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Ah&a&-Substitution of benzene by N-benzene- and N-(4-methylbenzenesulfonyl)hydroxylamines occurs in the 
presence of phosphorous pentoxide whereas N-methyl-N-bcnzenesulfonylhydroxyhunine gave no substitution 
product under the same conditions. When N-(4-methylbenzenesuIfonyl)hydroxylamine was treated with 
phosphorous pentoxide in pyridine, N-M-methyIbenzenesuifonimido)pyridinium ylide was formed. Nitrene 
intermediates are postulated to account for these products. Similarly cnrbazole was formed from Z- 
hydroxylamino[l,l’-biphenyl] and phosphorous pentoxide but with phosphorous pentachloride, 3- and S-chloro-2- 
amino[l,l’-biphenyls] were formed, most likely via a nitrenium ion intermediate. 

In the preceding communication,’ (I-hydroxylamino-6 
methoxyquinoline and 8-hydroxylaminoquinoline could 
be converted into iminobisquinoline derivatives by a 
process that has been characterized as an intermolecular 
aromatic substitution by the aryl nitrene generated from 
the hydroxylamine by a-elimination of water. The ring N 
atom was shown to play an important part in the 
generation of the nitrene intermediate. In this communica- 
tion we descrii our studies of arylhydroxylamines as 
possible sources of aryl nitrene intermediates. 

2-Hydroxylamino[ I.l’-biphenyl] (1) contains no possi- 
bility for internal participation by base for removal of a 
proton from the hydroxylamino group and, in this case 
should the nitrene 2 be generated, carbazole (3) would be 
formed in a well-documented reaction2 Thermolysis of 1 
generally gave rise to no less than six and often as many 
as fifteen or more products, from which carbazole could 
not be isolated in any significant yield. A TLC method was 
employed to estimate the yield of carbazole in the various 
experiments giving not only excellent separations of the 
six major products, but also imparting a distinctive color 
to each spot which provided additional proof for 
identifications (Experimental). In all experiments,’ includ- 
ing those with added base, only small amounts of 
carbazole were isolated and it must be concluded that 
simple heating results in no more than minor amounts of 
a-elimination at these temperatures. However, when 1 
was refluxed in methylbenzene in the presence of 
phosphorous pentoxide, a 20% yield of carbazole was 
obtained. Of five other major prc#ucts, four have been 
identified by comparison of their (distinctive chromatog- 
raphic characteristics with those: of authentic samples 
prepared separately as 2,2’-azobi , 2,2’-azoxybis-, 2,2’- 
hydrazobis- and 2-amino[ I,l’-bi 

+ 
enyl]. The product 

distribution obtained from experim nts with phosphorous 
pentoxide was essentially the sde as those from runs 
without it, except that the amouni of carbazole formed 
increased at the expense of the othar products and a small 

amount of tar was formed (Table 2). Crystalline carbazole 
could be isolated from these experiments in 10% yield but 
due to the amount lost during the workup, TLC was more 
accurate for yield determination. 

Reactions carried out at lower temperatures in benzene 
or diethyl ether gave only slightly lower yields of 
carbazole (15%); however, a reaction in I& 
dimethylbenzene at 130” gave only 7.5% of carbazole. 
Although the yield of carbazole in this reaction was low, 
the yield of other recognizable products was even lower. 
Excluding the tarry residue, carbazole was the major 
product. Thus treatment of the hydroxylamine 1 with 
phosphorous pentoxide does result in the elimination of 
water and gives rise to a product which would be expected 
to be formed by a nitrene. However, alternative 
mechanisms are possible, especially the formation of a 
O-phosphate ester which could conceivably yield the 
carbazole by intermediate nitrene formation, by a 
concerted process, or by generation of an intermediate 
nitrenium ion. 

1 2 3 

The possibility of nitrenium ion generation is remote for 
Wenkert and Bamett previously thermolyzed 1 in the 
presence of sulfuric acid and 4-methylbenzenesulfonic 
acid under various conditions in unsuccessful attempts to 
prepare carbazole by a dehydration process. A nitrenium 
ion should have been generated under those conditions. 
Additionally, Smith and Brown have thermolyzed2” 
several 2-azidobiphenyls in HBr-acetic acid under condi- 
tions expected to generate a nitrenium ion. They found no 
carbazole formation and ring bromination was the 
predominant process. This is consistent with the results 
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recently reported by Gassman in regard to aryl nitrenium 
ions.’ 

To obtain evidence that might enable a distinction to be 
made between a discrete nitrene intermediate or a 
concerted process, the reaction of arylhydroxylamines 
with other phosphorous compounds was studied. It has 
been postulated that treatment of triarylmethylhydrox- 
ylamines with phosphorous pentachloride gives rise to a 
nitrene (Stieglitz reactions). No report of a similar 
reaction of an arylhydroxylamine is available and, if this 
type of reaction does generate a nitrene, the reaction of 1 
with phosphorous pentachloride would be a good system 
in which this process could be observed. 

When 1 was heated in Cmethylbenzene and phosphor- 
ous pentachloride was added, hydrogen chloride was 
rapidly evolved. After 22 hr at Ilo”, less than 1% of 
carbazole was present by TLC. Subsequent workup gave 
instead two major products, the mass spectrum of each 
having for its molecular ion m/e 203. One was identified 
as Schloro[l,I’-biphenyll-2-amine (6) by preparation of 
its known acetyl derivative’ and subsequent hydrolysis to 
the free amine. The second compound was identified as 
the corresponding 3-chloro derivative 7 by preparation of 
its acetyl derivative. This would indicate that the reaction 
proceeded by the path 4+5*6 + 7. Thus either this 
reaction and the Stieglitz rearrangement proceed by 
completely different paths or a nitrene is not involved in 
the Stieglitz rearrangement. 

5P /cl- Sb 

6 7 

The reaction of hydroxylamines with tervalent phos- 
phorous reagents also has received meager attention. It 
has recently been reported that the reaction of 0 - 2,2 - 
dimethyl - I - oxopropylhydroxylamine (8) with triphenyl- 
phosphine gave rise* to iminotriphenylphosphorane (9). In 
a compound like 9, one would expect an equilibrium to 
exist between it and a nitrene when heated in solution. If a 
reaction such as this occurred with 1, it might be possible 
to prepare carbazole by this route but on reaction with 
triethylphosphite only a 5% yield of carbazole was formed 
along with a large number of other products. The reaction 
was not investigated further, but apparently nitrene 
formation is not a primary process. 

0 

t-&!!+NH~ + P(C6H&--+Hij-P(CsHrh 
8 /9 

HN-l&H&c-&H + P(CbH,), 

Since intramolecular aromatic substitution by hydrox- 
ylamines could be induced by phosphorous pentoxide, it 
was of interest to investigate whether or not a similar 
intermolecular reaction would occur. N - (4 - Methylben- 
zenesulfonyl)hydroxylamine (IO) (R = Me and N- 
benzenesulfonylhydroxylamine (10) (R = H) were chosen 
for study for a number of reasons. Firstly, a nitrene 
generated from IO (R= Me, H) would be highly 
electrophilic and would be capable of aromatic substitu- 
tion, a process which has often been observed in the 
reactions of sulfonylnitrenes. Secondly, sulfonylhydrox- 
ylamines do not undergo intramolecular rearrangements 
as readily as other hydroxylamines (e.g., carbonyl- or 
triary1methylhydroxy1amines). Finally, they are stable 
and readily prepared from the corresponding sulfonyl 
chloride and hydroxylamine. After 10 (R = Me) had been 
heated in benzene in the presence of phosphorous 
pentoxide, a 5% yield of N - phenyl - 4 - methylbenzene- 
sulfonamide (11; R = Me) was isolated. A similar reaction 
of 10 (R = H) in benzene gave 11 (R = H) (6%). Aromatic 
substitution by sulfonylhydroxylamines has not been 
described previously and this new reaction is analogous to 

R So2N”oH R ~SO,NH~ 

10 11 

the reaction of the corresponding azides which also give 
11 (R= Me) and 11 (R=H) when thermolyzed in 
benzene? As in the reaction of 2 - hydroxylamino(l,l’ - 
biphenyl] (1) the mechanism may or may not involve a 
nitrene, although participation of the aryl substrate seems 
less likely in the present case than in the reaction of 1 
since in the latter it would be an intramolecular process, 
while in the former, a bimolecular one. 

To obtain more information on the nature of the 
reactive intermediate in this reaction, N - methyl - N - 
benzenesulfonylhydroxylamine (12) was prepared.‘O 
Should 12 yield 13 upon treatment with phosphorous 

pentoxide in benzene, a nitrene mechanism could be 
discounted. Several reactions of this type were carried out 
under a variety of conditions, but no detectable amounts 
of 13 were formed. Thus the intermediacy of a nitrene 
remains a distinct possibility in the reactions of 10. 

Regarded as a manifestation of the electrophilic 
character of nitrenes is the addition to an unshared 
electron pair on phosphorous,” sulfur’2 or nitrogen.” A 
number of nitrenes have been intercepted by the use of a 
solvent containing such a heteroatom and, for this reason, 
the reaction of 10 (R = Me) in pyridine in the presence of 
phosphorous pentoxide was examined. The product 
isolated (I 1%) was identified as N - (4 - methylbenzene- 
sulfonimido)pyridinium ylide (14). 

The formation of 14 provides strong support for the 
suggestion that the dehydration of 10 (R = Me) generates 
a nitrene by a-elimination. Although evidence is lacking 





2174 K. T. Pen-m et al. 

Table 2. Decomposition of 2-hydroxylamino[I,l’-biphcnyl) in the presence of phosphorous pentoxide’ 

R 
Product Oirtrlbutlon* 

so1vcntb Additive Tcnp:C RN4iRC If -NR Csrbarola RNHNHR RNHZ Tar 
+ 

methyl 110 15 30*10 3tl 15 20 0 
benzene 

1.4-dlnethyl P,O 
(0.8s) benzene 

130 5 1 7.5=2.5 15 5 70 

methyl 
benzene 

. 110 15 5 20 10 10 20 

ba"zenad . 80 5 10 15 5 15 20 

etherd I 35 5 10 15 10 10 20 

'Yields (exclus~vc of tar) were estimated by TLC and are accurate to t 5S unless noted. 

b2-Hydro~yl..i"o[l.1' -biphenyll (100 ms) was heated for 22 hrs In 10 ml of solvent. 'R I 

2-[l.l'-biphenyl]. din this reaction 30 ml 

methylbenzenesulfonamide and recrystallization from ethanol 
afforded II (R = Me) as colorless needles: 69mg (5%); m.p., 
m.m.p. 182-103” (lit.” m.p. 103”). 

Reaction of N-benzencsulfonyUlydroxylamine (10; R = H) in 
benzene in the presence of phosphorous pentoxide 

P,O, (I .O g) was stirred vigorously in benzene (20 ml) while lOI 
(R = H) (I 80 g, 0.58 mmole) was added over 2 hr while warming 
3n a steam bath. The dark mixture was refluxed for 18 hr then 
atrenched with water. 20% KOH aq (20 ml) was added. After 
filtering, the layers were separated and the aqueous portion was 
washed with benzene then adjusted to pH 6.2 with 10% HCI. The 
resultant dark solid was collected and the water soluble impurities 
were removed by extraction (Soxhlet). Recrystallization from 
aqueous EtOH afforded 11 (R=H) as pale-yellow, irregular 
prisms. Repeated crystallization from aqueous EtOH afforded 
colorless prisms: 80 mg (6%); m.p., m.m.p. 1 lo” (litI m.p. 1100~. 

Reaction of N-methyl-N-benrenesuffonylhydroxylamine (12) in 
benzene in the presence of phospfwrous pmtoxide 

P,O1 (I.0 g) was stirred vigorously in benzene (20 ml) as 12” 
(I*00 g, 053 mmoles) was added. The dark mixture was warmed 
on a steam bath for I hr, then refluxed for 16 hr. after which 20% 
KOH aq (20 ml) was added. After stirring, tiltering, and separating 
the layers, the benzene portion was washed again with 20% KOH. 
then washed with water. After drying with Na,SO, no I3 was 
detectable in the benzene soln by TLC. Several similar 
experiments were carried out in which: (I) 12 was added at 75”; (2) 
the mixture was stirred at 25” overnight; (3) the order of adding the 
P,O, and 12 was reversed. No detectable amounts of 13 were 
formed in any case. 

Reaction of N-(4-methy~benzencsu~~onyl)hydroxyfamine (IO; R = 
Me in pyridine 

P,O, (1.0 g) and IO (R = Me) (1.00 g. 0.53 mmole) were stirred 
and warmed to 3540” in pyridine (20 ml). After several min at this 
temp. the mixture became dark, a brown oil formed, and the PIO, 
was noted to be sticky. Heating was continued for 2 hr, then water 
(1 ml) was added and the mixture made neutral with 35% NaOH. 
The mixture was filtered and the insolubles were washed with 
pyridine. The pyridine wash and filtrate were combined, and 
stirred with Darco-X (I.0 g). After filtering and concentrating the 
soln to ~4. 10 ml, the residue was cooled at - IO”. The brown solid 
which separated was collected and recrystallized twice from 
EtOH to give N-(4-methylbenzenesulfonimido)pyridinium ylide as 
colorless plates: 144 mg (11%); m.p. 212” (lit.“’ m.p. 210”); IR 
(KBr) 3150. 1610, 1275 (SO& 1135 (SO*) cm-‘: mass spectrum, 
m/e (re.1 intensity) MT 248 (73), 184 (32, M-SO& 93 (90, 
M-CH,C,H.S02.), 91 (100); NMR (CF,COOD-15%) 8 864-892 

solvent "IL used. 

(m, 3. y and 01 pyridine protons), 8.07-8.32 (m, 2, fl pyridine 
protons), 7.77 (d, 2, ortho protons, Jo., = 8.5 Hz), 7.52 (d, 2, meta 
protons), 260 (s, 3, CH,). (Found: C, 5799; H, 4.88; N, 11.24. 
Calcd for C,,H,,N,Od: C, 5884; H, 4.87; N, 11.28%). 
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