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AbrtrrtSome methyl aryl ketoximcs have bozn shown to condense in the presence of EtMgBr to give 
3,Sdiaryloxaxine derivatives. These in turn rearrange in corn: hydriodic acid, with the formation of 
2,4diatylpyrrolcs in tinable yields. Possible mechanisms for thcsc reactions are discussed. 

THE reaction of alkyl aryl ketoximes with Grignard reagents has been the subject of a 
number of publications. 2-4 Thus, acctophenone oxime and EtMgBr were found to 
give 2ethyl-2-phenylaziridine (I), or 1-amino-2-phenyl-2-butanol (II), depending on 
the method of hydrolysis used. 
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These reactions were carried out at ca. 100°, as, apart from replacement of “active” 
hydrogen, little reaction was noted at lower temperature, i.e. in diethyl ether as solvent. 

In contrast to these reports, I have found that reaction does occur under normal 
conditions. Acetophenone oxime, when added to an ethylmagnesium bromide 
Grignard in ether, reacted vigorously and hydrolysis of the mixture with cone hydro- 
chloric acid resulted in 111 being precipitated as the hydrochloride. The free base, III, 
was obtained from this by treatment with alkali. 
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The structure of this condensation product, C,,H tbN20, was obtained from 
spectral measurements. The NMR spectrum in benzene (the compound reacted 

1Praalt~dnX&cbani8try Dsprtment, IA Trobc University, Melbourne, Austmlia. 
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rapidly with Ccl, and CDC&) contained two AB systems [(i): HA = 3.46, Hn = 
3.00 ppm., J = 17 c/s. (ii): HA = 2.97, Ha = 2.76 ppm., J = 135 c/s) and a sharp two 
proton singlet at 0.88 ppm. The latter disappeared in CF&OOH and was replaced by 
a broad three proton singlet at 7.10 Rpm, indicating the presence of an ---NH2 
group. The low fields of the AB systems are consistent with isolated methylene groups 
next to -C=N and -CL- groups. 

IR assignments in agreement with structure I11 were 3380 cm- ’ (N-H stretch), 
1595 cm-’ (cyclic C=N), 925 cm-’ (N-O stretch), 820 cm-’ (N-H wag), 760 and 
700 cm- 1 (monosubstituted aromatic). 

The UV absorption spectrum in ethanol had d_ 264 mp, E, 18,300. Cope and 
Haven’ report d,, ca. 266mp, E,, ca. 16,000 as characteristic of C&N--Q--R. 

Formulation of III as a nitrone is inconsistent with the IR and UV data. 
Treatment of III with nitrous acid caused deamination and elimination to take 

place, with the formation of 3,5-diphenyl-1,2,6-oxazine (IV). The protons on C4 
in III are more acidic than those on C6 so that IV rather than V was the expected 
product. Spectral evidence confirmed this assignment. The NMR spectrum (in 
CDCI,)contained a two proton singlet at 4$l3 ppm and a one protonsin~et at 6*14ppm. 
The proton at C6 in V would be expected at much lower fieId. The N-G peak in the 
IR spectrum was shifted to 950 cm- ‘. This high frequency shift (25 cm- t) is expected 
for IV as the N-O bond would be strengthened by increased resonance, whereas the 
reverse would be the case for V. 

Mechanism offorrnation of III. The formation of 111 takes place before hydrolysis 
with cone hydrochloric acid. This was shown by hydrolysing the reaction mixture 
with ice-cold ammonium chloride solution, when a mixture of III and unchanged 
oxime was recovered. 

Eguchi and IshiP have shown that both the oxime hydrogen and a methyl hydrogen 
ofa~tophenone oxime are “active” to a Grignard reagent and that the r~rrangement 
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of oximes to aziridines and aminoalcohols under these conditions proceeds via 
an intermediate azirine (VI). The condensation is therefore formulated as nucleo- 
philic attack by a second “oxime base’, (VII), instead of more Grignard reagent, on 
the azirine as shown. The a carbon of VII must be an appreciably strong nucleophile 
to form the azirine and therefore it reacts with the more electrophihc C2 of VI. 

iiOMgBr 

’ A. C. Gqc and A. C. Hmm, 1. Am Chem Sot. St.4496 (1950). 
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Reaction wirh acid. When 111 or its hydrochloride was refluxed with cone hydriodic 
acid, a rearrangement occurred to give Z+diphenylpyrrole. Another transformation 
of an oxazine (VIII) to a pyrrole (IX) has been reported.6 

These conditions are knowns to cause rupture of the N-4) bond in -N-O--C. 
However, in the present work it appears that the exocyclic nitrogen, rather than the 
ring nitrogen, appears in the pyrrole ring. Iodine was produced during the reaction, 
consistent with the formation of hydroxylamine. The reaction could also be brought 
about, in lower yield, by refluxing in concentrated hydrochloric acid. After removal of 
the diphenyIpy~ole, the filtrate reduced Fehlings solution after being made alkaline, 
again indicating the presence of hydroxytamine. The hydroxylamine is unhkely to 
have come from hydrolysis breakdown of the oxazine ring as IV was una&cted by 
bowling hydriodic acid. This stability of IV also ehmiaates the possible formation of 
this compound as an intermediate by elimination of ammonia from 111. 

Convincing evidence for the participation of the exocyclic nitrogen in the rearrangc- 
ment was obtained by reacting the N,N-dimethyl derivative of 111 with hydriodic 
acid. No diphenylpyrrole was formed and an IR spectrum of the reaction product 
contained a strong CO band. Further condensation with the -NMe, group was 
not possible so the reaction stopped at this stage. 

The scheme shown below is therefore suggested as a possible mechanism. The 
better reaction with hydriodic than hydrochloric acid may be indicative of the need 
for the stronger acid to initially protonate the ring oxygen. Subsequent reaction 
involves a l&shift of the NH, group, the stimulus for this being provided by the 
formation of a strongly conjugated system by elimination from C4. 

6 V. Spio and I. Fabra, Aar C’U Rome Sl, 135 (1961). 
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Extensions. The oximes of methyl p-tolyl ketone and methyl ~~hloroph~yl 
ketone were reacted similarly and gave the p-tolyl- and p-chIorophenyE analogues, 
respectively of 111. HCI. These, in turn, reacted with hydriodic acid to give 2,4-&-p- 
tolyl- and 2,4-di-pchlorophenylpyrrole and the yields were better than those obtainad 
with the parent compound. 

This reaction provides a simple alternative to the accepted method of preparing 
2,~diphenylpyrrole from 2-~nzoyl-I-phenylpropionitriie.’ The absence of any 
observable substituent effect suggests that this method may afford a general method of 
preparing 2,4-diarytpyrrotes for substituents inert to (i) Grignard reagents and 
(ii) hydriodic acid. 

EXPERIMENTAL 
Microaualysu were carried out itt this dcpattmcut under Dr A. D. Campbell. IR rpcctra were determitmd 

aa Nujol mulls on a Perkin-Elmer 421 spcctrophotometer. NMR spectra were determiuai OIL a Variau 
HA 100 spectrometer wiug TMS as internal standard. 

Methyl ptolyl ketone and methyl ~~oro~h~yl ketone wem prcpti according to Noller and Adams.’ 
The oximcs were prepared by a standard method usiug NH,OH* HQ Pad pyridii iu EtOH PI solvent and 
bad m.pe 599 (lit.9:6O”), (phsnyl); 889 (lit9 :88”), (p-tolyl); 983 (lit9:9So), Q-cltlorophcuyl). 

s-~minrc4,~y~3~~p~n~l-l~,dourzinc kydrrrcklori&-(Ilt HCI). Acetopbcuouc oximc (900) 
in ether (25 ml) was added dropwise, with stirriag to a Griguatd reagcut made from Mg (45 g) and EtBr 
(25 g) iu ether (100 ml). A vigorous reaction occurred and the mixture was mlhtxcd for 1 br after the addition 
was complete. Corm HCI (150 ml) was thctt added slowly. The crude product was filtered off from the chilled 
mixture. This was rccryatallized from EtOH aud washed with acetoue aud ether to give 5*1Sg (277,) 
ofproduc~m.p.208-209”.(Found:C,66~2;H,6~3;N.9~5.C,,H,,CIN,Onquires:~66~S;H,59;N,9~7o~. 

The free baac (III) was obtaiucd by treating the hydrochloride with alkali and cxtnctiug with ether. Thir 
wan ruxystallimd from pet. ether and had m.p. 89.5”. (Found: C, 764; H. 6.3; N. 1085. Ct,H,,NIO 
requirca : C, 762; H, 6.35 ; N, I 1.1%). 

N-Acetyl derivative, m.p. 90-92” (EtOH/H,O). (Found: N, 9.4. C,,HtINz02 requirea: N, 95yJ. 
Similarly prepared were ~MJ~,Sdfk~r53,~f-prolyl-1,26 HCl, (43-5 % after rrrryrtllfi- 

ration from EtOH), m.p. 202”. (Found: C, 67.9; H, 70; C,,HI,CIN1O rqu&: C, 68-2; H, 664/3, and 
~,5-dihvdro_3,~~-~~ro~ny~-l~~~tnc. HCL (45% after rwzrystallization from EtOH), 
m.p. 204-205”. (Fouud: C, 53.5; H, 4.7. C,&H,,Cl,N,O rquirca: C, 53.7; H, 4.2%). 

Reaction ofoxazim kydrocklorides with kydriudic acid. Compound 111 HCl(O95 g) was nfluxed with HI 
(10 ml; sg. 1.7)for 3 hr. Ia was formed and material precipitated out during the ~~~~~~fdte~~, 
washed with water, aq. Na2St0,, water, and dried. R~~a~ll~tion from pet. ether gave 040 @So/ 
2.4diphcnylpyrrolc, mp. 180” (lit. to: 180”). (Found: N. 63. Calc for C,,H,,N: N, 64%). Nitroso deriva- 
tive, 0o.p. 138” (MeOH/H,O) (lit.*O: 139”). 

Similarly prepared were 2,4-di-p-tolylppro/e (57% after recrystallization from EtOH), m.p. 224”. 
(Found: C, 87.4; H. 7*2; N, 94. Ct,H,,N rquires: C, 875; H, 6.9; N, 56%), aud 2&k-p-ckforopkenyl- 
pyrrolc(56xafter rccrystallixation from EtOH), m.p. 1969 (Found: C, 66.75; H.4.l; Cl, 24.7. Ci(rH,,CllN 
rquircs : C. 66.6 ; H, 3.8 ; Cl, 24.6 %). 

sDi~zkyhmino_45_3,~~p~nyf-l~,~~~~. Compound HI (2.68) was rcfluxcd with 40% 
formaliu (1Oml) and formic acid (14ml) for i-5 hr. Tbc cooled reaction mixture was made ahline and 
extracted with ether. Thisextract wa9 washed with water, dried (NalSO,), aud the ether removed. Rccrystal- 
lixation of the residue from EtOH/H,O gave the product (lag), mp. 1109 (Found: C, 77.4; H, 7.15; 
N, 9.75. C,,H,,N,O rquires: C, 77.1; H, 7-15; N. 100%) The IR apcctrwn showed no N-H stretching 
vibration. 

This was relluxcd with HI for 4 hr. Some tar formal but tto crystals precipitated during the refluxiag 
The cookd r&ion mixture was made alkaliue and ether roluble mater% was extracted. This was waabcd 
wit&t water, driuL aud the ether removed. Au IR spectrum of the raidual oil contaiucd DO N-O stretch, 
but showed a strong C==O stretch at 1680 cm - *. 

‘I C. F. Allen and C. V. Wilson, Organic Synrkcses. Vol. 27; p. 22. Wiley, New York (1947). 
’ CRNollerandRA~J.AmChcmSoc.~l889(1924). 
’ I. Heilbron and H. hf. Burtbury, I)i&onary of Urganfc Cornpon& Eyre a& Spottiswoodc, Loudou 

(X953) 
lo M. Rogera, J. Ckcnt Sue. 590 (1943). 
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3.5~Diplunyl-1.2.6-oxazinc (IVy Compound 111 (@Sg) was dissolved in 50% aqueous HOAc (1Otnl) 
and the soln was cooled below 53 A slight cxcss of NaNO,aq WBS added dropwise, with stirring. GM WIU 
evolved and a white solid formed. This was filtered ofl. washed with water, and ra~rystaMzcd from EtOH- 
Hz0 to give the product (@37g), tn.p. 81”. (Found: C, 82-I; H, 5.9; N, 6.1. C,,H,,NO requires: C, 81.7; 
H, 56; N, 595 %). 
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