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Part XIll.: A New Syn-

thesis of 2-Cyano-Al-pyrroline 1-Oxides and their Behaviour towards a

Grignard Reagent

By David St.C. Black,”t V. Malcolm Clark, R. S. Thakur, and Lord Todd, University Chemical Laboratory,

Cambridge CB2 1EW

2-Alkyl-Al-pyrroline 1-oxides are readily nitrosated by isopenty! nitrite, giving the oximes of the corresponding

pyrroline-2-carbonyl compounds.

by treatment with thionyl chloride in pyridine.

The pyrroline-2-carbaldehyde oximes can be dehydrated to 2-cyano-derivatives

Attack of methylmagnesium iodide on the sterically hindered 2-

cyano-3,3,5,5-tetramethyl-A1-pyrroline 1-oxide occurred at the cyano-group, to yield the corresponding 2-acetyl

compound.

In less hindered analogues preferential attack on the nitrone carbon atom was observed ; the cyano-

hydroxylamine derivatives so formed can undergo elimination of MgICN, yielding the parent Al-pyrroline 1-oxide.

2-CYANO-Al-PYRROLINE 1-OXIDES can readily be pre-
pared 2 by a two-step process from Al-pyrroline 1-oxides.
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Addition of aqueous hydrogen cyanide to pyrroline 1-
oxides with a hydrogen atom at position 2 results in 2-
cyano-1-hydroxypyrrolidines, analogous to cyanohydrins.
These cyano-hydroxylamines undergo copper-catalysed
aerial oxidation to form the 2-cyano-nitrones. We now
describe a synthetic pathway from 2-methyl-Al-pyrroline
1-oxides to the corresponding 2-cyano-Al-pyrroline 1-
oxides via the 2-hydroxyiminomethyl derivatives.

Oxidation of 2-alkyl-Al-pyrroline 1-oxides with selen-
ium dioxide yields 2-acyl compounds,® which are highly

t Present addvess: Department of Chemistry, Monash Univer-
sity, Clayton, Victoria, Australia.
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sensitive to acids and undergo hydrolytic transformations
into the related tetrahydropyridones. The formation of
oximes by the reaction of these acyl-nitrones with hy-
droxylamine has been affected,* although C-nitrosation
can be more readily carried out in high yield by the reac-
tion of alkyl-Al-pyrroline 1-oxides (Ia—f) with isopentyl
nitrite in the presence of sodium methoxide. The re-
sulting oximes (IIa—f) are highly crystalline, colourless
compounds which absorb in the region 279—293 nm in
the u.v. and at ca. 1 555 cmm™ in the i.r., consistent with
the conjugated hydroxyimino-structure (II). On mild
acidic hydrolysis, the oximes (Ila and e) afforded the
corresponding tetrahydropyridone 1-oxides (I1Ia and e),
respectively, presumably wvia the exocyclic carbonyl
compounds.

The oximes (I1a and b) were dehydrated to the nitriles
(IVa and b) respectively, with thionyl chloride in pyridine.
The nitrile (IVb) has already been described,? and the
spectroscopic properties of (IVa) are similar (v_,, 2 225
and 1553 cm™, ~ .. 271 nm).

Earlier work 2 has dealt with the alkaline hydrolysis of
2-cyano-Al-pyrroline l-oxides to yield mixtures of the
corresponding carboxylic and hydroxamic acids. Each
of these products can be converted into the related ni-
trone, by decarboxylation 2 and reduction,® respectively.
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Thus, an overall demethylation of a 2-methyl-Al-pyr-

roline 1-oxide can be effected as indicated in Scheme 1.
Grignard Reactions of 2-Cyano-Al-pyrvoline 1-Oxides.—

In view of the fact that Grignard reagents add 2 tonitrones

3 R. F. C. Brown, V. M. Clark, and Sir Alexander Todd, J.
Chem. Soc., 1959, 2105.

¢+ W. D. S. Bowering, V. M. Clark, R. S. Thakur, and Lord
Todd, Annalen, 1963, 669, 106.

5 H. O. House and R. W. Magin, J. Org. Chem., 1963, 28, 647.
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in a manner analogous to that observed with carbonyl
compounds, the 2-cyano-nitrones present an interesting
comparative study. Grignard reagents react ¢ readily
with nitriles to produce substituted imines, which are
usually hydrolysed to the ketones. Thus, reaction
with 2-cyano-nitrones could lead to mixed products, as
there are two positions susceptible to nucleophilic attack.
Reaction with the cyano-group would produce an acyl-
nitrone, whereas reaction at the nitrone carbon atom
would lead to reduction or cyanide displacement. In
general, nitriles are less reactive towards Grignard
reagents than the corresponding aldehydes or ketones.
(A noteworthy exception is 2-cyanocyclopentanone; in
this case phenyl-® and ethyl-magnesium bromide ?
preferentially attack the cyano-group.) The analogous
carbonyl system, ¢.e. that found in acyl cyanides, has
received little attention, but Grignard reagents displace 10
the cyano-group of benzoyl cyanide to yield a ketone
which can react further to give the tertiary alcohol.
Again ethyl cyanoformate undergoes 1 a similar cyanide
displacement process:

RMgX 2RMgX
Et0,C-CN ———— EtO,CR + MgXCN ——»
R,C-OMgX + MgXOEt

Related to this behaviour is the displacement of cyanide
from benzoyl cyanide by a nitroalkane anion 12 and by
hydride ion.13
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centre would almost certainly be finely balanced. In the
present study, this is indeed shown to be the case. In the
first example, 2-cyano-5,5-dimethyl-Al-pyrroline 1-oxide
(IVDb), nucleophilic attack occurred on the nitrone rather
than the nitrile group. By use of 2 mol. equiv. of methyl-
magnesium iodide, 2,5,5-trimethyl-Al-pyrroline 1-oxide
(Ib) was formed in high yield. This result is most readily
explained on the assumption that the cyanohydroxyl-
amine derivative formed by addition of the Grignard
reagent readily eliminates MgICN. In view of the poten-
tial value of such an elimination, the reaction of methyl-
magnesium iodide with the cyanohydroxylamine (V) was
investigated. One mol. equiv. of reagent was sufficient
to effect elimination of MgICN to give the nitrone (VI);
an excess of reagent led to the trimethyl hydroxylamine
(VII).

The cyano-hydroxylamine (V) is analogous to an «-
amino-nitrile or an extended cyanohydrin. The nitrile
group of cyanohydrins is usually displaced ¥ by a Grig-
nard reagent, and similar behaviour can occur 1* with
a-amino-nitriles. However, Grignard reagents some-
times 16 attack the nitrile group of «-amino-nitriles to
form ketones.

The formation of (VI) by this route offers an alternative
to the hypobromite oxidation 17 of hydroxyamino-acids,
but its usefulness is limited to the immediate formation of
nitrones bearing an «-hydrogen atom. Cyanide ion could
not be added 18 to an a«-disubstituted nitrone, and the
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It is known 2 that the carbon atom of a nitrone is less
electrophilic than that of a carbonyl compound, so that
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any selection between attack at the nitrone or the nitrile
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1933, 55, 2900.

addition of a Grignard reagent to a cyano-nitrone is
precluded by the above elimination.

It seems from the Grignard reactions discussed above
that the nitrone group is more susceptible to nucleo-
philic attack than the cyano-group, although attack on
the nitrone is probably not exclusive. It seemed prob-
able that this situation might be reversed by suitable
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substitution of the cyano-compound used. This proved
to be so; the hindered cyano-nitrone (IVc), prepared by
adding cyanide ion to 3,3,5,5-tetramethyl-Al-pyrroline
I-oxide, reacted with 2 mol. equiv. of methylmagnesium
iodide to give a 909, yield of the 2-acyl-nitrone (VIII),
V.. 1665 and 1520 cm™, 2. 289 nm (¢ 10 000),

max.
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characterised as its oxime. In this instance, the action
of a Grignard reagent on the cyano-nitrone provides a
good route to the 2-acyl-nitrone.

EXPERIMENTAL

General information is the same as for Part XI.

The 2-alkyl-Al-pyrroline l-oxides (Ia, b, and e) were
prepared as previously described.2

2-Ethyl-4,4-dimethyl-Al-pyrroline 1-Oxide (Id).—A mix-
ture of 5-methylhex-4-en-3-one * (35.0 g, 1 mol), nitrome-
thane (200 g, 10 mol), diethylamine (24.0 g, 1 mol), and
hydroquinone (1 g) was heated under reflux in the dark for
48 h. TIractional distillation afforded 5,5-dimethyi-6-nitro-
hexan-3-ome (15 g, 30%), b.p. 118—122° at 14 mmHg, v
(liquid) 1715 and 1550 cm™. The 2,4-dinitrophenyl-
kydrazone formed needles, m.p. 100° (from ethanol), 2 359
(e 22 060) and 226 nm (16 420) (Found: C, 47.9; H, 5.6.
C, H, gN;O; requires C, 47.6; H, 5.49).

The nitroketone (14.8 g) and ammonium chloride (3.7 g)
in water (100 ml) cooled in ice were stirred vigorously while
zinc dust (18.5 g) was added during 1 h. Stirring was con-
tinued for a further 2 h. An o1l, isolated in the usual way,?
was distilled to yield the product (Id) (7.2 g, 60%), b.p.
72—74° at 0.1 mmHg, A, 231 nm (¢ 7 940), v . (film)
1 603 and 1 525cm™. The picrate formed needles, m.p. 100°
(from ethanol) (Found: C, 45.8; H, 5.2. C,,H,,N,O; re-
quires C, 45.5; H, 4.99%,.)

2,4,5,5-Tetramethyl-Al-pyrroline 1-Oxide (Ic).—Addition 2
of methvlmagnesium iodide to 4,5,5-trimethyl-Al-pyrroline
l-oxide vyielded 1-Aydroxy-2,2,3,5-tetramethylpyrvolidine
(79%), b.p. 56° at 4 mmHg (Found: C, 67.0; H, 12.0; N,
10.1. C¢H,,NO requires C, 67.1; H, 12.0; H, 9.8%).

Oxidation of the hydroxylamine with alkaline potassium
hexacyanoferrate(in) yielded the Al-pyrroline 1-oxide (Ic)2®
(66%), b.p. 82° at 1 mmHg, v, (film) 1 605 cm™. The
picvate formed needles, m.p. 131—132° (from methanol)
(Found: C, 45.5; H, 4.9; N, 15.4. C;,H;,N,O; requires
C, 45.4; H, 4.9; N, 15.1%).

2-Ethyl-4,5,5-trimethyl-Al-pyrroline 1-Oxide (1f).—Addi-
tion of ethylmagnesium bromide to 4,5,5-trimethyl-Al-
pyrroline 1-oxide yielded 5-ethyl-1-hydroxy-2,3,3-trimethyl-
pyrrolidine (80%,), b.p. 74° at 3 mmHyg, oxidation of which
with alkaline potassium hexacyanoferrate(iur) yielded the

19 J. Colonge and M. Reymermier, Bull. Soc. chim. France,
1956, 188.
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Al-pyrroline l-oxide (It), b.p. 86° at 1 mmHg, v (liquid)
1590 cm™. The picrate had m.p. 86.5—87.5° (from
ethanol) (Found: C, 47.1; H, 5.3; N, 14.5. C,;H,,N,O,
requires C, 46.9; H, 5.3; N, 14.6%).

Nitvosation of 2-Alkyl-Al-pyrvoline 1-Oxides.—2-Hydroxy-
iminomethyl-4,4-dimethyl-Al-pyrvoline 1-oxide (Ila). 2,4,4-
Trimethyl-Al-pyrroline 1-oxide (1.3 g) and isopentyl nitrate
(2.0 g) were separately and concomitantly added to a stirred,
cooled (0—5 °C) suspension of dry sodium methoxide (0.6 g)
in anhydrous ether (50 ml). The mixture was stirred for a
further 2h. TUnchanged isopentyl nitrite and solvent were
removed under reduced pressure, leaving a solid residue
which was dissolved in water (25 ml) and neutralised with
hydrochloric acid. A colourless solid separated and further
product was obtained by extraction with ether. Recrystal-
lisation of the combined material from methanol afforded
the oxime (11a) (1.45 g, 90%), m.p. 209—210°, A, (MeOH)
292nm (e 11 620), v_,  (Nujol) 3 100 and 1 588 cm™ (Found:
C, 53.7; H, 7.5; N, 17.8. C,H,,N,O, requires C, 53.8; H,
7.7; N, 17.9%). The remaining oximes were prepared in
the same manner.

2-Hydroxyiminomethyl-5,5-dimethyl-Al-pyrroline  1-oxide
(IIb) (90%) had m.p. 198—199° (from methanol-benzene—
cyclohexane), A .. 292nm (¢ 12 170), v (Nujol) 3 100 and
1560 cm™ (Found: C, 53.7; H, 7.9; N, 17.7. C/H,,N,O,
requires C, 53.8; H, 7.7; N, 17.99%). 2-Hydroxyimino-
wmethyl-4,5,5-trimethyl-A-pyrvoline 1-oxide (Ilc) (65%) had
m.p. 192—193° (from methanol-benzene—cyclohexane), A .
(MeOH) 293 nm (e 12 880), v, (Nujol) 3 100 and 1 555 cm™
(Found: C, 56.9; H, 8.3; N, 16.8. CH,,N,O, requires C,
56.6; H, 8.2; N, 16.5%). 2-(1-Hydroxyiminoethyl)-4,4-
dimethyl-Al-pyvvoline 1-oxide (I11d) (75%) had m.p. 180—181°
(from methanol-benzene—cyclohexane), 2 .. (MeOH) 279
nm (e 12 760), v .. (Nujol) 3 100 and 1 588 cm™ (Found:
C,56.4; H,8.0. CH,N,O,requiresC, 56.5; H, 8.29%). 2-
(1-Hydroxyiminoethyl)-5,5-dimethyl-Al-pyrroline  1-oxide
(IIe)* (809%) had m.p. 190—191° (from methanol-benzene—
cyclohexane), 2. (MeOH) 279 nm (v 13 600), v_, - (Nujol)
3140 and 1557 cm™ (Found: C, 56.2; H, 8.5; N, 16.8.
Cale. for CgH,,N,0,: C, 56.6; H, 8.3; N, 16.5%). 2-(1-
Hydyoxyiminoethyl)-4,5,5-trimethyl-A-pyrroline 1-oxide (I11f)
(90%) had m.p. 170° (from methanol), A . (MeOH) 279 nm
(= 14 000), v, . 3100 and 1 556 cm™ (Found: C, 58.8; H,
9.0; N, 15.3. CyH;(N,O, requires C, 58.7; H, 8.7; N,
15.2%,).

Hydyrolyses of Hydroxyimino-Al-pyrroline 1-Oxides.—2-
Hydyoxyiminomethyl-4,4-dimethyl-Al-pyrroline 1-oxide (11a).
Compound (ITa) was refluxed for 2 h with 109, sulphuric
acid. Extraction with ether yielded 5,6-dihydro-5,5-
dimethylpyridin-3(4H)-one 1l-oxide (IITa), m.p. 75°
identical with an authentic sample.?

2-(1-Hydroxyiminoethyl)-5,5-dimethyl-Al-pyrroline 1-oxide
(Ile). Similar treatment of (Ile) yielded 5,6-dihydro-2,6,6-
trimethylpyridin-3(4H)-one l-oxide (IIle), m.p. 102—103°
(from methanol-cyclohexane-benzene), % . (cyclohexane)
288 nm (e 17 850); v . (Nujol) 1662, 1517, 1351, 1 321,
and 1 225cm™ (Found: C, 61.8; H, 8.7; N, 9.2. Cy,H,;,NO,
requires C, 61.9; H, 8.5; N, 9.0%,), identical with that ob-
tained by treating 2-acetyl-5,5-dimethyl-Al-pyrroline 1-
oxide * with cold dilute hydrochloric acid.

Dehydration of Hydroxyimino-Al-pyrroline 1-Oxides.—2-
Hydroxyiminomethyl-4,4-dimethyl-Al-pyrroline l-oxide

20 E. Lunt, ‘ International Symposium on Nitro Compounds,’
Warsaw, 1963, Tetrahedron, 1964, 20 (Suppl. 1), 291; J. B. Bapat
and D. St.C. Black, Austral. J. Chem., 1968, 21, 2483.
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(ITa) (1.4 g, 0.09 mol) was stirred in dry pyridine (40 ml)
below 0 °C, and freshly distilled thionyl chloride (3.5 g,
0.25 mol) was added slowly. The solution became yellow,
then orange, and finally dark green. After complete addi-
tion of thionyl chloride (1 h), stirring was continued for a
further 2 h, and the mixture was then kept at room tem-
perature for 8 h. The mixture was evaporated under re-
duced pressure and the residue dissolved in water (20 ml)
and extracted continuously (48 h) with ether. The extract
yielded a solid which, on recrystallisation from benzene,
gave 2-cyano-4,4-dimethyl-Al-pyrroline 1-oxide (IVa) (0.7 g,
50%), m.p. 79—80°, 2 . (MeOH) 271 nm (c 10 485), v
2225 and 1553 cm™ (Found: C, 60.9; H, 7.3; N, 20.0.
C,H,,N,O requires C, 60.9; H, 7.3; N, 20.3%).

2-Cyano-5,5-dimethyl-Al-pyrroline 1-oxide (IVb) was pre-
pared in a similar manner from 2-hydroxyiminomethyl-5,5-
dimethyl-Al-pyrroline 1l-oxide (IIb). The product (45%)
had b.p. 110°at 0.5 mmHg. Thei.r. spectrum was identical
with that of an authentic sample.?

Reaction of 2-Cyano-5,5-dimethyl-Al-pyrroline 1-Oxide
(IVb) with Methylmagnesium Iodide.—A solution of the
cyano-nitrone 2 (2.6 g) in ether was added to ethereal methyl-
magnesium iodide [from magnesium (0.9 g) and methyl
iodide (5.5 g, 2 mol. equiv.)]. A yellow precipitate formed.
The mixture was heated under reflux for 2 h and the mag-
nesium complex was then decomposed by adding aqueous
ammonium chloride. The dried ethereal extract contained
a trace of an N-hydroxypyrrolidine. Extraction of the
aqueous solution with chloroform produced an oil which,
after chromatography on alumina, yielded 2,5,5-tri-
methyl-Al-pyrroline l-oxide (Ib) (2.0 g, 83%). The i.r.
spectrum was identical with that of an authentic sample.?
The picrate had m.p. and mixed m.p. 101° (from ethanol).

Reaction of 5-Cyano-1-hydroxy-2,2-dimethylpyrrolidine (V)
with Methylmagnesium Iodide. (a) A solution of the cyano-
hydroxylamine 2 (1.4 g) in ether (50 ml) was added to methyl-
magnesium iodide [from magnesium (0.25 g) and methyl
iodide (1.5 g, 1 mol. equiv.)]. The solution became turbid
and was stirred and heated under reflux for 2 h. Dilute
ammonium chloride solution was added and the ethereal
extract dried and concentrated to give 5,5-dimethyl-Al-
pyrroline 1-oxide (VI) (1.0 g, 90%,) as an oil. The i.r. spec-
trum was identical with that of an authentic sample.? The
picvate had m.p. and mixed m.p. 81° (from ethanol).

() In a similar reaction with 2 mol. equiv. of methyl-
magnesium iodide, 1-hydroxy-2,2,5-trimethylpyrrolidine

J.C.S. Perkin I

(VII) was formed. This was oxidised to the nitrone (Ib),
characterised as its picrate, m.p. and mixed m.p. 101°.2

2-Cyano-3,3,5,5-tetramethyl-Al-pyrroline 1-Oxide (IVc).21
—2n-Hydrochloric acid (32 ml) was added during 2 h to a
stirred solution of 3,3,5,5-tetramethyl-Al-pyrroline 1-oxide
(8.8 g) and potassium cyanide (5.0 g) in water (40 ml) at
0°C. A white solid was precipitated. After a further 2 h,
the mixture was brought to pH 11 with 10%, sodium hy-
droxide and continuously extracted with ether for 2 days.
The extract was dried and concentrated to yield 5-cyano-1-
hydroxy-2,2,4,4-tetramethylpyrrolidine as an oil (9.0 g).
This was dissolved in 60 :40 water—ethanol (100 ml) and
treated with copper acetate (1.5 h) and ammonia (5ml). Air
was passed through the decolourised solution until a perman-
ent blue colour was restored (3 h). The aqueous solution
was extracted with chloroform (3 x 100 ml), dried, and
concentrated to yield the nitrone (IVc) (2.6 g, 25%), m.p.
106° (from ethyl acetate-light petroleum), A, 271 nm
(e 10 200), v, (Nujol) 2220 and 1549 cm™ (Found: C,
64.8; H, 8.3; N, 16.5. C,H,,N,O requires C, 65.0; H,
8.5; N, 16.9%,).

Reaction of 2-Cyano-3,3,5,5-tetramethyl-Al-pyrvoline 1-
Oxide (IVc) with Methylmagnesium Iodide.—A solution of
the cyano-nitrone (0.2 g) in ether was added to methyl-
magnesium iodide [from magnesium (0.05 g) and methyl
iodide (0.35 g, 2 mol. equiv.)] in ether. A yellow precipi-
tate was formed immediately. After heating under reflux
for 1 h, dilute aqueous ammonium chloride was added and
the ethereal extract was dried and concentrated to yield
2-acetyl-3,3,5,5-tetramethyl-Al-pyrroline  l-oxide (VIII)
(0.15 g, 689%) as a pale yellow oil, A, 289 nm (¢ 10 000),
Vmax (liquid) 1 665 and 1 520 cm™. More product (0.05 g,
229%,) was extracted with chloroform. The ketone gave a
positive nitroprusside test. The oxime crystallised from
ethanol; m.p. 148°, & 275nm, v, 3 100 and 1 560 cm™
(Found: C, 61.0; H, 9.0. C,,H,;N,O, requires C, 60.6; H,
H, 9.1%).
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2t Independently prepared by R. F. C. Brown (personal com-
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