 mol, 149%,) and o-toluidine (1.26 g, 0.0118
mol, 24%,) as indicated by nmr analysis.

2-(Acetyl-1-14C)pyridine Oxime (7).—The mixture of 5 and 6
described above was added to a solution of hydroxylamine hy-
drochloride (1.4 g) and sodium hydroxide (0.8 g) in water (10
ml). The resulting mixture was stirred at room temperature for
20 hr. The pH was adjusted to 7 with acetic acid and the solution
was extracted with ether. The ether was dried (potassium car-
bonate) and evaporated, leaving an oil from which the oxime
crystallized. The solid was washed with petroleum ether, giving
7 (0.247 g), mp 117-118° (lit.!2 mp 121°), having an ir spectrum
identical with that of an authentic sample.

N-(2-Pyridyl)acetamide-1-14C (8).—2-Acetylpyridine oxime
(0.236 g, 0.00173 mol) was dissolved in anhydrous ether (5 ml)
and the solution was cooled in ice. Phosphorus pentachloride
(0.530 g, 0.00255 mol) was added with stirring to the cooled
solution. The solution was stirred for 30 min at 0° and then
refluxed gently for 1.25 hr. The reaction mixture was poured
onto ice. The resulting aqueous solution was made alkaline
with 309, sodium hydroxide and extracted with ether. The
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crude product obtained by evaporation of the ether was triturated
with hexane and filtered, giving 8 (0.145 g, 619,), mp 61-65°
(lit.®* mp 71°), having an ir spectrum identical with that of an
authentic sample.

Hydrolysis of N-(2-Pyridyl)acetamide-1-1C.—A solution of 8
(0.218 g, 0.00160 mol) in 6 N hydrochloric acid (5 ml) was re-
fluxed for 3 hr. The solution was cooled, made alkaline with
30% sodium hydroxide, extracted with ether, dried over potas-
sium carbonate, and evaporated to give 2-aminopyridine (0.128 g,
0.00136 mol, 85%), mp 53-55°, 55-57° after recrystallization
from hexane (lit.!* mp 56°).

Evaporation of the aqueous alkaline solution gave residual
salts (1.88 g) which were used in the Schmidt degradation de-
scribed below.

Schmidt Reaction on Sodium Acetate.’®>—The residual salts
were mixed with concentrated sulfuric acid (6 ml) and cooled to
0°, and sodium azide (0.31 g) was added. The reaction was
swept with carbon dioxide free nitrogen which was then passed
through 5% potassium permanganate in 59, sulfuric acid into
barium hydroxide solution. The reaction flask was heated at
80-85° for 2.5 hr and 64 mg of barium carbonate was collected.

Counting Procedures.—Samples of compounds 2, 3, 7, 8, and
9 were counted in toluene solution (10 ml) containing 4.0 g/1. of
POP and 50.0 mg/1. of POPOP on a Nuclear-Chicago Model 723
counter. Counting efficiencies, as determined from a standard
channels-ratio quenching curve, ranged from 69 to 819,. The
barium carbonate was counted on a planchet using a Nuclear-
Chicago 2-r gas-flow low-background counter. Dilutions with
inactive materials were made during the degradative scheme, as
noted in Table 1.

Registry No.—2, 22794-71-4; 3, 22794-72-5; 7,
22866-46-2; 8, 22794-73-6; 9, 504-29-0.
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B,8-Dichloroacrylonitrile (I} was first prepared by
Miller and Kalnins? in 1967 by reducing a-acetoxy-3,-
B,8-trichloropropionitrile with zine dust in boiling
THF. The previous paper'® dealt with a novel pyro-
lytic coupling reaction of chloroacetonitrile. Now the
proposed mechanism of the reaction led us to an idea
that, when carbon tetrachloride or chloroform is pyro-
lyzed with acetonitrile, 8,8-dichloroacrylonitrile would
probably be obtained as depicted by the following reac-
tions.

CCly — -CCL; + :Cl 1)

Cl: + CH;CN —> CH,CN + HCI @)
-CCls + :CHy,CN —> C;CCH,CN 3)
CL,CCH,CN ~—> CL,C=CHCN + HCI 4)
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