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Soi.itli Australia 5031 

(Rweicvrl 14 A p i l  1969; aiccpptcd 30 April 1969) 

Abstract-Tne n i a s  specira of  al1 diphenylpyrazoles and -isoxazolcc contain rearrangenient peaks 
at ni/e 165 [C,,H,I.. In addition, !he spcctra of 3,5-diphenylisoxazo!es contain peaks at m/e 180 
[C,,H,,N] *, which are  prodiiced by specific phenyl migrations. The niechanisms of both rearrange- 
ment processes h a w  been studied by deiiterium labelling. 

THE EXTENSIVE rearrangenient processcs which occur in the m a s  spectra of aryl and 
alkyl-irnidazoles,2 oxazoles,2 tu thiazoles2 and isoxazoles6 have been discussed. 
A report' of the formation of .?/e 165 in  the spectra of diphcnylpyrazoles has appeared, 
but the mechanisrn of the rearrangement was not studied by deuteriuni labelling. 
The differences between the spectra of oxazoles and isoxazoles have been outlined6 
and it has been suggested6*8.9 that the molecular ion interconversions [isoxazole]-i-* 2 
[azirineli. -* [oxazole]'. may accouiit for inany fraginent ions in the m a s  spectra 
of substituted isoxazoles. The formatiori of m/e 165 by rearrangenient processes is 
also noted iii the spectra of 2,5-diphenyl-l,2,4-0xadiazole,~~ 4,5-diphenyl-2-pyr0ne,~l 
3,4-diplienyl-4,5-epoxy2-cyclopenten-l -0ne,I3 stiibene and related c o m p o u n d ~ , ~ * ~ * * ~ ~ ~ ~ *  
9,1 O-dihydrophenanthre~ie~~~~~ and benzyl phenyl ketone derivatives.l 

( d )  iii/e 165 

We have previously shown2 that a double hydrogen transfcr and randomization 
of hydrogens witiiin each phenyl ring precedes the formation of d(m/e 165) froni the 

* For Part XLIX, see Ref. 1. 
t Present addresc: Osniania University, Hyderabad, India. 
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molecular ion of 4,5-diphetiyliinidazole. One possible mechanism for this rearrange- 
ment is a --f cI.~ Similar rearrangernents in the spectra of diphenylpyrazoles and 
-isoxazoles were noted previously2 and the preseiit investigation (outlined below) was 
planned in order to (a) investigate the scope of the rearrangement in pyrazoles and 
isoxazoles and (b) to determine ihe niechanisni of the rearrangement for the un- 
symmetrical 3 ,Cdiphenylpyrazole and t he corresponding isoxazoles. 

R' R2 R3 R4 
(1) H C613.j c 6 H 5  H 

(11) D G H  5 C6H5 H 
(111) H C6D5 CEH5 H 
W) H CeHs C6D5 H 

H C E H b  

(Vi) D C6H5 H CEHó 

R4 u2 
I (V) H CtzH j R' 

Selected mass spectra of 1 to XV are illustrated in Figs. 1 to 8, and the abundances 
of rearrangement peaks are summarized in Table 1. The compositions of al1 ions 
produced by skeletal-rearrangements in the spectra of the unlabelled compounds 
have been established by exact m a s  measurements. The presence of an appropriate 
metastable peak is depicted by an asterisk in eitlier a figure or  the text. 

It can be seen from Table 1 that the abundance of d(rn/e 165) is large when the 

TABLE 1. RELATIVE ABUNDANCES (%) OF ,m/e 165 (d )  IN THE SPECTRA 

OF DIPHENYLPYRA ZOLES AND -1SOXA ZOLES 

Compound % d  Compound % d  

(1) 21 (X) 2 

(VII) 42 (XIII) 20 
(VIII) 4 

(IV) 7 (XI) 36 

two phenyl groups are adjacent and mininial when they are 1,3 to each other. This 
is in accord with previous observations of diplienylimidazoles and oxazoles.2 The 
spectra of 3,4-diphenylpyrazole (1) and the labelled derivatives (11 to IV) are illustrated 
in Figs. 1 to 3. Tt was anticipated that transfer of a hydrogen atom would proceed to 
charged nitrogen and that back transfer of either hydrogen on nitrogeii to some radical 
centre in the hydrophenanthrene unit should follow the cyclization process (e.g. 
e -+ d), but that because 3 ,4-diphenylpyrazole is unsymmetrical (unlike 4,s-diphenyl- 
imidazole) that the hydrogen transferred to nitrogen should come specifically from 
the 3-phenyl ring, viz. e -f. 
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There are several possibilities which may either preclude or make unrecognizabie 
the specific transfer of hydrogen or deuterium from the 3-phenyl system in a iabelled 
derivative. First, the 3,4-diphenylpyrazole molecular ion may rearraiige to the 
4,5-diphenylimidazole molecular ion. Second, hydrogen/deuterium randomization 
on the two phenyl rings inay precede the traiisfer. Third, hydrogen transfer may 
proceed from both the 3- and 4-phenyl rings. 

FiG.  1 

Careful analysis of the spectra of the labelled derivativer allow certain proposals 
to be made. The ratio of the abundances (corrected for I3C isotope peaks) of the 
m/e 165/166 ions in the spectrumofIl is 1.37: 1 at 15 eV. Thetheoreticalratio obtained, 
assuming hydrogen transfer lo nitrogen followed by back transfer of either hydrogen 
or deuterium is 1-22: 1. Ratios obtained for (a) the double hydrogen transfer process, 
but with scranibling of the H and D on nitrogcn with the hydrogen at C-5 before the 
back transfer, and (b) for completely random loss of three hydrogens/deuteriuni are 
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2.3: 1.0 and 3-0: 1-0 respectively. Tliese ratios show that after the initial hydrogen 
transfer to nitrogen that specific back transfer occurs. No randomization of the 
hydrogen/deuterium on nitrogen with any other hydrogen is observed. This is in 
accord with previous observations of diphenyloxazoles Iabelled with deuterium on the 
oxazole ring2 

The spectra (Figs. 2 and 3)of 111 andIV alsoshow thatthe double hydrogen transfer 
does occur. The peaks in the mle 168 to 170 region in the spectra of 111 and IV are 
qualitatively similar, indicative of either a symmetrical molecular ion, or of considerable 
randomization of the ten hydrogens/deuteriums of the phenyl rings, or  of hydrogen 
transfer from either phenyl ring. There are two processes producing m/e 165 in the 
spectrum of 1. A concerted process, substantiated by a metastable peak, produces 
the rearrangeinent ion directly from the rnolecular ion. A second process, M-He- 
HCN-HCN, produces nz/e 165 in a stepwise maiiner. At 70 eV both processes occur, 
but at 10 to 15 eV the stepwise process becoines minor in comparison to the concerted 
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process. Our arguments concerning abundance ratios will consequently be restricted 
to measurements at 15 eV, where it is assumed that the concerted formation of m/e 
165 is the major process. 

A detailed study* of the metastable peak shapes for the 220 + 165 and stepwise 
220 -+ 219 + 192 + 165 processes in the spectra of 1 and 4,5-dipheiiylimidazole, 
and of the ratios of the abundances of the metastable ion at nz/e 123.7 (220 + 165) 
and m/e 165, and mle 168.3 (219 -f 192) and tn/e 192, shows that the daughter ions 
in the spectra of 1 do not have the properties of those in the spectrum of 4,5-diphenyl- 
imidazole. It is concluded that if the conversion e + a does occur, then it is only a 
minor process. 

TABLE 2. RATIOS OF ABUNDANCES (CORRECTED FOR lSC ISOTOPES) OF mje 168 TO 170 
IN THE SPECTRA OF (111) AUD (Iv) AT 15 AND 70 eV 

Calculated (IV) Obierved 
eV (111) Observed 168:169:170 168:169:170 

29: 100:83 
40: I00:70 19.100:72 

70 35: 1oO:71 
15 46:100:60 

The ratios of the abundances of the nz/e 168, 169 and 170 peaks in the spectra of 
111 and IV are recorded in ñable 2. If we now assume that the rearrangement process 
involves complete randomization of the five hydrogens and five deuteriuni atoms 
(cf. scrambling of the hydrogens in stilbene14 and dipheny121), followed by transfer 
of a hydrogen/deuterium atom to nitrogen (cf. e-also ignoring possible deuteriuni 
isotope effects) followed by specific back transfer of hydrogen/deuterium to the 
rearrangement centre (f- d) ,  with specific loss of HCN and random loss of HCN/ 
DCN, a theoretical value of 19: 100:72 for the [M-C,HD,NJ, [M-C,H,DNJ and 
[M-C,H,NJ concerted processes of 111 and IV is obtained (these values are the same 
as those which should be observed if hydrogen is transferred equally from both phenyI 
rings). The observed ratios are outlined in Table 2. Bearing in mind that the stepwise 
process does occur (especially at 70 eV), these ratios are not inconsistent except that 
the process [M-C,HD,N,] is more pronounced than expected. This may indicate 
the operation of a sinall deuterium isotope effect. Computer calculations show that 
the observed ratios deviate more from the theoretical when the amount of initial 
randomization is less than 90 %. Nevertheless, complete randomization does not 
occur, as the observed ratios (Table 2) and abundances (Fig. 3) show that the process 
[M-C,H,N.] is slightly more pronounced (and [M-C,HD,N.] less pronounced) i n  
the spectrum of IV than in that of 111. This must mean that at least some preferential 
hydrogen transfer occurs from the 3-phenyl substituent. Recalculation of the abun- 
dance ratios in the 15 eV spectrum of 4,5-di(2,4,6-d,-phenyl)iriiidazole2 also shov s 
that complete randomization does not occur, and that some preferential transfer of 
the four ortho deuteriums occuis. We conclude that when 3,4-diphenylpyrazole is 

* The theoretical background of this niethod has been des~ribed, '~ ,~ '  and its application 
widely ~ ~ e d . ~ , ~ ~ , ~ ~ ,  2u An analogous rnethod to that used for this determination has been described.' 
The results have not been tabulated as no information can be gained from the figures except that 
there is no correlation of peak ratios. In al1 cases cited in this paper the abundance ratios of meta- 
stable and daughter ions being compared in various spectra were in error by a factor of more thaii 
1 : 1.5. 
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subjected to electron-impact, that either unspeciiied (and incomplete) randomization 
of hydrogens of both phenyl rings precedes preferential hydrogen transfer to nitrogen 
frorn the 3-phenyl ring, with the further transfer and eliminations proceeding as 
outlined above, or alternatively that no hydrogen scrambling occurs between the 
phenyl rings but that hydrogens may be transferred from both the 3- and 4-phenyl 
rings with a slight preference for transfer froni the 3-phenyl group. Of the two 
possibilities, we prefer the former. 

(Y ) ( h )  ( 1  ) 

The rearrangement processes in the spectra of di- and triphenylisoxazoies are 
illustrated in Figs. 4 to 8, and are analogous to those observed in the spectra2 of the 
corresponding diphenyloxazoles. It has been proposedg that the isoxazole -+ oxazole 
conversion, (e.g. g + i) may account for the formation of d in the spectrum of 3,5- 
diphenylisoxazole. There is a qualitative correlation between the rearrangement 
ions in the spectra of the corresponding diphenylisoxazoles and -oxazoles (viz. 
3,4-diphenylisoxazole-2,4-diphenyloxazoIe, 4,5-tliphenylisoxazole and -oxazole, and 
3,5-diphenylisoxazole-2,5-diphenyloxazole) but t he application of metastable charac- 
teristics to the spectra of each pair of compoundc does not substantiate the proposed 

r- 
¿O 180 " 180 220 

FIG. 4 

molecular ion interconversions. The rearrangements are complex, occurring by both 
concerted and stepwise mechanisms in certain diphenyloxazole spectra? but only 
by stepwise* elimination in those of the diphenylisoxazoles. 

Although we consider it unlikely that major conversion to a diphenyloxazole 
species precedes the formation of d(m/e 165) iii the spectra of VII, VIII, X1 and 
XIII it is not possible to completely unequivocale such an isomerization. 

* No appropriate metastable peaks substantiate the processes [MI t .  --f 166 (cf.9. 
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l oo1  

FIG. 8 

A plausible structure for the [M - COI species in the spectra of VII, VI11 and XI 
is the 2,3-diphenyl-2--2-H-azirine radical ion ( j ) .  The metastable characteristics of 
the m/e 193 --f 166 decompositions were compared in the spectra of the azirine, 
VII, VI11 and X1. l n  no case was any correlation of peak shapes or abundance 
ratios obtained. Another important feature of the spectra of the diphenylisoxa- 
zoles is that a hydrogen attached to an isoxazole ring does not randomize with 
phenyl hydrogens (see Fig. 6). l t  is not possibli: to ascertain whether the hydrogeii 
transfer process (which occurs for 3,4-diphenylpyrazole) or a phenyl migration ac- 
counts for the formatioii of rn/e 165 in the spectra of diphenylisoxazoles. The 'normal' 
fraginentations of substituted isoxazoles have been described, and are best iation- 
alized by breakdown of an acylaziriiie i n t e r m ~ d i a t e ~ . ~ . ~  (cf. h). 

(VII) 
(VIII) c6H!Bvc6H5 

f? (xI) - e  - C O ( * )  

( j )  m/e 193 

The spectra of 3,5-diphenylisoxazole derivatives contain an io:i at tn/e 180 
[C,,H1,N] 1- whicii is produced by a specific skelvtal-rearrailgement. The abundances 
of this ion in the spectra of V111, X and XIIl are 3, 10 and 32% respectively. The 
rearrangement ion is most pronounced in the spcctriim (Fig. 7) of triphenylisoxazole; 
where it i-, more abundai-it than d(rn/e 165). This rearrangement does not occlir 

g R C 2 0  
+ 

C~H,-C=W-C,H, 

( k )  nt/e 180 
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when 2,5-diphenyl and triphenyloxazole are subjected to electron-impact. Figure 8 
shows that the 5-phenyl groiip is the migrating species, and that although hydrogen 
scrambling within a phenyl ring occurs, cross hydrogen randomization between the 
5-phenyl hydrogens and the hydrogens of either the 4-phenyl or 4-H groups does not 
occur. A possible mechanism f'or this rearrangemeiit is (XVI) -+ k ,  and the stability 
of m/e 180 is compatible with the pioperties of the Schiff's base cation k.22 

E X P E R I M E N T A L  
Ali mass spectra were deterniined with an Hitachi Perkin-Elmer RMU-6D double focusing m a s  

spectrometer operating at 70eV. Samples were introduced both through the al1 glass heated inlet 
system at 150" and 'direct insertion' at 70 to 80'. In aii cases the two spectra were very similar except 
for very smali diirerences in relative abundances of certain ions. The spectra recorded in Figs. 1 to 8 
were aii obtained after introduction of the saniplcs through the heated inlet system. Exact m a s  
measurements were pei-formcd at a resolution of 10,000 (40 .ó vailey definition) using heptacosa- 
fluorotributylamine to provide reference mases. 

Al1 coinpounds were recrystallized and checked for purity by n.m.r. and mass spectrometry. 
Light petroleum refers to the fraction b.p. 40 to 60". Al1 melting points were deterniined with a 
Gallenkamp melting point apparatus and are uncorrected. 

The following compounds were prepared by reported procedures: I,2a V,24 VII,25 V111,26 x,*' 
Xl** and XIII.29 

Labelled conipounds 

deutcrium o ~ i d e . ~ "  

3-(ds-Pheny/) -4-phenylpyrazole (110 
(a) The reaction between d,-benzene (4.0 g) and acetylcbloride (4.0 g) in tetrachloroethane (25 cc) 

with aluminium cliloride (10.0 g) gave d,-acetophenone (2.6 g, 58%) b.p. 201 to 202". 
(b) d,-Acetophenone (2.5 g) was converted31 into l-(d,-b~nzoyl)-2-phenylerl't.lene (4.6 g, 96%) 

m.p. 54 to 55" from ethanoi. 
(c) The reactions2 of l-(dj-benzoyl)-2-phc-lerhy/ene (2.08 g) in methanoi (25 cc) with hydrogen 

peroxide (7.0 cc, 15 %) and aqueous sodium hydroxide (4 N, 3.5 cc) gave 1-(d5-benzoyl)-2-pheny/- 
ethylene oxide (2.0 g, 95%), which crystallized as white plates from ethanol, m.p. 90 to 91". 

(d) l-(d,-beíizoyl)-2-phen~lethy/ene oxide (1 -09) was converted into d,-benzoylphenylacetaldehyde 
( 0 2 8  g, 28% m.p. 112 to 113O) by a reported p r o ~ e d u r e . ~ ~  Purification of the product was achieved 
by chromatography over silicic acid (Maliinckrodt, 100 mesh) eiuting with light petroleum/diethyl- 
ether (97: 3). 

(e) TreatnientZ3 of d,-benzoylpheny/acetu/de~?yde (0.102 g) with hydrazine hydrate (0.3 g, 50 %) 
in glacial acetic acid (1 CC) gave 3-(d,-phenyl)-4-phenylpyrazo/e (0.120 g, 60%) which crystallized from 
diethylether/light petroleum ( 1  : 1) as colouriess needles, m.p. 154 to 155". 

3-Phenyl-4-(d,-phenyl)pyrazole (IV) 

The spectra of 11 and VI were obtained by introducing 1 and V directly into the source with 

(a) da-Toluene (2.09 g) was c o n ~ e r t e d ~ ~  into d,-benzyl bromide (2.6 g, 70%) b.p. 97 to 100"/35 
mm Hg. 

(b) The reactiona5 between d,-benzyl magnesium bromide [from d,-benzyl bromide (2.6 g) and 
magnesium (0.36 g)] and benzaldehyde (1.Jl g) in ether (6 cc) gave 2-d,l2-(d5-phenyl)-1jhenyl- 
ethanol (1.4 g, 70%), b.p. 134 to 140"/1 nim Hg. 

(c) 2-d2-2-(d5-phenyl)-l-phenylethano/ (1.1 g) in acetone (10 cc) was heated under reilux for 15 
minutes with Jones reagent (1.6 cc). Water (10 cc) was added, and the solution extracted with ether 
(3 x 10 cc), the ether extract dried (Na2S04), evaporated, and distillation of the residue gave d;- 
benzylphenyl ketone (1.0 g, 91 %), b.p. 120 to 122"/0.1 mni Hg. 

(d) d,-Renzylphenyl keronc (1.0 g) was added at O", with stirring, to a solution of sodium ethoxide 
[from sodium (0.12 g) and ethanol ( 2  cc)] and ethylformate (0.33 g) which had previously been kept 
at O for 2 hours. The resultant solution was maintained at 4" for three days, then poured into water 
( I O c c ) ,  acidified with dilute sulphuric acid, and extracted with ether (3  x 1Occ). The combined 
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ethrr extract was wached with water, and dried (Na2S04:). After removal of the solvent, the residue 
was chromatographed over silicic acid, eluting with benzene/light petroleum 1 : 1 to yield benzoyl-(d,- 
phenyl)-uceta/dehyde (0.184 g, 23%) as a pale yellow solid, m.p. 111 to 112". 

(e) Be/izoyl-(d,-pheny/)ucetaldehyde (100 nig) was treated34 with hydrazine hydiate (0.15 g, 50%) 
to yield 3-phenyl-4(dj-p/ienyl~~~yruzo/e (0.03 g, 30%) which crystallized (as above) as colourless 
needles, m.p. 155 to 156". 

4-d-3,S-DipkenyIisoxazole (TX) 
To a solution of n-butyl lithiuni (1 .O g) in dry ether (50 cc) was added a suspension of 3,Sdiphenyl- 

4-iodo-isoxazole (0.5 g) in ether (25 cc) with stirring, at -50", under nitrogen, over a period of 15 
niinutes. Afler addition of deuteriuni oxide (1.5 cc), the ether layer was separated, dried (Na,SO,) 
and evaporated. The residue was crystallized from ethanol to yield (IX) as colourless needles, m.p- 
178 to 179". Yield 0.3 g (45%). 

4-Phenyi-5-(d5-phenyI)isoxazole (Xi 1) 
Treatment2* of d,-benzoylphenylacetaldehyde (0.029 g )  with hydroxylamine hydrochloride (0.1 g) 

gave 4-phe~z~/-(5-d,-phenyyl)isoxuzole (0.01 1 g, 50%) which crystallized from ethanol as colourless 
needles, m.p. 68 to 69". 

3-(d3-Phenyl)-4,5-diphe~ylisoxuzoIc (XIV) 

d,-Benzaidoxime (0.50 g) was c o n ~ e r t e d ~ ~  into d,-benzohydroxamyl chloride (0.5 g, 80%). The 
crude chloride (0.5 g) was treatedzs with aqueous sodium hydroxide to produce d,-benzonitrile oxide 
to which was added trans-stilbene (0.80 g) to yieid colourless needles of trans-3-d3-pheny/-4,5 
dip/ieiiy/isoxazo/ine (0.61 g, 45 %), m.p. 140 to 141" (white needles from ethanol). TreatmentZ9 of 
the isoxazoline (0.55 g) with N-bromosuccinimide and sodium methoxide, gave 3-d3-phenyl-4,5- 
diphenylisoxazolz (0.31 g, 56%) which was crystallized from ethanol as colourless needles, m.p 
210 to 212". 

3,5-Diphenyl-4-(d,-phenyl)isoxuzole (XV) 
To a solution of phenylnitromethane (0.5 g) and d,-benzaldehydeaG (0.4 g) in ethanol (2 cc) was 

added a saturated solution of ammonia in ethanol (0-5 cc). After standing at room temperature for 
12 hours, the solid was filtered off and heated under reíiux with aqueous potascium hydroxide (1 N, 
5 cc). On cooling, XV was filtered and crystallized from etlianol as colourless needles, m.p. 21 1 to 
213". Yield 0.52 g (51 %). 
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d,-Ben~aldehyde~~ (0.5 g) was converted,' into d,-benzaidoxime (0.50 g, 83 %), m.p. 30 to 31 
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