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a t  360 MHz with a Bruker WM-360 superconducting FT-NMR 
spectrometer. Medium pressure liquid chromatography (MPLC) 
was performed on an EM LOBAR size C silica gel column a t  an 
eluent flow rate of 15 mL/min. 

The method of Howe12 was employed for preparation of the 
(E)-3-benzylidenephthalides. 
(E)-3-Benzylidenephthalide: white crystals, mp 94.5-97 "C 

(lit.13 mp 96 "C and olefinic H NMR signal a t  6 6.8), 50% yield; 
NMR (CDCl,) 6 7.83 (m, l ) ,  7.4 (m, 8), 6.8 (9, 1); IR (Nujol) 1770 
cm-'. 
(E)-3-(4-Chlorobenzylidene)phthalide: white solid, mp 

147.5-148.5 "C; 50% yield; NMR (CDCI,) 6 7.83 (m, I), 7.55-7.43 
(m, 7), 6.86 (s, 1). Anal. Calcd for CI5H9C1O2: C, 70.19; H, 3.53. 
Found: C, 70.09; H, 3.53. 

(E)-3-[3-(Trifluoromethyl)benzylidene]phthalide: white 
solid; mp 77.5-79 "C; 40% yield; NMR (CDC13) 6 8.0-7.4 (m, 8), 
6.86 (s, 1). Anal. Calcd for C16H9F302: C, 66.21; H, 3.13. Found: 
C, 66.45; H, 3.16. 

(E)-3-[4-(Trifluoromethyl)benzylidene]phthalide: 50% 
yield of 9O:lO E:Z mixture; mp 101-111.5 "C. Three recrystal- 
lizations of a small amount of the mixture from cyclohexane gave 
99% E isomer (GC analysis), mp 113.5-115 "C. Anal. Calcd for 
C16H9F302: C, 66.21; H ,  3.13. Found: C, 66.06; H, 3.01. 

3',4'-Diphenylspiro[ isobenzofuran-l(3H),5'(4'H)-isox- 
azol1-3-one (4a). To a solution of 9.40 g (0.0423 mol) of ( 0 3 -  
benzylidenephthalide and 6.54 g (0.0423 mol) of benzo- 
hydroxyamoyl chloride in 150 mL of ether stirred under nitrogen 
a t  5 "C was added dropwise a solution of 4.28 g (0.0423 mol) of 
triethylamine in 20 mL of ether. The mixture was then stirred 
a t  20 "C. After 42 h, no nitrile oxide remained (IR analysis), but 
NMR analysis of the ether solution showed residual (E)-3- 
benzylidenephthalide; no Z isomer had formed. The mixture was 
filtered. The collected solid was dissolved in 150 mL of chloroform, 
and the solution was washed twice with water, dried (CaSOJ, and 
concentrated to 3.55 g (24.6%) of solid that appeared to be pure 
spiro product (NMR analysis). This material was crystallized from 
toluene-methylcyclohexane to give 2.57 g (17.8%) of white, 
analytically pure spiro product: mp 187.5-188.5 "C; NMR (CDC13) 
6 7.9-7.0 (m, 13), 6.27 (d, J = 7 Hz, of fine multiplets, l),  5.06 (s, 
1); IR (Nujol) 1780 cm-'; MS, m / e  (relative intensity) 341 (2.5), 
222 (29), 194 (44.5), 193 (95.81, 192 (12.6), 166 (31.71, 165 (77.6), 
116 (16.9), 105 (40), 104 (87.2), 103 (62.1), 91 (25.2), 90 (54.4), 89 
(66.1), 77 (86.4), 76 (100.0). Anal. Calcd for CzzHI5NO3: C, 77.41; 
H, 4.43. Found: C, 77.25; H, 4.46. 

The ether filtrate from filtration of the reaction mixture was 
washed twice with water, dried (CaSO,), and concentrated under 
vacuum to 9.0 g of oil; NMR, IR, and TLC analyses of the oil 
showed it to consist primarily of (E)-3-benzylidenephthalide and 
diphenylfurazan oxide, with a small amount of spiro adduct. A 
2.0-g sample of the oil was separated by MPLC with toluene as 
eluent. The first material off the column consisted of 0.48 g of 
diphenylfurazan oxide, which corresponds to 2.16 g (43% yield) 
total in the 9.0 g of oil. The next material off the column was 
1.10 g of (E)-3-benzylidenephthalide, which corresponds to 4.95 
g (53% recovery) of starting material. Finally, 0.20 g of spiro 
adduct was obtained which corresponds to 0.90 g (6.2%) of spiro 
adduct. A total isolated yield of 30.8% of spiro adduct is thus 
indicated. 

3'-Phenyl-4'-( 4-chlorophenyl)spiro[isobenzofuran- 1- 
(3H),5'(4'H)-isoxazol]-3-one (4b). (E)-3-(4-Chloro- 
benzy1idene)phthalide in methylene chloride solution was treated 
with an equivalent of benzonitrile oxide (from benzohydroxamoyl 
chloride and triethylamine) for 4 days a t  20 "C and then with 
another equivalent of benzonitrile oxide for several days. The 
mixture then was diluted with methylene chloride to dissolve all 
solids and was washed twice with water, dried (CaSO,), and 
concentrated under vacuum to an oil. MPLC of the oil with 
methylene chloride gave pure spiro adduct, mp 179-181.5 "C, in 
35% yield: NMR (CDCl,) 6 7.9-7.0 (m, 12), 6.37 (d, J = 7 Hz, 
of fine multiplets, l), 5.02 (s, 1); IR (Nujol) 1770 cm-'; MS, m / e  
(relative intensity) 377 (0.6, M+ + 2), 375 (2, M+), 256 (9.31, 229 
(23.9), 227 (56.5). Anal. Calcd for Cz2H1,C1N03: C, 70.31; H, 
3.75. Found: C, 70.37; H, 3.83. 

3'-Phenyl-4'-[ 3-(trifluoromethyl)phenyl]spiro[isobenzo- 
furan-1(3H),5'(4'H)-isoxazol]-3-one (4c). Treatment of 
(E)-3-[3-(trifluoromethyl)benzylidene]phthalide in methylene 
chloride solution with a total of 3 equiv of benzonitrile oxide (1 
equiv every 3 days) followed by workup as for 4b and MPLC with 
toluene gave spiro adduct 4c, mp 194.5-196 "C, in 42% yield: 
NMR (CDCl,) 6 7.96-7.26 (m, 12), 6.20 (d, J = 7 Hz, of fine 
multiplets, l) ,  5.15 (s, 1); IR (Nujol) 1780 cm-'. Anal. Calcd for 
C23H14F3N03: C, 67.48; H, 3.45. Found: C, 67.52; H, 3.56. 

3'-Phenyl-4'-[4-( trifluoromethyl)phenyl]spiro[isobenzo- 
furan-1(3H),5'(4'H)-isoxazol]-3-one (4d). A 9O:lO mixture of 
(E)-  and (2)-3-[4-(trifluoromethyl)benzylidene]phthalides was 
treated with 3 equiv of benzonitrile oxide in nearly identical 
fashion with that employed in the preceding experiment. The 
spiro adduct, isolated by MPLC with toluene eluent, had mp 
174-175.5 "C and was isolated in 43% yield: NMR (CDC13) 6 
7.92-7.23 (m, 12), 6.27 (d, J = 7 Hz, of fine multiplets, I), 5.16 
(s, 1); IR (Nujol) 1780 cm-'. Anal. Calcd for CZ3Hl4F3NO3: C, 
67.48; H, 3.45. Found: C, 67.38; H, 3.54. 

3',4'-Bis(4-chlorophenyl)spiro[isobenzofuran- 1 (3H),5'-  
(4'H)-isoxazol]-3-one (4e). Treatment of (E)-3-(4-chloro- 
benzy1idene)phthalide in methylene chloride solution with a total 
of 4 equiv of 4-chlorobenzonitrile oxide (1 equiv every 24 h) gave, 
after workup and MPLC with toluene, solid spiro adduct, mp 
136.5-144 "C, in 43% yield. Crystallization of this solid from 
cyclohexane gave 3.92 g (39.3%) of white solid: mp 155.5-157.5 
"C; NMR (CDCl,) 6 7.94-7.00 (m, I l ) ,  6.36 (d, J = 7 Hz, of fine 
multiplets, l ) ,  5.00 (s, 1); IR (Nujol) 1780 cm-'. The product 
tended to retain traces of solvent; for analysis, a sample was 
powdered and dried at  80 "C (0.1 torr) for several h. Anal. Calcd 
for Cz2HI3Cl2N03: C, 64.41; H, 3.19. Found: C, 64.48; H, 3.23. 

Methyl 2-(3,4-Diphenyl-5-isoxazolyl)benzoate (6a). A so- 
lution of 1.80 g (0.005 27 mol) of 3',4'-diphenylspiro[isobenzo- 
furan-1(3H),5'(4'H)-isoxazol]-3-one, 125 mL of methanol, and 0.5 
mL of concentrated H2S04 was stirred at  reflux for 40 h, cooled, 
and added to 400 mL of ice water. The mixture was extracted 
with 300 mL of ether. The ether was washed twice with aqueous 
sodium bicarbonate and once with water, dried (CaSO,), and 
concentrated under vacuum to 1.7 g of clear viscous oil. Addition 
of a small amount of toluene and hexane caused the oil to crys- 
tallize to a white solid, mp 100.5-101.5 "C, which was recrystallized 
from toluene-hexane to give 1.29 g (69%) of white solid: mp 
101.5-102.5 "C; NMR (CDCl,) 6 7.93 (m, l), 7.6-7.16 (m, 13), 3.73 
(s, 3); IR (Nujol) 1730 cm". Anal. Calcd for C2,H,,N03: C, 77.73; 
H, 4.82. Found: C, 77.57; H, 4.93. 

Methyl  2-[3-Phenyl-4-[3-(trifluoromethyl)phenyl]-5- 
isoxazolyl]benzoate (6b). Similar conditions starting with 4c 
gave 1.17 g (61%) of white solid, mp 97-98 "C. A small amount 
was recrystallized from ether-hexane to give solid: mp 97.5-98.5 
"C; NMR (CDC1,) 6 8.0 (m, l), 7.66-7.26 (m, 12), 3.73 (s, 3); IR 
(Nujol) 1730 cm-'. Anal. Calcd for Cz4HI6F3NO3: C,  68.08; H, 
3.81. Found: C, 68.03; H, 3.89. 

Methyl 2-[3,4-Bis(4-chlorophenyl)isoxazol-5-yl]benzoate 
(6c). The crude product was crystallized once from ether-hexane 
to give 1.01 g (76%) of white solid: mp 146-147 "C; NMR (CDCl,) 
6 7.93 (m, l), 7.73-6.9 (m, I l ) ,  3.76 (s, 3); IR (Nujol) 1725 cm-'. 
Anal. Calcd for CZHl5Cl2NO3: C, 65.11; H, 3.56. Found: C, 65.30; 
H, 3.70. 
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Nitrilimines have been known to react with various types 
of monosubsti tuted olefins to give predominantly 5-sub- 
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Figure 1. Classification of the interactions operated in the re- 
action of nitrilimines with monosubstituted olefins. 

stituted 2-pyra~olines.l-~ The regioselectivity of the re- 
action can be satisfactorily explained by taking into ac- 
count the HOMO of the nitrilimines where the coefficient 
of the carbon atom may be slightly larger than that of 
nitrogen It  is well-known in 1,3-dipolar cyclo- 
additions that dipole-LUMO/dipolarophile-HOMO in- 
teraction controls the regioselectivity with electron-rich 
olefins and dipole-HOMO/dipolarophile-LUMO interac- 
tion controls it with electron-poor olefins, while both in- 
teractions may be operative with conjugated olefins.2 If 
the frontier molecular orbitals of nitrilimines are as shown 
in Figure 1, then the regioselectivity of the reaction may 
be controlled only by the shape of the frontier molecular 
orbitals of dipolarophiles. The formation of the two re- 
gioisomers in the reaction of nitrilimines with unsymme- 
trically substituted olefins can be ascribed to a reversal of 
the magnitude of the coefficient a t  each carbon atom of 
the dipolarophile in the HOMO and LUMO, i.e., the 

(1) (a) Huisgen, R. Angew. Chem., Int. Ed. Engl. 1963, 2, 633. (b) 
Huisgen, R.; Knupfer, H.; Sustmann, R.; Wallbillich, G.; Weberndorfer, 
V. Chem. Ber. 1967, 100, 1580. (c) Clovis, J. S.; Eckell, A.; Huisgen, R.; 
Sustmann, R.; Wallbillich, G.; Weberndorfer, V. Ibid. 1967,100,1593. (d) 
Huisgen, R.; Sustmann, R.; Wallbillich, G. Ibid. 1967, 100, 1786. (e) 
Sustmann, R.; Huisgen, R.; Huber, H. Ibid. 1967, 100, 1802. 

(2) Houk, K. N.; Sims,,J.; Watts, C. R.; Luskus, L. J. J.  Am. Chem. 
SOC. 1973, 95, 7301. 

(3) Shimizu, T.; Hayashi, Y.; Nishio, T.; Teramura; K. Bull. Chem. 
SOC. Jpn. 1984, 57, 787. 
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possibility of both dipole-HOMO/dipolarophile-LUMO 
and dipole-LUMO/dipolarophile-HOMO. 

Recently, the details of the reaction of nitrilimine with 
vinyl sulfones were reported and the formation of 4,5-un- 
substituted pyrazole via an elimination of benzenesulfinic 
acid from initial cycloadduct, 4-(phenylsulfonyl)-2- 
pyrazoline, was described.s The regioselectivity is contrary 
to our expectation, therefore, we examined the reaction 
1 using 1-deuteriovinyl phenyl sulfone. 

I 
Ph 

I 
Ph 

Results and Discussion 
1-Deuteriovinyl phenyl sulfone was prepared via a 

base-induced deuterium exchange reaction of 2-(phenyl- 
sulfony1)ethanol to 2-(phenylsulfonyl)-2,2-dideuterio- 
ethanol followed by chlorination and then dehydrochlo- 
rination. An equimolar reaction of chlorohydrazones 1 

D20 SOCI, 

PhSOzCDzCHzCl E~,N- PhS02CD=CH2 
PhS02CH2CH20H PhS02CD2CH20D 

4 
with phenyl vinyl sulfone (3) or its deuterio derivative (4) 
were carried out a t  room temperature for 20-40 h in the 
presence of triethylamine (Scheme I). The isolated yields 
of 1,3-disubstituted pyrazoles 7 and its 5-deuterio deriv- 
atives 8 are shown in Table I. None of the 4-deuterio- 

(5) Barzaghi, M.; Beltrame, P. L.; Croce, P. D.; Buttero, P. D.; Lican- 
dro, E.; Maiorana, S.; Zecchi, G. J .  Org. Chem. 1983, 48, 3807. 
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Table I. Yield, Melting and Boiling Points, and 'H NMR Spectral Data of the Cycloadducts 7 and 8 
NMR (6)" yield, mp (bp), 

R' Rz % "C solvent 4-H 5-H others 
7a Ph H 62 79-82' CDCl3 6.7 (d) ( J  = 2.5) 7.9 (d) ( J  = 2.5) 
7b Ph NOz 42 165-166c MezSO-d, 7.1 (d) ( J  = 2.5) 8.7 (d) ( J  = 2.5) 

7~ Tol-JI NO2 32 129-131 CDC13 6.75 (d) (J = 2.7) 7.97 (d) (J = 2.7) 

7d C6D5 NO2 35 164-165 MezSO-d, 7.1 (d) ( J  = 2.8) 8.7 (d) ( J  = 2.8) 
7e C02CH, H 25 74-76d (130- CDC13 6.8 (d) ( J  = 2.7) 7.93 (d) ( J  = 2.7) 

135/3 mm) 
8a Ph H 48 78-80 CDCl, 6.73 (9) 

8b Ph NO2 38 165-167 MezSO-d6 7.13 (S) 

8~ Tol-p NO2 30 126-128 CDC13 6.77 (9) 

8d C6D, NOz 37 163-165 MezSO-d6 7.1 (s) 
8e C02CH3 H 40 74-76 (120- CDC13 6.97 (s) 

" J  in hertz. 

125/2 mm) 

mp 84-85 "C. cLit.6b mp 169 "C. dLit.6c mp 77 O C .  

7.1-8.0 (m, 10 H) 
7.3-7.6 (m, 3 H), 7.8-8.1 (m, 2 H), 8.1 

(d, 2 H, J = 9), 8.35 (d, 2 H, J = 9) 
2.38 (s, 3 H), 7.23 (d, 2 H, J = 8.5), 7.8 (d, 

2 H, J = 8.5), 7.85 (d, 2 H, J = 9.5), 
8.28 (d, 2 H, J = 9.5) 

8.1 (d, 2 H, J = 9.5), 8.35 (d, 2 H, J = 9.5) 
3.85 (s, 3 H), 7.2-7.9 (m, 5 H) 

7.2-8.05 (m, 10 H) 
7.3-7.6 (m, 3 H), 7.85-8.1 (m, 2 H), 8.15 

(d, 2 H, J = S), 8.4 (d, 2 H, J = 9) 
2.38 (s, 3 H), 7.23 (d, 2 H, J = 8.5), 7.8 

(d, 2 H, J = 8.5), 7.87 (d, 2 H, J = 9.5), 
8.28 (d, 2 H, J = 9.5) 

8.1 (d, 2 H, J = 9.5), 8.35 (d, 2 H, J = 9.5) 
3.93 (s, 3 H), 7.1-8.0 (m, 5 H) 

Figure 2. Frontier molecular orbitals of vinyl sulfones.s 

pyrazoles could be isolated in the series of the reaction with 
4. The structures of the cycloadducts were established on 
the basis of analytical and spectral data. Pyrazols 7a, 7b, 
and 7e show physical properties identical with the au- 
thentic ones.6 The regiochemistry of deuteriopyrazoles 
8 was established by a comparison of the chemical shifts 
of the pyrazole ring protons with those in the l i t e r a t~ re .~  
The chemical shifts observed at  6 6.7-7.1 in 'H NMR 
spectra of 8 correspond well with the reported values (6 
6.&7.1)7 of the pyrazole ring proton at 4-position and not 
with the values (6 7.7-8.0)7 of the pyrazole ring proton at  
5-position. 

In all reactions, 1,2-bis(phenylsulfonyl)ethane (9) or its 
monodeuterio derivative 10 were obtained in 20-40% yield. 
a-(Phenylsulfonyl)-p-tolualdehyde p-nitrophenylhydrazone 
(11) was also obtained in the reaction of IC with 2 or 3. 
The structure of 11 was assigned on the basis of elemental 
analysis and spectral data. The structure was further 
supported by the fact that 11 was also obtained from the 
reaction of IC with PhSOzNa and this material trans- 
formed to 1,4-bis(p-nitrophenyl)-3,6-di-p-tolyl-1,4-di- 
hydro-1,2,4,5-tetrazine (12) presumably via a nitrilimine 
intermediate (2c) by the treatment with alcoholic KOH 
(see Scheme I). 

The formation of these byproducts (9-11) can be ex- 
plained by the nucleophilic addition of benzenesullinic acid 
eliminated from initial cycloadducts, 1,3-disubstituted 
5-(phenylsulfonyl)-2-pyrazolines 5 and its 5-deuterio de- 
rivatives 6, to nitrilimines 2 and vinyl sulfones 3 and 4. 

(6) (a) Knorr, L.; Duden, P. Chem. Ber. 1893,26,111. (b) Auwers, K.; 
Mauss, H. Liebigs Ann. Chem. 1927, 452, 182. (c) Claisen, L.; Roosen, 
P. Liebigs Ann. Chem. 1894, 278, 274. 

(7) (a) Brugel, W. "Handbook of NMR Spectral Parameters"; Heyden 
& Son Ltd.: London, 1979; p 635. (b) Elguero, J.; Jacquier, R.; Tien Duc, 
H. C. N. Bull. SOC. Chim. Fr. 1966, 3727. (c) Elguero, J.; Jacquier, R.; 
Guiraud, G. Ibid. 1966, 619. (d) Elguero, J.; Jacquier, R. Ibid. 1966, 2832. 

The exclusive formation of 5-(phenylsulfonyl)-2- 
pyrazolines 5 and 6 in the reaction of nitrilimines with 
phenyl vinyl sulfones is contrary to the results previously 
reported in the l i t e ra t~re .~  The erroneous assignment5 of 
the regiochemistry of the products would result from the 
view that the coefficient on nitrogen in the HOMO of 
diphenylnitrilimine is larger than that of the carbon atom. 
The formation of two regioisomers in the reaction (eq 2) 

la  + RCH=CHSO$h - EtsN P h 7 , j  R P 7 ~ S 0 2 P h  

N . N A R  
I N\N * S02Ph 

Ph 
I 

13a, R-CHs 
13b, R=Ph 
1 3 ~ ,  R=COPh Ph 

14a-c 15a-c 
( 2) 

of diphenylnitrilimine with 2-substituted vinyl sulfones 
13a-c5 can also be explained on the basis of the HOMO 
energy levels and the magnitude of the coefficients at  C==C 
double bonds in 3 and 13a-c (see Figure 2). The frontier 
molecular orbitals on 3, 13a, and 13b calculated recently8 
are summarized in Figure 2. In the reaction with 13a, the 
formatian of two regioisomers can be expected because 13a 
has a reverse magnitude of coefficients between HOMO 
and LUMO and has a higher HOMO energy level than that 
of 3. The formation of 15b as the major product can be 
expected in the reaction with 13b as a result of the higher 
HOMO energy level of 13b to 13a and an absence of dif- 
ferences in the coefficients a t  the LUMO. In the case of 
13c, the molecular orbital calculation has not been re- 
ported; FMO shown in Figure 2 can be estimated by a 
simple qualitative frontier a p p r ~ a c h . ~  Thus an exclusive 
formation of 15c can be expected by dipole-HOMO/di- 
polarophile-LUMO interaction. Consequently, the facility 
of the formation of 5-substituted 4-(phenylsulfonyl)-2- 
pyrazolines 15 can be estimated to be R = PhCO > Ph > 
CH3 >> H. These expectations are in full agreement with 
the results r e p ~ r t e d . ~  

Experimental Section 
All melting and boiling points are uncorrected. The IR spectra 

were determined on a Hitachi 215 infrared spectrophotometer. 
The 'H NMR spectra were measured on a Varian T-60A in- 

(8) Caramella, P.; Albini, E.; Bandiera, T.; Coda, A. C.; Grunanger, P.; 

(9) Houk, K. N.; Sims, J.; Duke, R. E., Jr.; Strozier, R. W.; George, J. 
Albini, F. M. Tetrahedron 1983, 39, 689. 

K. J. Am. Chem. SOC. 1973, 95, 7287. 
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strument with Me4Si as an internal standard; chemical shifts are 
given in 6 units: s = singlet; d = doublet; m = multiplet. 

Materials. l-(a-Chlorobenzal)-2-phenylhydrazine (la),lo 
methyl chloroglyoxalate phenylhydrazone (le)," and phenyl Vinyl 
sulfone (3)12 were prepared according to the reported methods. 
l-(a-Chlorobenzal)-2-(p-nitrophenyl)hydrazine (lb), l-(a- 
chloro-p-tolual) -2- (p-nitrophenyl) hydrazine (1 c), 1- (a-chloro- 
2,3,4,5,6-pentadeuteriobenzal)-2-(p-nitrophenyl)hydrazine (la) 
were prepared according to the method similar to that of la. 

1-Deuteriovinyl phenyl sulfone (4) was prepared according 
to the method reported,13 except for a modification by an in- 
troduction of a deuterium exchange step. The deuterium exchange 
reaction was carried out as follows: 10 g (54 mmol) of 2-(phe- 
nylsulfony1)ethanol was added to a solution of a few pellets (ca. 
5 mmol) of NaOH in 10 mL of deuterium oxide a t  room tem- 
perature with stirring. The heterogeneous mixture was stirred 
a t  room temperature overnight and then extracted twice with 
chloroform (2 X 30 mL). The chloroform layer was dried with 
sodium sulfate and then evaporated. Distillation in vacuo gave 
6.0 g of 2-(phenylsulfonyl)-2,2-dideuterioethano1; bp 130-135 "C 
(0.1 mmHg). 

The Reaction of 1 with 3 or 4 in the Presence of Tri- 
ethylamine. Triethylamine (5 mmol) was added to a chloroform 
solution (50 mL) of 1 (5 mmol) and 3 (or 4)  (5 mmol), and the 
mixture was stirred for 40 h at room temperature. The dark brown 
mixture was washed with water several times and the chloroform 
layer was dried over sodium sulfate and evaporated. The crys- 
talline residue was chromatographed on silica gel with chloroform 
to give 1,3-disubstituted pyrazoles 7 or 8 and 1,2-bis(phenyl- 
sulfony1)ethanes 914 or 10. a-(Phenylsulfonyl)-p-tolualdehyde 
p-nitrophenylhydrazone (11) was also obtained in the reaction 
of IC with 3 or 4 in 25% and 30% yields, respectively; mp 219-224 
"C; 'H NMR (MezSO-d6) 6 2.4 (s, 3 H), 7.1 (d, 2 H, J = 9 Hz), 
7.3 (s, 4 H),  7.55-8.0 (m, 5 H), 8.02 (d, 2 H, J = 9 Hz), 10.55 (s, 
1 H, NH). Anal. 7c (calcd for Cl6Hl3N3O2: C, 68.80; H, 4.69; 
N, 15.05; and found: C, 68.81; H, 4.57; N, 15.12); 7d (calcd for 
Cl5H6DjN3O2: C, 66.65; H and D, 5.97; N, 15.54; and found: C, 
66.91; H and D, 5.89; N, 15.79); 8a (calcd for Cl5Hl1DNz: C, 81.46; 
H and D, 5.88; N, 12.66; and found: C, 81.49; H and D, 5.91; N, 
12.70); 8b (calcd for CljHlJlN30z: C, 67.67; H and D, 4.51; N, 
15.79; and found: C, 67.47; H and D, 4.30; N, 15.75); 8c (calcd 
for Cl6HlzDN3o2: C, 68.56; H and D, 5.03; N, 14.99; and found: 
C, 68.70; H and D, 4.96; N, 15.01); 8d (calcd for C15H5D6N302: 
C, 66.44; H and D, 6.27; N, 15.49; and found: C, 66.43; H and 
D, 6.29; N, 15.52); 8e (calcd for CllH9DN202: C, 65.04; H and D, 
5.42; N, 13.79; and found: C, 65.28; H and D, 5.39; N, 13.81); 10 
(calcd for Cl4Hl3DO2S2: C, 54.02; H and D, 4.82; and found: C, 
54.07; H and D, 4.87); 11 (calcd for CzoH17N,04S: C, 60.75; H, 
4.33; N, 10.63; and found: C, 60.62; H, 4.35; N, 10.59). 

Preparation of an Authentic Specimen of 11. A mixture 
of IC (0.01 mol) and sodium benzenesulfinate (0.02 mol) was 
stirred for 20 h at room temperature in tetrahydrofuran (30 mL) 
containing a small amount of water (ca. 1-2 mL). The reaction 
mixture was evaporated and the residue was well mixed with 
chloroform and water. The organic layer was dried over sodium 
sulfate and evaporated to give yellow crystals which was re- 
crystallized from ethanol to give 11 in 40% yield; mp 219-222 
"C dec. Owing to the polymorphism, the IR and NMR spectra 
of this authentic specimen are different from those of the com- 
pound 11 obtained from IC and 3 (or 4). The identity of these 
materials was established by the observation that the authentic 
sample showed the identical NMR spectra with 11 after mixing 
with a small amount of 11 in MezSO-d6 and standing for a week. 

Treatment of 11 with Alcoholic KOH. 11 (1 mmol) was 
added into stirred ethanol solution (20 mL) containing 6 mmol 
of KOH and a few drops of water a t  room temperature. Instantly, 
the solution became dark purple. After the mixture was stirred 

for 15 h, the solvent was evaporated and water (30 mL) was added 
to the residue, which was neutralized with dilute hydrochloric 
acid. Yellow crystals precipitated and were extracted with 
chloroform, the organic layer was dried over sodium sulfate and 
then evaporated to give orange colored crystals (12) in 45% yield: 
mp 319-320 OC. Anal. Calcd for CzsHz2Ns0,: H, 4.38; C, 66.39; 
N, 16.59. Found: H, 4.33; C, 66.39; N, 16.57. 

Preparation of an Authentic Specimen of 12. 12 is identical 
with an authentic specimen prepared from the treatment of a 
chloroform solution (20 mL) of IC (1 mmol) with 0.5 mL of 
triethylamine at 60 "C for 2 h. 
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Recent interest' in determining the  stereoselectivity and  
conformer specificity of t h e  enzyme UDP-glucuronosyl- 
transferase toward vicinal dihydrodiols of polycyclic aro- 
matic hydrocarbons lead t o  an investigation2 of the  use of 
kinetically stable, conformationally locked, dihydrodiols 
as substrates for t he  enzyme. For this reason, t he  kinetic 
stability of sterically hindered 4,5-dimethyl- and  3,4,5,6- 
tetramethyl-9,10-dihydroxy-9,lO-dihydrophenanthrenes is 
of considerable interest. T h e  cis isomers 1 and  2 exist as 
slowly interconverting mixtures of two conformational 
enant iomers  1M a n d  1P and 2M and 2P, respectively, 
which differ in the helicity (M or P) of t h e  biphenyl 
chromophore (Scheme I). These molecules provide then 
a convenient means t o  ascertain the  activation barrier for 
pseudorotation in the  hindered biphenyl system and, more 
interestingly, t he  magnitude of t he  buttressing of 
the  methyl groups at the  3 and 6 positions on this process. 

Racemic 1 and 2 are easily prepared by  Os04 oxidation 
of 4,5-dimethyl- and  3,4,5,6-tetramethylphenanthrene, 
respectively. T h e  antipodes 1M and  1P can be  partially 
resolved by HPLC at room temperature  on a Pirkle type 
IA ~ o l u m n . ~  Isomers 2M and 2P are more readily resolved 
on the  same column due, in part, t o  the  increased stability 
of t he  conformational antipodes at ambient  temperature. 
In both cases the  isomer of P helicity was eluted first. 
Absolute configurations of t h e  biphenyl systems can be 
assigned on  t h e  basis of the  sign of t h e  very intense dis- 

Scheme I . 
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