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During our continuing interest in the chemistry of car- 
bonyl oxides,l we noticed an apparent difference in re- 
activity between this intermediate and other 1,3-dipoles, 
for example, the nitrone; the former is well known to favor 
addition to carbonylr3 In contrast, C-C double bonds are 
much more reactive than C-0 double bonds toward ni- 
trones, as the reaction with a,p-unsaturated carbonyl 
compounds illustrates? Perhaps in accordance with this, 
only a few examples are known for the intermolecular 
cycloaddition of nitrones with carbonyl compounds leading 
to 1,4,Zdio~azolidines.~~~ The similar stabilities between 
a nitrone/carbonyl pair and the adduct would be, however, 
an alternative reason. In reality, C-tert-butyl-N-phenyl- 
nitrone adds reversibly to pivalaldehyde to give the cor- 
responding adduct.5a We undertook the reaction of keto 
aldehydes la-f with N-phenylhydroxylamine (2), expecting 
that in the keto nitrone intermediates 3a-f the nitrone and 
carbonyl groups are suitably arranged and, therefore, the 
intramolecular cycloaddition would occur very efficiently. 

Treatment of a keto aldehyde la  with N-phenyl- 
hydroxylamine (2) in ethanol at room temperature for 15 
h gave the corresponding 1,4,2-dioxazolidme 4a (57% yield) 
as the sole isolable product. Thus, intramolecular [3 + 21 
cycloaddition in the keto nitrone 3a seems to be a very 
facile process (eq 11.' The same trend was observed for 
the keto aldehydes lb,c and dialdehyde Id (Table I). 

3a: R = Ph 4a: R = Ph 

3b: R = M e  4b: R =  Me 

la: R I Ph 

Ib: R =  Me 

A remarkably different behavior was observed between 
o-(phenylbenzoylmethy1)benzaldehyde (le) and o-(benzo- 
ylmethy1)benzaldehyde (If). The reaction of le  with 2 
gave an exo-endo mixture of the 1,4,2-dioxazolidine 4e 
(exo:endo ratio = ca. 7:3). In the case of the keto aldehyde 
If, however, the 'H NMR spectra of the crude products 
showed the formation of both the keto nitrone 3f and the 
keto ozonide 4f (the 3t4f ratio = ca. 2:l in CDCl, and 1:l 
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in CD,COCD,). These products, 3f and 4f, could not be 
separated from each other by column chromatography on 
silica gel, although the polarity of 3f was expected to be 
significantly different from that of 4f (in the thin-layer 
chromatography a broad band was observed). Although 
the crystallized material showed a fairly narrow range in 
the melting point (mp 174-178 "C), the IR spectra in the 
solid state (KBr) was much the same as those in solution 
(CHCl,). These results would imply that the intercon- 
version between 3f and 4f is very fast at least in solution. 
Probably, the phenyl substituent in le accelerates the 
formation of the cycloadduct 4e, and the stability of the 
keto nitrone 3f is very similar to that of the corresponding 
1,4,2-dioxazolidine 4f. 

Experimental Section 
Preparation of Keto Aldehydes. Keto aldehydes la-f were 

prepared by treating the corresponding ozonides with tri- 
phenylphosphine in benzene at 20 "C for 15 h, followed by column 
chromatography on silica gel. la: mp 89.5-90.5 "C (from ethyl 
acetate); 'H NMR (CC1,) 6 7.1-8.2 (m, 11 H), 9.97 (s, 1 H); IR 
1690, 1660 cm-'. Anal. Calcd for ClsH1202: C, 83.06; H, 4.65. 
Found C, 83.13; H, 4.63. l b  mp 120-123 "C (from ethyl acetate); 
'H NMR (CDC13) 6 2.77 (s, 3 H), 7.2-8.2 (m, 6 H), 10.06 (9, 1 H); 
IR 1690,1685 cm-'. Anal. Calcd for C13H1002: C, 78.77; H, 5.08. 
Found: C, 78.85; H, 5.07. IC: an oil; 'H NMR (CCl,) 6 5.52 (s, 
1 H), 6.7-7.8 (m, 14 H), 9.70 (s, 1 H); IR 1725, 1660 cm-'. I d  mp 
166-169 "C (from ethyl acetate); 'H NMR (CDC1,) 6 7.2-8.3 (m, 
8 H), 9.97 (s,2 H); IR 1690 cm-l.8 le: mp 119-120 OC (from ethyl 
acetate-hexane); 'H NMR (CDC13) 6 7.8-8.0 (m, 15 H), 10.04 (8,  
1 H); IR 1695, 1690 cm-'. Anal. Calcd for C21H1602: C, 83.98; 
H, 5.37. Found: C, 84.37; H, 5.35. If: mp 93-95 OC (from ethyl 
acetate-hexane); 'H NMR (CDClJ 6 4.76 (s, 2 H), 7.2-8.1 (m, 9 
H), 10.01 (s, 1 H); IR 1695, 1685 cm-'. Anal. Calcd for C15H1202: 
C, 80.34; H, 5.39. Found: C, 80.39; H, 5.35. 

(7) Alternatively, the dioxazolidine 4 would be produced by a stepwise 
process shown below. 

Ph\ ,OH Ph 4h 

2 HO& - H O G : ;  - & 
OOOH - 4 a  

la  - 
(8) Sturrock, M. G.; Duncan, R. A. J. Org. Chem. 1968, 33, 2149. 
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Table I. Reaction of Keto Aldehydes 1 with 
N-Phenylhydroxylamine (2)'' 

keto aldehyde products (% yield) recovered 1 (%) 

la 4a (57) la (35) 
Ib 4b (56) l b  (32) 

Id 4d (36) Id (50) 
le 4e (47Y le (30) 
I f  3f + 4f (46), 6 (12) If (25) 

" A  mixture of a keto aldehyde 1 (2 mmol) and 2 (2  mmol) in 
ethanol (20 mL) was kept with stirring at room temperature for 15 
h. *The exo:endo ratio = 68:32. 'The exo:endo ratio = 67:33. 

Reaction of Keto Aldehydes la-e with N-Phenyl- 
hydroxylamine (2). An equimolar mixture of la (2 mmol) and 
2 (2 mmol) in ethanol (20 mL) was kept with stirring at room 
temperature for 15 h. The mixture was poured into water and 
extracted with ether. Then, the crude products were column 
chromatographed on silica gel. Elution with benzene-hexane (1:l 
v/v) yielded the 1,4,2-dioxazolidine 4a (57% yield): mp 147-148 
"C (from ether-hexane); 'H NMR (CDCl,) 6 6.26 (s, 1 H), 6.4-8.0 
(m, 16 H); 13C NMR (CDC1,) 6 97.63 (1 C), 108.17 (1 C), 

780,725,700 cm-'. Anal. Calcd for CUrH17N02: C, 82.03; H, 4.88; 
N, 3.99. Found: C, 82.26; H, 4.95; N, 3.76. 

The reactions of lb-e were undertaken under similar conditions. 
4b: mp 145-146 "C (from ether-hexane); 'H NMR (CDClJ 6 2.35 
(9, 3 H), 6.41 (s, 1 H), 7.0-7.9 (m, 11 H); 13C NMR (CDC13) 6 19.06 

C); IR 1595, 1485, 1310, 1090, 960, 810, 775 cm-'. Anal. Calcd 
for ClgHI5NO2: C, 78.87; H, 5.23; N, 4.84. Found: C, 78.83; H, 
5.15; N, 4.80. 4c: a 2:l  mixture of the exo and endo isomer; mp 
12s131 "C (from ether-hexane); 'H NMR (CDC13) 6 4.54 (s, exo), 
4.94 (d, J = 4 Hz, endo), 5.56 (d, J = 4 Hz, endo), 5.62 (9, exo), 
6.5-7.9 (19 H);g IR 1600, 1490, 1450, 985, 750, 695 cm-'. Anal. 
Calcd for CnHz1NO2: C, 82.84; H, 5.41; N, 3.58. Found: C, 82.77; 
H, 5.30; N, 3.44. 4d: mp 197-198 "C (from methylene chlo- 
ride-hexane); 'H NMR (CDCl,) 6 6.67 (s, 1 H), 6.69 (9, 1 H), 7.1-8.0 
(m, 13 H); 13C NMR (CDCl,) 6 100.39 (1 C), 105.48 (1 C), 

825, 760 cm-'. Anal. Calcd for Cz2Hl5NO2: C, 81.21; H, 4.65; N, 
4.31. Found: C, 81.21; H, 4.61; N, 4.28. 4e: a 2:l mixture of the 
exo and endo isomer: mp 155-156 "C (from ethanol); 'H NMR 
(CDCl,) 6 4.51 (e, 1 H), 6.18 (9, endo), 6.32 (s, exo), 7.1-8.0 (m, 
19 H); I3C NMR (CDC13) 6 55.14 (exo), 57.61 (endo), 96.49 (exo), 
96.54 (endo), 109.48 (endo), 110.03 (exo), 118.07-140.19 (complex 
signals exo + endo), 150.59 (exo), 150.88 (endo); IR 1595, 1485, 
1450 cm-'. Anal. Calcd for CnH21N0z: C, 82.84; H, 5.41; N, 3.58. 
Found: C, 83.07; H, 5.36; N, 3.57. A vinyl ether 5 an oil; 'H NMR 
(CDClJ 6 1.21 (t, J = 7 Hz, 3 H), 3.6-4.2 (m, 2 H), 6.66 (s, 1 H), 
6.8-7.6 (m, 14 H). 

Reaction of a Keto Aldehyde If with N-Phenyl- 
hydroxylamine. An equimolar mixture of If (2 mmol) and 2 
(2 mmol) in ethanol (20 mL) was kept with stirring at 20 "C for 
15 h. After evaporation of the solvent, the 'H NMR spectra of 
the crude products were measured, which showed the existence 
of both the nitrone 3f and the 1,4,2-dioxazolidine 4f. Column 
chromatography of the crude products on silica gel (elution with 
benzene-hexane, 1:1, v/v) gave the viny! ether 6: an oil; 'H NMR 
(CCl,) 6 1.20 (t, J = 7 Hz, 3 H), 3.3-3.7 (m, 2 H), 6.66 (s, 1 H), 
6.8-7.6 (m, 14 H). From the second fraction (elution with eth- 
er-benzene, 1:1, v/v) was obtained a mixture of the keto nitrone 
3f and the dioxazolidine 4f, the 3f4f ratio in CDCl, being ca. 2:l: 
mp 174-178 "C (from ethanol); IR 1680,1595,1550,1345,1210, 
1070, 750, 685 cm-'; 'H NMR (CDCl,) 6 3.23 (d, J = 18 Hz, 4f), 
3.50 (d, J = 18 Hz, 4 0 ,  4.41 (5, 3f), 6.23 (9, 4f), 7.0-8.1 (m), 8.13 
(s, 3f), 9.18-9.33 (m); I3C NMR (CDCl,) 6 40.51 (4f), 44.21 (3f), 
96.12 (4f), 108.02 (4f), 118.06-138.28 (complex signals, 3f + 4f), 

I C  4c (65): 5 (30) I C  (3) 

118.82-137.07 (21 C), 151.12 (1 C); IR 1600,1490,1450,1070,960, 

(1 C), 96.83 (1 C), 106.56 (1 C), 117.71-135.96 (17 C), 151.27 (1 

116.33-136.44 (19 C), 149.92 (1 C); IR 1595,1485,1440,1300,1060, 

(9) The assignment of the stereochemistry was based on the fact that 
for the relevant exo-endo 1,3-diphenylindene ozonide and exo-endo 2,3- 
diphenylindene ozonide the same relation holds for the chemical shift and 
coupling constant between the exo and endo protons attached to the 
phenyl substituent in 'H NMR spectra: Miura, M.; Nojima, M.; Kusa- 
bayashi, S.; McCullough, K. J. J.  Am. Chem. SOC. 1984, 106, 2932. 

149.47 (3f), 150.84 (4f), 197.34 (3f). Anal. Calcd for CZ1Hl7NO2: 
C, 79.98; H, 5.43; N, 4.44. Found: C, 80.08; H, 5.33; N, 4.32. 
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Interest in aryl-substituted sulfonium salts in this lab- 
oratory has stemmed from the observation that such 
compounds are highly photosensitive and can be used as 
efficient photochemical sources of strong Brernsted acids.'$ 
This discovery has led to extensive use of triarylsulfonium 
salts as photoinitiators in cationic vinyl and ring-opening 
polymerizations and in the design of novel microelectronic 
photoresists. More recently, we have been exploring the 
relationship between the structure of various sulfonium 
salts and their photosensitivity and spectral response. 
These efforts have prompted a number of attempts from 
this and other laboratories to discover new methods for 
the synthesis of photoactive aryl-substituted sulfonium 
salts. 

A considerable number of synthetic routes have been 
derived for the preparation of symmetric and asymmetric 
aryl-substituted sulfonium salts. Several excellent reviews 
of the subject reflect the current state of activity in this 
field.3+ Of particular note is the recent report by Julia 
and co-workers7 of the facile synthesis of alkyldiaryl- 
sulfonium salts by the acid-catalyzed alkylation of diphenyl 
sulfide with alcohols and ethers. In previous communi- 
cations from this laboratory, we described the preparation 
of triarylsulfonium salts in high yields by the copper- 
catalyzed condensation of diaryliodonium salts with diaryl 
sulfides6 and with aryl thi01s.~ In general, currently 
available synthetic methods for the preparation of aryl- 
substituted sulfonium salts suffer from low yields, utilize 
unavailable starting materials, or involve complex mul- 
tistep procedures. Because of the ready availability of 
diaryl sulfides and diaryl sulfoxides, most syntheses of 
aryl-substituted sulfonium salts rely on the use of these 
compounds as substrates. For example, unsymmetrical 
aryl-substituted sulfonium salts in moderate yields can be 
prepared by the condensation of diaryl sulfoxides with aryl 
and alkyl Grignard reagents in the presence of trialkylsilyl 
triflates.1° Triarylsulfonium salts can also be synthesized 
by the condensation of diaryl sulfoxides with aromatic 
hydrocarbons in the presence of aluminum chloride or 
sulfuric acid.l1-l4 However, the low yields and restrictions 
placed on substrates due to the harsh reaction conditions 
employed severely restrict the generality of this method. 
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