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would give the  S configuration at C-6 and (2-12 of 3 and 
would retain the P twist of the  biphenyl. 
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Reaction of the a-a l ly l  P-diketones 5 w i t h  excess HONH2 yielded the bicycl ic pyrro l id ine derivatives 7 in which 
a new N-C b o n d  h a d  been formed by cyclization o f  a n  intermediate N-(4-pentenyl)hydroxylamine 14. Study of 
conversion o f  the  N-a lkenylhydroxy lamine 20 t o  f o r m  the cyclic hydroxylamine 24a and the  electrochemical ox i -  
dat ion of hydroxylamines 20,24a, and 31 suggested t h a t  these ring closures 14 - 15 occur by a radical chain pro- 
cess invo lv ing a n  intermediate n i t rox ide radical 37. 

An earlier investigation3 of the  reaction of 3,3-disubsti- 
tuted 2,4-pentanediones (1, Scheme I) with excess hydrox- 
ylamine had provided the curious observation tha t  al- 
though the dimethyl derivative la could be converted ei- 
ther  to the  isoxazoline 2 or the dioxime 3, the  dipropargyl 
derivative l b  was remarkably resistant t o  conversion be- 
yond the isoxazoline stage 2. In seeking further information 
relating to  these observations, reaction of the diallyl deriv- 
ative IC with excess hydroxylamine was also examined. 
Again, formation of an isolable dioxime 3 was unfavorable; 
treatment of the  isoxazoline 2 (R = allyl) with hydroxyl- 
amine under vigorous conditions led to the  formation of an  
unexpected isomeric substance subsequently shown to  have 
the  structure 4. In this paper we describe the evidence on 
which the  assignment of structure 4 is based and also de- 
scribed are our observations pertaining to  the mode of for- 
mation of this substance. 

Two 1,a-diketone substrates, 5a and 5 b  (Scheme 11), 
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sumably in equilibrium with the dioxime 12) followed by 
closure to  cyclic product 7. The  unusual reaction in this se- 
quence is the final cyclization 13 - 7 (or more generally, 14 - 15) tha t  results in the  formation of a new C-N bond a t  
an unactivated olefinic carbon under mild conditions. In  
considering the nature of this reaction, we were attracted 
by the apparently analogous oxidative cyclizations5 of the 
unsaturated hydroxylamine 16 to  the nitroxide 175a and 
the  N-chloroamine 18 to  the bicyclic amine 19.5b T o  exam- 
ine this cyclization further, the unsaturated hydroxylamine 
20 was synthesized by the route indicated in Scheme IV. 

The synthesis of hydroxylamine 20 was initially compli- 
cated by the  fact tha t  the nitro olefin 22 was not reduced 
by a mixture of aluminum amalgam and HzO in Et20 or 
THF,  conditions which reduce the seemingly analogous 3- 
nitro-3-methylpropane to  31 in high yield.6 Consequently, 
the  more vigorous reducing system, Zn and aqueous 
NHdC1, was employed7 resulting in partial overreduction of 
the  nitro olefin 22 to  form a mixture of the hydroxylamine 
20 and the  amine 23. The  synthesis was further complicat- 
ed by the  instability of 20; when mixtures 3ontaining this 
hydroxylamine 20 were either heated or allowed to  stand, 
conversion to  the cyclic hydroxylamine 24a occurred and 
exposure of mixtures containing 20 to  air resulted in rapid 
oxidation either to  the cyclized products 24a or 27 or to  a 

Scheme I11 
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were selected for further study. Reaction of either of these 
products with 1 molar equiv of NHzOH (from HONHSCl + 
NaOAc) in aqueous dioxane or aqueous EtOH afforded the 
corresponding isoxazoline 6 tha t  was isolated and fully 
characterized. Reaction of either the diketone 5 or the cor- 
responding isoxazoline 6 with excess NHzOH in refluxing 
aqueous EtOH or refluxing aqueous dioxane for a period of 
6-24 h produced the bicyclic products 7. In each case, the 
predominant product was one stereoisomer of structure 7; 
from the reaction with the diallyl ketone 5a, a second un- 
identified minor product, isomeric with 7a, was isolated 
tha t  appears to  be a structural rather than a stereoisomer 
of 7a. From reaction with the diketone 5b, two stereoiso- 
mers of structure 7b and a third minor component identi- 
fied as the dioxime 9 were also isolated. This saturated 
dioxime 9 is not further altered by the conditions of the re- 
action and, consequently, is not an intermediate in the for- 
mation of the bicyclic hydroxylamine 7b. When these same 
reaction conditions were applied to  the  a-allyl ketone 10, 
only the expected oxime 11 was isolated indicating that  the 
ring-closure reactions to  form products 7 were not charac- 
teristic of prolonged reaction of simple a-allyl ketones with 

The spectroscopic properties (see Experimental Section) 
of the cyclic hydroxylamine derivatives 7 and the corre- 
sponding 0-benzoates 8 taken with the structures of the 
starting materials 5 and the intermediates 6 served to de- 
fine completely the structures 7. I t  was therefore probable 
tha t  the reaction pathway involved in these transforma- 
tions was the transformation of the isoxazoline 6 (Scheme 
111) to the unsaturated hydroxylamine 13 (which is pre- 
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volatile blue material believed to  be the nitroso compound 
36. These experimental difficulties were circumvented by 
acylating the mixture of the hydroxylamine 20 and the 
amine 23 to  form mixtures of either the  acetyl derivatives 
25a and 26 or the benzamide 25b and the dibenzoyl deriva- 
tive 28. Each of these mixtures was separable by chroma- 
tography and the N,O-dibenzoyl derivative 28 was suffi- 
ciently stable to permit purification and complete charac- 
terization. Although the thermal instability of the liquid 
0-acetate  26 prevented us from obtaining i t  in analytically 
pure form, i t  was obtained in sufficient purity by chroma- 
tography to  permit its use in a base-catalyzed methanolysis 
to  generate solutions of the hydroxylamine 20 uncontami- 
nated with the  amine 23. Solutions of this hydroxylamine 
20, obtained either from the nitro compound 22 or from the  
0-acetate  26, underwent cyclization to  the cyclic hydroxyl- 
amine 24a (characterized as the benzoate 24b) when either 
heated on a !ateam bath or allowed to  stand overnight. Ex- 
posure of this cyclic hydroxylamine 24a t o  0 2  (air), espe- 
cially in the presence of a catalytic amount of a Cu(I1) salt, 
resulted in oxidation to  form the nitrone 27. 

Authentic samples of the cyclic hydroxylamine 24a, the  
benzoate 24b, and the nitrone 27 were obtained from the 
nitrone 30 as indicated in Scheme V. Deliberate exposure 
of solution of the hydroxylamine 20 to  0 2  resulted in the 
generation of a volatile, blue-colored material (presumable 
the  nitroso compound 36) and resulted in diminished yields 
of the cyclized products 24 and 27. The best yield of ben- 
zoylated cyclized product 24b (20% based on the 0-acetate  
2618 was obtained when the most precautions were taken to  
minimize the  concentration of 0 2  present during the cycli- 
zation. 

To  examine the oxidation of N-alkyl hydroxylamines 

electrochemically, we studied the behavior of hydroxyl- 
amine derivatives 20, 24a, 26, and also, as model com- 
pounds, hydroxylamine derivatives 31 and 33 (Scheme VI). 
It should be noted in passing tha t  0-acylated N-alkyl hy- 
droxylamines such as 26 and 33, whose regioselective prep- 
aration has sometimes presented difficulty? were readily 
prepared by reaction of the N-alkyl hydroxylamines 20 and 
31 with AczO in the absence of pyridine. By contrast, reac- 
tion of these hydroxylamines with either PhCOCl or 
CHBCOCl in the  presence of pyridine yielded the  N,O-di- 
acylated derivatives 28, 34, and 35. Neither the 0-acetates  
26 and 33 in MeOH solution nor the hydroxylamine 31 in 
DMF or in neutral (pH 7) aqueous solution exhibited a po- 
larographic oxidation wave a t  a potential less positive than 
+0.2 V vs. SCE. As aqueous or methanolic solutions of 31 
were made more basic, the oxidative wave shifted to pro- 
gressively more negative potentials (corresponding to  in- 
creasing ease of oxidation) with Eli2 values of -0.20 V vs. 
SCE and -0.51 V vs. SCE being obtained for aqueous solu- 
tions of 31 a t  pH 10.0 and ca. 13, respectively.1° This obser- 
vation, taken with the estimatedgb pK, values 6 and 12-13 
for the transformations RN+HZOH - H+ - RNHOH - 
H+ - RNHO-, suggest tha t  the  hydroxylamine anion, 
RNHO-, is probably the species responsible for the very 
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ready air oxidation of RNHOH compounds in neutral and 
alkaline solution. In alkaline MeOH solution the  hydrox- 
ylamines 31 (E112 = -0.39V vs. SCE), 20 (Ell2 = -0.42 V vs. 
SCE, prepared from 26), and 24a (E1/2 = -0.47 V vs. SCE) 
are all oxidized with about  equal ease. 

Consequently, our data suggest that the  ring closure re- 
action being studied proceeds from the  acyclic hydroxyl- 
amine 14 (or 20) to the  cyclic hydroxylamine 15 (or 24a) 
and tha t  subsequent formation of a nitrone such as 27 (or a 
nitroxide such as 176a where nitrone formation is not possi- 
ble) is the  result of oxidation of the intermediate cyclic hy- 
droxylamine (e.g., 15). Since the transformation 14 --c 15 
involves no net  change in oxidation level and yet appears t o  
be promoted by traces of oxidizing agents, we believe that 
the most reasonable interpretation involves a radical chain 
mechanism such as t h a t  illustrated in Scheme VII.llc In 

Scheme VI1 
,CH2-CH, 

H 
38 

I 
OH 

15 

RNHOH -I- RN=O =F= SRNHO. 
40 41 42 

this scheme only a catalytic amount  of the  intermediate ni- 
troxide 37 is required t o  propagate the reaction chain and 
the  subsequently formed carbon radical 38 (whose forma- 
tion is analogous t o  the  cyclization of a 5-hexenyl radical 
and to cyclization of the  N radical derived from 18) should 
be readily reduced by the  hydroxylamine 15 present. Al- 
though the  generation of the nitroxide 37 is formulated as a 
direct oxidation, i t  is also possible that the nitroxide arises 
by initial oxidation of a small amount of the starting hy- 
droxylamine 40 t o  a nitroso compound 41 followed by the  
knownl1asb interaction of 40 and 41 t o  produce a nitroxide 
42. This  latter equilibration involving a nitroso compound 
is consistent with our observations that a faint blue color 
(attributable to 36) was always observed when we generat- 
ed a solution of the hydroxylamine 20 in the  absence of a 
reducing agent. 

We hope t o  define the  scope and limitations of this cycli- 
zation reaction in synthesis from experiments now in prog- 
ress. One preliminary experiment (see Experimental Sec- 
tion) with a solution of the  hydroxylamine 31 in  cyclohex- 
ene suggested that intermolecular analogues of the  reaction 
14 ---, 15 are not favorable. 

Experimental Sectioni2 
Reaction of the Diketone 5a with HONH2. The diallyl dike- 

tone 5a, obtained by the alkylation of 2,4-~entanedione,'~ exhib- 

ited the following NMR peaks (CCI4): 6 4.8-5.9 (6 H, m, vinyl CHI, 
2.62 (4 H, d, J = 6 Hz, allylic CHz), and 2.03 (6 H, s, CHsCO). A 
solution of 60.0 g (0.33 mol) of the diketone 5a, 23.2 g (0.33 mol) of 
HONHZ-HCl, and 27.9 g (0.33 mol) of NaOAc in 175 g of H2O and 
205 g of dioxane was refluxed for 6.5 h and then concentrated 
under reduced pressure. The residue was extracted with Et20 and 
the Et20 solution was dried and concentrated to leave 67.1 g of re- 
sidual yellow liquid containing (GLC, silicone SE-30 on Haloport 
F) the diketone 5a (retention time 3.4 min, ca. 2%), an unknown 
component (4.9 min, ea. 12%), and the isoxazoline 6a (7.3 min, ca. 
86%). A 34-g fraction of the crude product was distilled to separate 
11.8 g of forerun [bp 84 "C (1.5 rnm)-100 OC (0.5 mm)], and 17.2 g 
of the pure (GLC) isoxazoline 6a: bp 100 O C  (0.5 mm); ir (CCL) 
3590,3420 (broad, free and associated OH), and 1640 cm-' (C-C); 
NMR (CCld) 6 4.8-6.2 (6 H, m, vinyl CH), 4.22 (1 H, s, OH), 1.9-2.9 
(4 H, m, allylic CH2), 1.83 (3 H, s, CH3), and 1.47 (3 H, s, CH3). 

Anal. Calcd for CllH17N02: C, 67.66; H, 8.78; N, 7.17. Found: C, 
67.37; H, 8.66; N, 7.15. 

After a solution of 485 mg (2.69 mmol) of the diketone Sa, 1 . 8 7  g 
(26.9 mmol) of HONHpHCl, and 220 mg (26.9 mmol) of NaOAc in 
15 ml of H2O and 15 ml of dioxane had been refluxed for 6 h, the 
reaction solution was partitioned between H2O and CHzC12. The 
CH2CIz solution was washed with HzO, dried, and concentrated to 
leave 539 mg of colorless liquid that was chromatographed on silica 
gel with EtzO-hexane mixtures as eluents. After separation of 8 
mg of an early fraction containing an uncharacterized solid (mp 
192-198 "C), the subsequent fractions contained 441 mg (84%) of 
the liquid isoxazoline 6a followed by 43 mg of the bicyclic hydrox- 
ylamine 7a. The latter fraction was crystallized from hexane-Et20 
to separate 40 mg (7.1%) of one isomer of the bicyclic hydroxyl- 
amine 7a as white prisms, mp 82-84 OC. When an analogous oxper- 
iment was performed using 507 mg (2.59 mmol) of the isoxazoline 
with 1.80 g (25.9 mmol) of HONH2sHCl and 2.13 g (25.9 mmol) of 
NaOAc, the bicyclic material 7a isolated after chromatography 
and crystallization amounted to 40 mg (7.4%), mp 81.5-83.5 O C .  

Recrystallization raised the melting point of the bicyclic hydroxyl- 
amine 7a to 88-89 OC: ir (CCW 3580, 3420 (free and associated 
OH), and 1640 cm-' (C=C); NMR (CCla) 6 4.9-6.0 (3 H, m, vinyl 
CH), 2.5-3.0 (1 H, m, NC<), 2.42 (2 H, d, J = 6.5 Hz, further par- 
tially resolved splitting apparent, allylic CHz), 1.86 (3 H, s, CH3), 
1.53 (3 H, s, CH3), 1.20 (3 H, d, J = 6 Hz, CH3), and 1.1-2.0 (2 H, 
m, CHd. 

Anal. Calcd for C11HlsN202: C, 62.83; H, 8.63; N, 13.32. Found: 
C, 62.88; H, 8.91; N, 13.24. 

The natural abundance I3C NMR spectrum of hydroxylamine 
7a, measured in CDC13 solution with added Me&, is summarized 
in the following structure. The chemical shift assignments, indicat- 
ed in parts per million, are consistent with the spectrum measured 
with off-resonance decoupling. 

132.1 4 CH=CH, +- 118.6 
I 

I 105.0('&H:1( 
17.0.19.1 

2 
57.0 

OH 
Reaction of the hydroxylamine 7a with excess PhCOCl in pyri- 

dine yielded a benzoate 8a: mp 87-88 OC (mixture with 7a, mp 
66-82 OC); ir (CCl4) 1755 cm-' (ester C=O) with no absorption in 
the 3-11 region attributable to NH or OH groups; uv maxima (95% 
EtOH) 225 nm (E 12500) and 271 (966); NMR (cc14) 6 8.0-8.3 (2 
H, m, aryl CH), 7.3-7.7 (3 H, m, aryl CH), 5.0-6.2 (3 H, m, vinyl 
CH), 3.0-3.6 (1 H, m, NCH<), 2.48 (2 H, d, J = 6.5 Hz, allylic CHz, 
further partially resolved splitting apparent), 1.85 (3 H, s, CHd, 
1.40 (3 H, s, CHs), 1.3-2.1 (2 H, m, CHz), and 1.13 (3 H, d, J = 6 
Hz, CH3). 

Anal. Calcd for ClaHz2N203: C, 68.77; H, 7.05; N, 8.91. Found: C, 
68.89, H, 6.99; N, 8.90. 

Reaction of the Diketone 5b with HONH2. The reaction of 3- 
methyl-2,4-pentanedione with allyl bromide and KzC03 in acetone 
followed by fractional distillation afforded the diketone 5b as a 
colorless liquid: bp 66-75 "C (5.7 mm), n25D 1.4504 [lit.14 bp 85-89 
OC (10 mm), n"D 1.45501; ir (cc14) 1720, 1700 (C=o), and 1640 
cm-' (C-C); NMR (CC14) d 4.8-5.9 (3 H, m, vinyl CH), 2.56 (2 H, 
d, J = 6.5 Hz, allylic CH2), 2.3 (6, H, s, CHsCO), and 1.27 (3 H, s, 
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CH3). A solution of 17.79 g (115 mmol) of the diketone Kb, 8.35 g 
(120 mmol) of HONH2.HC1, and 9.84 g (120 mmol) of NaOAc in 
100 ml of HzO and 100 ml of dioxane was refluxed for 5 h and then 
concentrated under reduced pressure. The residue was partitioned 
between HzO and CHzClz and the organic layer was washed with 
H20, dried, and concentrated. Distillation of the residual liquid 
(17.32 g) Separated 13.95 g (72%) of the crude isoxazoline 6b as a 
colorless liquid, bp 87-89 "C (0.68 mm), that contained (TLC, sili- 
ca gel coating) the stereoisomeric isoxazolines and a second more 
rapidly eluted component. Chromatography on silica gel with 40% 
EtpO in hexane separated in the later fractions a mixture of the 
stereoisomeric isoxazolines 6b as a colorless liquid: nZ6D 1.4831; ir 
(cc14) 3600,3420 (broad, free and associated OH), and 1640 cm-' 
(C=C); uv (95% EtOH) end absorption with e 2860 at  210 nm; 
NMR (CC4) 6 4.8-6.3 (4 H, m, vinyl CH and OH, 1 H exchanged 
with DzO), 2.0-3.0 (2 H, m, allylic CHz), 1.87 (3 H, s, CH3), 1.46 
and 1.43 (two singlets, total 3 H, CH3 of epimers), 1.12 (8 ,  39% of 3 
H, CH3 of one epimer), and 0.97 (s,61% of 3 H, CH3 of one epim- 
er); mass spectrum m/e (re1 intensity) 169 (11, M+), 152 (42), 127 
(33), 112 (60), 110 (59), 108 (69), 97 (76), 94 (37), 82 (56), 69 (581, 
68 (94), 67 (loo), 55 (30), 53 (49), 43 (69), 42 (45), 41 (39), and 39 
(33). 

Anal. Calcd for CgH15N02: C, 63.88; H, 8.94; N, 8.28. Found: C, 
63.86; H, 8.97; N, 8.32. 
To establish the stability of the isoxazoline 6b to boiling HzO, a 

solution of 111 mg of 6b in 3 ml of HzO was refluxed for 3 h and 
then cooled and extracted with CHC13. The extract was dried and 
concentrated to leave 109 mg of the unchanged isoxazoline 6b that 
was identified by TLC analysis and comparison of ir spectra. A so- 
lution of 2.087 g (12.4 mmol) of the isoxazoline 6b, 8.59 g (124 
mmol) of HONHZ.HC1, and 10.12 g (124 mmol) of NaOAc in 45 ml 
of HzO was refluxed for 2.5 h and then cooled, treated with 
NaHC03, and extracted with CHZC12. The organic extract was 
washed with HpO, dried, and concentrated to leave 1.125.g of col- 
orless liquid. Fractional crystallization from a PhH-hexane mix- 
ture separated 669 mg of isomer A of the hydroxylamine 7b as 
white prisms, mp 85-92 OC, and 45 mg of isomer B of the hydroxyl- 
amine 7b as white prisms, mp 147-156 OC. The mother liquor from 
these crystallizations was chromatographed on silica gel. The early 
fractions (eluent, 40% Eta0 in hexane) contained 28 mg of the 
crude solid dioxime 9. Recrystallization (EtzO-hexane) afforded 
the pure dioxime 9, mp 167.5-169", whose comparison with an au- 
thentic sample is described subsequently: ir (CHC13) 3580 and 
3290 cm-' (broad, free and associated OH); NMR (CD3COCD3) 6 
9.67 and 2.91 (2 H, s, OH, exchanged with DzO), 1.67 (6 H, s, CHd, 
1.20 (3 H, s, CH3), and 0.8-1.9 (7 H, m, aliphatic CH); mass spec- 
trum m/e (re1 intensity) 169 (la), 128 (loo), 112 (34), 100 (21), 55 
(32), 43 (37), 42 (47), and 41 (31). 

C. 58.17: H. 9.82: N. 15.05. 
Anal. Calcd for CeHlsNzOz: C, 58.03; H, 9.74; N, 15.04. Found: 

The next chromatographic fractions (eluent 70% EtzO in hex- 
ane) contained 37 mg of isomer B of the hydroxylamine 7b, mp 
148-157 OC (total yield 82 mg or 3.6%). Recrystallization (EtzO- 
hexane) separated the pure isomer B of the hydroxylamine 7b as 
white prisms: mp 157-158.5 "C; ir (CHC13) 3570,3350 (broad, free 
and associated OH), and 1620 cm-l (C=N); uv (95% EtOH) end 
absorption with c 2570 at  210 nm; NMR (CDC13) 6 6.25 (1 H, s, 
OH, exchanged with DzO), 2.6-3.3 (1 H, m, NCH<), 1.88 (3 H, s, 

CH3), and 1.2-1.8 (2 H, m, CHz); mass spectrum m/e (re1 intensi- 
ty) 184 (44 M+), 128 (16)- 127 (loo), 126 (13), 112 (33), and 43 (13). 

Anal. Calcd for CgH16NzOz: C, 58.67; H, 8.75; N, 15.21. Found: 
C, 58.79; H, 8.82; N, 15.33. 

The final fractions from the chromatography contained 143 mg 
of isomer A of the hydroxylamine 7b, mp 91-92 "C (total yield 812 
mg or 36%). Recrystallization (PhH-hexane) afforded the pure iso- 
mer A of the hydroxylamine 7b as white prisms: mp 91.5-92.5 "C; 
ir (CHCl3) 3580, 3430 (OH), and 1630 cm-' (C=N); uv (95% 
EtOH) end absorption with z 3330 at  210 nm; NMR (CDCI3) S 4.7 
(broad, 1 H, OH, exchanged with D20), 2.4-3.0 (1 H, m, NCH<), 
1.85 (3, H, 8,  CH3), 1.46 (3 H, 8,  CH3), 1.20 (3 H, CH3), 1.20 (3 H, d, 
J = 6 Hz, CH3), and 1.2-2.1 (2 H, m, CH2); mass spectrum m/e (re1 
intensity) 184 (23, M+), 127 (loo), 112 (58), 110 (28), and 43 (14). 

Anal. Calcd for CaHlaNzOz: C, 58.67; H, 8.75; N, 15.21. Found: 

CHa), 1.38 (3 H, 8,  CH3), 1.21 (3 H, d, J 6 Hz, CH3), 1.18 (3 H, 8,  

~. ~ ~ 

C, 58.82; H, 8.77; N, i5.10. 
The natural abundance 13C NMR sDectrum of hydroxvlamine 

7b, measured in CDCIs solution with added Mersi, is summarized 
in the following structure. The chemical shift assignments, indicat- 
ed in parts per million, are consistent with the spectrum measured 
with off-resonance decoupling. 

To a cold (0 "C) solution of 818 mg (4.45 mmol) of the hydroxyl- 
amine 7b, isomer A, in 3 ml of anhydrous pyridine was added 1.0 
ml of freshly distilled PhCOCl. The mixture, from which a white 
solid separated, was stirred for 30 min at 25 OC and then parti- 
tioned between CHCl3 and aqueous NaHC03. The organic laye; 
was washed with HzO, dried, and concentrated. The residual yel- 
low liquid (1.724 g) was chromatographed on silica gel. The early 
fractions (473 mg, eluent 20% Et20 in hexane) contained benzoic 
acid and the later fractions (1.262 g, eluent 50% Et20 in hexane) 
contained the benzoate 8b as a pale yellow liquid. Short-path dis- 
tillation (150-152 OC at 0.03 mm) separated 981 mg (77%) of the 
benzoate 8b as a viscous liquid: ir (Cc4) 1755 cm-l (ester C=O) 
with no absorption in the 3-ji region attributable to OH or NH 
groups; uv max (95% EtOH) 229 nm (c 143001,278 (10501, and 280 
(824); NMR (CCW 6 7.8-8.3 (2, H, m, aryl CH), 7.2-7.7 (3 H, m, 
aryl CH), 2.9-3.6 (1 (1 H, m, NC<), 1.82 (3 H, s, CH3), 1.34 (3 H, s, 
CH3), 1.26 (3 H, s, CHs), 1.12 (3 H, d, J = 6 Hz, CH3), and 1.4-2.2 
(2 H, m, CHz); mass spectrum m/e (re1 intensity) 288 (3, M+), 125 
(20), 122 (47), 111 (27), 105 (loo), 96 (27), 77 (42), and 43 (20). 

Anal. Calcd for C16HzoNz03: C, 66.64; H, 6.99; N, 9.72. Found: C, 
66.41; H, 7.00; N, 9.65. 

Reaction of 3-Methyl-3-propyl-2,4-pentanedione with 
HONH2. A solution of 3.557 g (23.1 mmol) of the diketone 5b in 20 
ml of EtOAc was hydrogenated at 1 atm and 25 "C over 745 mg of 
a 5% Pt on carbon catalyst. After 4 h when 670 ml (1.3 equiv) of Hz 
had been absorbed, the reaction was stopped and the reaction mix- 
ture was filtered and concentrated. A cold (0 "C) solution of the re- 
sidual liquid in 35 ml of acetone was treated with excess aqueous 8 
N HzCr04. After this mixture had been stirred at 0 "C for 10 min, 
isopropyl alcohol was added to destroy the excess oxidant, and the 
solution was concentrated and partitioned between CHzClz and di- 
lute aqueous HCl. The organic layer was washed with H20, dried, 
concentrated, and distilled to separate 3.084 g (83%) of 3-methyl- 
3-propyl-2,4-pentanedione as a colorless liquid: bp 68-73 OC (4.7 
mm); nZSD 1.4360-1.4369; ir (cc14) 1720 and 1695 cm-' (C-0); uv 
max (95% EtOH) 291 nm (c 137); NMR (CCl4) 6 2.02 (6 H, s, 
CHsCO), 1.26 (3 H, s, CHa), and 0.8-2.0 (7 H, m, aliphatic CH); 
mass spectrum m/e (re1 intensity) 104 (971, 85 (loo), 57 (21), 43 
(68), and 41 (34). 

Anal. Calcd for C9H1602: C, 69.19; H, 10.32. Found: C, 69.36; H, 
10.38. 
A solution of 830 mg (5.32 mmol) of 3-methyl-3-propyl-2,4-pen- 

tanedione, 1.11 g (15.9 mmol) of HONHpHCl, and 1.31 g (15.9 
mmol) of NaOAc in 20 ml of H20 was refluxed for 3 h and the re- 
sulting suspension was cooled and extracted with EtOAc. The or- 
ganic solution was washed with HzO, dried, and concentrated to 
leave 838 mg of semisolid residue. Recrystallization from EtOAc- 
hexane separated 313 mg (32%) of the dioxime 9 as white needles, 
mp 165.5-167 "C. The product was identified with the previously 
described material by a mixture melting point determination and 
by comparison of ir spectra. 

Preparation of the Ketone 10 and Its Oxime 11. To a cold 
(5-10 "C) solution of the enolate, obtained by reaction of 332 
mmol of MeLi (halide-free, Foote Mineral Co.) in 350 ml of DME 
with 24.17 g (157 mmol) of l-acetoxy-2-methylcyclohexene,15 was 
added, rapidly and with stirring, 40.2 g (332 mmol) of freshly dis- 
tilled allyl bromide. The resulting solution was stirred for 3 min 
and then partitioned between hexane and aqueous NaHC03. The 
organic layer was dried, concentrated, and fractionally distilled to 
separate 11.7 g (48%) of the ketone 10 as a colorless liquid, bp 92- 
100 "C (20 mm), n2% 1.4693 [lit.lS bp 85-87 OC (12 mm)]. This 
product 10 exhibited a single GLC peak (silicone gum, SE-30, on 
Chromosorb P) at 7.5 min and did not contain any significant 
amount of 2-methylcyclohexanone (GLC retention time 3.5 min): 
ir (CClr) 1710 (C=O) and 1642 cm-l (C=C); uv max (95% EtOH) 
288 nm (c 45); NMR (CC14) 6 4.7-6.0 (3 H, m, vinyl CH), 2.0-2.5 (4 
M, m, CHzCO and allylic CHz), 1.5-2.0 (6 H, m, aliphatic CHz), 
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and 1.02 (3 H, s, CH3); mass spectrum m/e (re1 intensity) 152 (M+, 
52), 137 (53), 109 (75), 95 (53), 93 (78), 83 (641, 81 (50), 68 (54),67 
(81), 55 (loo), and 41 (68). 

A solution of 1.271 g (8.37 mmol) of the ketone 10, 1.81 g (26 
mmol) of HONHrHCl, and 3.5 g (26 mmol) of NaOAc in 10 ml of 
HzO and 10 ml of EtOH was refluxed for 6 h and then cooled and 
partitioned between CHzClz and aqueous NaHC03. The organic 
solution was washed with aqueous NaCl, dried, and concentrated 
to leave 1.392 g of colorless liquid. Crystallization from Hz0-EtOH 
separated 1.069 g (77%) of the oxime 11 in fractions melting in the 
range 44-50 "C. Recrystallization afforded the pure oxime 11 as 
white plates: mp 48.5-50 "C; ir (Cc4) 3240 (associated OH) and 
1640 cm-' (weak, C=C); uv (95% EtOH) end absorption with 6 
2790 at  204 nm; NMR (CC14) 6 4.7-6.0 (3 H, m, vinyl CH), 1.5-3.1 
(10 H, m, aliphatic CH), and 1.10 (3 H, s, CH3); mass spectrum 
m/e (re1 intensity) 167 (M+, 20), 152 (32), 126 (loo), 81 (32), 67 
(25), 55 (26), and 41 (47). 

Anal. Calcd for CloH17NO: C, 71.81; H, 10.25; N, 8.38. Found, C, 
71.89; H, 10.06; N, 8.60. 

Preparation of the Aldehyde To a cold (-14 "C) mixture 
of 320 g (2.57 mol) of 2-nitropropane (freshly distilled) and 18 ml 
of methanolic 40% PhCHzN+Me30H- was added, dropwise with 
stirring and cooling (-10 to -14 "C) during 2 h, a solution of 27.0 g 
(0.477 mol) of acrolein in 110 g (1.26 mol) of 2-nitropropane (fresh- 
ly distilled). The resulting dark green solution was acidified to pH 
5 by the dropwise addition of aqueous 3 M HCl and the resulting 
pale yellow solution was washed with saturated aqueous NaCl, 
dried over MgS04, and concentrated under reduced pressure (20 
mm) to remove the excess 2-nitropropane. Short-path distillation 
of the residual yellow liquid separated 31.0 g of crude product as a 
yellow liquid, bp 85-90' (3 mm). The crude product was redistilled 
through a 17-cm Vigreux column, keeping the still pot temperature 
in the range 78-90 "C, to separate 29.9 g (41%) of the nitro alde- 
hyde 21 as a colorless liquid bp 61-64 "C (0.12 mm), nZ5D 1.4460 
[lit.l* bp 88.3-89.5 "c (3 mm), n19D 1.44691; ir (cc14) 2721, 2825 
(aldehyde CH), 1728 (C=O), 1538 and 1349 cm-I (NOz); NMR 
(CC14) 6 9.80 (1 H, s, aldehyde CH), 2.0-2.7 (4 H, m, CHz), and 1.57 
(6 H, s, CH3); mass spectrum m/e (re1 intensity) 99 (lo), 81 (1001, 
70 (21), 69 (38), 57 (21), 56 (31), 55 (76), 53 (211, 43 (721, 41 (79), 
and 39 (39). The product exhibited one major GLC peak (silicone 
SE-30 on Chromosorb P) at  4.8 min with a minor unidentified im- 
purity a t  3.7 min. 

PhnP=CHp. ureuared from 64.0 
Preparation of the  Nitro Olefin 22.17 A solution of 

(0.18 mol) of Ph3P+CHzBr- in -, - 
500 ml of THF and 0.17 mol of MeLi in 98 ml of Et20 was treated 
with a solution of 20.0 g (0.138 mol) of the aldehyde 21 in 50 ml of 
THF. The resulting mixture, from which a white precipitate sepa- 
rated, was refluxed for 24 h and then cooled. After the reaction 
mixture had been washed with H20, the aqueous phase was ex- 
tracted with Et20 and the combined organic layers were dried and 
concentrated under reduced pressure. The residual brown liquid 
was triturated with pentane to separate the insoluble Ph3PO and 
the resulting pentane solution was concentrated to leave 17.0 g of 
crude product as a yellow liquid. Distillation separated 11.5 g 
(58%) of the pure nitro olefin 22 as a colorless liquid: bp 45-47 "C 
(2 mm); nZ5D 1.4392; ir (CC14) 1640 (C=C), 1530,1345 (Nod, 992, 
and 918 cm-I (CH=CHz); NMR (CC14) 6 4.8-6.2 (3 H, m, 
CH=CHz), 1.8-2.4 (4 H, m, CHz), and 1.57 (6 H, s, CH3); mass 
spectrum m/e  (re1 intensity) 97 (32), 81 (51), 55 (65), 43 (411, 41 
(55), 40 (42), and 39 (23). The product exhibits one major GLC 
peak (silicone SE-30 on Chromosorb P) a t  4.9 min. 

Anal. Calcd for C7H13NOz: C, 58.72; H, 9.15; N, 9.78. Found: C, 
58.74; H, 9.16; N, 9.74. 

Reduction of the Nitro Olefin 22. To a cold (10 "C) mixture of 
5.60g (39 mmol) of the nitro olefin 22,5 ml of H20, 10 ml of EtzO, 
and 4.2 g (78 mmol) of NHdCl was added portionwise and with vig- 
orous stirring during 20 min, 20.0 g (306 mg-atoms) of Zn dust. 
Throughout this reduction, the reaction mixture was kept under 
an NZ atmosphere and was cooled with an ice-water bath. During 
the addition of Zn, the reaction mixture assumed a light blue color 
and the temperature rose to 15". After the mixture had been 
stirred a t  15 "C for 20 min, it was treated successively with 4 ml of 
HzO, 2.00 g (37.4 mmol) of NHICl, and 5 ml of EtzO. Then an ad- 
ditional 5.0 g (76.4 mg-atoms) of Zn dust was added, portionwise 
with cooling and stirring during 10 min. After addition of this sec- 
ond portion of Zn dust, the pale blue color disappeared and the re- 
sulting colorless reaction mixture was stirred a t  15-20 "C for 20 
min. The reaction mixture was filtered and the residue was washed 
repeatedly with EtzO. The combined ethereal filtrates were dried 

and added to 20 ml of AczO. After the resulting solution had been 
allowed to stand for 20 min, it was stirred with 50 ml of saturated 
aqueous NaHC03 for 20 rnin and then the Et20 layer was sepa- 
rated, washed successively with aqueous NaHC03 and aqueous 
NaC1, and then dried and concentrated. Fractional crystallization 
of the residual yellow liquid (4.25 g) from pentane at dry ice tem- 
perature separated 1.5 g (15%) of the acetamide 25a as colorless 
needles: mp 53-55 "C; ir (CHC13) 3415 (NH), 1670 (amide C=O), 
1640 (C=C), and 910 cm-l (CH=CH2); NMR (CDC13) 6 4.7-6.2 (4 
H, m, NH and CH=CHz), 1.6-2.3 (7 H, m, CHz and a CH3CO sin- 
glet at  1.92), and 1.30 (6 H, s, CH3); mass spectrum m/e (re1 inten- 
sity) 155 (Mf, 4), 100 (47), 98 (22), 81 (21), 60 (37), 58 (loo), and 43 
(20). 

Anal. Calcd for CgH17NO: C, 69.63; H, 11.04; N, 9.02. Found: C, 
69.84; H, 11.05; N, 9.07. 

The mother liquors from this crystallization were concentrated 
and the residual liquid (2.5 g) was chromatographed on 80 g of sili- 
ca gel with EtzO-pentane mixtures as the eluent. After separation 
of 58 mg of early fractions of unidentified liquid [1:99 to 3:97 (v/v) 
EtzO-pentane eluent], subsequent fractions, eluted with a 1:9 (v/v) 
EtzO-pentane mixture, contained 1.98 g (30%) of the 0-acetyl hy- 
droxylamine 26 as a colorless liquid: nZ5D 1.4410; ir (CC14) 3220 
(NH), 1740 (ester C=O), 1640 (C=C), and 915 cm-' (CH=CHz); 
NMR (CDC13) 6 7.42 (1 H, broad NH), 4.8-6.2 (3 H, m, CH=CHz), 
1.8-2.4 (5 H, m, allylic CHz with a CH3CO singlet at  2.04), 1.2-1.8 
(2 H, m, CHz), and 1.07 (6 H, s, CH3); mass spectrum m/e (re1 in- 
tensity) 116 (22), 96 (231, 74 (49), 56 (96), 55 (loo), and 43 (57). 
Our efforts to obtain an analytically pure sample of the 0-actate 
26 from these chromatographic fractions were thwarted by the 
partial thermal decomposition of this material during each at- 
tempt to distill it. 

In another experiment 2.00 g (13.3 mmol) of the nitro olefin 22 
was reduced with 1.50 g (28 mmol) of NH4C1, 10 ml of EtzO, 4 ml 
of HzO, and 11.0 g (167 mg-atoms) of Zn dust. An Et20 solution of 
the product (141 ml) was divided into two aliquots (41 and 100 
ml). 

The 41-ml aliquot was concentrated under reduced pressure to 
leave 353 mg of yellow liquid that contained (NMR analysis) a 
mixture of the hydroxylamine 20 (ca. 75%) and the amine 23 (ca. 
25%): NMR (ccl4) 6 4.8-6.2 (ca. 5 H, m, CH=CH2, NH, and OH), 
1.3-2.4 (ca. 4 H, m, CHz), and two singlets (total ca. 6 H) at  1.12 
(CH3 of amine 23) and 1.05 (CH3 of hydroxylamine 20). After 
standing overnight under an Nz atmosphere, the NMR absorption 
of the sample was very different with much less intense absorption 
attributable to the vinyl group and replacement of the singlet a t  6 
1.05 (CH3 of 20) with a series of peaks in the region 6 1.0-1.3 at- 
tributable to the CH3 signals of the cyclic hydroxylamine 24a. Be- 
cause of the instability of the unsaturated hydroxylamine 20, we 
were unable to separate the initially formed mixture of bases 20 
and 23. The sample (containing 23 and 24a) was added to a cold (5 
"C) solution of 2 ml of PhCOCl in 4 ml of pyridine. After the re- 
sulting solution had been allowed to stand at  25 "C for 1 h, it was 
partitioned between Et20 and aqueous NaHC03. The ethereal 
layer was dried, concentrated, and chromatographed on silica gel 
with PhH as an eluent. After removal of the initial fractions con- 
taining (PhCO)ZO, subsequent fractions contained 459 mg of the 
crude benzoate 24b which was dissolved in EbO, washed with 
aqueous NaHC03,1g dried, and concentrated to leave 305 mg (34%) 
of the benzoate 24b (ir and NMR analysis) as a yellow liquid. Fur- 
ther purification of this sample by preparative TLC [silica gel 
coating with a 5:l (v/v) hexane-Et20 eluent] and short-path distil- 
lation (at 0.3 mm with a Kragen tube) afforded a sample of the 
pure benzoate 24b as a colorless liquid, nZ5D 1.5142, that was iden- 
tified with a subsequently described authentic sample by compari- 
son of ir, NMR, uv, and mass spectra. 

The 100-ml aliquot of ethereal solution (containing 20 and 23) 
from the previously described reduction was mixed with 15 ml of 
acetic anhydride and allowed to stand at  25 "C for 2 h, and 
subjected to the previously described isolation procedure to give 
1.25 g of product as a pale yellow liquid containing [TLC, silica gel 
coating with a 1:l (v/v) PhH-Et20 eluent] a mixture of the acetate 
26 (Rf  0.64) and the acetamide 25a (Rr 0.30). A 520-mg aliquot of 
this mixture was chromatographed on silica gel to separate 220 mg 
(31%) of the acetate 26 as a yellow liquid, nZ5D 1.4420. The remain- 
ing aliquot containing a mixture of 25a and 26 was stirred at  25" 
with 10 ml of aqueous 10% NaOH for 12 h. The resulting mixture 
was neutralized with aqueous HCl and extracted with EtzO. After 
the ethereal extract had been dried and concentrated the residual 
liquid (360 mg) was crystallized twice from hexane at  low tempera- 
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tures to separate 75 mg (9%) of the amide 25a as white needles, mp 

In another experiment, 1.50 g (10.5 mmol) of the nitro olefin 22 
was reduced as described previously with a mixture of Zn, NHdCl, 
H20, and Et20 and the crude product (TLC analysis, a mixture of 
unchanged 22, amine 23, and hydroxylamine 20) was obtained as 
140 ml of an Et20 solution. An 80-ml aliquot was concentrated 
under reduced pressure and the residual liquid (0.32 g) was added 
to a solution of 3 ml of PhCOCl in 6 ml of pyridine. After this solu- 
tion had been allowed to stand for 1 h at 25 O C, it was partitioned 
between Et20 and aqueous NaHC03. The ethereal phase was 
dried, concentrated, and chromatographed on silica gel with a 1:l 
(v/v) hexane-PhH eluent. After separation of the early fractions 
containing (PhC0)20, subsequent fractions afforded 392 mg of a 
crude liquid product (PhCOZH, 25b, and 28). An Et20 solution of 
this material was washed with aqueous NaHC03, dried, concen- 
trated, and fractionally crystallized from pentane at  low tempera- 
tures to separate 78 mg (6%) of the benzamide 25b, mp 88-90 "C. 
Recrystallization afforded the pure benzamide 25b as colorless 
needles: mp 90-91O; ir (CCl4) 3420 (NH), 1670 (amide C=O), 1640 
(C=C), and 910 cm-l (CH=CHz); uv max (95% EtOH) 222 nm (e  
11000); NMR (CC4) 6 7.0-7.8 (5 H, m, aryl CH), 5.7-6.2 (4 H, m, 
NH and CH=CH2), 1.7-2.2 (4 H, m, CHz), and 1.40 (6 H, s, CH3); 
mass spectrum m/e (re1 intensity) 217 (M+, 21, 162 (20), 122 (25), 
105 (loo), and 77 (36). 

Anal. Calcd for C14H1gNO: C, 77.38; H, 8.81; N, 6.45. Found: C, 
77.35; H, 8.85; N, 6.51. 

The mother liquor from crystallization of the amide 25b was 
concentrated and the residual liquid (275 mg) was subjected to 
preparative TLC separation [silica gel coating with a 3:7 (v/v) 
Et2O-pentane eluent]. The more rapidly moving component was 
separated as 119 mg of pale yellow liquid that crystallized from 
pentane at  low temperatures to give 78 mg (4%) of the dibenzoyl 
derivative 28 as colorless needles: mp 62.5-63.5 OC; ir (C'CL) 1768 
(ester C=O), 1668 (broad, amide C=O), and 910 cm-' 
(CH=CHz); uv max (95% EtOH) 232 nm ( e  15000); NMR (CC14) 6 
7.0-7.9 (10 H, m, aryl CH), 4.8-6.0 (3 H, m, CH=CHz), 1.7-2.7 (4 
H, m, CH2), and 1.48 (6 H, s, CH3); mass spectrum m/e  (re1 inten- 
sity) 242 ( l ) ,  200 (9), 162 ( l l ) ,  122 (17), 105 (loo), and 77 (28). 

Anal. Calcd for CzlH23N03: C, 74.75; H, 6.87; N, 4.15. Found: C, 
74.66; H, 6.87; N, 4.17. 

From an additional reduction of 2.0 g (14 mmol) of the nitro ole- 
fin 22 with Zn, "&I, HzO, and EhO), the crude product con- 
tained (NMR analysis) a mixture of the hydroxylamine 20 (ca. 
45%) and the amine 23 (ca. 55%). An aliquot (38% of the total) of 
this mixture was concentrated to leave 400 mg of crude product 
that was heated on a steam bath for 5 min after which NMR analy- 
sis indicated the crude product to be a mixture containing mainly 
the amine 23 and the cyclized hydroxylamine 24a. This crude 
product was dissolved in 5 ml of MeOH containing 2 mg of 
Cu(0Ac)z and air was passed through the solution for 5 rnin to oxi- 
dize the hydroxylamine 24a. The resulting solution was concen- 
trated and the residue was distilled in a short-path still to separate 
55 mg (8% based on the starting nitro olefin 22) of the nitrone 27 as 
a yellow liquid, nZ5D 1.4842. This product was identified with a 
subsequently described authentic sample of the nitrone 27 by com- 
parison of ir, NMR, uv, and mass spectra. 

Preparation of Authentic Samples of the Cyclic Hydroxyl- 
amine Derivatives 24 and the Nitrone 27. Following previously 
described procedures,2O 8.00 g (55.2 mmol) of the nitro aldehyde 21 
was converted to 8.00 g (77%) of the nitro acetal 29 as a colorless 
liquid: bp 98-99 "C (1 mm), nZ5D 1.4535 [lit.20a bp 105 OC (0.5 
mm)]; ir (cc14) 1535 and 1345 cm-' (NOz); NMR (cc14) 6 4.78 (1 
H, t, J = 4 Hz, acetal CH), 3.7-4.0 (4 H, m, CHzO), 1.3-2.2 (10 H, 
m, CHz and a CH3 singlet a t  1.57). Subsequent reduction of 5.00 g 
(26.4 mmol) of the nitro acetal 29 with Zn dust and aqueous 
NH4ClZob followed by acidification and cyclization yielded 2.32 g 
(76%) of the nitrone 30 as a colorless liquid: bp 78 "C (1.4 mm), 
nZ5D 1.4940 [lit.20b bp 66-67 OC (0.6 mm)]; ir (CHC13) 1578 cm-1 
(CH=N+-O-); uv max (95% EtOH) 234 nm (e 8660) [lit.20b 234 nm 
(e 7700)l; NMR (CDC13) 6 6.78 (1 H, t, J 2.5 Hz, CH=N+-O-), 
2.0-2.8 (4 H, m, CHz), and 1.40 (6 H, 8,  CH3); mass spectrum m/e 
(re1 intensity) 113 (M+, loo), 81 (341, 67 (331, 57 (46), 56 (30), 55 
(70), 43 (36),41 (89), and 39 (61). To 5 ml of an Et20 solution con- 
taining 8.5 mmol of MeLi was added a solution of 354 mg (3.13 
mmol) of the nitrone 30 (dried by partial distillation of the solvent 
from a PhH solution) in 10 ml of EtzO. The resulting solution was 
refluxed with stirring for 15 min and then hydrolyzed by addition 
of 0.5 ml of aqueous "&I. The Et20 solution was separated, 

52-53 "C. 
dried, and concentrated to leave 320 mg of the crude hydroxyl- 
amine 24a as a yellow liquid: NMR (Cc4) 6 2.7-3.3 (ca. 1 H, m, 
CHN), 0.9-2.1 [ca. 14 H, m, CHz, OH, and CH3 singlets a t  1.17 and 
1.00 as well as a CH3 doublet ( J  = 6 Hz) at  1.171. This crude prod- 
uct (320 mg) was dissolved in 6 ml of pyridine, cooled in ice, and 
treated with 2 ml of PhCOCl. After the resulting solution had been 
stirred for 15 min, it was partitioned between Et20 and aqueous 
NaHC03. The Et20 phase was dried and concentrated to leave 872 
mg of residual brown liquid that was chromatographed on silica 
gel. After removal of early fractions, which were eluted with PhH 
and contained (PhC0)ZO and PhC02H, subsequent fractions, elut- 
ed with PhH-Et20 mixtures (20:l v/v), were partitioned between 
Et20 and aqueous NaHC03 and then dried and concentrated to 
leave 313 mg (43%) of the crude benzoate 24b as a brown liquid. 
This material was further purified by preparative TLC (silica gel 
coating with a hexane-Et20 eluent, 5:l v/v) followed by short-path 
distillation under reduced pressure in a Kragen tube to separate 
the pure benzoate 24b as a pale yellow liquid: n2'D 1.5138; ir 
(CC14) 1750 cm-l (ester G=O); uv max (95% EtOH) 228 nm (e  
12000), 273 ( lOOO),  and 279 (820); NMR (CC14) 6 7.2-8.2 (5 H, m, 
aryl CH), 3.1-3.6 (1 H, m, CHN), 1.4-2.3 (4 H, m, CHz), and three 
partially resolved CH3 signals (9 H total) consisting of two singlets 
a t  1.20 and 1.17 with a partially resolved doublet ( J  = ca. 6 Hz) at  
ca. 1.17; mass spectrum m/e (re1 intensity) 122 (82), 111 (40), 105 
(89), 96 (36), 83 (68),77 (58), 70 (55), 55 (561, and 42 (100). 

Anal. Calcd for C14H1gNOz: C, 72.07; H, 8.21; N, 6.00. Found: C, 
71.93; H, 8.27; N, 5.97. 

After a comparable reaction of 1.0 g (8.9 mmol) of the nitrone 30 
with 14.1 mmol of MeLi in 13 ml of EtzO, the crude hydroxylamine 
product 24a (0.90 g) was dissolved in 5 ml of MeOH containing 1 
mg of Cu(0Ac)z and air was passed through the solution for 10 
min. After the resulting mixture had been allowed to stand for 24 
h, it was concentrated and the residual liquid was distilled under 
reduced pressure in a short-path still to separate 0.44 g (40%) of 
the nitrone 27 as a yellow liquid: nZ5D 1.4835; ir (Cc4) 1600 cm-' 
(>C=N+-0-); uv rnax (95% EtOH) 229 nm (e  7300) [lit.20c 231 nm 
(e  8400)l; NMR (CDC13) 6 2.4-2.9 (2 H, m, CHzC=N), 1.8-2.2 (5 
H, m, CHz and a broad CH3 singlet a t  2.02), and 1.40 (6 H, s, CH3); 
mass spectrum m/e (re1 intensity) 127 (M+, 77), 112 (36), 95 (24), 
69 (23), 58 (37), 55 (46), 43 (85), 42 (39), 41 (loo), and 39 (26). 

Preparation of Acyl Derivatives of t-BuNHOH (31). Sam- 
ples of t-BuNHOH (31) and the dimer of t-BuNO (32) were pre- 
pared by previously described procedures! A solution of 1.00 g (11 
mmol) of t-BuNHOH in 3.0 ml of AczO was allowed to stand at  
25O for 20 min and then the mixture was partitioned between Et20 
and aqueous NaHC03. After the Et20 layer had been dried and 
concentrated, distillation of residual yellow oil (200 mg) under re- 
duced pressure in a short-path still separated 157 mg (11%) of the 
acetate 33 as a colorless liquid: nZ5D 1.4100; ir (Cc4) 3210 (NH) 
and 1735 cm-I (ester C=O); NMR (Cc4) 6 7.37 (1 H, broad, NH, 
exchanged with DzO), 2.05 (3 H, s, CHaCO), and 1.08 (9 H, s, t -  
Bu); mass spectrum m/e (re1 intensity) 118 (11, 115 (41, 72 (15), 70 
(16), 60 (25), 58 (1001, 57 (73), 56 (42), 55 (31), 44 (38), 43 (62), 42 
(45), 41 (60), and 39 (42). 

Anal. Calcd for CeH13N02: C, 54.94; H, 9.99; N, 10.68. Found: C, 
54.89; H, 10.01; N, 10.70. 

A solution of 0.50 g (5.6 mmol) of t-BuNHOH in 6.0 ml of pyri- 
dine was treated with 3.0 ml of CH3COCl and the resulting semi- 
solid mixture was allowed to stand at 25 "C for 20 min. The reac- 
tion mixture was partitioned between Et20 and aqueous NaHC03 
and the Et20 layer was dried and concentrated. The residual liq- 
uid (310 mg) was chromatographed on silica gel. After separation 
of early unidentified fractions (8 mg), the crude ester amide 34 was 
eluted with hexane-Et20 (9:l v/v) as 220 mg of pale yellow liquid. 
Distillation under reduced pressure in a short-path still separated 
200 mg (21%) of the pure ester amide 34 as a colorless liquid n25D 
1.4350 [litz1 bp 102 "C (19 mm)]; ir (Cc4) 1795 (ester C=O) and 
1688 cm-' (amide C=O); NMR (CC4) 6 2.15 (3 H, s, CH3COO), 
1.85 (3 H, s, CHsCON), and 1.37 (9 H, s, t-Bu); mass spectrum m/e 
(re1 intensity) 173 (M+, l), 131 (24),57 (57), 56 (28), and 43 (100). 

A cold (5 "C) solution of 300 mg (3.4 mmol) of t-BuNHOH in 6.0 
ml of pyridine was treated with 3.0 ml of PhCOCl and the resulting 
mixture was allowed to stand at 25 "C for 1 h. After the reaction 
mixture had been partitioned between Et20 and aqueous 
NaHC03, the Et20 layer was dried and concentrated to leave 1.8 g 
of liquid. Chromatography on silica gel with a PhH-hexane eluent 
(1:1 v/v) separated (PhC0)ZO in early fractions followed by 1.07 g 
of liquid containing the ester amide 35. Crystallization from pen- 
tane afforded 200 mg (20%) of the pure ester amide 35 as colorless 
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needles: mp 97-99 "C (lit.21 mp 98-99 "C); ir (cc14) 1768 (ester 
C=O) and 1678 cm-' (amide C=O); uv max (95% EtOH) 233 nm 
(c  17000); NMR (cc14) 8 7.1-7.9 (10 H, m, aryl CH) and 1.58 (9 H, 
8, t-Bu); mass spectrum m/e (re1 intensity) 105 (loo), 77 (31), 51 
(111, and 41 (5). 

To examine the possibility of an intermolecular addition of t -  
BuNHOH to an olefin, a solution of 1.0 g (11.2 mmol) of t-BUN- 
HOH and 1 mg of the dimer of t-BuNO in 10 g (122 mmol) of 
freshly purified cyclohexene was heated to 60" under an Nz atmo- 
sphere with stirring for 16 h and then concentrated under reduced 
pressure. The NMR spectrum (Cc4) of the residual solid (0.50 g) 
exhibited only NMR peaks attributable to t-BuNHOH with no in- 
dication that N-tert-butyl-N-cyclohexylhydroxylamine had been 
formed. 

Methanolysis of the 0-Acetates 26 and 33 and Cyclization 
of the Hydroxylamine 23. A solution of 30 mg (0.22 mmol) of the 
0-acetate 33 in 150 pl of MeOH exhibited NMR singlets at 6 2.08 
(COCH3) and 1.19 (t-Bu). Upon dropwise addition of methanolic 1 
M NaOH, 10 pl (0.01 mmol) was required to catalyze the complete 
conversion of the 0-acetate 33 to MeOCOCH3 (NMR singlet a t  8 
2.02) and the hydroxylamine 31 (NMR singlet at 6 1.10) a t  25 OC. 
Similarly, when a solution of 30 mg (0.18 mmol) of the 0-acetate 
26 in 200 pl of MeOH at  25" (NMR singlets at 6 2.09 and 1.01) was 
treated with 30 p1 (0.03 mmol) of methanolic 1 M NaOH, the solu- 
tion contained CH3OCOCH3 (NMR singlet at 8 2.02) and the hy- 
droxylamine 26 (NMR singlet at 6 1.05). When this solution of the 
hydroxylamine 26 was refluxed for 5 min, the NMR spectra of the 
solution exhibited a multiplet in the region B 1.0-1.2 characteristic 
of the cyclic hydroxylamine 24a. 

This conversion was repeated on a larger scale by treating a so- 
lution of 445 mg (2.6 mmol) of the 0-acetate 26 in 5 ml of MeOH 
with 200 mg (5.0 mmol) of NaOH. The solution, which immediate- 
ly turned pale blue in color, was stirred under Nz for 2 min, neu- 
tralized with C02, and filtered to remove the NaHC03 precipitate. 
The residue was washed with Et20 and the combined organic solu- 
tions were concentrated under reduced pressure to leave 220 mg of 
the crude liquid hydroxylamine 20. This crude product was heated 
on a steam bath for 2 min and then cooled and treated with 1.0 ml 
of PhCOCl and 2.0 ml of pyridine. The resulting mixture was 
stirred for 10 min at  25O and then partitioned between Et20 and 
aqueous 3 M HC1. After the ethereal layer had been washed with 
aqueous NaHC03, dried, and concentrated, the residual crude 
product (912 mg) was chromatographed on silica gel with EtzO- 
pentane mixtures as eluents. After separation of the early fractions 
[mixtures of (PhC0)ZO and PhCOzH], the fractions (350 mg of yel- 
low liquid) eluted with 1:l (v/v) EtzO-pentane mixtures were par- 
titioned between Et20 and aqueous NaHC03. The Et20 layer was 
dried and concentrated and the residue (308 mg) was rechromato- 
graphed on silica gel to separate 180 mg (20% yield based on the 
acetate 26) of the liquid benzoate 24b, n25D 1.5130, that was iden- 
tified with the previously described authentic sample by compari- 
son of ir and NMR spectra. 

Electrochemical Measurements. The polarographic and cyclic 
voltammetry measurements employed a custom-made polaro- 
graphic module, utilizing solid-state amplifiers, that followed the 
typical three-electrode design. Descriptions of the cells, working 
electrodes (Pt sphere electrode for cyclic voltammetry and drop- 
ping Hg electrode for polarography), reference electrodes, reagent 
purification procedures, and procedures used to calculate E112 
values have been published previously.22 The polarographic reduc- 
tion of solutions of the nitroso compound 32 (6.7-8.9 X M) in 
anhydrous DMF containing 0.5 M n-B4NBF4 gave E112 -1.48 
V vs. SCE (n  = 0.8, id = 39-44 Reduction of the same solu- 
tion by cyclic voltammetry (scan rate 500 mV/s) gave a cathodic 
peak at  -1.86 V vs. SCE but no anodic peak was observed. When 
sufficient H2O was added to make the solution 1.0 M in H20, the 
cathodic peak was shifted to -1.75 V vs. SCE and an anodic peak, 
attributable to an unidentified reaction product, was observed at  
-0.87 V vs. SCE. Attempts to examine the oxidation of t-BUN- 
HOH by cyclic voltammetry in a 0.5 M solution of n-BwNBFr in 
either anhydrous DMF or in DMF containing 1 M HzO gave no OX- 
idation peak within the range -1.3 to +0.5 V. Similarly, a solution 
of t-BuNHOH in an aqueous buffer (pH 7.0) exhibited no polaro- 
graphic oxidation wave in the range -0.5 to +0.2 V VS. SCE. In 
more basic solution, the oxidation wave was shifted to more nega- 
tive values.24 In aqueous pH 10.0 buffer, the t-BuNHOH (8.3-8.5 
X low3 M) solution exhibited an oxidation wave with Eilz -0.20 V 
vs. SCE (n = 0.9, id = 48-52 pA) and in a more alkaline aqueous 
solution (pH - 13, 1.5 M NaZS03 and 0.14 M KOH),25 t -Bu"OH 
(6.7-7.6 X M) exhibited an Ell2 value of -0.51 V VI. SCE (n  

= 1.5, i d  = 46-47 MA). A solution of the 0-acetate 33 (0.009 M) in 
aqueous MeOH (15:85 v/v) containing 0.5 M n-BwNBF4 exhibited 
no polarographic oxidation wave in the range -0.5 to 0.0 V; when 
sufficient methanolic NaOH solution was added to saponify the 
0-acetate 33 and make the solution 0.05 M in NaOH, a polaro- 
graphic oxidation wave attributable to 31 was observed with Ell2 = 
-0.39 V vs. SCE ( n  = 1.0, id = 24 PA). Comparable behavior was 
observed for the 0-acetate 26 (2.7-12 X lob3 M) whose solution in 
aqueous MeOH containing 0.5 M n-Bu4NBF4 exhibited no polaro- 
graphic oxidation wave in the range -0.5 to 0.0 V. After addition 
of methanolic NaOH to saponify the acetate 26 and make the solu- 
tion 0.05 M in NaOH, this solution of the hydroxylamine 20 exhib- 
ited a polarographic oxidation wave at  Ell2 = -0.42 V vs. SCE (n  
= 1.1, id  = 5-27 PA). The polarographic oxidation of this solution 
was reexamined at  intervals after the solution had been stirred 
under N2 and after the solution had been exposed to 0 2  of the air. 
The id  value decreased regularly as the solution was stirred but no 
new oxidation peak was observed. After exposure to 0 2  of the air 
for 10 min, the oxidation wave attributable to hydroxylamines 20 
and/or 24a was no longer observed indicating that oxidation of 20 
to the corresponding nitroso compound or 24a to the nitrone 27 
was complete. Polarographic oxidation of a solution of the cyclic 
hydroxylamine 24a (1.4-2.0 X M) in aqueous MeOH (15:85 
v/v) containing 0.5 M n-BuNBF4 and 0.05 M NaOH gave Ell2 = 
-0.47 V vs. SCE (n  = 0.8, id = 19-24 PA). Since the Ell2 values for 
oxidation of the hydroxylamine 20 before (-0.42 V) and after cy- 
clization (to form 24a, Ell2 = -0.47 V) are very similar, our failure 
to observe two resolved oxidation waves during the change 20 - 
24a 4 27 is understandable. 

Registry No.-5a, 3508-79-0; 5b, 53315-95-0; 6a, 57620-40-3; 
6b, 57620-41-4; 7a, 57620-42-5; 7b, 57620-43-6; 8a, 57620-44-7; 8b, 

57620-48-1; 21, 57620-49-2; 22, 57620-50-5; 23, 819-45-4; 24a, 
57620-51-6; 24b, 57620-52-7; 25a, 57620-53-8; 25b, 835-85-8; 26, 
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Each o f  the  N-(4-pentenyl)hydroxylamine derivatives 7 and 17 underwent facile cyclization t o  the 2-methyl- 
pyr ro l id ine derivatives 10 and 18 when the  start ing materials were warmed br ie f ly  t o  50-60 “C. Subsequently re- 
duct ion and acetylation w i t h  Zn, HOAc,  and AczO afforded t h e  corresponding amides 12 and 19. Cyclization o f  
the  homologous N-(5-hexenyl)hydroxylamines 27 and 34 t o  the  2-methylpiperidine derivatives 28 and 35 (isolat- 
ed after conversion t o  the  amides 29 and 22) requi red higher temperatures (130-140 “C) and longer reaction times 
(1-2 h). A t tempts  to cyclize the unsaturated hydroxylamines 38 and 39 were unsuccessful. T h e  ease and direct ion 
o f  these various cyclizations, believed t o  b e  radical chain reactions, parallels t h e  behavior o f  related alkenyl car- 
b o n  radicals 5. 

In  an accompanying paper2 we have described a study of 
the cyclization of certain unsaturated hydroxylamines 1 
(Seheme I) to  the corresponding N-hydroxypyrrolidines 2. 
We believe this cyclization to  be a radical chain process in- 
volving the intermediate radicals 3 and 4 in which the step 
3 --* 4 is analogous to  the cyclization 5 -* 6 of certain car- 
bon radicals 5.3-6 In the previous study2 the synthetic a t -  
tractiveness of the cyclization 1 -. 2 was mitigated by the 
facts tha t  synthesis of the starting hydroxylamines 1 by se- 
lective reduction of the corresponding nitro olefins was te- 
dious and isolation of the thermally unstable, easily oxi- 
dized cyclic hydroxylamines 2 was difficult. In this paper 
we describe alternative procedures tha t  overcome these 
problems. 

An especially simple and efficient synthesis of unsatu- 
rated hydroxylamine derivatives, e.g., 7 (Scheme 11), from 
the corresponding unsaturated carbonyl compounds 8 uti- 
lized the selective reduction of the oxime 9 with 
NaB(CN)H3 in acidic MeOH.6 Although the original proce- 
dure recommended6a performing the reaction a t  pH 4 (bro- 
mocresol blue indicator), we found the reduction of ketox- 

dcheme I 
oxidation 

R,CCRZCH,CH=CHz F&CCR&H&H=CH, - 
I I 

~ H O H  H-N. 
1 “ 0  
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