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N, 7.18. Isolated yield, 230 mg (33%) of 7e as an oil. 'H-NMR 

H7& 3.15 (s broad, 1 H, H4); 3.28 (8  broad, 1 H, HJ; 4.33 (d, 1 
H, J3x4 = 2.7, H3&; 5.96-6.06 (m, 1 H, CHCH,); 6.36 (dd, 1 H, 

6.63 (m, 1 H, NH); 6.83-8.13 (m, 12 H, arom.). 13C-NMR 6 20.6 

120.4 (CN); 122.4; 122.9; 125.2; 125.9; 126.7; 127.3; 127.9; 128.6; 

(Cj); 166.5 (CO). Anal. Calcd for CnHz4N20: C, 82.62; H, 6.16; 
N, 7.14. Found: C, 82.66; H, 6.15; N, 7.10. 

S y n t h e s i s  of E n a n t i o m e r i c a l l y  P u r e  
(lR,2R,3S,4S,5S,6S)-(+)-Iodolactone. (10). In an inert at- 
mosphere, TiC14 (3 mL, 3 mmol) was added to a solution of 3d 
(1.14 g, 4 mmol) in CH2C12 (40 mL). The solution was stirred at  
room temperature for 1 h and then cooled to -40 "C, and freshly 
distilled cyclopentadiene (1.32 g, 20 "01) was added. After being 
stirred for 24 h, the solution was quenched by the addition of 
Na2CO3.10H20 and filtered and the filtrate evaporated in vacuo. 
The oily residue was saponified with 10% KOH/EtOH (150 mL) 
and refluxed for 4 h, and the EtOH was removed in vacuo. Water 
(50 mL) was added and extracted with EtzO (3 X 10 mL). The 
aqueous layer was acidified with HCl(l2 N) and extracted with 
EhO (3 X 10 mL). The organic solution was evaporated in vacuo 
to yield an oily mixture of exo and endo carboxylic cycloadducts. 
This residue was dissolved in MeOH (5 mL), and the pH was 
adjusted to 8 with 5% aqueous NaHC03. It was then treated with 
an excess of iodine stock solution (5 g of Iz, 10 g of KI, 30 mL 
of water) and allowed to stand for 1 h. The precipitate was 
collected by filtration, washed with 5% aqueous Na2S203 solution 
(3 X 5 mL), and dried to afford 870 mg (77%) of 10. The iodo- 

6 1.69 (d, 4 H, J = 6.8, CHJCH and H78); 2.21 (d, 1 H, J7a-78 = 9.3, 

56-5 7.6, JG1 = 2.9, He); 6.48 (dd, 1 H, J5-6 = 7.6, JH = 2.9, Hj); 

(CH3); 46.0 (Cd; 47.7 (C7); 48.2 (Ci); 54.3 (C3); 54.9 ((32); 74.0 (CH); 

128.7; 128.9; 130.9; 134.0; 137.4; 139.6 (arom.); 137.3 (c6); 138.1 

lactone was successively recrystallized from MeOH/HzO until 
constant a. Mp: 194-6 OC. g/mL, CHC1,); 
+87.5 i 0 . 2 O .  'H-NMR 6 2.66-2.68 (m, 2 H, HYa and H7J; 3.21 

(m, 5 H, arom.). 13C-NMR 6 27.2 (Cj); 36.7 (C,); 50.0 (C2); 50.8; 

135.6 (arom.); 170.8 (CO). Anal. Calcd for C1jH121N02: C, 49.34; 
H, 3.31; N, 3.84; I, 34.75. Found: C, 49.29; H, 3.24; N, 3.77; I, 
34.61. 

S y n t h e s i s  of E n a n t i o m e r i c a l l y  P u r e  
( 1.9 f S ,3R ,4R ,5R ,6R)-(-)-Iodolactone. ( 1 1). (-)-Iodolactone 
11 was obtained in a similar way, starting from the (E)-2- 
cyanocinnamate of (S)-ethyl lactate 3c (1.09 g, 4 "01). Isolated 
yield, 983 mg (87%). [ a ] % ~  (c = 1.00 X g/mL, CHC13): -87.5 
f 0.2'. Anal. Calcd for C15H121N02: C, 49.34; H, 3.31; N, 3.84; 
I, 34.75. Found C, 49.26; H, 3.26; N, 3.71; I, 34.67. 
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(c = 1.00 X 

(8 ,  1 H, H4); 3.81 (8,  1 H, H3J; 3.90 (d, 1 H, J1-6 = 5.1, Hi); 4.40 
(d, 1 H, J5-7a = 1.9, Hjn); 5.40 (d, 1 H, 561 = 5.1, 7.31-7.42 

52.5; 56.0 (Ci, C3 and C4); 87.8 (C&; 114.3 (CN); 127.7; 128.6; 129.1; 
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The 9,lO-dicyanoanthracene (DCA)-sensitized photoreaction of 1,2-diarylcyclopropanes la-d in nitrogen oxide 
(NO)-saturated CH3CN afforded 3,5-diaryl-2-isoxazolines 2a-d in excellent yields. The reaction of la-d with 
NOBFl or with a mixture of NO and O2 in CH3CN also afforded 2a-d or 2a-b. These reactions proceed via 
the attack of NO on the radical cation of 1, which is formed by electron transfer from 1 to 'DCA* or NO+. The 
reaction of l-a~kyl-2-ary~cyclopropanes with NOBF, afforded mixtures of 3-alkyl-5-aryl-2-isoxazolines and 4- 
alkyl-5-aryl-2-isoxaolines via the direct attack of NO+ on the cyclopropane rings. The reaction of 1,1,2,2- 
tetraphenylcyclopropane with NOBFl afforded 2,3,5,5-tetraphenyl-2-isoxazolinium tetrafluoroborate via the 
migration of the phenyl group to nitrogen. 

Introduction 
Nitrogen oxide (NO) has a radical character and can be 

used as a radical trapping agents1 An elegant use of this 
property of NO in organic synthesis is the photolysis of 
alkyl nitrites, in which an unactivated C-H group is ni- 
trosated regioselectively. This reaction occurs via the 
photolytic cleavage of an alkyl nitrite to generate an alk- 
oxy1 radical and NO. Intramolecular hydrogen abstraction 
from the alkyl group by the alkoxy1 radical in a 1,5-hy- 

drogen shift fashion, followed by the attack of NO on the 
resulting carbon radical, produces 4-nitroso 1-01s. The 
reaction has been utilized for the selective introduction of 
functionality into a steroid skeleton.lb However, no in- 
formation is yet available about the reactivity of NO to- 
ward radical cation species generated from organic com- 
pounds. 

Nitrosonium ion (NO+), generated from nitrosonium 
salts such 88 NOBFl and NOPF6, acts as an electrophilic 
nitrosation reagent2 and also as a strong one-electron ox- 

+ Present address: Department of Chemical Process Engineering, 
Faculty of Engineering, Hokkaido University, Kita-13, Nishi-8, 
Sapporo 080, Japan. 

t Osaka Municipal Technical Research Institute, 1-6-50, Morino- 
miya, Job-ku, Osaka 536, Japan. 
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rations; Academic Press: New York, 1986; p 469 and references cited 
therein. (b) Barton, D. H. R.; Heme, R. H.; Pechet, M. M.; Smith, L. C. 
J .  Chem. SOC., Perkin Trans. 1 1979,1159. 
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Table I. Inrertion of NO into l~ -Dia ru lcyc lop ropanes  and l-Alk~l-2-arylc~cloero~anes 
k X 1Olo AGd isomer 

compd @;,O (V) (dms mol-' 8-l) methodc (kJ mol-') time (h) product(s)e (%) ratiof 
la 0.55 1.83 A -103.2 3.0 2a (91) 

B -33.7 0.5 2a (88) 
C 0.1 2a (93) 

l b  0.90 1.55 A -69.5 3.0 2b (55) 
B 0 0.5 2b (80) 
C 0.1 2b (70) 

I C  1.06 1.43 A -54.0 3.0 2c (31) 
2c (38) B 15.4 0.5 

C 0.1 0 

I d  1.14 1.41 A -46.3 3.0 2d (17) 
B 23.1 0.5 2d (26) 
C 0.1 0 

le 1.26 0.58 A -34.7 6.0 0 
B 34.7 1.0 0 
C 0.1 0 

If 0.82 1.80 A -77.2 3.0 2f (451, 2f' (11) a 2  
B -7.7 0.5 2f (72), 2f' (18) 8:2 

1g 0.82 1.70 A -77.2 3.0 213 (24),2d (10) 7:3 
B -7.7 0.5 2g (56), 2 d  (24) 7:3 

l h  0.97 

li 1.35 

l j  0.95 

A -62.7 6.0 0 
B 6.7 0.5 2h  (41), 4h (27) 3:2 

A -26.1 6.0 0 
B 43.4 0.5 2i (34), 4i (23) 3:2 

A -64.6 6.0 0 
B 4.8 0.5 2j  (71, 4j (34) 1:5 

'Oxidation potentials of cyclopropanes vs Ag/AgC10, in acetonitrile. bRate constants for fluorescence quenching of DCA in aerated 
CH,CN [DCA] = 1 X lo4 mol L-l; 7 (DCA, air) = 7 (DCA, N,) X Z(DCA, air)/Z(DCA, N,) = 12.8 ns; 7 (DCA, N,) = 15.3 ns; see ref 22. 'A: 
DCA-sensitized photoirradiation under NO. B By use of NOBF,. C By use of NO and 02. dThe calculated free energy changes for the 
one-electron transfer process from cyclopropanes to 'DCA* (method A) or NOBF, (method B). Reduction potentials are as follows: DCA 
-1.33 V, NOBF, -0.9 V. e Isolated yields. f Determined by 270-MHz lH NMR. 

idizing reagent for organic  compound^.^*^ Addition re- 
actions of NO+ to alkeness and aryl cyclopropane^^^*^ have 
been reported. 

Previously, we have reported that the 9,lO-dicyano- 
anthracene (DCA)-sensitized photooxygenation of 1,2-di- 
arylcyclopropanes affords 3,5-d~1-1,2-dioxolanes via their 
radical cations.' This result implies that NO may attack 
the radical center of cyclopropane radical cations to form 
2-isoxazolines. On the basis of this hypothesis, we have 

(2) (a) Olah, G. A. Aldrichim. Acta 1979,12,189. Olah, G. A, Noszko, 
L.; Kuhn, S.; Smlke, M. Chem. Ber. 1956,89,2374. (b) Web, R.; Wagner, 
K. G.; Hertel, M. Zbid. 1984, 117, 1965. 

(3) (a) Bandlish, B. K.; Shine, H. J. J. Org. Chem. 1977,42,561. (b) 
Olah, G. A.; Salem, G.; Staral, J. S.; Ho, T. Zbid. 1978,43,173. Olah, G. 
A,; Ho, T. Synthesis 1976,610; 1977,418. (c) Musker, W. K.; Wolford, 
T. L.; Roush, P. B. J. Am. Chem. SOC. 1978,100,6416. (d) Nelsen, S. F.; 
Akaba, R. Ibid. 1981,103, 2096. Nelsen, S. F.; Kim, Y. J. Org. Chem. 
1991,56,1045. (e) Akasaka, T.; Ando, W. Tetrahedron Lett. 1986,26, 
5049. Akasaka, T.; Nakagawa, M.; Nomura, Y.; Sato, R.; Someno, K.; 
Ando, W. Tetrahedron 1986,42,3807. (0 Eberson, L.; Radner, F. Acc. 
Chem. Res. 1987, 20, 53. Radner, F. J. Org. Chem. 1988,53, 702. 

(4) (a) Kim, E. K.; Kochi, J. K. J. Org. Chem. 1989,54,1692. (b) Kim, 
E. K.; Kochi, J. K. J. Am. Chem. SOC. 1991,113,4962. 

(5) (a) Scheinbaum, M. L.; Dines, M. B. Tetrahedron Lett. 1971,2205. 
(b) Huisgen, R.; Christl, M. Chem. Ber. 1973,106,3291. (c) Nelsen, S. 
F. Personal communication. Teasley, M. F. Ph.D. Dissertation, Univ- 
ersity of Wisconsin, Madison, 1987. Nelsen, S. F.; Teasley, M. F.; Kaftory, 
M. J. Org. Chem. 1988,53, 5930. (d) Lee, G. H.; Lee, J. M.; Jeong, W. 
B.; Kim, K. Tetrahedron Lett. 1988,29,4437. 

(6) Shabarov, Y. S.; Saginova, L. G.; Gazzaeva, R. A. Zh. Org. Khim. 
1982,18, 2627; Khim. Geterotsikl. Soedin. 1983,738. 

(7) (a) Mizuno, K.; Kamiyama, N.; Otsuji, Y. Chem. Lett. 1983,477. 
(b) Mizuno, K.; Kamiyama, N.; Ichinose, N.; Otauji, Y. Tetrahedron 1985, 
41,2207. (c) Mizuno, K.; Ichinose, N.; Otsuji, Y. In Studies in Organic 
Chemistry 33, The Role of Oxygen in Chemietry and Biochemistry; 
Ando, W., Moro-oh, Y., Eds.; Elsevier: Amsterdam, 1988, p 79. Ichinose, 
N.; Mizuno, K.; Tamai, T.; Otsuji, Y. J. Org. Chem. 1990, 55, 4079. 

Scheme I 

h v l D C A  A r W r '  + A r T  

MeCN N-O N- 
Ar 
18-g 2a.g 2a'-g' 

8:  Ar = Ar' = 4-MeOC6H4. b: Ar = Ar' = 4-MeC6H4, c: AI = Ar' = 4-CIC6H4 

d: Ar = Ar' = C6H,, e: Ar = Ar' = 4-NCC6H4. I: Ar = 4-MeC6H4, 

A r k  4-MeOC6H,. g: AI = 4-CIC6H,. Ar' = 4-MeOC6H4 

studied reactions of NO and NO+ with arylcyclopropane 
derivatives. The following three reactions have been ex- 
amined (a) the photoreaction of arylcyclopropane deriv- 
atives with NO in the presence of DCA, (b) the reaction 
of arylcyclopropanes with NO+ (NOBF4), and (c) the re- 
action of arylcyclopropanes with NO in the presence of 
molecular dioxygen. We have found that 1,2-diarylcyclo- 
propanes can be converted to 2-isoxazoline derivatives by 
these methods. However, the reaction of 1,1,2,2-tetra- 
substituted cyclopropanes with NO+ afforded 2-isoxazo- 
linium salts via the migration of a phenyl substituent onto 
nitrogen. In this paper, we report on the results obtained 
so far and on the mechanistic features of the reactions. 

Results and Discussion 
DCA-Sensitized Insertion of NO into a Cyclo- 

propane Ring. Irradiation of an NO-saturated aceto- 
nitrile solution containing trans-1,2-bis(4-methoxy- 
pheny1)cyclopropane (la) (0.025 mol dm-3) and a catalytic 
amount of DCA (5 X 10"' mol dm-3) with >400 nm light 
for 3 h gave 3,5-bis(4-methoxyphenyl)-2-isoxazoline (2a) 
in 91 90 isolated yieldFb After the photoreaction, most of 
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Scheme 11 Table 11. Substituent Effect on Insertion of  NO into 
14 l-Na~hthul)-2-(4-substituted DhenY1)CYClORrODanea 

~ 

compd substituent =,$ (V) u+ methodb 
lk  CH30 0.78 -0.778 A 

B 
C 

11 CH3 0.96 -0.311 A 
B 
C 

lm H 0.98 O.OO0 B 
In  C1 0.99 0.114 B 
lo Br 1.00 0.150 B 
1R CN 1.04 0.659 A 

B 
C 

22" 
85: 15 
8218 
8020 
4456 
5050 
5050 
2971 
23:77 
22:78 
d:>99 
d:>99 
d d  

Oxidation potentials of cyclopropanes vs Ag/AgClO,. A: 
DCA-sensitized photoirradiation under NO. B By use of NOBF,. 
C: By use of NO and OF 'Determined by 270-MHz 'H NMR. 

the DCA was recovered. The structure of 2a was deter- 
mined from its spectroscopic ('H NMR, IR, MS) and 
analytical data and also from its chemical transformations. 
The pyrolysis of 2a at 200 OC gave 4-methoxybenzonitrile, 
4-methoxyacetophenone, and a small amount of 4-meth- 
oxybenzaldehyde?* The oxidation of 2a with DDQ in 
benzene or with Cr039 in acetic acid gave 3,5-bis(4-meth- 
oxypheny1)isoxazole (3a) in nearly quantitative yield. 

When triethylamine (0.01 mol dm-3) was added to the 
reaction system, the formation of 2a was completely 
quenched. This photoinsertion of NO did not occur in leas 
polar solvents such as benzene and dichloromethane. 

Similar photoreaction of lb-d gave the corresponding 
3,5-diaryl-2-isoxazolines 2b-d. However, electron-poor 
cyclopropane le did not undergo the photoinsertion of NO, 
and the starting material was recovered quantitatively. 
When unsymmetrically substituted 1,2-diarylcyclopropane~ 
1f-g were used as substrates, positional isomers 2f-g and 
2fl-g' were obtained. In these cases, formation of 2f-g 
predominated. (Note that in 2f-g, the oxygen atom is 
bonded to the carbon atom with the more electron-do- 
nating aromatic substituent.) However, for l-alkyl-2- 
arylcyclopropanes lh-j, the photoinsertion of NO did not 
occur, even on prolonged irradiation. These results are 
summarized in Table I. 

Insertion of NO into a Cyclopropane Ring by the 
Use of NOBF4. The reaction of la with 1.1-1.2 equiv of 
NOBF4 in acetonitrile at room temperature under argon 
atmosphere gave 2a in 88% yield. Similarly, the reaction 

Not detected. 

N-0 

ArCN + ArCOCH, + ArCHO 

2 s  
Ar = 4-MeOC6H4 

200 e c 

of lb-d with NOBFl gave 2b-d.& The yields of 2-isoxa- 
zolines decreased when the oxidation potentials of the 
cyclopropanes increased. No reaction occurred with le. 
Unsymmetrically substituted cyclopropanes lf-g gave 

(8) Preliminary communication: (a) Ichinw, N.; Mizuno, K.; T d ,  
T.; Otauji, Y. Chem. Lett. 1988,233. (b) Ichinose, N.; Mizuno, K.; Yo- 
shidn, K.; Oteuji, Y. Ibid. 1988,723. (c) Ichmose, N.; Mizuno, K.; Wuji, 
Y. Ibid. 1989, 467. 

(9) (a) Shotter, R. G.; Sesardic, D.; Wright, P. H. Tetrahedron 1975, 
31,3069. (b) Bianchi, G.; De Amich, M. J.  Chem. Res., S y m p .  1979,311. 

l a - g  + NOBF, - Za-g + 2a'-g'  
MeCN 

F 
+ NOBF, - Ry + br 

N- N- MeCN 
R 
l h - j  2h-j  4h-j  

h: R = Me, Ar = 4-MeOC6H,, i: R = Me, Ar = C,H,, 
j: R = t-Bu, Ar = 4-MeOC6H4, 

Scheme 111 pr2 + NOBF, - A r ' v  + 

Ar' 
N- N-0  MeCN 

l k - p  2k-p 2k'-p' 

% -ox Ar' = 

k: X = MeO, I: X = Me, m: X = H, n: X = C1, 0: X = Br, p: X= CN 

mixtures of 2f-g and 2f'-g', essentially in the same ratios 
as those obtained from the DCA-sensitized NO insertion. 
These results are given in Table I. 

The reaction of l-alkyl-2-arylcyclopropanes (lh-j) with 
NOBF4 in a similar manner gave mixtures of two isomeric 
isoxazolines, 3- and 4-aJkyl-5-aryl-2-isoxazolines (2h-j and 
4h-j), which were not obtained from the photoreaction. 
These results are also given in Table I. 

Insertion of NO into the Cyclopropane Ring by the 
Use of NO and 02. Nitrogen oxide (60 cm3 min-') and 
air (300 cm3 min-I) were bubbled for 6 min into a room- 
temperature acetonitrile solution containing la. The 

la-b + NO + O2 M~CN-  2a-b 

reaction mixture was extracted with benzene-water. From 
the organic layer, 2a was obtained in 93% isolated yield. 
Similar treatment of lb gave 2b. In this reaction also, the 
yields of 2-isoxazolines decreased when the oxidation po- 
tentials of the cyclopropanes increased. These results are 
also given in Table I. 

Regioselectivity in the Formation of 2-Is0xazolines. 
The regioselectivity of the NO insertion into unsymme- 
trically substituted cyclopropanes 1 f-g by the DCA-sen- 
sitized photoreaction and the reaction with NOBF4 was 
essentially identical, and both the reactions gave the 
isomeric isoxazolines 2f-g and 2F-g' in essentially the 
same ratios. To elucidate the mechanistic basis for the 
regioselectivity in the NO-insertion reaction, we studied 
the effect of different phenyl substituents on the NO-in- 
sertion reaction of l-(l-naphthyl)-2-(4-substituted phe- 
ny1)cyclopropanes lk-p by employing three methods: the 
DCA-sensitized photoreaction, the reaction with NOBF4, 
and the reaction with the NO-02 system. All of these 
reactions gave mixtures of 3-( l-naphthyl)-5-(4-substituted 
phenyl)-2-ieoxazolines 2k-p and 5-(l-naphthyl)-3-(4-sub- 
stituted phenyl)-2-isoxazolines 2k'-p'. The ratios of 2k-p 
to 2k'-p' were determined by 'H NMR analysis of the 
reaction mixtures. These compounds were especially 
suitable for NMR analysis because the introduction of a 
naphthyl group caused a strong downfield shift of the 
proton signals on Cs of 2k'-p' and prevented overlapping 
of those signals with all of the proton signals of 2k-p. The 
ratios of 2k-p to 2k'-p' increased when the electron-do- 
nating ability of the substituents increased. Furthermore, 
the product ratios obtained from the three types of reac- 
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Scheme I V  
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tions for each substituent were in good agreement with 
each other, within experimental error. The results are 
summarized in Table 11. A plot of log(tk-p/2k'-p') 
against the substituent constanta (u+ values) exhibited a 
good linear relationship (r = 0.999).lo This strongly 
suggests that the three reactions have a common inter- 
mediate. 

Reaction of 1,1,2,2-Tetrasubstituted Cyclopropanes 
with NOBF4. The reaction of 1,1,2,2-tetraphenylcyclo- 
propane (lq) with NOBF, gave 2,3,5,5-tetraphenyl-2- 
isoxazolinium tetrafluoroborate (5q) in 89 % yield.& The 
structure of 5q was determined from ita spectroscopic 
properties ('H NMR, I3C NMR, IR, MS) and elemental 
analysis and also from its chemical conversions. The re- 
duction of 5q with LiA1H4 in THF gave 2,3,5,5-tetra- 
phenylisoxazolidine (6q),"J2 which was further reduced 
by catalytic hydrogenation on Pd-C to give 1,1,34ri- 
phenyl-3-(N-anilino)-l-propanol(7). The reaction of 5q 
with KCN in acetonitrile in the presence of a catalytic 
amount of 18-crown-6 afforded 3-cyano-2,3,5,5-tetra- 
phenylisoxazolidine (8) in 79% yield. Treatment of 8 with 
AgBF, in 1,2-dichloroethane gave 5q in quantitative yield. 
When l-methyl-1,2,2-triphenylcyclopropane (lr) was 
treated with NOBFl in a similar manner, two isomeric 

(10) Brown, H. C.; Okamoto, Y .  J. Org. Chem. 1957,22,485; J.  Am. 
Chem. SOC. 1957, 79, 1913; Ibid.  1988,80,4979. 

(11) Cerri, A.; Micheli, C. De.; Gandorfi, R. Synthesis 1974, 710. Bi- 
anchi, G.; Micheli, C. De.; Gandolfi, R. J. Chem. SOC., Perkin Trans. 1 
1976, 1518. 

(12) Bruning, I.; Crashey, R.; Hauck, H.; Huisgen, R.; Seidl, H. Or- 
ganic Synthesis; Wiley: New York, 1973; Collect. Vol. 5, p 1124. 

ln(2/2') 

I 
- 1 . 0  - 0 . 8  - 0 . 6  - 0 . 4  - 0 . 2  0 . 0  0 . 2  

cl+ 

Figure 1. Plots of In (2/2') va Hammett CT+ values of the phenyl 
substituents. 212': the product ratios for 2k-o/2k'-o' in the 
insertion of NO into cyclopropane ring of lk-o. Key: (A) NO- 
DCA-hv system, (0) NOBF4 system, (.) N O 4 2  system. 
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2-isoxazolinium salts 5r and S i  were obtained in a 53 ratio 
in quantitative yield. They gave a mixture of two isomeric 
isoxazolidine derivatives 6r and 6 1  upon treatment with 
LiA1H4. However, the reactions of 1,1,2-triphenylcyclo- 
propane (Is) and l-methyl-1,2-diphenylcyclopropane (lt) 
with NOBF4 gave the 2-isoxazolines 2s-t in 72 % and 84% 
yields, respectively. 

Mechanisms. The DCA-Sensitized NO Insertion. 
The fluorescence of DCA in acetonitrile was quenched by 
1,2-diarylcyclopropanes la-d at  a nearly diffusion-con- 
trolled rate. The calculated free energy changes ( AG) for 
a one-electron transfer process from l,&diarylcyclo- 
propanes to singlet excited lDCA* in acetonitrilela are 
negative (see Table I). On the basis of these results, we 

(13) Rehm, D.; Weller, A. Isr. J. Chem. 1970, 8, 259. 
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Scheme VI 
CY t NOBF, - CY? + NO + BF,' 

Cp+ t NO - 9 t 9' - 10 + 10' 

10 (10') - 2 (2') -IT 
r 

R = Me, t-Bu 

Ar = 4-MeOC6H,. C6H5 

propose the electron-transfer mechanism outlined in 
Scheme V for the photochemical insertion of NO into 
1,2-diarylcyclopropanes. One-electron transfer from 1,2- 
diarylcyclopropane (CP) to lDCA* generates radical ion 
CP'+ and DCk-. Radical cation CP'+ reacts with NO to 
give l,&diaryl-1-nitrosopropyl cation 9. The intramolec- 
ular ring closure of this cation gives isoxazolidinium cation 
10, which, upon deprotonation, produces 2-isoxazoline 2. 
For unsymmetrically substituted cyclopropanes, two cat- 
ions 9 and 9' could be formed. The regioselectivity in the 
NO insertion can be accounted for by the relative stability 
of theee cation intermediates. Intermediate 9 would be 
stabilized by an electron-donating aromatic substituent 
much more effectively than 9' would. The linear rela- 
tionship shown in Figure 1 supports this interpretation. 

The quantitative recovery of DCA indicates that the 
oxidation of DCk-  to DCA is involved in the photoreac- 
tion. This oxidation may be accomplished by an NO 
molecule: the one-electron reduction of NO followed by 
protonation gives HNO, which disproportionates to H20 
and N20.14 The reaction mixture did indeed become 
acidic after irradiation. 

The fluorescence of DCA was efficiently quenched by 
NO in acetonitrile. The oxidation potential of NO in 
acetonitrile, = 0.9 V vs Ag/Ag+, indicates that the 
electron transfer from NO to 'DCA* is an exothermic 
process. If NO+ is formed via this process, an electron 
transfer from cyclopropanes to NO+ or a direct attack of 
NO+ on the cyclopropane rings may occur to give 2-isox- 
azolines. However, in the DCA-sensitized NO insertion, 
participation of NO+ is unlikely because the DCA-sensi- 
tized NO insertion of 1-alkyl-2-aryl-cyclopropanes 1 h-j 
does not afford 2-isoxazolines, whereas the reaction of lh-j 
with NOBF4 does give 2-isoxazolines (see below). 
NO Insertion with NOBFI. The proposed mechanism 

for the reaction of 1,2-diarylcyclopropanes with NOBF4 
is shown in Scheme VI. The first step is a one-electron 
transfer from 1,2-diarylcyclopropane (CP) to NOBF4 to 
produce radical cation CP'+ and a neutral NO molecule. 
This process was rationalized from the following results. 
The yields of 2-isoxazolines decreased when the oxidation 
potentials of the cyclopropanes increased. In the case of 
la,  a catalytic amount of NOBF, caused a rapid cis-trans 
isomerization, giving an equilibrium mixture containing 
&-la and tram-la in a 595 ratio.15 The same equilibrium 
mixture was obtained from the DCA-sensitized photo- 
isomerization of both cis-la and trans-la in acetonitrile, 
which proceeds via the radical cation of la.16 The gen- 

(14) Smith, P. A. s.; Loeppky, R. N. J. Am. Chem. SOC. 1967,89,1147. 
(15) Dinnocenzo, J. P.; Schmittel, M. J. Am. Chem. SOC. 1987,109, 

1561. 
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Scheme VI1 

CP + NOBF, --t CP? + NO + BFI' 

J 

2s- t  5 

eration of NO was recognized by the evolution of NO2 
when air was introduced into the reaction mixture. 

The second step of the mechanism in Scheme VI is the 
attack of NO on the radical cation CP*+. This step is 
reasonable because the ratios of 2k-p to 2k'-p' obtained 
from the reaction of lk-p with NOBF4 were essentially 
identical to those obtained from the DCA-sensitized NO 
insertions of 1 k-p. 

It is noteworthy that, although the DCA-sensitized 
photoreaction of 1-alkyl-2-arylcyclopropanes 1 h-j with NO 
failed to give the NO-insertion products, the same cyclo- 
propanes gave 2-isoxazolines 2h-j and 4h-j when treated 
with NOBF4 in acetonitrile. It is likely that this reaction 
occurs via the direct attack of NO+ on the cyclopropane 
ring as shown in Scheme VI. This mechanism was sup- 
ported by the fact that the ratios of 2h-j to 4h-j depended 
on the bulkiness of alkyl substituents. In fact, 4j was the 
predominant product in the reaction of l j  with NOBF4. 
A reasonable explanation for the regioselectivity is that 
the attack of NO+ on the carbon-carbon bond of the cy- 
clopropane ring of l j  occurs from the less-hindered side 
to give 4j (path b in Scheme VI). It is possible that, in the 
cases of less electron-rich 1,2-diarylcyclopropanes lc-d, 
the direct attack of NO+ on the cyclopropane rings com- 
petes with the electron-transfer process. 

Formation of 2-Isoxazolinium Salts. In the cases of 
1,1,2,2-tetrasubstituted cyclopropanes lq-r, 1-isoxazoli- 
nium or 2-isoxazolidinium intermediates 11, which are 
formed in the reaction with NOBF4, do not have a hy- 
drogen at  C3 Therefore, the phenyl group at that position 
migrates to the cationic nitrogen to give 2-phenyl-2-isox- 
azolinium salts 5. On the other hand, when hydrogen is 
present at  CB, as in the cases of 1s-t, deprotonation of 11 
produces 2 (Scheme VII). 

The NO Insertion by the Use of NO and 02. In the 
presence of oxygen, NO is oxidized to NO2, which is further 
converted into N203 and N204. These nitrogen oxides can 
be a NO+ source.17 Therefore, it is reasonable to suppose 
that NO+ is a reactive intermediate in the insertion of NO 
into 1,2-diarylcyclopropanes by the NO-02 reagent. The 
participation of NO+ is supported by the fact that the 
regioselectivity of the NO insertion into unsymmetrically 

(16) Mizuno, K.; Hiromoto, Z.; Ohnishi, K.; Otsuji, Y. Chem. Lett. 
1983, 1059. Mizuno, K.; Ichinose, N.; Otsuji, Y. Ibid. 1985,455; J.  Org. 
Chem. 1992,57, 1855. 

(17) (a) Park, J. R.; Williams, D. L. H. J.  Chem. SOC., Chem. Commun. 
1969, 332. (b) Boyer, J. H.; Pillai, T. P. J.  Chem. Soc., Perkin Trans. I 
1985, 1661. Boyer, J. H.; Kummar, G.; Pillai, T. P. Ibid. 1986, 1751. 
Boyer, J.  H.; Pillai, T. P.; h a k r i s h n a n ,  V. T. Synthesis 1985, 677. 
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substituted cyclopropanes lk-1 With NOBFl is essentially 
identical to that observed for the reaction with the NO-02 
system (Table 11, Figure 1). 

890, 820 cm-'; MS (70 eV) m/z 283 (M+). Anal. Calcd for 
C17H1703N C, 72.06; H, 6.05; N, 4.94. Found C, 72.13; H, 6.13; 
N, 4.96. 
3.5-Bis(4-meth~l~heny1)-2-isoxazoline (2b): mp 106-107 

Experimental Sectionls 
General Procedure for the DCA-Sensitized Photoreaction 

of Cyclopropane Derivatives under NO Atmosphere. An 
acetonitrile solution (8 mL) containing a cyclopropane derivative 
(0.2 mmol) and DCA (0.01 mmol) in a Pyrex tube (i.d. 10 mm) 
equipped with a two-way stopcock was deaerated by bubbling 
nitrogen into the solution for more than 15 min. A stream of NO 
was then introduced into the solution until the solution was 
saturated. This solution was irradiated for 3 h with >400 nm light 
from a 500-W high-pressure mercury lamp through a CuS04-NH3 
filter solution. After irradiation, nitrogen was bubbled through 
the solution for 10 min by means of a capillary to remove excess 
NO. The solvent was evaporated, and the residue was chroma- 
tographed on silica gel with benzene to give 3,5diaryl-2-iaoxazoline. 
For unsymmetrically substituted cyclopropanes, the ratios of 2k-p 
to 2k'-p' were determined by integration of the 'H NMR signals 
of the protons on C6 of 2k-p and 2k'-p'. No reaction occurred 
for 1-alkyl-2-arylcyclopropanes 1 h-j, and the starting materials 
were recovered quantitatively. 
Pyrolysis of 2a. Compound 2a (28 mg, 0.1 "01) was placed 

in an NMR tube (i.d. 3 mm) and heated at 225 f 5 O C  for 10 min 
in an oil bath. The reaction mixture was dissolved in CDCl:, and 
analyzed by 'H NMR. 
Oxidation of 2a with CrOPBa Compound 2a (230 mg, 0.81 

mmol) in acetic acid (10 mL) was added by portions to a stirred 
solution of Cr03 (1 mol dm-3, 2 mL) in acetic acid. The reaction 
mixture was heated at 80 "C for 15 min, cooled, diluted with water 
(20 mL), and then extracted with benzene (20 mL). The organic 
layer was evaporated under reduced pressure. Recrystallization 
of the residue from methanol gave 3a (141 mg, 62%). 
Oxidation of 2a with DDQ. A solution of 2a (230 mg, 0.81 

mmol) and 2 equiv of DDQ (367 mg) in benzene (10 mL) was 
refluxed for 6 h. The solvent was removed under reduced pressure. 
The residue was chromatographed on silica gel with benzene and 
then purified by recrystallization from methanol to give 3a (225 
mg, 99%). 
3,5-Bis(4-methoxyphenyl)isoxazole (3a): mp 176-177 "C; 

'H NMR (270 MHz, CDClJ 6 3.86 (s,6 H), 6.65 (8, 1 H), 7.39 (ABq, 
4 H, Av = 230 Hz, J = 9.2 Hz), 7.40 (ABq, 4 H, Av = 224 Hz, J 
= 9.2 Hz); IR (KBr) 2844,1613,1516,1437,1303,1251,1178,1029, 
835 cm-'; MS (70 eV) m/z 281 (M+). Anal. Calcd for C17H1503N 
C, 72.58; H, 5.37; N, 4.98%. Found C, 72.64; H, 5.29; N, 5.06%. 
General Procedure for the Reaction of Cyclopropane 

Derivatives with NOBF4. Argon was bubbled through an 
acetonitrile solution (8 mL) containing a cyclopropane derivative 
(0.2 mmol) for 10 min with vigorous stirring. NOBF4 (1.1-1.2 
equiv) was added to the solution. The resulting mixture was 
stirred for 30 min at room temperature, diluted with water, and 
then extracted with benzene (20 mL). The organic layer was dried 
over Na#04 and evaporated. Recrystallization of the residue gave 
a 2-isoxazoline derivative. For unsymmetrically substituted cy- 
clopropanes, the ratios of 2k-p to 2k'-p' were determined by 
integration of the 'H NMR signals of the protons on C6 of 2k-p 
and 2k'-p'. For 1-alkyl-2-arylcyclopropanes lh-j, mixtures of 
2h-j and 4h-j were obtained. They were separated by column 
chromatography on silica gel. 
General Procedure for the Reaction of Cyclopropane 

Derivatives with NO and Os. Nitrogen oxide (60 mL min-') 
and air (300 mL min-') were bubbled through an acetonitrile 
solution (8 cm3) containing a cyclopropane derivative (0.2 "01) 
for 6 min. The reaction mixture was then diluted with water and 
extracted with benzene. The organic layer was dried over Na$Ol 
and evaporated to give a 2-isoxazoline derivative. 
Physical Properties of 2-Lsoxazolines. 3,5-Bis(4-meth- 

oxyphenyl)-2-isoxazoline (2a): mp 141-142 "C; 'H NMR (270 

H, J = 10.9 and 17.2 Hz), 3.81 (8,  3 H), 3.84 (8,  3 H), 5.66 (dd, 
1 H), 7.11 (ABq, 4 H, Av = 109.7 Hz, J = 8.5 Hz), 7.28 (ABq, 4 
H, Av = 195.0 Hz, J = 9.3 Hz); IR (KBr) 1580,1230,1170,1010, 

MHz, CDClg) 6 3.30 (dd, 1 H, J = 8.6 and 17.2 Hz), 3.71 (dd, 1 

OC;'H NMR (270Hz, CDCl,) 6 2.35 (s,3 H), 2.38 (s ,3  H), 3.31 
(dd, 1 H, J = 8.2 and 16.8 Hz), 3.73 (dd, 1 H, J = 10.2 and 16.8 
Hz), 5.68 (dd, 1 H), 7.23 (ABq, 4 H, Av = 20.5 Hz, J = 8.5 Hz), 
7.41 (ABS, 4 H, Av = 92.0 Hz, J = 8.5 Hz); MS (70 eV) m/z 251 
(M+). Anal. Calcd for C17H170N: C, 81.24; H, 6.82; N, 5.57. 
Found C, 81.36; H, 6.80; N, 5.65. 
3,5-Bis(4-chlorophenyl)-2-isoxazoline (2c): mp 96-97 O C ;  

'H NMR (270 MHz, CDC1,) 6 3.27 (dd, 1 H, J = 8.2 and 16.8 Hz), 
3.76 (dd, 1 H, J = 11.0 and 16.8 Hz), 5.73 (dd, 1 H), 7.34 (ABq, 
4 H, Av = 13.0 Hz, J = 10.4 Hz), 7.50 (ABq, 4 H, Av = 68.2 Hz, 
J = 8.5 Hz); IR (KBr) 1590, 1490, 1220, 880,800 cm-'; MS (70 
eV) m/z  295,293,291 (M+). Anal. Calcd for C15H110NC12: C, 
61.66; H, 3.79; N, 4.79. Found: C, 61.52; H, 3.66; N, 4.86. 
3,5-Diphenyl-2-isoxazoline (2d): mp 73-74 O C  (lit.'O 74-75 

"C). 
3-(4-Met hylpheny1)d-( 4-methoxyphenyl)-2-isoxazoline 

(20: mp 121.5-123 O C ;  'H NMR (270 MHz, CDC13) 6 2.38 (s,3 
H), 3.31 (dd, 1 H, J = 8.5 and 16.6 Hz), 3.72 (dd, 1 H, J = 10.6 
and 16.6 Hz), 3.81 (a, 3 H), 5.66 (dd, 1 H), 7.12 (ABq, 4 H, Av = 
115.0 Hz, J = 9.2 Hz), 7.40 (ABq, 4 H, Av = 101.2 Hz, J = 8.0 
Hz); IR (KBr) 2940,1615, 1518, 1253,1181,1033,905,825,538 
cm-'; MS (70 eV) m/z 267 (M'). Anal. Calcd for C17H1702N C, 
76.38; H, 6.41; N, 5.24. Found C, 76.24; H, 6.45; N, 5.25. 
34 4-Methoxyphenyl)-5-(4-methylphenyl)-2-isoxazoline 

(2f'): 'H NMR (270 MHz, CDC13) 6 2.34 (a, 3 H), 3.30 (dd, 1 H, 
J = 8.5 and 16.6 Hz), 3.73 (dd, 1 H, J = 10.8 and 16.6 Hz), 3.83 
(s,3 H), 5.66 (dd, 1 H), aromatic protons could not be assigned 
because the signals overlapped with those of the isomer. 
3-(4-Chlorophenyl)-5-(4-methoxyphenyl)-2-isoxazoline 

(2g): mp 157.5-158.5 OC; 'H NMR (270 MHz, CDCld 6 3.30 (dd, 
1 H, J = 8.6 and 16.7 Hz), 3.70 (dd, 1 H, J = 10.9 and 16.7 Hz), 
3.81 (a, 3 H), 5.70 (dd, 1 H), 7.11 (ABq, 4 H, Av = 108.5 Hz, J 
= 8.6 Hz), 7.51 (ABq, 4 H, Av = 64.7 Hz, J = 8.9 Hz); IR (KBr) 
2938,1613,1518,1493,1257,1181,1033,907,832 cm-'; MS (70 
eV) m/z 289,287 (M+). Anal. Calcd for C16H1402NC1: C, 66.78; 
H, 4.90; N, 4.86. Found: C, 66.33; H, 4.71; N, 4.76. 
3-(4-Methoxyphenyl)-5-( 4-chlorophenyl)-2-isoxazoline 

(2%): 'H NMR (270 MHz, CDClJ 6 3.38 (dd, 1 H, J = 8.8 and 
17.0 Hz), 3.73 (dd, 1 H, J = 10.7 and 17.0 Hz), 3.83 (s,3 H), 5.74 
(dd, 1 H), aromatic protons could not be assigned because the 
signals overlapped with those of the isomer. 
3-Methyl-5-(4-methoxyphenyl)-2-isoxazoline (2h): mp 

72.0-72.8 "C; 'H NMR (270 MHz, CDClJ 6 2.02 (s,3 H), 2.88 (dd, 
1 H, J = 8.7 and 17.3 Hz), 3.30 (dd, 1 H, J = 10.7 and 17.3 Hz), 
3.80 (8,  3 H), 5.50 (dd, 1 H), 7.07 (ABq, 4 H, Av = 102.6 Hz, J 
= 8.9 Hz); 13C NMR 6 13.2, 46.7, 55.3, 81.4, 114.1, 127.2, 133.1, 
154.9,159.5; IR (KBr) 1600,1508,1430,1250,1010,810 cm-'. Anal. 
Calcd for CllH1302N: C, 69.09, H, 6.85; N, 7.33. Found C, 68.86; 
H, 7.03; N, 7.29. 
4-Methyl-5-(kmethoxyphenyl)-2-ieourzoline (4h): 'H NMR 

(270 MHz, CDC13) 6 1.28 (d, 3 H, J = 7.3 Hz), 3.15-3.36 (m, 1 H), 
3.78 (8,  3 H), 4.91 (d, 1 H, J = 8.5 Hz), 6.95 (m, 4 HI, 7.09 (d, 1 
H, J = 1.6 Hz). 
3-Methyl-5-phenyl-2-isoxazoline (2i)? 'H NMR (60 MHz, 

CDC13) 6 2.03 (8, 3 H), 2.84-3.30 (m, 2 H), 5.47 (dd, 1 H, J = 8 
and 12 Hz), 7.35 (s, 5 H). 
4-Methyl-5-phenyl-2-isoxazoline (4i):6 'H NMR (60 MHz, 

CDC13) 6 1.30 (d, 3 H, J = 8 Hz), 2.84-3.50 (m, 1 H), 4.91 (d, 1 
H, J = 8 Hz), 7.35 (m, 6 H); MS (70 eV) m/z 161 (M'). 
3-tert-Butyl-&(4-methoxyphenyl)-2-isoxazoline (23: 'H 

and 17.1 Hz), 3.31 (dd, 1 H, J = 10.5 and 17.1 Hz), 3.81 (e, 3 H), 
5.51 (dd, 1 H), 7.26 (ABq, 4 H, Av = 101.1 Hz, J = 8.7 Hz); I3C 
NMR 6 55.4, 81.5, 114.1, 127.2, 133.2, 164.0, 165.4. 
4-tert-Butyl-5-(4-methoxyphenyl)-2-isoxazoline (4j): 'H 

NMR (270 MHz, CDC13) 6 3.00 (8,  9 H), 3.01 (dd, 1 H, J = 1.8 
and 6.0 Hz), 3.79 (8, 3 H), 5.21 (d, 1 H, J = 6.0 Hz), 7.03 (ABq, 
4 H, Au = 67.5 Hz, J = 9.2 Hz), 7.11 (d, 1 H, J = 1.8 Hz); '% NMR 
6 27.5 (q), 33.0 (s), 55.3 (q), 68.9 (d), 81.8 (d), 114.1 (d), 126.9 (d), 

NMR (270 MHz, CDC13) 6 1.56 (8,  9 H), 2.89 (dd, 1 H, J = 8.5 

(18) For general experimental information, see ref 7b. (19) Auwers, K. V.; Muller, H. J. Prakt. Chem. 1933, 137, 57. 
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134.3 (81,147.1 (s), 154.4 (8); IR (KBr) 2964,1613,1516,1249,1178, 
1035,824 cm-'; MS (70 eV) m / z  161 (M+). 

3-( 1-Napht hy1)-5-( 4-met hoxyphenyl)-2-isoxazoline (2k): 

3.81 (s,3 H), 3.93 (dd, 1 H, J = 10.9 and 16.5 Hz), 5.72 (dd, 1 H), 
7.15 (ABq, 4 HI AU = 124.6 Hz, J = 8.9 Hz), 7.44-7.65 (m, 4 H), 
7.87-7.91 (m, 2 H), 9.07 (d, 1 H, J = 8.5 Hz); 13C NMR 6 45.9, 
55.4,81.4,114.2,124.8,126.5,126.7,127.2,127.4,127.6,127.7,128.6, 
130.7, 130.9,132.9,134.1, 156.9,159.7; IR (KBr) 3050, 1613,1516, 
1249,1178,1033,901,830,803,775 cm-'; MS (70 eV) m/z 303 
(M+). 

3-(4-Methoxyphenyl)-5-( l-naphthyl)-2-isoxazoline (2k'): 
'H NMR (270 MHz, CDCl3) 6 3.28 (dd, 1 HI J = 8.1 and 16.5 Hz), 
3.82 (s,3 H), 3.86 (dd, 1 HI J = 11.1 and 16.5 Hz), 6.30 (dd, 1 H), 
aromatic protons could not be assigned because the signals ov- 
erlapped with those of the isomer. 
3,5,5-Triphenyl-2-isoxazoline (2s): mp 141-142 "C (lit?0 

7.23-7.74 (m, 15 H); '% NMR 6 48.3,92.0,126.1,126.7,127.7,128.5, 
128.8, 129.7, 130.2, 144.1, 156.3; IR (KBr) 1493, 1450, 1361, 907, 
750,696,559 cm-'; MS (70 eV) m / z  299 (M+). Anal. Calcd for 

N, 4.60. 
5-Methyl-3,5-diphenyl-2-isoxazoline (2t): mp 71-73 "C; 'H 

13.5 Hz, J = 20.3 Hz), 7.10-7.81 (m, 15 H); IR (KBr) 1480, 1430, 
1350, 1260, 1050, 890, 820, 740, 680 cm-'. Anal. Calcd for 

N, 5.65. 
General Procedure for the Reaction of 1,1,2,2-Tetrasub- 

stituted Cyclopropanes with NOBF4. NOBF4 (70 mg, 1.2 
equiv) was added to an acetonitrile solution (20 mL) containing 
lq (173 mg, 0.5 mmol) under argon atmosphere at  room tem- 
perature. The solution immediately turned dark purple and then 
gradually turned yellow within 20-30 min. The solvent was 
evaporated under reduced pressure. The residue was triturated 
with dry THF and filtered to give 2,3,5,5-tetraphenyl-2-isoxazo- 
linium tetrafluoroborate (5q, 206 mg, 89%) as a yellow solid 
136-139 OC dec; 'H NMR (270 MHz, CDCl,) 6 5.15 (8,  2 H), 
7.30-7.80 (m, 20 H); 13C NMR 6 50.8 (t), 95.4 (81,122.4 (81, 126.0 
(d), 126.9 (d), 129.2 (d), 129.8 (d), 129.9 (d), 131.0 (d), 131.1 (d), 
133.7 (d), 133.9 (d), 136.0 (d), 137.8 (s), 166.0 (8 ) ;  IR (KBr) 3000, 
1580,1430,1360,1180,1020,870,830,750,670 cm-'; MS (20 eV) 
m/z  375 (M+ - HBF4). Anal. Calcd for CnHnONBF4: C, 70.00; 
H, 4.78; N, 3.02. Found: C, 69.58; H, 4.63; N, 2.99. 
Similar treatment of lr gave 5r and 5r' quantitatively in a ratio 

of 5:3 as a dark, oily mixture. 
5-Methyl-2,3,5-triphenyl-2-isoxazolinium tetrafluoro- 

borate (5r): 'H NMR (270 MHz, CDCl,) 6 2.11 (s,3 H), 4.54 (d, 
1 H, J = 19.3 Hz), 4.96 (d, 1 H, J = 19.3 Hz), 7.13-7.72 (m, 15 
H). 
3-Methyl-2,5,5-triphenyl-2-isoxazolinium tetrafluoro- 

borate (5r'): 'H NMR (270 MHz, CDC13) 6 2.61 (s, 3 H), 4.72 
(8,  2 H), 7.13-7.72 (m, 15 H), aromatic protons could not be 
assigned because the signals overlapped with those of the isomer. 

Reduction of 5 with LiAlH,. LiAlH4 (15 mg, 0.4 mmol) was 
added by portions over 20 min to the stirred suspension of 5q 
(41 mg, 0.11 mmol) in dry THF (10 mL). The resulting mixture 
was extracted with benzene-ether (1:l; 50 mL) and washed with 
water. The organic layer was dried over Na#04 and evaporated 
under reduced pressure. The 'H NMR spectrum showed the 
formation of 6q in quantitative yield. Treatment of a mixture 
of 5r and 5r' with LiA1H4 in THF in a similar manner gave a 
mixture of 6r and 6r'. 

Synthesis of 6q.12 A mixture of N,a-diphenylnitrone (1.49 
g, 7.6 "01) and 1,l-diphenylethene (1.46 g, 8.7 "01) was heated 

'H NMR (270 MI+, CDCl3) 6 3.53 (dd, 1 HI J = 8.5 and 16.5 Hz), 

140-141.5 "C); 'H NMR (270 MHz, CDC13) 6 3.99 (8,  2 H), 

C21H170N: C, 84.25; H, 5.72; N, 4.68. Found: C, 84.18; H, 5.59; 

NMR (270 MHz, CDC13) 6 1.88 (8, 3 H), 3.92 (ABq, 2 HI AV = 

CiGHiSON: C, 80.98; H, 6.37; N, 5.90. Found C, 80.71; HI 6.37; 
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at 85 "C for 24 h under an argon atmosphere. Recrystallization 
of the reaction mixture from dichloromethanemethanol(1:2) gave 
6q as colorless crystals. 
2,3,5,5-Tetraphenylisoxamlidine (6q): mp 115-116 "C (lit.12 

mp 113-115 "C); 'H NMR (270 MHz, CDCl,) 6 3.16 (dd, 1 H, J 
= 8.1 and 12.5 Hz), 3.51 (dd, 1 H, J = 8.1 and 12.5 Hz), 4.62 (t, 
1 H, J = 8.1 Hz), 6.84-7.53 (m, 20 H); '% NMR 6 53.1,69.0,87.0, 
115.7,121.5, 126.2,126.4,126.8,127.2,127.3, 127.5, 128.2,128.3, 
128.4,128.8,141.3,144.1,144.8,150.2; JR (KBr) 3030,2874, 1601, 
1491,1450,1251,1029,994,845 cm-'; MS (20 eV) m/z  377 (M+). 
Anal. Calcd for C2,HZ30N: C, 85.91; H, 6.14; N, 3.71. Found 
C, 85.70; H, 6.00; N, 3.56. 
5-Methyl-2,3,5-triphenylisoxazolidine (6r): 'H NMR (270 

MHz, CDClJ 6 1.79 (8,  3 H), 3.33 (m, 1 HI, 3.70 (m, 1 H), 4.35 
(t, 1 H, J = 7.3 Hz), 6.85-7.60 (m, 15 H). 
3-Methyl-2,5,5-triphenylisoxazolidine (619: 'H NMR (270 

MHz, CDC13) 6 1.82 (d, 3 H, J = 7.8 Hz), 3.30-3.42 (m, 1 H), 
3.57-3.71 (m, 1 H), 3.97 (m, 1 H), 6.85-7.60 (m, 15 H). 

Hydrogenation of 6q. Compound 5q (42 mg, 0.09 "01) was 
reduced with LiA1H4 in THF (10 mL) as described above. 
Methanol (10 mL) and a catalytic amount of Pd on C (5%) were 
added to the reaction mixture. The resulting mixture was stirred 
for 12 h under hydrogen atmosphere and extracted with benzene. 
After evaporation of the solvent, the residue was analyzed by 'H 
NMR. The 'H NMR spectrum showed the formation of 1,1,3- 
triphenyl-3-(N-anilino)-l-propanol(7) in quantitative yield oil; 

Hz), 2.83 (dd, 1 H, J = 2.4 and 14.9), 4.43 (dd, 1 H, J = 2.4 and 
10.9 Hz), 4.55-5.20 (br s,2 H), 6.42 (dd, 2 H, J = 0.8 and 7.7 Hz), 
6.71 (dt, 1 H, J = 0.8 and 7.2 Hz), 7.03 (dd, 2 H, J = 7.2 and 7.7 
Hz), 7.12-7.58 (m, 15 H). 

Reaction of 5q with KCN. An acetonitrile solution (10 mL) 
containing 5q (111 mg, 0.24 mmol), KCN (65 mg, 1 mmol), and 
18-crown-6 (26 mg, 0.1 mmol) was stirred for 20 h at room tem- 
perature. The resulting mixture was extracted with ether-benzene 
(1:2, 60 mL). The organic layer was washed with water, dried 
(Na2S04), and evaporated. Recrystallization of the residue from 
methanol gave 3-cyan~2,3,5,5tetraphenylisoxezolidine (8,76 mg, 
79%) as yellowish crystals: 15+164 "C dec; 'H NMR (270 MHz, 
CDC1,) 6 3.72 (d, 1 HI J = 13.3 Hz), 3.96 (d, 1 H), 6.90-7.60 (m, 
20 H); 13C NMR 6 62.1,72.7,86.2, 118.4,118.5, 124.7, 126.3,126.7, 
126.9, 127.5, 128.1, 128.5, 128.5, 128.5, 128.6, 129.3, 136.6, 142.4, 
144.8, 145.4; IR (KBr) 3064, 2252, 1599, 1493, 1450, 1027, 911, 
735, 696 cm-'; MS (20 eV) m/z  402 (M+). Anal. Calcd for 

N, 6.88. 
Decyanation of 8 with AgBF4?' A mixture of 8 (26 mg, 0.064 

mmol) and AgBF4 (31 mg, 0.2 mmol) in dry 1,2-dichloroethane 
was stirred for 2 h under argon atmosphere. Precipitates were 
filtered off, and the filtrate was evaporated under reduced 
pressure. The residue was analyzed by 'H NMR. The 'H NMR 
spectrum showed the formation of 5q in quantitative yield. 
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