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(R = Me) 5-methionium derivative, 52133-53-6; 7, 52133-59-2; 8,
59133-60-5; 9, 52133-61-6; 10, 52133-62-7; 11, 52133-63-8; 12,
52133-64-9; 13, 52133-65-0; 14, 52133-66-1; ethyl 2,2-diethoxy-
ethylcyanoacetate, 52133-87-2; benzyloxyurea, 2048-50-2; ethyl
cyano-a-(2-methyl-1,3-dioxolan-2-ylmethyl)acetate, 52133-68-3;
6-amino-5-carboxymethyluracil, 52133-69-4; d!-methionine, 59-
51-8.
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A Novel, Directed Synthesis of Unsymmetrical Azoxyalkanes and
Azoxyaralkanes from N,N-Dihaloamine and Nitroso Precursors!
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A novel, directed synthesis of unsymmetrical azoxyalkanes and azoxyaralkanes from nitroso compounds (RNO)
and N,N-dichloroamines (R’NCly) in the presence of methanolic caustic is described. An investigation of the
scope of the reaction revealed that the highest yields of azoxy compounds were produced when R is tert-alkyl or
aryl and R’ is tert-alkyl. This method possesses advantages not offered by prior techniques. Possible mechanistic

pathways are also discussed.

Aliphatic azoxy compounds are of interest partly because
of the powerful physiological activity of some naturally oc-
curring members.#5 To date there are only two useful
methods for the production of unsymmetrical® alkyl or
aralkyl azoxy compounds, which give rise to a single,
structurally predictable product.” The aralkyl types can be
generated by reaction of an azoxy tosylate,® eq 1, or azoxy

ArN(O)=NTs ¥, ArN(0)=NR 1
fluoride® with a Grignard reagent. The other approach in-
volves reaction of alkyl diazotates with alkyl iodides,! eq 2.

RN=NOK* &L RN=NO)}’ @)
Other techniques, including condensation of nitroso com-
pounds with N-alkylhydroxylamines,'%-12 eq 8, and oxida-
tion of azo compounds with peracid,10:11 suffer from lack of
specificity, since mixtures of the two possible isomers often
result (see below).

RNO + R'NHOH — RN(0)=NR’ + RN=N(O)R" (3)

We herein describe a new route®® to azoxyalkanes and
azoxyaralkanes entailing reaction of an N,N -dichloroamine
with a nitroso compound in the presence of base. The scope
of the reaction and mechanistic aspects are treated, and a
comparison of this new method with those of eq 1 and 2 is
given,

Results and Discussion

The general procedure used in most cases for the azoxy
products involved reaction of a nitroso compound with an
N,N-dichloroamine in the presence of caustic, eq 4. Equi-

RNCl, + RNO > RN=N(O)R’ @
R =alkyl; R’ =alkyl or aryl

molar quantities of the nitroso compound and N,N-dichlo-
roamine, prepared!3 from the amine and calcium hypochlo-
rite, were dissolved in methanol. After potassium hydrox-
ide was added at about 30°, the reaction mixture was
stirred until the color disappeared. In the latter stages of
the investigation, we discovered that the procedure could
be simplified appreciably by adding sodium hypochlorite to
a methanolic solution of the amine and nitroso compound,
eq 5. Apparently the hypochlorite serves a dual function —

RNH, + RNO Y22 RN=NOR’ ®)
as a chlorinating agent to form the haloamine and as a
source of caustic.

Yields of azoxyaralkanes and azoxyalkanes are set forth
in Tables I and II, respectively. It is evident that the reac-
tion is sensitive to the nature of the N,N-dihaloamine. Ter-
tiary alkyl substituents gave the best results, the primary
type provided moderate yields, and secondary groups pro-
duced the lowest amount of desired material. Presumably,
dehydrohalogenation4 of the haloamine comprises a com-
peting process, eq 6. Since formation of the N-chloroimine

| -
HCNCL, o, ¢=xal ®)

should take place more readily with the secondary and pri-
mary alkyl groups, the observed yield order, tertiary > pri-
mary, secondary, is in accord with this concept. In the case
of aliphatic nitroso precursors, only tertiary alkyls were
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TableI
Yields of Azoxyaralkanes from CsHsNO and RNCl32
Compd R Yield, %

1 CH,(CH,); 36°

2 (CH;),CH 4

3 CGH“ 7c,d

4 (CHjy)5C 80°¢

5 (CH,),C(CN) 72

6 1-Adamantyl 78

@ General procedure A. ?2:1 molar ratio of RNCly:CsHsNO.
cIdentified by comparison with an authentic sample. ¢ 2:1 molar
ratio of RNCls:CgHsNO produced a 12% y1eld € 83% vield from
general procedure B.

Table II
Yields of Azexyalkanes from RNO and R'NCl,
Compd R R! Yield, %
7 1-Adamantyl (CH;)5C 54¢
8 (CH;)5C 1-Adamantyl 49°
9 (CH,),C(CN) (CH;),C(CN) 48°
10 1-Chloro-1- (CH;),C(CN) 68
cyclohexyl
11 1-Cyano-1- (CH;),C(CN) 65°
cyclohexyl
12 (CH;),C(CN) 1-Cyano-1- 72°
cyclohexyl
13 (CH,),C (CH,),C 42

a Jdentified by comparison with an authentic sample.

used, since base-catalyzed isomerization!®@ to oximes oc-
curs readily with the primary and secondary groups. In an
investigation of scope, the reaction was applied to forma-
tion of a diazoxy type, 14, from 1,8-diamino-p-menthane

CH,

CH(ON=N |
>C>——C—N=N(O)‘CGH5
CH, | ‘

CH,
14

and nitrosobenzene. This appears to be the first disclosure
of a diazoxy compound in the aralkyl class. Unsuccessful
attempts were made to extend the method to azoxy com-
pounds completely substituted with aromatic nuclei.
Treatment of a mixture of nitrosobenzene and aniline with
sodium hypochlorite at low temperatures (Dry Ice) resulted
in a complex mixture containing none of the desired azoxy-
benzene. Similarly, no azoxy product was obtained from o-
or p-nitroaniline and nitrosobenzene.

Satisfactory elemental analyses were obtained for all
compounds, except 11 and 12, which appeared to undergo a
change which is not understood. The infrared spectra in all
cases exhibited strong absorption, characteristic® of the
azoxy functionality, in the 1300- and 1500-cm~! regions. In
addition, nmr was particularly valuable in ascertaining the
position of oxygen in the unsymmetrical products. Prior in-
vestigations1-16:17 revealed that protons in the vicinity of
the oxidized nitrogen are shifted downfield relative to
those near the other nitrogen. Application of this principle
to the present studies is summarized in Table I1I.

Use of chemical evidence was also made for identifica-
tion. For example, compound 4 yielded phenylazo-tert-bu-
tane on reduction.

Table II1
Nmr Chemical Shifts () of Azoxy Compounds®
r PAULUII.b
Compd CH3CN= CHLCN(O)=

CoH;N(O)= NC(CH,), 1.20
C H;N=N N(0)C (CH3)3 1.37

N(O)==NC(CHj), 1.10

N=N(O)C(CH,), 1.40
(CH;);CN(0)==NC(CH,), 1.27 1.47

¢In CCly.

In general, for both new and known products, authentic
materials were prepared by previously reported routes. Al-
though the condensation of nitroso compounds with hy-
droxylamines, eq 3, was commonly utilized, isomeric

 mixtures were obtained in all cases (7 and 8, 4 and 18, 11

and 12). These results further emphasize the lack of speci-
ficity characteristic of this technique. Cyclohexylmag-
nesium chloride and phenylnitrosohydroxylamine tosylate
served as precursors for compound 3, eq 1. Another ap-
proach entailed oxidation of the azo precursor. Freeman!!
noted that reaction of perbenzoic acid with 15 provided 186,

CoHN=NCH, “DH, ¢ 15 N(0)=NCH, (7

15 16

eq 7. An attempt on our part to apply this reaction to the

synthesis of 4 from 17 gave isomer 18 instead, eq 8. Factors

CHN=NC(CHy); &%, CHN=NOICCH),  ®
17 18

favoring the observed site of attack may be the increased
inductive effect of tert-butyl vs. methyl, and steric hin-
drance!® by the tert-butyl group to reaction on the nitrogen
affixed to phenyl.

The geometry of the azoxy compounds is believed to be
trans. The nmr spectra of the aralkyl types were quite in-
dicative of the stereochemistry. The ortho protons ap-
peared downfield approximately 0.7 § from the meta and
para ones. If the cis arrangement were present, the ortho
protons would be expected to appear upfield with respect
to the other aromatic protons.17 Also, under the conditions
(glpe, 165-200°) generally used for isolation of the azoxy-
alkyl products, the cis isomer, if present, would be expected
to isomerize to the more stable trans form.16.17

In relation to the reaction mechanism, several pathways
deserve attention, The initial step might consist of nucleo-
philic attack! on the haloamine by hydroxide ion to form

al
RNITR’ ~ . RN=NO)R’ 9)
o O
RNCl, 2 RNCI
=t ‘}l_
RN 222, RN=N(O)R’ 10)
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an anion. Subsequent nucleophilic attack on the nitroso en-
tity, which has literature analogy,**® could then lead even-
tually to end product, eq 9. Alternatively, a-elimination
would provide a nitrene intermediate!® which yields azoxy
compound on interaction with nitroso substrate, eq 10.
Previous investigators have postulated this type of interac-
tion leading to azoxy formation.19 Attempts to trap a ni-
trene with cyclohexene?%2 or benzene20® proved fruitless. In
addition, nitrenes can abstract hydrogen to form amines,1b
or rearrange,l®b but compounds expected from such reac-
tions were not observed as by-products in our case. A radi-
cal pathway should also be considered, eq 11. This ap-

a o
RNCL, + OH™ 2% RNCl “5% RN—NR' —=>
RN=NOR’ (1)

proach resembles radical formation in the reaction of alkyl
and aryl halides with organometallic reagents,?'2 eq 12. Ni-

RX+R™T —R-+R + X 12)

troso compounds can interact with amino radicals to form
stable free radicals. In our case, subsequent loss of a chlo-
rine atom gives rise to azoxy product.

As mentioned earlier, the two principal literature meth-
ods for directed synthesis of unsymmetrical azoxy com-
pounds are represented by eq 1 and 2. The former is useful
only for aralkyl types containing primary and secondary
alkyl groups. Equation 2 appears to work satisfactorily
when R'T is primary or secondary but poorly when R'I is
tertiary. The present method is characterized by simplicity,
and is useful for aralkyl and alkyl types. It works best with
tert-alkyl groups, and thus nicely complements eq 1 and 2.
In addition, versatility is displayed in the preparation of
unsymmetrical azoxy derivatives containing «-cyano and
a-chloro groups. The halogen-containing type appears
promising as a source, via dehydrohalogenation, of analogs
of naturally occurring materials. A number of naturally oc-
curring azoxy compounds contain «,8 unsaturation,>17 e.g.,
19. Only a few methods?? are currently available for syn-
thesis of the conjugated types.

CHy(CHy),CH=CHN(0O)»==NCHCH,0CH;

CH(OH)YCH;
19

Experimental Section

Materials. In general, high-purity commercial chemicals were
used directly.

Analytical Procedures. Infrared spectra were recorded on a
Perkin-Elmer 137 spectrophotometer with neat samples or potas-
sium bromide pellets with the 1601.8-cm~1 band of polystyrene for
calibration. Nmr spectra were taken with a Varian Model T-60
(parts per million with tetramethylsilane as internal standard).
Gas chromatography was conducted with a Varian Aerograph Hy-
Fi 1700, 10 ft X 0.25 in. column, 15% UCON 50HB2000 and 5%
NaOH on Chromosorb W.

Quantitative glpc was accomplished by comparison of peak areas
of solutions of crude products with those of solutions of authentic
materials. Positive chlorine content was determined by standard
iodometric titration.23 Melting and boiling points are uncorrected.
The elemental analyses were performed by Baron Consulting Co.,
Orange, Conn., and Dr. Ronald E. White.

N,N-Dichloroamines. A literature procedurel® was followed,
providing yields in excess of 90%. Removal of methylene chloride
provided the crude product, which was used without further puri-
fication. Jodometric titration was employed for analysis of the
solid or liquid material.

General Procedures for Azoxy Compounds. A. To a solution
of the nitroso compound (0.01 mol) in 35 ml of methanol (tert-
butyl alcohol was used for 7) was added the crude N,N-dichlo-

J. Org. Chem., Vol. 39, No. 20, 1974 2969

roamine (0.01 mol). The solution was stirred at ambient tempera-
tures (with compounds 5, 9, 10, 11, and 12, the reaction tempera-
ture was maintained at 0°) while 2.3 ml of 50% potassium hydrox-
ide solution was added dropwise over a 15-min period. An exoth-
erm was noted, and the reaction mixture was allowed to stir for an
additional 30 min, or until the blue color of the nitroso compound
disappeared. The reaction mixture was then poured into water and
extracted with ether, The ethereal solution was washed with water
and dried over CaCls. After solvent was removed, the compound
was purified by distillation, glpc, or column chromatography (alu-
mina with chloroform as eluent).

B. 1. Commercial sodium hypochlorite (28.6 ml, 0.7 N) was
added dropwise to a solution of nitrosobenzene (1.07 g, 10 mmol)
and tert-butylamine (0.73 g, 10 mmol) in 110 ml of methanol. The
reaction mixture was stirred for 2 hr, and then poured into water.
The mixture was extracted with ether, and the organic layer was
washed with water and then dried over CaCls. After the ether was
removed, product 4 was isolated in 83% yield.

2. To a solution of 1,8-diamino-p-methane (0.85 g, 5 mmol) and
nitrosobenzene (1.07 g, 10 mmol) in 110 ml of methanol was added
dropwise 28.6 ml of sodium hypochlorite solution (0.7 N). After
completion of the addition, the reaction mixture was stirred for 2
hr and then poured into water. The mixture was extracted with
ether, and the ethereal solution was washed with water and then
dried over CaCly. After the ether was removed, the brown residue
was chromatographed on an alumina column with chloroform as
eluent, yield 1.4 g (756%) of a yellow oil: ir (neat) 1496 (N==N), 1285
(NO), 768, and 685 em™?; nmr (CCly) § 8.10 (m, 4 H), 7.40 (m, 6 H),
1.00-2.10 (m, 18 H).

Anal. Caled for CooHosN4O9: C, 69.44; H, 7.42; N, 14.73. Found:
C,69.72; H,7.70; N, 14.48.

Characterization of Azoxy Products. N-n-Butyl-N'-phenyl-
diazine N’-oxide (1): nmr (CCly) 6 8.08 (m, 2 H), 7.40 (m, 3 H), 3.54
(m, 2 H), 0.8-1.60 (m, 7 H); ir (neat) 1485 (N==N), 1295 (NO), 773
and 685 ecm™! (aromatic).

Anal. Caled for C1oH14N20: C, 687.38; H, 7.92; N, 15.72. Found:
C,67.04; H, 7.84; N, 15.42.

N-2-Propyl-N’-phenyldiazine N’-oxide (2): nmr (CCly) 6 8.04
(m, 2 H), 7.37 (m, 3 H), 4.30 (m, 1 H), 1.23 (d, 6 H); ir (CCly) 1470
(N==N), 1310 (NO), 780 cm~! (aromatic).

N-Cyclohexyl-N’-phenyldiazine N’-oxide (3): nmr (CCly) 6 8.08
(m, 2 H), 7.40 (m, 3 H), 4.18 (m, 1 H), 2.20-1.30 (m, 10 H); ir (neat)
1470 (N==N), 1295 (NO), 780 and 690 cm~! (aromatic).

Anal. Caled for C1oHgN2O: C, 70.56; H, 7.90; N, 13.71. Found:
C, 70.41; H, 8.08; N, 13.53.

N-tert-Butyl-N’-phenyldiazine N’-oxide (4): nmr (CCly) & 7.90
(m, 2 H), 7.14 (m, 3 H), 1.20 (s, 9 H); ir (neat) 1475 (N=N), 1290
(NO), 782 and 696 c 1 (aromatic).

Anal. Caled for C1oH14N2Q: C, 67.38; H, 7.92; N, 15.72. Found:
C, 67.61; H, 8.15; N, 15.38.

N-2-(2-Cyanopropyl)-N’-phenyldiazine N’-oxide (5): nmr.
(CCly) 6 8.00 (m, 2 H), 7.40 (m, 3 H), 1.60 (s, 6 H); ir (neat) 2225
(C=N), 1470 (N==N), 1310 (NO), 782 and 698 em~! (aromatic).

Anal. Caled for C10H;31N30: C, 63.47; H, 5.86; N, 22.21. Found:
C, 63.73; H,5.97; N, 22.44.

N-1-Adamantyl-N'-phenyldiazine N’-oxide (6), white powder:
mp 96-97.5°; nmr (CCly) 8 8.01 (m, 2 H), 7.33 (m, 3 H), 2.10 (s, 9
H), 1.64 (s, 6 H); ir (KBr) 1478 (N=N), 1285 (NO), 780 and 690
cm~! (aromatic).

Anal. Caled for C1gHo0N20: C, 74.96; H, 7.86; N, 10.93. Found:
C,74.62; H, 7.89; N, 11.08.

N-tert-Butyl-N'-1-adamantyldiazine N'-oxide (7): nmr (CCly) &
1.96 (s, 9 H), 1.52 (s, 6 H), 1.10 (s, 9 H); ir (neat) 1480 (N=N), 1280
cm~1 (NO).

Anal. Caled for C14HgyN20: C, 71.14; H, 10.24; N, 11.85. Found:
C, 71.40; H, 9.96; N, 12.04.

N-1-Adamantyl-N'-tert-butyldiazine N’-oxide (8): nmr (CClLy) 6
1.95 (s, 9 H), 1.65 (s, 6 H), 1.40 (s, 9 H); ir (neat) 1500 (N=N), 1298
em™! (NO). Anal. Caled for C14HayN,0O: C, 71.14; H, 10.24: N,

"11.85. Found: C, 71.38; H, 10.34; N, 11.78.

Azoxyisobutyronitrile (9), white crystals: mp 35-37° [lit.2¢ mp
37°]; ir (KBr) 2222 (C=N), 1496 (N=N), 1298 cm~* (NO).

N-2-(2-Cyanopropyl)-N’-1-(1-chlorocyclohexyl)diazine N’-
oxide (10): nmr (CCly) 6 2.32 (m, 4 H), 1.62 (s, 12 H); ir (neat) 2220
(C==N), 1498 (N==N), 1293 (NO), 768 cm~! (CCl).

Anal. Caled for Cy10H16CIN3O: C, 52.28; H, 6.97; N, 18.29.
Found: C, 52.13; H, 7.07; N, 18.24.

N-2-(2-Cyanopropyl)-N’-1-(1-cyanocyclohexyl)diazine N’-oxide
(11): nmr (CCly) é 1.90-2.32 (m, 10 H), 1.70 (s, 6 H); ir (neat) 2223
(C=N), 1500 (N==N), 1292 cm~1 (NO).



2970 J. Org. Chem., Vol. 39, No. 20, 1974

Anal. Caled for C13H16N4O: C, 59.98; H, 7.32; N, 25.44. Found:
C, 60.00; H, 7.75; N, 24.90.

On standing for several weeks, there was a change in the ir spec-
trum.

N -1-(1-Cyanocyclohexyl)-N’-2-(2-cyanopropyl)diazine N'-
oxide (12): nmr (CCly) 6 1.90-2.34 (m, 10 H), 2.10 (s, 6 H); ir (neat)
2222 (C==N), 1496 (N==N), 1295 cm™! (NO).

Anal. Caled for C1;H1gN4O: C, 59.98; H, 7.32; N, 25.44. Found:
C, 59.30; H, 7.75; N, 24.46.

On standing for several weeks, there was a change in the ir spec-
trum.

Azoxyisobutane (13): bp 46-50° (20-25 mm) [lit.1! bp 50° (20
mm)]; nmr (CCly) § 1.47 (s, 9 H), 1.27 (s, 9 H).

1-Cyano-N-cyclohexylhydroxylamine. A previous method2s
was employed: 65% yield, mp 134-136° after recrystallization (lit.25
mp 136-137°).

2-Cyano-N-(2-propyl)hydroxylamine. A literature proce-
dure? was used: 48% yield, mp 102.5-104° after recrystallization
(1it.25 mp 98-99°).

1-Cyano-1-nitrosocyclohexane. A previous method?® was em-
ployed to obtain the nitroso compound as a blue solid, 60% yield,
mp 36-37° (lit.28 mp 37-37.5°).

2-Cyano-2-nitrosopropane. A literature procedure2 was used
to obtain the nitroso compound as a white powder, 34% yield, mp
48-50° (1it.2" mp 53°).

1-Chloro-1-nitrosocyclohexane. A previous method?8 was em-
ployed to obtain the product, blue liquid, 90% yield, which was
used without further purification. In another run, attempted dis-
tillation resulted in a minor explosion and fire.

1-Nitrosoadamantane. A literature procedure?® was used with
the corresponding hydroxylamine as precursor, 84% yield, mp
172-175° (lit.2° mp 179.5°).

2-Methyl-2-nitrosopropane. A previous method3® was em-
ployed with the corresponding hydroxylamine (prepared by the
method of Stetter and Smulders?®) as precursor, 72% yield, mp
81-82° [lit.30 mp 83-84°].

Condensation of Nitroso Compounds with Hydroxyl-
amines.!12? Equimolar quantities of the nitroso compound (0.01
mol) and hydroxylamine derivative (0.01 mol) were refluxed in ab-
solute ethanol with catalytic amounts (0.01 g) of potassium hy-
droxide. After 3 hr, the color had changed from blue to light yel-
low. The reaction mixture was poured into water and extracted
with ether. The organic layer was washed and then dried over
CaCla. After the solvent was removed, the products were collected
(glpc). Mixtures synthesized included 7 and 8 (64% yield, 1:1 molar
ratio), 4 and 18 (30% yield, 1:2 molar ratio), and 11 and 12 (72%
yield, 1:1 molar ratio), In addition, the symmetrical compound 9
was obtained in 41% yield. Since attempts to separate certain pairs
of isomers by glpc proved unsuccessful, 7 and 8 and 11 and 12 were
analyzed as mixtures. Compounds 4 and 18 were readily separated
by glpc and were analyzed individually.

Reduction of N-tert-Butyl-N’-phenyldiazine N’-Oxide.3!
To a solution of N-tert-butyl-N’-phenyldiazine N’ -oxide (4, 0.2 g,
1.1 mmol) in 10 ml of ether was added LiAlH, (0.1 g, 2.6 mmol).
After the mixture was refluxed overnight, it was poured into meth-
anol. Water was added and the mixture was extracted with ether.
The ethereal solution was washed, dried with MgSQy,, and freed of
ether. Essentially a quantitative yield of phenylazo-tert-butane
was obtained. Identification was accomplished by comparison with
an authentic sample prepared by the method of Fowler:32 nmr
(CCly) 6 7.40-7.81 (m, 5 H), 1.19 (s, 9 H); ir (neat) 1590, 770, and
690 cm™1,

Oxidation of Phenylazo-teri-butane with Perbenzoic
Acid.!! To a solution of phenylazo-tert-butane (0.3 g, 1.8 mmol) in
10 ml of methylene chloride chilled to 0° was added 10 m] of meth-
ylene chloride containing perbenzoic acid (0.4 N). The mixture was
allowed to stand overnight in a refrigerator. Then a 10% solution of
KI was added, followed by sodium thiosulfate until the purple
color of iodine disappeared. The organic layer was separated,
washed first with NaHCOg solution and then with water, and dried
over CaCly. The solvent was removed, leaving 0.22 g of a light yel-
low liquid. The major product was isolated by glpc and identified
as N’-tert-butyl-N-phenyldiazine N’-oxide (18): 40% yield; ir
(neat) 1495 (N==N), 1300 (NO), 770 and 690 cm~%; nmr (CCly) &
7.80 (m, 2 H), 7.04 (m, 3 H), 1.37 (s, 9 H).

Anal. Caled for C10H14N5O: C, 67.38; H, 7.92; N, 15.72. Found:
C, 67.57; H, 7.83; N, 15.55.

Phenylazo-2-cyano-2-propane and Perbenzoic Acid. At-
tempted oxidation of phenylazo-(2-cyano-2-propane with perben-
zoic acid (conditions identical with those for oxidation of phe-
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nylazo-tert -butane to 18) failed to produce the desired conversion
to 5. Starting material was recovered.

N-Cyclohexyl-N'-phenyldiazine N’-Oxide (3). A previous
method® was employed to produce the desired azoxy compound in
36% yield: ir (neat) 1470 (N=N), 1295 (NO), 780 and 690 cm~1;
nmr (CCly) 6 8.08 (m, 2 H), 7.40 (m, 3 H), 4.18 (m, 1 H), 2.20-1.30
(m, 10 H).

Anal. Caled for C1oH16N2O: C, 70.56; H, 7.90; N, 13.71. Found:
C,70.41; H, 8.08; N, 13.53.

Acknowledgment. We are grateful to the National
Science Foundation and the Center for Great Lakes Stud-
ies (Contribution No. 107) for support of this work, and to
Dr. Ronald E. White for helpful discussions.

Registry No.—1, 52123-78-1; 2, 52123-65-6; 3, 52123-66-T; 4,
52123-67-8; 5, 52123-68-9; 6, 52123-69-0; 7, 52123-70-3; 8, 52123-
71-4; 9, 52123-72-5; 10, 52123-73-6; 11, 52123-74-7; 12, 52123-75-8;
13, 16649-52-8; 14, 52123-76-9; 18, 52123-77-0.

References and Notes

(1) Paper XXI, Chemistry of N-Haloamines; preliminary communication, F.
R. Sullivan, E. Luck, and P. Kovacic, J. Chem. Soc., Chem. Commun.,
217 (1974).

(2) Postdoctoral Fellow, 1973-1974.

(3) National Science Foundation Undergraduate Research Participant, Sum-
mer 1973.

(4) R. Preussmann, H. Druckrey, S. lvankovic, and A. v. Hodenberg, Ann. N.
Y. Acad. Sci., 163, 697 (1969).

(5) W. J. McGahren and M. P. Kunstmann, J. Amer. Chem. Soc., 91, 2808
(1969); 92, 1587 (1970).

(6) The designation as unsymmetrical refers to the nature of the groups at-
tached to the nitrogens.

(7) For a recent review, see S. R. Sandler and W. Karo, “Organic Function-
al Group Preparations,” Vol. ll, Academic Press, New York, N. Y., 1871,
Chapter 15; J. W. Timberlake and J. C. Stowell “The Chemistry of
Functional Groups. The Chemistry of the Hydrazo, Azo, and Azoxy
Groups,” S. Patai Ed., Wiley, New York, N. Y., in press, Chapter 5.

(8) T.E. Stevens, J. Org. Chem., 32, 1641 (1967); 29, 311 (1964).

(9) T.E. Stevens and J. P. Freeman, J. Org. Chem., 29, 2279 (1964).

(10) R. A. Moss, M. J. Landon, K. M. Luchter, and A, Mamantov, J. Amer.
Chem. Soc., 94, 4392 (1972); R. A. Moss and G. M. Love, ibid., 95,
3070 (1973); R. A. Moss and T. B. K. Lee, J. Chemn. Soc., Perkin Trans.
1,2778 (1973).

(11) J. P. Freeman, J. Org. Chem., 28, 2508 (1963).

(12) J. G. Aston and D. M. Jenkins, Nature (London), 167, 863 (1951).

(13) T. A. Kling, R. E. White, and P. Kovacic, J. Amer. Chem. Soc., 94, 7416
(1972).

(14) P. Kovacic, M. K. Lowery, and K. W. Field, Chem. Rev., 70, 639 (1970).

(15) J. H. Boyer, “The Chemistry of the Nitro and Nitroso Groups,” H. Feuer,
Ed., Interscience, New York, N. Y., 1869, Part 1: (a) p 255; (b) pp 276,
277.

(16) J. Swigert and K. G. Taylor, J. Amer. Chem. Soc., 93, 7337 (1971).

(17) (@) K. G. Taylor and T. Riehl, J. Amer. Chem. Soc., 94, 250 (1972); (b)
C. L. Stevens, B. T. Gillis, and T. H. Haskell, ibid., 81, 1435 (1959).

(18) E. S. Gould, “Mechanism and Structure in Organic Chemistry,” Holt, Ri-
nehart and Winston, New York, N. Y., 1959, p 322,

(19) F. D. Lewis and W. H. Saunders, Jr., in “Nitrenes,” W. Lwowski, Ed., In-
terscience, New York, N. Y., 1970: (a) p 86; (b) p 58; (c) J. H. Boyer,
ibid., p 166.

(20) (a) R. A. Abramovitch and S. R. Challand, J. Chem. Soc., Chem. Com-
mun., 1160 (1972); (b) D. H. R. Barton and L. R. Morgan, Jr., J. Chem.
Soc., 622 {1962).

(21) (a) G. A. Russell, E. G. Janzen, and E. T. Strom, J. Amer. Chem. Soc.,
86, 1807 (1964); (b) O. E. Edwards, D. H. Paskovich, and A. H. Red-
doch, Can. J. Chem., 51, 978 (1973).

(22) B. T. Gilis and J. D. Hagarty, J. Org. Chem., 32, 95 (1967); R. A. Moss
and G. M. Love, Tetrahedron Lett., 4701 (1973); J. P. Freeman, J. Org.
Chem., 27, 1309 (1962); R. B. Woodward and C. Wintner, Tetrahedron
Lett., 2689 (1969).

(23) P. Kovacic and S. S. Chaudhary, Org. Syn., 48, 4 (1968).

(24) J. G. Aston and G. T. Parker, J. Amer. Chem. Soc., 56, 1387 (1934).

(25) L. Neelakantan and W. H. Hartung, J. Org. Chem., 23, 964 (1958).

(26) O. Wichterle, V. Gregor, A. Dubansky, and V. Seidl, Chem. Listy, 51,
805 (1957); Chem. Abstr., 51, 11354 (1957).

(27) O. Piloty, Chem. Ber., 31, 1878 (1898).

(28) E. Milller, H. Metzger, and D. Fries, Chem. Ber., 87, 1449 (1954).

(29) H. Stetter and E. Smulders, Chem. Ber., 104, 917 (1971).

(30) W. D. Emmons, J. Amer. Chem. Soc., 79, 6522 (1957).

(31) R.F. Nystrom and W. G. Brown, J. Amer. Chem. Soc., 70, 3738 (1948).

(32) J. S. Fowler, J. Org. Chem., 37, 510 (1972).

(33) Note Added in Proof. A closely related method involves conversion of ni-
trosobenzene and dichloroamine 1o CgHsN(OF=NCI in the presence of
pyridine: W. G. le Noble and W. S. Chang, Synthesis, 106 (1073). A sim-
ilar approach was used for CgHsN(Oy=NTos from nitrosobenzene and
chloroamine T: W. V. Farrar and J. M. Gulland, J. Chem. Soc., 368
(1944).



