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3.6 (1 H, A part of an ABX, CH,N).

Anal. Caled for C;,H;;NOg: C, 64.55; H, 7.67; N, 6.27. Found:
C, 65.01; H, 7.44; N, 7.21.

1-(N-Isopropylamino)-3-(1-naphthyloxy)-2-propanol (17a).
Propranolol is usually isolated as its hydrochloride (see refs 18
and 19). White solid: mp 91-92 °C (recryst. Et;0). IR (CCl,),
cm-1: oy and Ny = 3620, 3440. 'H NMR (CDCla), 6 ppm:
regioisomer 17a (100%), 8.25 (1 H, m, H arom); 7.80 1 H, m, H
arom); 7.40 (4 H, m, H arom); 6.85 (1 H, dd, H arom); 4.15 (3 H,
m, A'B!C part of an A'BICXY, OCH,CH-); 3.00 (1 H, X part of
an A'BICXY, Jyy = 12 Hz, Jox =~ 3 Hz, CH,N); 2.75 (1 H, sept
CH); 2.70 (1 H, Y part of an A!B!CXY, Jxy = 12 Hz, Joy =~ 6.5
Hz, CH,N); 1.1 (6 H, d, J = 6.5 Hz, CH)). 13C NMR (CDCl,), 6
ppm: 154.3 (C arom); 134.4 (C arom); 1%7.4, 126.3, 125.7, 125.1,
121.7, 120.5 104.8 (7 CH arom); 70.7 (CH,0); 68.4 (CHO); 49.5
(CH;N); 48.8 (CHN); 23 (2 CHy).

Anal. Caled for C;gH, NOy: C, 74.09; H, 8.16; N, 5.39. Found:
C, 74.28; H, 8.03; N, 5.25.

2-[3',4-(Methylenedioxy)phenyl]oxirane (13). To a solution

of trimethylsulfonium iodide (8 g, 40 mmol) in anhydrous THF
(30 mL) was added NaH (0.95 g, 40 mmol), and the mixture was
heated to 60 °C for 2 h. Then a solution of piperonal (4.5 g, 30
mmol) in THF (30 mL) was added dropwise. At the end of the
addition, the mixture (pink) was stirred at 60 °C until no piperonal
remained as shown by TLC (about 2 h). After addition of H,O
(15 mL) THF was evaporated under vacuum and the remaining
aqueous phase was extracted with pentane (5 X 50 mL). The
combined organic phases were dried over MgSO, and concentrated
in vacuo to give the epoxide (85%) which was used without further
purification. The physical characteristics of 2-[3’,4’-(methy-
lenedioxy)phenyl]oxirane (13) corresponded to the known values.!”

(17) Solladié-Cavallo, A.; Simon-Wermeister, M. C.; Farkhani, D. Helv.
Chim. Acta 1991, 74, 390.
(18) Nelson, W. L.; Wennerstrom, J. E.; Sankar, S. R. J. Org. Chem.
1977, 42, 1006.
5 (19) Klunder, J. M.; Ko, S. Y.; Sharpless, K. B. J. Org. Chem. 1986,
1, 3710.
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Reaction of allyl and benzyl Grignard reagents with functionalized nitroalkanes affords nitrones in good yield.
This process shows considerable chemoselectivity; carbonyl groups and other highly reactive electrophilic functions
are unaffected by the reaction conditions (THF, =70 °C). A mixture of regioisomers 4 and 5 is usually obtained,
and the product distribution depends on the nature of the alkyl framework. An intermediate 3 is postulated,
and the isomeric pair of nitrones arises, very likely through a selective syn elimination. a-Substituted alkyl chains
give mostly conjugated products 4 while unbranched chains afford predominantly the nonconjugated nitrones
5. The 4/5 ratio can be strongly modified by using a proton source of suitable strength; trichloroacetic acid produces
4 exclusively in the reaction of nitroethane with benzyl Grignard, while 2,6-dimethylphenol affords completely
the nonconjugated nitrone 5. The stereochemistry of the double bond is affected by the nature of the reagent
used. Benzyl Grignard gives only Z nitrones 4 and 5; 2-butenylmagnesium chloride gives nonconjugated Z nitrones
and a predominance of E isomer in the conjugated nitrone 5.

Recent years have witnessed a significant increase in the
utilization of nitrones as highly valuable synthetic inter-
mediates! and as useful spin trapping reagents.? In
particular, nitrones can be considered versatile 1,3 dipoles
for the construction of nitrogen heterocycles which con-
stitute the backbone of various biologically active com-
pounds.?

Addition of Grignard and lithium reagents to nitrones,
although less explored, represents an alternative applica-

(1) For general reviews on nitrone chemistry, see: (a) Torssell, K. B.
G. Nitrile Oxides, Nitrones, and Nitronates in Organic Synthesis; VCH:
New York, 1988. (b) Breuer, E. The Chemistry of Amino, Nitroso and
Nitro Compounds and their Derivatives, Supplement F; Patai, S., Ed.;
Wiley: New York, 1982; Part 1, Chapter 13. (¢) Stamm, H. Methodicum
Chimicum; C-N Compounds; Zymalkowsky, F., Ed.; Academic Press:
New York, 1975; Vol. 6, p 333. (d) Sandler, S. R.; Karo, W. Organic
Functional Group Preparations; Academic Press: New York, 1972; Vol.
3, pp 351-376. (e) Hamer, J.; Macaluso, A. Chem. Rev. 1964, 64, 478. (f)
Dalpierre, G. R.; Lamchen, M. Quart. Rev. 1965, 19, 329.

(2) Janzen, F. C. Acc. Chem. Res. 1971, 4, 31.

(3) (a) Tufariello, J. J. 1,3-Dipolar Cycloaddition Chemistry; Padwa,
A., Ed.; John Wiley: New York, 1984; Vol. 2, p 83. (b) Padwa, A. Ibid.
Vol. 2, p 277. (c¢) Annunziata, R.; Cinquini, M.; Cozzi, F. Raimondi, L.
Gazz. Chim. Ital. 1989, 119, 253. (d) Confalone, P. N.; Huie, E. M. Org.
React. 1988, 36, 1. (e) Balasubramanian, N. Org. Prep. Proc. Int. 1985,
17, 23. (f) Tufariello, J. J. Acc. Chem. Res. 1979, 12, 396. (g) Black, D.
S. C.; Crozier, R. F.; Davis, F. C. Synthesis 1975, 205.
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tion of these compounds in synthesis.* This reaction was
recently applied to the synthesis of enantiomerically pure
amino and hydroxylamino derivatives, since it proceeds
with high diastereoselectivity when an appropriate ster-
eogenic group is placed close to the nitrogen atom of the
parent nitrone.’

Several synthetic methods for nitrones have been re-
ported, but very few of them show general applicability.
Classical methods involve the condensation of N-mono-
substituted hydroxylamines with carbonyl compounds® or
direct oxidation of N,N-disubstituted hydroxylamines.”

(4) (a) Mancini, F.; Piazza, M. G.; Trombini, C. J. Org. Chem. 1991,
56, 42486. (b) Gossinger, E.; Witkop, B. Monat. Chem. 1980, 111, 803. (c)
Paetzold, P.; Schimmel, G. Z. Z. Naturforsch, Teil. B. 1980, 35B, 568. (d)
Stamm, H.; Steud, H. Tetrahedron 1979, 35, 647. (e) Lee, T. D.; Keana,
J. F. W. J. Org. Chem. 1976, 41, 3237.

(5) (a) Ballini, R.; Marcantoni, E.; Petrini, M. J. Org. Chem. 1992, 57,
1316. (b) Chang, Z. Y.; Coates, R. M. J. Org. Chem. 1990, 55, 3464 and
3475. (c) Cowling, M. P.; Jenkins, P. R.; Cooper, K. J. Chem. Soc., Chem.
Commun. 1988, 1503.

(6) (a) Coates, R. M.; Cummins, C. H. J. Org. Chem. 1986, 51, 1383.
(b) Robi, J. A.; Hwu, J. R. J. Org. Chem. 1985, 50, 5913. (c) Cope, A. C,;
Haven, A. C,, Jr. J. Am. Chem. Soc. 1950, 72, 4896. (d) Utzinger, G. E,;
Regenass, F. A. Helv. Chim. Acta 1954, 37, 1892. (e) Wheeler, O. H.;
Gore, P. H. J. Am. Chem. Soc. 1956, 78, 3363. (f) Bonnett, R.; Clark, V.
M. Giddey, A.; Todd, A. J. Chem. Soc. 1959, 2087.
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Table I. Reaction of Grignard Reagents and Nitro Compounds in THF at -70 °C and then Quenching with NH,Cl,,

entry nitro compd Grignard reagent product overall yield (%) 4:5 ratio (%) Z:E* ratio (%)
1 1b 2b 4bb 58
2 lc 2b 4ch 5ch 68 85:15
3 1d 2a 4da 5da 65 7:93 15:85
4 1d 2b 4db 5db 75 39:61
5 le 2a 4ea Sea 72 10:90 21:79
6 le 2b 5eb 74
7 1f 2a ifa 78 12:88
8 1f 2b 4fb 74
9 1g 2b 4gb 5gb 70 39:61
10 1h 2a 4ha 5ha 61 35:65 30:70
11 1i 2b 4ib 5ib 75 40:60
12 1j 2a 4ja 70 15:85
13 1j 2b 4jb h!
14 ik 2a 4ka 69 25:75
15 1k 2b 4kb 66
16 11 2a 5la 71
17 11 2b 5ib 75
18 lm 2a 4ma 5ma 81 20:80 15:85

¢Referred to product 4. Benzyl Grignard gives only Z nitrones, and 2-butenylmagnesium chloride gives only nonconjugated (Z)-5 nitrones.

Scheme I

OMgX
1 | 3
Rio R THF R ~CH—k% oy R
rp ~CH—NO» + RUCH-MgX —— A I
- o
1 2
3

i NH,Clag
LA R3 1 + O
Sh=y + R >=N7
RIRACH R* R? CHRR¢

4 5

1b; R =A2=H
1¢;R1=CHy R2=H
1d:R'=n-C3H7,R%=H
1e;R'=n-CgHy¢,R2=H
11;R=R=CH,

1g: R'=CH3COCHZ AZ=H

1h; A'=2-FurylCH; R2aH
1§; R'=CH3CH(CI)CHz, R2=H
1); R'=CH3COCHCH2,R2=CHg
1K; R'=CH3OpCCH,CHp R2=CHa
11; R'=(CH3)2CH.R2=H

1m; R'=CgHs R2=H

2a | RP=CHy=CH,R4=CH;
2b ;R=Ph,Ré=H

Unfortunately, the preparation of functionalized hydrox-
ylamines has been found to be a problematic process. The
recently reported oxidation of readily available secondary
amines seems to be a more reliable procedure.? However
oxidation methods® cannot be applied or require controlled
conditions when other oxidizable functions are present in
the substrate. N-alkylation of oximes is a somewhat at-
tractive process but it is often foiled by a competitive
O-alkylation.10

More recently, other systems have been set up to syn-
thesize this class of compounds: Michael addition of ox-
imes to activated alkenes,! reaction of alkyl triflates with
aldoxime O-trimethylsilyl ethers!? and reaction of a-

(7) (a) Murahashi, S. I.; Mitsui, H.; Watanabe, T.; Zenki, S. Tetrahe-
dron Lett. 1983, 24, 1049. (b) Smith, P. A. S,; Gloyer, S. E. J. Org. Chem.
1975, 40, 2508. (c) De La Mare, H. E.; Coppinger, G. M. J. Org. Chem.
1963, 28, 1068. (d) Kropf, H.; Lambeck, R. Liebigs Ann. Chem. 1966, 700,
18. (e) Thesing, J.; Mayer, H. Liebigs Ann. Chem. 1957, 609, 46. (f)
Thesing, J.; Mayer, H. Chem. Ber. 1956, 89, 2169.

(8) (a) Murahashi, S. L; Mitsui, H.; Shiota, T.; Tsuda, T.; Watanabe,
S. J. Org. Chem. 1990, 55, 1736. (b) Murray, R. W.; Singh, M. J. Org.
Chem. 1990, 55, 2954. (c) Mitsui, H.; Zenki, S.; Shiota, T.; Murahashi,
S. L. J. Chem. Soc., Chem. Commun. 1984, 874.

(9) (a) Shono, T.; Matsumura, Y.; Inoue, K. J. Org. Chem. 1986, 51,
549. (b) Sasaki, T.; Mori, K.; Ohno, M. Synthesis 1985, 279. (c) Zajac,
W. W.; Walters, T. R.; Darcy, G. M. J. Org. Chem. 1988, 53, 5856.

(10) (a) Smith, P. A. S.; Robertson, J. E. J. Am. Chem. Soc. 1962, 84,
1197. (b) Buehler, E. J. Org. Chem. 1967, 32, 261. (c) Schoenewaldt, E.
F; Kinnel, R. B,; Davis, P. J. Org. Chem. 1968, 33, 4270.

(11) (a) Armstrong, P.; Grigg, R.; Warnock, W. J. J. Chem. Soc., Chem.
Commun. 1987, 1325. (b) Armstrong, P.; Grigg, R.; Surenfrakumar, S.;
Warnock, W. J. J. Chem. Soc., Chem. Commun. 1987, 1327.

chloronitroso compounds with Grignard reagents.!?
Clearly, efforts to develop additional procedures for the
synthesis of nitrones are still desirable, especially for those
unobtainable by existing methods.

Recently, we reported that the reaction between nitro
compounds and 2-butenylmagnesium chloride can provide
a good approach to the synthesis of allylic nitrones.!4 For
example, nitrobenzene (1a), when treated with 1 equiv of
vy-methallylmagnesium chloride (2a), undergoes 1,2-ad-
dition to form a tetrahedral intermediate 3aa which is
decomposed to a-ethenyl-a-methyl-N-phenylnitrone (4aa)
(eq 1). In our preliminary paper we focused our attention

OMgCl

+] NHClaq Oy
Ph—N x> atlaq N=.
TS == 0 (1)

PANO, + /\ngCI LU
70°C

1a 2a 3aa 4aa

mainly on the reactivity of aromatic nitro compounds, and
less attention has been paid to the behavior of the aliphatic
derivatives. In the present work we report on the reactivity
of a large variety of alkyl nitro compounds with y-methallyl
and benzyl Grignard reagents with particular emphasis on
chemo-, regio-, and stereoselectivity involved in nitrone
formation.

Results and Discussion

Treatment of an aliphatic nitro compound 1b-m with
an equimolecular amount of y-methallyl- (2a) or benzyl-
magnesium chloride (2b) at low temperature (-70 °C) in
THEF, followed by a proton source quenching, gives con-
jugated 4bb—ma and/or nonconjugated 5cb—ma nitrones
(Scheme I). The E and Z stereochemistry of the nitrone
products was assigned in the same way that was described
in a previous paper.’4 Various protic quenchings have been
examined; a slight excess of acetic acid in cold CH,Cl,
followed by addition of water or an aqueous saturated
solution of ammonium chloride gave generally the best
results. More acidic proton sources such as diluted HCI
caused extensive nitrone hydrolysis, while less acidic ones
such as aqueous potassium acetate gave poor yields. The

(12) Lebel, N. A.; Balasubramanian, N. Tetrahedron Lett. 1985, 26,
4331

(13) Schenk, C.; Beekes, M. L.; Van der Drift, J. A. M.; De Boer, Th.
J. Recl. Trav. Chim. Pay-Bas 1980, 99, 278.

(14) Bartoli, G.; Marcantoni, E.; Petrini, M.; Dalpozzo, R. J. Org.
Chem. 1990, 55, 4456.
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nature of the proton source can also affect the relative ratio
of conjugated to nonconjugated nitrones. Due to the
complexity of these results, they will be discussed later.
The results concerning nitrone formation under acetic
acid or saturated solution of ammonium chloride
quenching condition are summarized in Table I. They
show that the reaction has general applicability and that
in all cases examined good to high yields are obtained. It
is worth noting that the reaction proceeds with high che-
moselectivity. Groups highly reactive toward Grignard
reagents such as chloro and carbonyl functions of ketones
and esters are completely unaffected if the simple pre-
caution, namely to slowly add magnesium reagent to the
nitro compound, is used (entries 9, 11-15). An absolute
selectivity is also observed even when the nitro group is
sterically hindered by the presence of an alkyl group in
the a-position, as in nitroketone 1j (entries 12, 13).
The exclusive attack at the nitro function fails only in
the reaction with compound 1n where, under 1:1 sub-
strate/RMgX molar ratio conditions, the compound 6nb
arising from double attack was isolated in 25% yield to-
gether with comparable amounts of unreacted material and
products of mono attack both at the nitro and aldehydic
function (eq 2). The use of a 2.5-equiv excess of RMgX

oL Ph

HW\/NOZ 4+ 2p L THEOC /\l/—j(\/ €?
b 2. NH,Cl aq
in énb

gave compound 6nb in 81% yield. These results confirm
that the nitro group is much more reactive with RMgX
than carbonyl functions of esters and ketones, thus al-
lowing a complete chemoselectivity control. On the other
hand, nitro and aldehyde reactivity with RMgX are com-
parable.!®

A literature survey suggests that nitrone formation is
a reaction presumably restricted to allylic and benzylic
reagents. It has been reported that in reactions of aliphatic
nitro compounds with an excess of an alkylmagnesium
halide (MeMgX, EtMgX, etc.) nitrone formation is neg-
ligible, the main process being reductive alkylation of the
nitro group to form dialkylhydroxylamine.'® A mechanism
involving preliminary formation of a 1:1 adduct of type 3
followed by a slower Grignard-promoted reduction to the
hydroxylamino derivative has been proposed.l” This in-
terpretation is in sharp contrast with recent results which
show that allylmagnesium halides are unable to reduce
intermediates of this type and that this process requires
strong specific reducing agents such as LiAlH,. 18

It was recently found in the reaction of nitroarenes with
phenyl!® and vinyl?® reagents that disubstituted hydrox-
ylamine formation must very likely be ascribed to a 1,2-
addition on the nitrosoarene intermediate formed by an
initial attack of RMgX at the oxygen atoms of the parent
nitro compound and subsequent fast elimination of
ROMgX. Furthermore, we have observed that in several
cases the nonconjugated nitrone, arising through proton

(15) (a) Bartoli, G.; Bosco, M.; Dalpozzo, R. Tetrahedron Lett. 1985,
26, 115. (b) Bartoli, G.; Bosco, M.; Dalpozzo, R.; Todesco, P. E. J. Org.
Chem. 1988, 51, 3694. (c) Bartoli, G.; Bosco, M.; Dalpozzo, R.; Petrini,
M. Tetrahedron 1987, 43, 4221.

(16) For pioneering work on this field see: Buckley, G. D. J. Chem.
Soc. 1947, 1492 and references cited therein.

(17) Wawzonek, S.; Kempf, J. V. J. Org. Chem. 1973, 88, 2763.

(18) (a) Barboni, L.; Bartoli, G.; Marcantoni, E.; Petrini, M.; Dalpozzo,
R. J. Chem. Soc., Perkin Trans. 1 1990, 2133. (b) Bartoli, G.; Palmieri,
G.; Petrini, M.; Bosco, M.; Dalpozzo, R. Gazz. Chim. Ital. 1990, 120, 247.

(19) Buck, P.; Kubrich, G. Tetrahedron Lett. 1967, 8, 1563.

(20) Bartoli, G.; Bosco, M.; Dalpozzo, R.; Palmieri, G.; Petrini, M. J.
Chem. Soc., Perkin Trans. 2 1991, 657.
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removal from a saturated alkyl chain, is preferentially
formed. It is therefore evident that an analogous pathway
concerning saturated alkyl reagents would not reasonably
involve an adduct of 3 as the main intermediate. Never-
theless, it is known that product distribution in reactions
involving metallorganic reagents and strong electron ac-
ceptor substrates may change with experimental condi-
tions;?! hence, the reactivity of 1-nitrobutane (1d) with
n-C,HMgBr (2¢), n-C,,H,;MgBr (2d), and ¢-C,H,MgBr
(2e) has been examined under the optimum conditions for
our process.

In the reaction of 1d we were able to observe formation
of the following products: starting material (58%), axo-
zybutane (28%) and trace amounts of azobutane, n-di-
butylhydroxylamine, and a-propyl-N-butylnitrone. For-
mation of butane and butanol was also observed. However,
an accurate yield determination of these two compounds
was impossible due to the volatility of the former and to
the solubility in water of the latter. Consequently, we
examined the reaction of 1d with a primary reagent i
a heavier alkyl framework such as 2d. The observed
product distribution at a 1:1 substrate/RMgX molar ratio
was substantially the same: 1d (46%), axozybutane (26%),
1-decanol (46%), n-decane (32%), lesser amounts of azo-
butane, N-butyl-N-decylhydroxylamine, and 1-decene.
The use of a 2-fold excess of RMgX with respect to 1d
caused an increase in azo and azoxy compound yields.
However, a considerable amount of starting nitro com-
pound was again recovered (25%). Further addition of
RMgX caused mainly an increase in azo compound at the
expense of azoxy derivative.

These findings suggest that two competitive processes
can occur: the first one consists of the removal of the acidic
proton in the a-position with respect to the nitro group
by Grignard base to give nitronate salt 7. Alternatively,
oxygen transfer can occur to form 1-nitrosobutane (8),
which is more reactive than the parent nitro compound
and can quickly undergo 1,2-addition or a redox process
(eqs 3, 4).22 In this context the reactivity of {-BuMgBr

+ O
=N~ + nC
A~=N omgar b2
7

1d  + n-CyHyMgBr (eq3)
2d /\sANo +  n-CyoH, OMgBr
OMgBr
1,2 addition /\/\N’
“'CmHzl
8+ 2 e
redox ?
process n-C,H.,N:NC.Hg-n

(2e) is very significant. This carbanionic species was found
to prefer attack on nitrogen rather than on oxygen or the
ring carbon in the reaction with dinitrobenzene.?
Actually, when 1d was allowed to react with 2e, a-pro-
pyl-N-tert-butylnitrone (10) was isolated in 15% yield.
However, while no reduction or reductive N-alkylation
products were detected in the reaction mixture, the re-

(21) (a) Bartoli, G.; Dalpozzo, R.; Grossi, L.; Todesco, P. E. Tetrahe-
dron. 1986, 42, 2563. (b) Bartoli, G.; Bosco, M.; Dalpozzo, R.; Grossi, L.
In Polar Versus Electron Transfer Pathway in Mononitroarenes. Fac-
tors affecting Product distribution, in Paramagnetic Organometallic
Species in Activation, Selectivity, Catalysis; Chanon, M., Julliard, M.,
Pote, J. C., Eds.; Kluwer Academic: Dordrecht, 1989; p 489. (c) Bartoli,
G.; Bosco, M.; Dalpozzo, R.; Grossi, L. J. Chem. Soc., Perkin Trans. 2
1991, 573.

(22) Bartoli, G.; Bosco, M.; Dalpozzo, R.; Palmieri, G.; Marcantoni, E.
J. Chem. Soc., Perkin Trans. 1 1991, 2757.

(23) Dalpozzo, R.; Ganazzoli, F.; Grossi, L. Tetrahedron 1991, 47, 1091,
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covery of a large amount of starting material (80%) even
in the presence of a large excess of RMgX indicates that
the prevailing process is the formation of magnesium ni-
tronate salt 7 (eq 5). These results are not surprising

/

1d + t-BuMgBr
2e

7

(eq 5)

10

taking into account the high basicity and steric hindrance
of this reagent. Unfortunately, the poor conversion of the
starting nitro compound to the corresponding nitrone
limits the synthetic utility of the reaction, since this class
of nitrones is more available by other procedures. In
conclusion, the attack on nitrogen seems to be the exclusive
domain of carbanionic moieties possessing a 7 character.
A similar pattern has been found in the aromatic series
where the product distribution strongly depends on the
nature of the carbanionic reagent, -

Several attempts to react allylmagnesium bromide with
various nitro compounds led only to disappointing results
since the crude material obtained from the reaction quickly
polymerizes upon evaporation of the solvent, giving a sticky
vitreous solid.* The formation of nitrone 18 has been
confirmed in the reaction of 2-methylnitrobenzene with
allylmagnesium bromide by exploiting a 1,3-dipolar cy-
cloaddition process performed with acrylonitrile and the
crude material in THF (Scheme II).

Stereo- and Regioselectivity. The reaction shows
complex regiochemistry, leading generally to both possible
regioisomers. In several cases the conjugated nitrone
largely prevails and in others the nonconjugated does. Two
hypotheses can be suggested: (i) There is a kinetic control
in the elimination reaction promoted by acetic acid on
intermediate 3; i.e., the product distribution is governed
by the relative facility of the conjugate base of the proton
source to approach and to remove a proton in the « or in
o position. (ii) The relative amounts of 4 and 5 reflect
their relative stability. The latter seems a less plausible
interpretation since it may be expected that a conjugated
nitrone is much more stable than the corresponding non-
conjugated regioisomer. However, there are no extensive
and exhaustive studies on this argument!® due to serious
difficulty in analyzing experimentally the Behrend’s
equilibrium.?

In the case of phenyl nitrones like 4bb—kb the repulsion
in the Z configuration between the negative oxygen and
the aromatic ring can constrain the phenyl group to assume
an orthogonal conformation with consequent decrease in
conjugative efficiency.? In order to evaluate the relative
stability between 4 and 5, we carried out some isomeri-
zation experiments. This process requires strong base
catalysis; for example, nonconjugated nitrone 5da is con-
verted into the isomer 4da in ethanol at reflux in the
presence of ethoxide ion (see Table II). Unfortunately,
under these drastic conditions extensive decomposition
occurs. Although this prevents an accurate determination
of the relative isomer stability, it is possible to argue from
the data of Table II that the conjugated nitrone is largely
more stable than the nonconjugated one. In fact, pure 5da
gave after 1 h a 30% conversion into 4da with a recovery
of 68% of nondecomposed material, while no isomerization

(24) Bartoli, G. Acc. Chem. Res. 1984, 17, 109.

(26) Behrend, R.; Konig, E. Ann. Chem. 1891, 263, 355.

(26) Bjorgo, J.; Boyd, D. R.; Neill, D. C.; Jennings, W. B. J. Chem.
Soc., Perkin Trans. 1 1977, 254.

dJ. Org. Chem., Vol. 57, No. 22, 1992 5837

Scheme 11
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Table I1. Isomerization of Nitrones in EtOH at Reflux in
the Presence of EtONa

recovered

time ratio 4da + 5da
(min) 5da:4da (%)
5da — 4da 0 100:0 100
15 92:8 95
30 83:17 87
602 70:30 68
4da — 5da 0 0:100 100
15 0:100 80
30° 0:100 52

recovered

time ratio 4ma + S5ma

(min) 4ma:5ma (%)
4ma — 5ma 0 100:0 100
10 83:17 85
30° 60:40 73
Sma — 4ma 0 0:100 100
10 4:96 80
30° 10:90 70

@ After this time extensive decomposition of the products occurs.

was detected at the same reaction time starting from pure
4da. On the other hand, in the case of both conjugated
isomers 4ma and 5ma an easy reciprocal interconversion
was observed.

Despite the apparent complexity, the regio- and ste-
reochemical outcome shows characteristic features. First,
we will discuss the reaction with benzyl Grignard reagents.
The relative amounts of regioisomers are strongly depen-
dence on the structure of the alkyl substituent in the
starting nitroalkane. The preference for the less stable
isomer 5 increases with the length of the alkyl chain. In-
deed, in the reaction of nitromethane (1b) with
PhCH,MgCl (2b) the almost exclusive formation of con-
jugated isomer 4bb was observed. On going from the ethyl
to the n-hexyl nitro derivative, the yield of nonconjugated
compound increased at the expense of the conjugated one,
becoming in the last case the largely prevalent product
(Table I). a-Alkyl substitution as in 2-nitropropane (1f)
produced exclusively the conjugated isomer 4fb (see also
entries 13 and 15), while its 8 homologue 11 gave, sur-
prisingly, only the nonconjugated 51b.

Some speculation about a possible mechanism can be
made assuming the formation of a tetrahedral nitrogen
intermediate of type 3 in which magnesium is presumably
coordinated with both oxygen atoms. The carbon-nitrogen
bond length would be shorter than usual owing to the
positive charge on the nitrogen and this, together with the
low reaction temperature (—70 °C), would enhance the
steric constraint on this intermediate. The positively
charged nitrogen spreads its effects on the contiguous
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Figure 1. Proposed models for the selective proton abstraction
in the reaction of nitroalkanes with benzyl Grignard reagent.

bonds, and so we feel that a hydrogen bonding between
a hydrogen at the 8 carbon and one of the oxygen atoms
could be very likely. This effect forces the larger groups
(phenyl and alkyl chain) to be in the anti position.

It should be observed that the alkyl chain is able in all
events to produce a certain degree of steric hindrance for
the attack of the syn oxygen, allowing the formation of the
conjugated product. It is known that elimination pro-
cesses, in weakly ionizing solvents, involving good leaving
groups, such as MgXOH, can proceed through a syn or anti
mechanism, depending on the nature of the base—count-
ercation ion pair.2’ The stereochemical outcome of this
reaction strongly suggests a syn pathway, the only one by
which a Z isomer could be formed (see Figure 1).

The ease of approach to the a and o’ hydrogens by the
proton donors determines the regiochemistry of the reac-
tion. Benzylic hydrogens are more acidic and hindered
than those in the alkyl group (Figure 1b), so we expect that
a suitable modulation of the strength and bulkiness of the
acid used could allow us to obtain selectively the two re-
gioisomers. Results summarized in Table III for the re-
action of nitroethane with benzylmagnesium chloride, at
various conditions, show that trichloroacetic acid (entry
1) allows exclusive formation of the conjugated nitrone.
Indeed, the parent base of this acid is rather weak, and
so it acts selectively on the more acidic benzylic hydrogens.
Different isomeric ratios are obtained with weaker acids,
changing the steric crowding around the carboxylic group
and confirming the expected trend. The possibility of a
change in the mechanism of the reaction with an increase
of E1 character, using different quenching conditions, must
also be taken into account.

However, in the described conditions, we were unable
to exert complete control over the regioisomeric distribu-
tion of products since the most favorable ratio concerning
the nonconjugated isomer was 65/35 (Table III, entry 9).
Therefore, we decided to employ substituted phenols since
in our opinion there might be taken a double benefit from
their use. Firstly, phenols form a stronger conjugate base,
and secondly, groups placed in positions 2 and 6 in the
aromatic ring are closer to the basic center, ensuring a
sharper steric effect with respect to the o« substituents of
carboxylic acids. Experimental results confirm this as-

(27) Bartsch, R. A,; Zavada, J. Chem. Rev. 1980, 80, 453.

Bartoli et al.

Table III. Reaction of Benzylmagnesium Chloride (2b) and
1c in THF at -70 °C and then Quenching with Various
Proton Sources

overall® 4ch:5ch

entry proton source yield (%) ratio (%)
1 CCLCO,H 50 100:0
2 (CH,);CCO,H 63 88:12
3 NH,CI,, 71 85:15
4 TsPyH" 70 76:24
5 2,4-Cl,C;H;0H 55 68:32
[ 2,4,6'M6303H2002H 68 64:36
7 (CH,);CCH,CO,H 68 61:39
8 Ph,CHCO,H 70 55:45
9 2-Cl-3,5-(N0O,),C¢H,CO,H 40 35:65
10  2,4,6-Br,CH;0H 50 35:65
11 2,6-Me,CeH,0H 60 0:100

°Yields of pure isolated products.

sumption and show that the maximum effect is achieved
with 2,6 dimethylphenol (entry 11) with which only the
nonconjugated isomer is obtained.

It is highly probable that the reaction with 2-butenyl-
magnesium chloride follows the same pattern as with the
benzyl Grignard reagent, although with some slight dif-
ferences. As previously stated,!* a simple alkyl chain gives
mostly isomer of 5 of Z stereochemistry, but a more ac-
curate analysis of the experimental results has established
the existence of a small percentage of 4 (entries 3, 5, Table
I). Also « substitution seems to have a critical effect in
this case since only conjugated isomer 4 is formed, while
the 8 analog (entry 16, Table I) shows a preference for 5.
The formation of 4 proceeds with lower selectivity com-
pared to the benzyl reagent because there is only a small
difference in energy between the two anti positions
adopted by the alkyl chain with respect to the methyl and
vinyl groups.

In conclusion, a detailed picture of the reaction of
functionalized nitroalkanes with allylic and benzylic
Grignard reagents has been made. This practical synthetic
methodology for the preparation of nitrones shows good
chemo-, regio-, and stereochemical features that can be
enhanced with a proper choice of experimental conditions.
The benzyl Grignard reagents usually display better se-
lectivity over the 2-butenyl analog, although the latter has
been successfully employed in the enantioselective syn-
thesis of nitrones, starting from optically active nitro-
alkanes.?? The present procedure is restricted to the use
of allylic and benzylic reagents, and this represents the
more obvious limitation of this synthetic methodology.

Experimental Section

'H-NMR spectra were recorded at 300 MHz in CDCl. J values
are given in Hz. Mass spectra were obtained using the EI tech-
nique. Reaction progress was monitored by TLC or capillary GLC.
Melting points are uncorrected. Flash chromatography?® was
performed on Merck Silica gel (0.040-0.063 mm) eluting with
hexane—ethyl acetate—ethanol (6:3:1).

All chemicals used are commercial, and literature methods were
followed for the synthesis of 2-(8-nitroethyl)furan,® 3-chloro-1-
nitrobutane,? and nitro ketones.?? THF was dried by refluxing
it over sodium wire until the blue color of benzophenone ketyl
persisted and then distilling it into a dry receiver under nitrogen
atmosphere.

(28) Bartoli, G.; Marcantoni, E.; Petrini, M. J. Chem. Soc., Chem.
Commun. 1991, 793.

(29) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.

(30) Schales, A.; Graefe, H. A. J. Am. Chem. Soc. 1952, 74, 4486.

(31) Atto, S.; Potter, A.; Singand, H.; Tedder, J. J. Chem. Soc., Perkin
Trans. 2 1982, 139.

(32) Ballini, R.; Petrini, M. Synthesis 1986, 1024.



Formation of Nitrones

2-Butenylmagnesium chloride® and benzylmagnesium chlo-
ride® were prepared as described and titrated before use.%

Reaction between Nitro Compounds and Grigmard
Reagents. (Z)-a-Phenyl-N-methylnitrone (4bb). To a stirred
THF solution (30 mL) of nitromethane (1b) (0.305 g, 5 mmol)
at —70 °C was added benzylmagnesium chloride (2b) (5.5 mmol,
4.6 mL, 1.2 M in THF) under N,. The mixture was stirred for
20 min and then was quenched with saturated aqueous NH,Cl,
extracted with ether, and dried (MgSO,). Solvent was evaporated
under reduced pressure, and the crude product was submitted
to a flash-chromatographic purification (hexane—ethyl acetate—
ethanol (6:3:1)) affording 0.392 g (68%) of nitrone 4bb as a
colorless oil: IR (cm™, neat) 1585 (C=N), 1160 (NO); *H NMR
4 8.856 (3 H, 8), 7.35-7.42 (3 H, m, ArH + 1 H), 8.20-8.25 (2 H,
m, ArH); MS m/e 135 (M*), 134, 118, 107, 89, 77, 65. Anal. Calcd
for CsHgNO (135.16): C, 71.08; H, 6.71; N, 10.36. Found: C, 71.10;
H, 6.73; N, 10.35.

(Z)-a-Phenyl-N-ethylnitrone (4cb): yield 568%; oil; IR (cm™,
neat) 1595 (C=N), 1185 (NO); 'H NMR 6 1.55 (3 H, t, J = 7.20),
396 (2H, q, J = 7.20), 7.38-7.42 (3 H, m, ArH + 1 H), 8.20-8.25
(2H, m, ArH); MS m/e 149 (M*), 148, 131, 120, 105, 89, 77, 65.
Anal. Calcd for CgH;,NO (149.19): C, 72.45; H, 7.43; N, 9.38.
Found: C, 72.43; H, 7.40; N, 9.40.

(Z)-a-Methyl-N-benzylnitrone (5cb): yield 10%; oil; IR
(cm™, neat) 1590 (C=N), 1175 (NO). 'H NMR & 2.47 (3H, d,
J =464),489 (2H,s),6.72 (1 H, q,J = 4.64), 7.38-7.43 (6 H,
m, ArH); MS m/e 149 (M%), 131, 119, 91, 77, 65, 41. Anal. Caled
for CoH,;;NO (149.19); C, 72.45; H, 7.43; N, 9.38. Found: C, 72.48;
H, 7.40; N, 9.40.

a-Ethenyl-a-methyl-N-butylnitrone (4da): yield 5%. E
isomer: oil; IR (cm™, neat) 1585 (C==N), 1160 (NO); ‘H NMR
50.85 (8 H,t J="17.35), 1.45~1.65 (4 H, m), 2.20 (3 H, 8), 4.05
(2H, t, J = 7.30), 5.35-5.50 (2 H, m, CH,=), 6.65-6.75 (L H, m,
-CH=); MS m/e 141 (M*), 140, 124, 82, 68, 55, 41. Anal. Caled
for CgH,sNO (141.21): C, 68.04; H, 10.70; N, 9.91. Found: C,
68.05; H, 10.73; N, 9.91. Z isomer: oil; IR (cm™, neat) 1585
(N==0), 1165 (NO); 'H NMR 4 0.85 (3 H, t, J = 7.35), 1.40-1.65
(4H,m),2.13(3H,s),3.90 (2H, t,J = 7.30), 5.55-5.70 (2 H,
m, CHy==), 7.32-7.45 (1 H, m, -CH=); MS m/e 141 (M*), 140,
126, 124, 82, 68, 55, 41, Anal. Calcd for CgH ;NO (141.21): C,
68.04; H, 10.70; N, 9.91. Found: C, 68.05; H, 10.70; N, 9.93.

(Z)-a-Propyl-N-(1-buten-3-yl)nitrone (5da): yield 60%;
oil; IR (cm™, neat) 1595 (C=N), 1165 (NO); 'H NMR 5 0.95 (3
H,t,J = 7.35), 1.565 (3 H, d, J = 6.71), 2.40-2.50 (4 H, m), 4.40
(1 H, quint, J = 6.78), 5.25-5.30 (2 H, m, CH,==), 6.00-6.15 (1
H, m,-CH==), 6.62 (1 H, t, J = 4.65); MS m/e 141 (M*), 124, 113,
82, 68, 55, 41. Anal. Caled for CgH,;NO (141.21): C, 68.04; H,
10.70; N, 9.91. Found: C, 68.02; H, 10.68; N, 9.88,

(Z)-a-Phenyl-N-butylnitrone (4db): yield 290%; mp 73 °C
(from hexane); IR (cm™, KBr) 1595 (C=N), 1175 (NO); 'H NMR
50.94 (3 H, t, J = 7.35), 1.50-1.55 (2 H, m), 2.40-2.50 (2 H, m),
3.75 (2 H, t, J = 7.40), 7.40-7.45 (3 H, m, ArH + 1 H), 8.27-8.32
(2H, m, ArH); MS m/e 177 (M%), 176, 160, 118, 104, 77, 65. Anal.
Caled for C,,H,;NO (177.24): C, 74.54; H, 8.53; N, 7.90. Found:
C, 74.53; H, 8.50; N, 7.93.

(Z)-a-Propyl-N-benzylnitrone (5db): yield 46%; oil; IR
(cm™, neat) 1600 (C=N) 1160 (NO); 'tH NMR 6 0.95 (3 H, t, J
= 7.30), 1.52-1.60 (2 H, m), 2.42-2.51 (2 H, m), 4.89 (2 H, s), 6.69
(1 H,t,J = 5.60), 7.38-7.43 (5 H, m, ArH); MS m/e 177 (M*),
160, 149, 133, 91, 77, 65, 51. Anal. Caled for C,;H;;NO (177.24):
C, 74.54; H, 8.563; N, 7.90. Found: C, 74.53; H, 8.50; N, 7.89.

(Z)-a-Pentyl-N-benzylnitrone (5eb): yield 74%; mp 79 °C
(from hexane); IR (cm™, KBr) 1595 (C=N), 1170 (NO); *H NMR
60.88 (3H, t, J = 7.40), 1.25-1.35 (4 H, m), 1.40~1.55 (2 H, m),
2.45-2.55 (2 H, m), 4.80 (2 H, s), 6.58 (1 H, t, J = 5.90), 7.40-7.45
(5 H, m, ArH); MS m/e 205 (M*), 188, 177, 161, 125, 91, 77, 65.
Anal. Caled for C,3H;sNO (205.29): C, 76.05; H, 9.32; N, 6.82.
Found: C, 76.04; H, 9.30; N, 6.85.

a-Ethenyl-a-methyl-N-(2-propyl)nitrone (4fa): yield 78%.
E isomer: oil; IR (em™, neat) 1590 (C=N), 1150 (NO); 'H NMR
51.38(6 H,d, J = 6.41), 2.18 (3 H, 8), 4.63 (1 H, sept, J = 6.41),

(33) Hutchinson, D. A.; Beck, K. R.; Benkeser, R. A.; Grutzner, J. B.
J. Am. Chem. Soc. 1978, 95, 7075.

(34) Oppolzer, W.; Schneider, P. Tetrahedron Lett. 1984, 25, 3305.

(35) Bergbreiter, D. E.; Pendergrass, P. J. Org. Chem. 1981, 46, 219.
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5.30-5.50 (2 H, m, CH,=), 6.70-6.85 (1 H, m, -CH=); MS m/e
127 (M*), 84, 68, 55, 41, 39. Anal. Caled for C;H,;NO (127.18):
C, 66.10; H, 10.30; N, 11.01. Found: C, 66.11; H, 10.27; N, 10.99.
Z isomer: oil; IR (cm™, neat) 1585 (C=N), 1160 (NO); 'H NMR
$1.35 (6 H, d, J = 6.40), 2.15 (3 H, s), 4.50 (1 H, sept, J = 6.40),
5.50-5.70 (2 H, m, CH,=), 7.30-7.45 (1 H, m, -CH==); MS m/e
127 (M*) 84, 68, 55, 41, 39. Anal. Caled for C;H,;NO (127.18):
C, 66.10; H, 10.30; N, 11.01. Found: C, 66.08; H, 10.28; N, 11.04.
(Z)-a-Phenyl-N-(2-propyl)nitrone (4fb): yield 74%; oil; IR
(cm™, neat) 1580 (C=N) 1145 (NO); 'H NMR 6 1.48 (6 H, d, J
= 6.40), 4.20 (1 H, sept, J = 6.40), 7.30-7.40 3 H, m, ArtH + 1
H), 8.20-8.25 (2 H, m, Ar H); MS m/e 163 (M*), 162, 120, 104,
77,65, 51. Anal. Caled for C;oH;sNO (163.21): C, 73.58; H, 8.02;
N, 8.58. Found: C, 73.55; H, 8.05; N, 8.60.
(Z)-a-Phenyl-N-[1-(3-oxobutyl) Initrone (4gb): yield 27%;
oil; IR (cm™, neat) 1580 (C=N), 1160 (NO); 'H NMR 4 2.10 (3
H,s), 3.20 (2 H, t, J = 7.05), 4.05 (2 H, t, J = 7.05), 7.30-7.35 (3
H, m, ArH + 1 H), 8.15-8.18 (2 H, m, ArH); MS m/e 191 (M*),
190, 174, 143, 103, 89, 77, 65. Anal. Caled for C;,H;sNO (175.22):
C, 69.09; H, 6.85; N, 7.32. Found: C, 69.10; H, 6.86; N, 7.34.
(Z)-a-(2-Oxopropyl)-N-benzylnitrone (5gb): yield 43%;
oil; IR (cm™, neat) 1590 (C=N), 1155 (NO); 'H NMR § 2.10 (3
H,s),3.35 (2H,d, J =6.20),4.90 (2 H, s), 6.62 (1 H, t, J = 6.20),
7.30-7.35 (5 H, m, ArH); MS m/e 191 (M), 173, 143, 91, 77, 65.
Anal. Caled for C,;H;;NO (175.22): C, 69.09; H, 6.85; N, 7.32.
Found: C, 69.07; H, 6.85; N, 7.29.
a-Ethenyl-a-methyl-N-[1-(2-furyl)-2-ethyl]nitrone (4ha):
yield 21%. E isomer: oil; IR (cm™, neat) 1600 (C=N), 1145 (NO);
IHNMR$217(8H,s),3.22(2H,t,J =7.02),423 2H, t, J
= 7.00), 5.25-5.45 (2 H, m, CH,=), 6.40-6.55 (1 H, m, ~-CH),
6.05-6.10 (1 H, m), 6.25-6.30 (1 H, m), 7.26-7.30 (1 H, m); MS
m/e 179 (M*), 163, 154, 94, 66, 55, 41. Anal. Calcd for C,,H;;NO,
(179.21): C, 67.02; H, 7.31; N, 7.81. Found: C, 67.01; H, 7.37;
N, 7.84. Z isomer: oil; IR (cm™, neat) 1600 (C=N), 1150 (N-0);
IHNMR $2.07 (8H,s),3.22(2H,t,J =7.03),417(2H,t,J
= 7.0%), 6.55-5.75 (2 H, m, CH;/~), 6.05-6.10 (1 H, m, -CH==),
6.26-6.30 (1 H, m), 7.20-7.30 (2 H, m); MS m/e 179 (M*), 163,
150, 94, 82, 66, 55, 41. Anal. Caled for C,H;3NO, (179.21): C,
67.02; H, 7.31; N, 7.81. Found: C, 67.00; H, 7.29; N, 7.83.
(Z)-a-(2-Furylmethyl)-N-[3-(1-butenyl) ]nitrone (5ha):
yield 40%; oil; IR (cm™, neat) 1595 (C=N), 1145 (NO); 'H NMR
6155 (8H,d,J =6.75), 3.87 (2H, d, J = 6.90), 4.40-4.50 (1 H,
m), 5.20-5.35 (2 H, m, CH,=), 6.05-6.10 (1 H, m), 6.35 (1 H, t,
J = 6.90), 6.40-6.55 (1 H, m), 7.25-7.30 (1 H, m); MS m/e 179
(M*), 163, 124, 94, 81, 55, 39. Anal. Caled for C;oH;sNO, (179.21):
C, 67.02; H, 7.31; N, 7.81. Found: C, 66.99; H, 7.29; N, 7.80.
(Z)-a-Phenyl-N-[1-(3-chlorobutyl)]nitrone (4ib): yield
30%; oil; IR (em™, neat) 1590 (C=N), 1165 (NO); 'H NMR 5 1.40
(3H,d, J = 17.10), 2.05-2.20 (2 H, m), 3.92 2 H, t, J = 7.20),
4.60-4.75 (1 H, m), 7.38-7.42 (3 H, m, ArH + 1 H), 8.15-8.20 (2
H, m, ArH); MS m/e 146, 102, 77, 65, 51. Anal. Calcd for
C,H,,CINO (211.68): C, 62.41; H, 6.66; N, 6.61. Found: C, 62.38;
H, 6.69; N, 6.59.
(Z)-a-[1-(2-Chloropropyl)]-N-benzylnitrone (5ib): yield
45%; oil; IR (em™, neat) 1590 (C=N), 1160 (NO); 'H NMR § 1.40
(3H,d, J = 7.20), 2.10-2.40 (2 H, m), 4.65-4.80 (3 H, m), 6.60
(1 H,t, J = 5.65), 7.35-7.40 (5 H, m, ArH); MS m/e 186, 184, 102,
91, 77, 65, 51. Anal. Caled for C;;H,,CINO (211.68): C, 62.41;
H, 6.66; N, 6.61. Found: C, 62.44; H, 6.68; N, 6.59.
a-Ethenyl-a-methyl-N-[4-(2-0xopentyl) nitrone (4ja): yield
70%. E isomer: oil; IR (cm™, neat) 1595 (C==N), 1160 (NO); 'H
NMR 5145 (3H,d, J =6.30), 1.75-1.85 (2 H, m), 2.05 (3 H, s),
2.10 (3 H, s), 2.40-2.55 (2 H, m), 4.05-4.15 (1 H, m), 5.30-5.45
(2 H, m, CHy~=), 6.65-6.75 (1 H, m, -CH==); MS m/e 183 (M%),
146, 99, 81, 55, 43, 41. Anal. Caled for C,H,,NO, (183.25): C,
65.54; H, 9.35; N, 7.64. Found: C, 65.56; H, 9.32; N, 7.61. Z isomer:
oil; IR (cm™, neat) 1600 (C=N), 1160 (NO); 'H NMR 6 1.40 (3
H, d, J = 6.30), 1.75~1.85 (2 H, m), 2.05 (3 H, s8), 2.10 (3 H, s),
2.40-2.55 (2 H, m), 4.05-4.15 (1 H, m), 5.50-5.70 (2 H, m, CH,=),
6.30-6.35 (1 H, m, -CH=); MS m/e 183 (M*), 146, 99, 81, 55,
43, 41. Anal. Calcd for C;(H,;NO, (183.25): C, 65.54; H, 9.35;
N, 7.64. Found: C, 65.53; H, 9.33; N, 7.65.
(Z)-a-Phenyl-N-[4-(2-oxopentyl) Initrone (4jb): yield 71%;
oil IR (em™!, neat) 1595 (C=N), 1150 (NO); 'H NMR 6 1.48 (3
H, d, J = 6.30), 1.75-1.90 (2 H, m), 2.10 (3 H, m), 2.40-2.55 (2
H, m), 4.05-4.10 (1 H, m), 7.35-7.40 (3 H, m, ArH + 1 H), 8.20-8.25
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(2 H, m, ArH); MS m/e 219 (M*), 218, 202, 165, 104, 89, 77, 65,
43. Anal. Calcd for C;3H,NO, (219.28): C, 71.20; H, 7.81; N,
6.38. Found: C, 71.21; H, 7.80; N, 6.40.

a-Ethenyl-a-methyl-N-[4-(1-methyl-4-methoxy-4-0x0-
butyl)]nitrone (4ka): yield 69%. E isomer: oil; IR (cm™, neat)
1595 (C=N), 1160 (NO); TH NMR 6 1.40 (3 H, d, J = 6.35),
1.80-1.85 (1 H, m), 2.05-2.20 (3 H, m), 2.25 (3 H, s), 3.65 (3 H,
s), 4.70-4.75 (1 H, m), 5.35-5.55 (2 H, m, CH;~), 6.75-6.85 (1 H,
m, -CH=); MS m/e 199 (M"), 182, 168, 115, 96, 73, 59, 55, 41.
Anal. Caled for C,(H;;NO; (199.25): C, 60.28; H, 8.60; N, 7.03.
Found: C, 60.25; H, 8.59; N, 7.04. Z isomer: oil; IR (cm™, neat)
1595 (C=N), 1155 (NO); 'H NMR 4 1.43 (3 H, d, J = 6.30),
1.75-1.85 (1 H, m), 2.05 (3 H, s), 2.10-2.15 (3 H, m), 3.62 (3 H,
8), 4.45-4.55 (1 H, m), 5.55-5.70 (2 H, m, CH;~), 7.35-7.45 (1 H,
m, ~-CH=); MS m/e 199 (M*), 182, 168, 115, 96, 73, 59, 55, 41.
Anal. Caled for C,oH;;NO, (199.25): C, 60.28; H, 8.60; N, 7.03.
Found: C, 60.25; H, 8.59; N, 7.05.

(Z)-a-Phenyl-N-[4-(1-methyl-4-methoxy-4-oxobutyl)]-
nitrone (4kb): yield 66%; oil; IR (cm™, neat) 1600 (C=N), 1160
(NO); 'H NMR 4 1.50 (3 H, d, J = 6.30), 1.85-2.00 (1 H, m),
2.25-2.45 (3 H, m), 3.65 (3 H, s), 4.10-4.25 (1 H, m), 7.38-7.43
(3H, m, ArH + 1 H), 8.20-8.25 (2 H, m, ArH); MS m/e 235 (M*),
234, 218, 204, 132, 115, 77, 65, 59. Anal. Caled for CygH,;NO;
(235.28): C, 66.36; H, 7.28; N, 5.95. Found: C, 66.35; H, 7.26;
N, 5.95.

(Z)-a-2-Propyl-N-benzylnitrone (51b): yield 75%; mp 52
°C (from hexane); IR (cm™, KBr) 1590 (C=N), 1155 (NO); 'H
NMR 6 1.09 (6 H, d, J = 6.96), 3.10-3.20 (1 H, m), 4.85 (2 H, s),
648 (1H,d,J = 7.12), 7.38-7.43 (5 H, m, ArH); MS m/e 177 (M™),
161, 160, 91, 77, 65, 51. Anal. Caled for C;,H,NO (177.24): C,
74.53; H, 8.53; N, 7.90. Found: C, 74.50; H, 8.56; N, 7.88.

a-Ethenyl-a-methyl-N-benzylnitrone (4ma): yield 16%.
E isomer: oil; IR (cm™, neat) 1590 (C=N), 1140 (NO); 'H NMR
62.15 (3 H, s), 4.85 (2 H, 8), 5.30-5.45 (2 H, m, CHy=), 6.00-6.15
(1 H, m, -CH=), 7.40~7.45 (5 H, m, ArH); MS m/e 175 (M*"),
145,121, 104, 91, 77, 55, 41. Anal. Caled for C,;H;3NO (175.22)
C, 75.40; H, 7.47; N, 7.99. Found: C, 75.40; H, 7.49; N, 7.98. Z
isomer: oil; IR (em™, neat) 1585 (C=N), 1155 (NO); 'H NMR
6228 (3H,s), 4.85 (2 H, s), 5,50-5.70 (2 H, m, CH,=), 6.95-7.10
(1 H, m, -CH=), 7.35-7.50. (56 H, m, ArH); MS m/e 175 (M*),
145,121, 104, 91, 77, 55, 41. Anal. Caled for C;;H;sNO (175.22):
C, 75.40; H, 7.47; N, 7.99. Found: C, 75.42; H, 7.45; N, 7.96.

(Z)-a-Phenyl-N-[3-(1-butenyl)nitrone (5ma): yield 64%;
oil; IR (¢cm™, neat) 1590 (C=N), 1140 (NO); 'H NMR 4 1.64 (3
H, d, J = 6.70), 4.55-4.60 (1 H, m), 5.30-5.40 (2 H, m, CH,~),
6.13-6.25 (1 H, m, -CH=), 7.40-7.45 (3 H, m, ArH + 1 H),
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8.21-8.25 (2 H, m, ArH); MS m/e 175 (M*), 145, 121, 104, 77, 65,
55, 41. Anal. Caled for C;H,sNO (175.22): C, 75.40; H, 7.47;
N, 7.99. Found: C, 75.43; H, 7.44; N, 8.01.

Synthesis of Isoxazolidine by Cycloaddition of a-Ethe-
nyl-N-(2-methylphenyl)nitrone. The reaction of 2-methyl-
nitrobenzene (11) (0.685 g, 5 mmol) and allylmagnesium bromide
(12) (5.5 mmol, 4.6 mL, 1.2M in THF) was performed as for the
synthesis of nitrone 4bb. The crude nitrone 13 was dissolved in
THF (20 mL), and acrylonitrile (0.318 g, 6 mmol) was added. The
solution was refluxed for 24 h, and evaporation of the solvent gave
2-(2-methylphenyl)-3-ethenyl-4-isoxazolidinecarbonitrile (14) and
2-(2-methylphenyl)-3-ethenyl-5-isoxazolidinecarbonitrile (15) as
a nonseparable mixture of diastereomers. They have been rec-
ognized through mass spectrum analysis: m/e 214 (M*), 160, 144,
118, 104, 91, 65, 39.

Reaction of 1-Nitrobutane (1d) with Alkyl Grignard
Reagents. To a stirred THF solution (20 mL) of 1d (0.515 g, 5
mmol) at -70 °C was added a solution of Grignard reagent (5.5
mmol) in THF under N;. The mixture was stirred for 20 min
and then was quenched by addition of saturated aqueous NH,Cl1
and extracted with diethyl ether. The organic layer, dried over
Na,SO,, was concentrated and submitted to flash-chromatographic
purification on a silica gel column eluted with hexane-diethyl ether
(9:1) to give the following product distributions.

(a) 1d with 1-butylmagnesium bromide (2¢): 14 (58%), az-
oxybutane (28%), azobutane (3%), dibutylhydroxylamine (5%),
and a-propyl-N-butylnitrone (2%).

(b) 1d with 1-decylmagnesium bromide (2d): 1d (46%), az-
oxybutane (26%), 1-decanol (46%), n-decane (32%), azobutane
(3.5%), N-butyl-N-decylhydroxylamine (5%), and 1-decene (8%).

(c) 1d with tert-butylmagnesium bromide (2¢’): 1d (80%) and
a-propyl-N-tert-butylnitrone (15%).

All compounds were identified by comparison with authentic
samples.

Isomerization of Nitrones. To a solution of nitrone (1.5
mmol) in absolute EtOH (5 mL) was added two drops of a stock
solution prepared from MeONa (0.65 g, 12 mmol) and EtOH (2
mL), and the resulting solution was heated at reflux for the
appropriate time. The isomerization progress was monitored by
a GLC mass detector as indicated in Table II. The overall yield
of the recovered material was determined by GLC analysis using
an internal standard.
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