
Tetrahedron Letters NO. 21, pp. 752-757, 1961. Pergamon Press Ltd. Printed 
in Great Britain. 

THEIWRUTIONOF'AN~ IMzRMEDrATEINIHREAcTIou 

OFNITEOCOMPUJNJX3 WITHFERRCUS OXALAlX 

B. A. Abram&tch, Y. #mad, end D. NSUINZI 

Department of Chemistxy, Univmraiiq of Saskatchewan, 

saskatoon, sa&.,Cauada 

(Received 26 October 1961) 

THE reaotion of ferrous oxalak with certain aromatic nitro- 

compounds gives rise to a number of interesting cyclitation reactionrr. 

Forexmple, Oaitrodiphenylgives carb3501eL&eraa8 24trodiphe@- 

au&m5 give rise to phenaaine52, The cyclization of 2~tro#Ielayl- 

midine (I) with ferrous oxalata at SW* took place not onto a pyridine 

nuolear carbon but onto ttm pyridine nitrogen atom to givu pyridoCl,2-+ 

indazole (IIf. (II) was also obtained in good yield by heating 

2-ya5idophe~l~dim indacalin, 

mdiate (III) 1100 mggested' for the 

II III 

The formation of a nitrene inter- 

ferrous oxalate reaction, though a 
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concertsd, or perhaps two-stage, cyclisation and nitrogen elimination 

was also a strong possibility in the aside cycliration. Formation of 

a nitrene intermediate in the thennal decompositicn of asides has been 

48 5 suggested 3 a concerted mechanism was not eliminated as a possible 

alternatiw in some instances. A nitrene +_ would be isoelectronic 

with a csrbene and could be either strongly electropbilic (if ths valence 

electrons are paired) or behave as a biradical in the triplet state 

(both types of behaviour are known for carbenea which can either add to 

olefinic double bonds6 or abstract ali@atio hydrogen at-s’). Argmsnts 

in favour of the triplet state for nitrenes from asides have recently 

been put forward by 6molins~6. Somcr of his arguments msy become un- 

tenable in the light of the formation of (III) (but no b-carboline or 

primary amine) from the thermal decomposition of 2~-asidophenylpyridine 

which, howswr, is unaffected bg ultraviolet light. It is clear that 

in the ferrous 0-w reaction leading to (II) ths nitrene intermediate, 

if it is formed, must be strongly electrophilic (singlet state) since 

attack takes place exclusively at the pyridins nitrogen elechvn pair. 

A number of reactions have now been carried out with nitro- 

compounds and ferrous oxalats to establish whether a nitrene is indeed 

forred, end if it is, whether it behaves as a singlet electropbilic re- 

agent or as a biradical in fhe triplet state. It was hoped to trap a 

4 G. sdimky, J. Amer. chm 6cc. 62, 4717 (1960). 

5 E. Wsnkert and B. F. Barnett, J. Amer. Ohem. 6oc. 3 4671 (1960). 

6 0. L. Oloss and L. E. Oloss, J. Amer. &em. 80% 6& 4996 (l.959). - 
7 W. R. Moore, H. R. Ward and IL F. Merritt, J. Amsr. Ohem. 6oo. 3 

2019 (1961). 
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nitrene intermediate by building au olefinic double bond into the nitro- 

compound. Unfortunately, ~*itroe~ne underwent extensive polymerisa- 

tion on being heated uith ferrous oxalate and no product could be iso- 

lated From this reaction. Ihe crude product did, however, give a 

positive Erhlich test for indolee. The reaction of ~-nitrocinnsmic 

acid with ferrous oxslate at 270-2130~ nas more successful and indole-2- 

carboxylic aoid aa well as indole could be isolated in low yield 

(ferrous oxalate is known’ to catalyze decarbozylations). Here again, 

the fonaation of a nitrene in the singlet state is indicated. 

Prom the decomposition of 2’-azido-2,4,6-trimet~lbiphenyl 

6wlinsltY4 obtained 6,1O-dimethylphenauthrictine (IV) as the major 

product, some pmine (V) (arising from hydrogen abstraction from the 

solvent and the dlhydrophenanthridine initially fomd) and a small 

amount of 2,4,9=trimethylcarbazole. The action of ferrous oxalate di- 

hydrate on 2~initro-2,4,6-trimeti@biphenyl (VI) at 600* in the absenoe 

of a rolvent igaw (V) (27.4%) and (IV) (22.6%). (V) cannot, therefore, 

arise from t&3 dlhydrophenanthrldine exclusively. The possibility that 

the hydrogens could have been abstracted from the water of hydration of 

the oxalate by t&s nitrene intennedists was eliminated by the use of 

ank@rous ferrous oxalatet the proportion of (V) t (IV) uas practically 

unchsnged. &drogen abstraction by the nitrene must, therefore, be 

taking place from methyl groups in snother molecule (alot of intractable 

tars were formed in moat of the reactions reported here and yields were 

consequently low) somewhat more readily than intramolecularly. This Can 

be rationalized if it is assumed that (i) the reaction is taking place 

at the surface of the ferrous oxalate (or its decomposition products 

9 
P. Kldngstedt, Swensk Papperstidu. s 127 (1947). 
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e.g. Fee), and (ii) that the molecules, the two rings of which am non- 

coplanar, tend to orient themselrea at the oxalata surface such that 

the nitro group of one molecule mey be close in apace to the me-1 

group of enother. Some evidence in support of the fir&, assumption was 

obtained as follows: anhydrous ferrous oxalate was first boiled under 

mflux with hexadecane (internal temperature 290.); very little deccpp- 

osition of the ferrous oxalate occurred, even after prolonged heating, 

Q1 the other hand, en(VI) was added brisk decomposition of the oxalate 

occurred at about 240’. It themfom reana as though the decomposition 
/ 

of the ferrous oxalate is catalyzed by the nitro-compound adsorbed on 

its surface and in turn this causes the nitmne to be formed. When a 

solution of (VI) in hexadecane was heated dth anhydrous ferrous 

oxalate (V) (42.1%) and @V) (14.8%) warn obtained. No other product6 

could be identified or isolated. In this case, hydrogen abstraction 

from the solvent is also possible. 

Q-3cH3+q+443 +q33 
3 

VI V IV 

o-Nitrophen;rlcyclohexane was heated dth anbydrous ferrous 

oxalate and gave ~-exinophenylcyclohexane (51.7%) and carbazole (40$). 

This maotion and probably also the previous one, undoubtedly involves 

a nitmne in the triplet state. The formation of carbazole rather than 

it6 tetrahydro-derivativ8a8 ie aecribed to the vigorous conditions of 

the maction which can easily lead to dehydrogenation. On the other 

hand, heating ~+itroethylbenzene (VII) dth anhydrous ferrous oxalate 

gave oir-o-ethylazobenzene (VIII) (15.5%) (comparison of UV and IR with -_ 
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authenticlo trsulcne-isomer) together with palninoeItfiylkn%ana (Ix) (4.3%). 

A very small amount of an amine with a boiling point close to (IX) was 

detected by gas chromatography. Thie was not it&line and could perhapz 

be the benzazetine, arising through hydrogen abstraction Prom the a-C&-, 

followed Q radical coupling. A trace of indols was also detected but 

no in&line. That the cie-asobenzene did not arise through isozterisa- - 

tion of the trane-form was &own by heating the latter dth anhydroua 

ferrous oxalats. Mainly unchanged trana-oatbylasobenzene was recovered, -_ 

together with a trace of amine (II) and a small aamunt of a oolourlrss 

base, b.p. 144~146’/0.5 zzn. Formation of the cisrso-ccmpound ie inter - 

esting .in that it confirms that the molecules tend to be oriented in a 

preferred fashion on the ox&ate surface. Formation of an azo-oompound 

is not unprecedented1 2,2l_dinitrobiphenyl gives 3,4-benzocinnolinel 

and 2-nitrodipbergrlzulphide gives 2,2’-biz(pher@nercapto)azobensene~ 

on being heated with ferrous oxzlate. 

Finally, the action of ferrous oxalate upon a hot solution of 

nitrobenzene and 1-hexadecene in hexndecane wae examined. A zmall amount 

of basic material ~8s isolated and distilled to give a fraction b.p. 

83-120*/0.17 llpllu conairting mainly of aniline (vapour phase chrcmato- 

graphy) and a fraction b-p. 180°/0.11 ran. !Che latter wae shown to be 

homogeneous by chromatography and analyzed for C2$3+ It6 infrared 

spectrum showed bands at 3420 cm-’ (-NE+) and 970 cm-’ 

-CH= CA-) but no -Cl+CHa band. It tOOk Up 1 mole Of Ha On cawtic 

hydrogenation (no band at 970 cm-l). 6tructure @) is zuggeztad for 

this amine and would arise from a triplet nitrene az follows: 

lo E. Schultz, s, l7, 463 (1884). 

1l D. L. Vivian and H. C. Waterman, J. Org. hem., 5 914 (1956). 
- 
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It would seem, therefore, as though the nitrene intenwdiata could 

either beham aa a triplet birpdical or aa a singlet alectrophilic 

reagent; it is probably generated in the triplet state, but could qulcMJI 

un&rgo triplet to singlet transition at the 

parrmragnetic ion. 
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