
filtered. The residue was washed with acetone and then re- 
crystallized twice from EtOAc to give acetate lb in 60% yield 
contaminated with ca. 4% of the 5/3 isomer. Acetate lb: mp 
143-144 'C (lit.',2a mp 148.5-150 'C; lit.2e mp 137-138 'C; lit.2f 

[lit.' [@ID -35.0'; lit.2a [aID -36.0°; lit.2epf -50.0'1; IR 2960, 2880, 
1760 cm-'; 'H NMR 6 5.4 (m, H-15, -22, -23, 3 H), 4.8 (m, H-3, 
1 H), 2.5-0.8 (m, remaining H); mass spectrum, m l e  439 (M + 
H), 379, 313, 125. 

Anal. Calcd for C30HGO2; C, 82.14; H, 10.57. Found: C, 82.54; 
H, 10.45. 
(3&5a,l7~)-Cholesta-8,14-dien-3-01 Benzoate (%a) and 

Acetate (2b). 7-Dehydrocholesterol (4a) (100 g, 0.2 mol) was 
isomerized with HC1 in the same fashion as in the preparation 
of lb to furnish, following benzoyl chloride/pyridine workup, 
benzoate 2a (63 g, 65%) as crystals (EtOAc): mp 146-147 "C (lit.2d 

2940, 2880, 1720 cm-'; 'H NMR 6 8.10 and 7.5 (m, aromatic, 5 
H); 5.4 (s, 1 H, H-15); 5.00 (m, 1 H, H-3); 2.5-0.8 (m, remaining 
H); mass spectrum, m / e  489 (M + H), 367, 123. 

Anal. Calcd for C34H4802: C, 83.55; H, 9.90. Found: C, 83.53; 
H, 9.80. 

Employing an acetic anhydride/pyridine workup afforded 
acetate 2b (55 g, 65%) after two recrystallizations from EhO: mp 
100-102 'C (litezb mp 99-100 "C; mp 101-102 "C); [aIz5D 

2940, 2880, 1760 cm-'; 'H NMR 6 4.8 (m, H-3, 1 H), 2.5-0.8 (m, 
remaining H); mass spectrum, m l e  427 (M + H), 405, 367. 

Anal. Calcd for CmHG02: C, 81.63; H, 10.87. Found: C, 81.69; 
H, 10.89. 

Registry No. la, 53639-76-2; lb, 71242-49-4; 2a, 74524-23-5; 
2b, 5226-33-5; 3a, 57-87-4; 3b, 5035-30-3; 4a, 434-16-2; 6a, 

mp 143-144 'c; lit.3c mp 139-140 'C); [.]25~ -58.2' (C 1, CHCI,) 

mp 147-148 'c); -5.5' (C 1, CHC13) [lit.2d -6.9'1; IR 

-27.1' (C 1, CHClJ [lit.2b [.]25D -21.0'; lit.2d [a]24D -22.9'1; IR 

113089-06-8; 6b, 113089-07-9. 

Supplementary Material Available: Tables of fractional 
atomic coordinates, thermal parameters, and interatomic distances 
and angles for both l a  and 6b (45 pages). Ordering information 
is given on any current masthead page. Tables of observed and 
calculated structure factors are available from the authors upon 
request. 

Designer Spin Traps with a Cyclic Nitrone 
Structure 

A. Dehnel, D. Griller,* and J. M. Kanabus-Kaminska 

Division of Chemistry, National Research Council of 
Canada, Ottawa, Ontario, Canada K I A  OR6 

Received June  25, 1987 

The technique of spin trapping2 is now being widely 
applied to probe for free radicals in biological  system^.^^^ 
For the method to work well, the traps must be efficient 
scavengers of transient free radicals and the trapping re- 
action must lead to persistent spin adducts whose hy- 
perfine splittings point to the identity of the scavenged 
radical. 

While 5,5-disubstituted 1-pyrroline N-oxidesk7 are 
known to be good spin traps and are widely em- 

their 3,3,5,5-tetrasubstituted analogues1'J2 

(1) Issued as NRCC Publication No. 28633. 
(2) Janzen, E. G. Acc. Chem. Res. 1971, 4, 31. 
(3) Janzen, E. G. Free Radicals in Biology; Academic: New York, 

1980; Vol. IV, p 115. 
(4) Rosen, G. M.; Finkelstein, E. Adu. Free Radical Bio. Med. 1985, 

I, 345. 
(5) Bonnett, R.; Brown, R. F. C.; Clark, V. M.; Sutherland, I. 0.; Todd, 

A. J. Chem. SOC. 1959, 2094. 
(6) Haire, D. L.; Janzen, E. G. Can. J. Chem. 1982, 60, 1514. 
(7) Improvements in nitrone synthesis devised by Huie and Cherry,7a 

have been applied to these compounds.7b (a) Huie, R.; Cherry, W. R. J.  
Org. Chem. 1985,50, 1531. (b) Haire, D. L.; Hilborn, J. W.; Janzen, E. 
G. J .  Org. Chem. 1986, 51, 4298. 
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G _. 4- R5' 
N I  

R 5  

0 H 

PT P IT 
R3 R3' R6 R5' 

IVa-VIa Me Me Me Me 
IVb-VIb Me Me Ph Me 
IVc-VIc Me Me (CH2)11Me Me 
IVd-VId (CH2)5 (CHz), 

Table I. Hyperfine Splitting8 for Spin Adducts VI1 
Formed in the Reactions of Various Radicals with Spin 

Traps VI (eq 1 )  

~ - B U O ' ~  PhSb CH20Hc OHd 
spin trap aN, an', G aN, an', G aN, an', G aN, an', G 

VIa 12.9, 4.0 14.0, 21.3' 15.4, 18.0 15.5, 15.5 
VIb 13.0, 10.5 13.2, 24.0 15.0 25.9 14.4, 19.1 
VIc 13.3, 5.4 14.0, 23.5 15.0, 22.0h f 
VId g 14.3, 25.0 15.0, 25.0h 14.7, 14.7 

Photolysis of di-tert-butyl peroxide in benzene. *Photolysis of 
phenylazotriphenylmethane in benzene. Photolysis of H202 (1 %) 
in phosphate buffer (pH 6) containing methanol (4%). 
dPhotolysis of H202 (1%) in phosphate buffer (pH 6). '10% of 
diastereometric spin adduct formed, c.f. ref 12. fSpin trap insolu- 
ble in buffer. gSpin adduct not detected. hIn 60% methanol. 

(Figure 1) are actually far superior since the presence of 
the additional substituents enhances the lifetimes of the 
spin adducts but has a minimal effect on the efficiency of 
the trapping reaction." However, the synthesis of tetra- 
substituted traps is not s t ra ight for~ard .~J~  Three of the 
substituents have to be incorporated into an unsaturated 
ketone, which is one of the primary synthons, and the 
fourth has to be introduced in an alkylation procedure 
toward the end of the multistep ~ y n t h e s i s . ~ J ~  

We have developed a simple method of making cyclic 
nitrone spin traps that allows substitutents of choice to 
be introduced at  the critical 3,3- and 5,5-positions. In 
addition, the synthesis introduces a carbalkoxy group at  

(8) Iwamura, M.; Inamoto, N. Bull. Chem. SOC. Jpn. 1967, 40, 702; 
1970, 43, 856. 

E. G.; Evans, C. A.; Liu, J. I.-P. J. Magn. Reson. 1973, 9, 513. 
(9) Janzen, E. G.; Liu, J. I.-P. J. Magn. Reson. 1973,9, 510; Janzen, 

(10) Marriott, P. R.; Perkins, M. J.; Griller, D. Can. J.  Chem. 1980,58, 
803. 

59, 756. 

SOC., Perkin Trans 2 1985, 1147. 

(11) Janzen, E. G.; Shetty, R. V.; Kunanec, S. M. Can. J .  Chem. 1981, 

(12) Barker, P.; Beckwith, A. L. J.; Cherry, W. R.; Huie, R. J.  Chem. 
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the 4-position, which can be elaborated during the syn- 
thesis as required.13 The approach makes use of a 2 + 
3 cy~loaddition'~ in which the groups at  the 5,5-position 
are derived from a ketone and those at the 3,3-position are 
introduced via an unsaturated ester (Scheme I). The 
synthesis of VIa that is described in the Experimental 
Section illustrates the method in detail. 

A variety of nitrones VIa-d (Scheme I) were prepared 
, by this method and all proved to be excellent spin traps 

(eq 1). Spin adducts VI1 derived in the trapping reaction 

R3' 

0' 
VI1 

X * =  I-BuO., Ph', 6H20H,  6 H  

typically had half-lives of several hours a t  radical con- 
centrations of ca. M (Table I). 

The synthesis described above achieves the flexibility 
of design advocated by RosenI4 who argued in favor of 
structures that would allow site selective incorporation of 
spin traps into biological systems. 

Experimental Section 
The description of the synthesis of IVa that follows illustrates 

the synthetic method in detail. Diethyl (aminomethyl)- 
phosphonate16 (I) was stirred for 48 h with acetone (10 mol excess) 
in the presence of molecular sieves. The solution was evaporated 
to  give the corresponding imine IIIa. A tetrahydrofuran (THF) 
solution of IIIa (0.5 M) was then added under argon a t  -70 "C 
to a stirred solution of 1 equiv of butyllithium (0.5 M in THF). 
This was followed by the slow addition of 1 equiv of ethyl 3,3- 
dimethylacrylate in the same solvent a t  -70 "C. The mixture wm 
then allowed to warm to 20 "C. After normal workup14 the 
resulting pyrroline, IVa, was purified by distillation [bp 47 "C 
(0.1 mm); yield 47%).16 

Pyrroline IVa (0.1 M, in ethanol) was reduced with a 2-fold 
excess of sodium borohydride a t  room temperature to give pyr- 
rolidine Va. After isolation, the crude pyrrolidine (0.5 M, in 
methanol) was oxidized to the nitrone by using 3 equiv of hydrogen 
peroxide (30% in water) and sodium tungstate (4 mol %).17 The 
inorganic salts were separated and the solvent wm removed leaving 
VIa (yield 90%). The nitrone (mp 44-45 "C) was recrystallized 
from pentane before it was used in spin-trapping experiments. 
'H NMR (CDCl,; standard Me4Si) CH,, m, 6 1.1-1.6 (15 H); H4, 
s, 6 2.9 (1 H); OCHz, q,  6 4.2 (2 H); H2, s, 6 6.6 (1 H). 13C NMR 
(CDCl,; standard Me4Si) CH3, q, 6 14.2-28.5 ( 5  C); C3, s, 6 41.0; 
C4, d ,  6 59.4; OCH2, t ,  6 60.7; C6, s, 6 75.9; C2, d, 6 139.0; C(O), 
s, 6 168.7. 

In general, the compounds described in this work were new 
materials, with the exception of IVd, and they were characterized 
by elemental analysis [(calcd) found]. 

Pyrrolines obtained in the cycloaddition reactions were analyzed 
as picrates: IVa, Cl7HZ2N4O9, mp 138-139 "C, C (47.88), 47.60; 
H (5.20), 5.70; N (13.19), 13.01. IVb, C22H24N409, mp 167-168 
"C, C (54.99), 54.82; H (4.95) 4.78; N (11.47), 11.37. IVc was used 
as a crude distillate. IVd, CZ3H3,N4O9, mp 165 "C (lit.5 mp 165 
"C). 

(13) For example, base hydrolysis of pyrrolidine V leads to the free 
acid which can be elaborated before the final oxidation step to the ni- 
trone. 

(14) Dehnel, A.; Lavielle, G. Tetrahedron Lett. 1980,21,1315. Dehnel, 
A. Ph.D. Thesis, Universitg d'orleans, Orleans, France, 1983. 

(15) Ratcliffe, R. W.; Christensen, B. G. Tetrahedron Lett. 1973,4645. 
(16) Overall yields of pyrrolines IV were much greater when conden- 

sations to form I11 from other ketones were carried out by azeotropic 
distillation of water. 

(17) Markowicz, T.; Skolimowski, J.; Skowronski, R. Pol. J.  Chem. 
1981,55,2505. Mitsui, H.; Zenki, S.; Shiota, T.; Murahashi, S. J.  Chem. 
SOC., Chem. Commun. 1984, 874. 

Pyrrolidines were analyzed as their hydrochloride salts or as 
pure crystalline materials: Va (hydrochloride), CllH22N02C1, mp 
115-116 "C, C (56.04), 55.83; H (9.41), 9.26; N (5.94), 5.58; C1 
(15.04), 14.51. Vb, C16H24N02, mp 142-143 "C, C (64.50), 64.70; 
H (8.121, 8.30; N (4.70), 4.52. Vc used as a crude oil. Vd, C17- 
H%NO2, mp 51-52 "C, C (73.07), 72.70; H (10.46), 10.37; N (5.01), 
4.88. 

Nitrones were generally analyzed as pure solids: VIa, Cll- 
H19N03, mp 44-45 "C, C (61.94), 61.69; H (8.98), 9.02; N (6.57), 
6.50. VIb, Cl6Hz1NO3, mp 60-61 "C, C (69.751, 69.95; H (7.69), 
7.21; N (5.09), 4.73. VIc, C22H41N03, oil identified by GC/MS; 
ion (relative abundance), 367.4 (4) p', 278.4 (100). VId, C1,H&03, 
mp 130 "C, C (69.59), 68.79; H (9.28), 9.07; N (4.77), 4.42. 

Registry No. I, 50917-72-1; IIIa, 113086-37-6; IVa, 113086-38-7; 
IVb, 113086-41-2; IVc, 113086-42-3; IVd, 75373-56-7; Va, 

VIa, 113086-40-1; VIb, 113086-46-7; VIc, 113086-47-8; VId, 
113086-48-9; VIIa (x = t-BuO), 113086-49-0; VIIa (X = Ph),  
113086-52-5; VIIa (X = HOCH2), 113086-55-8; VIIa (X = OH), 

113086-39-8; Vb, 113086-43-4; VC, 113086-44-5; Vd, 113086-45-6; 

113086-58-1; VIIb (X = t-BuO), 113086-50-3; VIIb (X = Ph),  
113086-53-6; VIIb (X = HOCHZ), 113086-56-9; VIIb (X = OH), 
113086-59-2; VIIC (X = t-BuO), 113086-51-4; VIIC (X = Ph), 
113086-54-7; VIIC (X = HOCHZ), 113086-57-0; VIId (X = Ph),  
113108-96-6; VIId (X = HOCHZ), 113108-97-7; VIId (X = OH), 
113108-98-8; t-BuO., 3141-58-0; Ph., 2396-01-2; HOCHZ., 2597- 

638-10-8. 
43-5; HO., 3352-57-6; acetone, 67-64-1; ethyl 3,3-dimethylacrylate, 
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The enzymatic resolution of meso and prochiral com- 
pounds has been applied to several diesters in order to 
prepare chiral synthons of high enantiomeric excess (ee).1,2 
Among 3-substituted glutarate diesters, 3-hydroxy- 
glutarates la and lb have been used as substrates for the 
enzymatic hydrolysis catalyzed by pig liver esterase (PLE)? 
a-chymotrypsin (CHY),3p4 and esterases from microor- 
ganism~.~  From the results so far obtained, glutarates la 

OR' 
I n 

R 2 0 0 C  COOR2 

la :  R'=H,  R2=Me 
b: R1=H. R2=Et  
c: R'=Ac. R2= Me 
d: R'=Ac. R2= Et 

and lb  appear to be poor substrates for PLE and CHY, 
since variable and low enantioselectivity has been found 
in the enzymatic hydrolyses.2g6 On the other hand, methyl 
hydrogen (R)-  and (S)-3-hydroxyglutarates (2a) could be 
excellent starting materials for the synthesis of several 
natural products such as p imar i~ in ,~  the lactone portion 
of mevinic acids,7 L-carnitine, and (R)-4-amino-3- 
hydroxybutanoic acid (GABOB).5 
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