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C-NITROSO COMPOUNDS—XXXI*
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Abstract—a-Chioronitrosoadamantane 1a gives upon reaction with 2-phenylpropene at room tempersture virtuslly
quantitatively a stable ketonitrone salt, the a,a-adamantylidene-N-(2-phenyi)prop-1-en-3-yl nitrone hydrochioride
h.Evmfmmesmmofweaymmwuauwmmumﬂyuwdmmsmm
properties, together with degradation studies. Similar aliphatic ketonitrone hydrochlorides have been obtained from
reaction of 2-phenylpropene with other a-chloronitroso compounds Ib-le (73-91%), and from a-chloroni-
troscadamantane and a series of allylic olefins (76-95%). Rearmangement of an intermediary N-a-chloroalky:-N-
alkenylhydroxylamine, which has been initially formed by an ene-type process between the reactants, can explain

formation of the product,

Reactions between aromatic nitroso compounds and al-
lylic olefins have been studied already in 1910, by Ales-
sandri.' The nature of such reactions has remained obs-
cure for a long time, and only recently Knight and
coworkers were able to present compelling evidence for
an addition-hydrogen-abstraction process (“‘ene™ reac-
tion) leading, in first instance, to a labile N-arykN-
alkenylhydroxylamine. ™
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Only in exceptional cases has it been possible to
isolate the hydroxylamine.** Under normal conditions it
reacts further by competing pathways: thermal decom-
position, rearrangement, dehydration, and redox and
condensation processes with the nitroso compound. This
accounts for secondary products as diverse as
nitrones,'*  amines*’ anils,* azoxyarenes,” oxime
ethers,' and isoxazolines.”

In the aliphatic series only perfluoronitrosoalkanes are
known to give substantial amounts of well-defined
products. For instance, the ene insertion product derived
from isobutene and triffuoronitrosomethane'> was vir-
tually quantitatively obtained. As far as we know, only
one report has been recorded concerning the ene reac-
tion of non-fluorinated nitroso compounds. Roberts™
found that small amounts of N-alkyl-N-alkenylhy-
droxylamines, which are rather easily oxidized to nitrox-

“Part XXX in this series see Recl Trav. Chim, Pays-Bas %,
27 (1977,

*In the Chemical Abstracts nomenclature of nitrones the sp
carbonlspmofthcmuunenoup and the substituents attached

ngathe:uﬁxa.whkaesubmuzntmhedmmmuu
prefixed by N.'*** For cyclic nitrones this is not very convenieat,
and therefore we introduce for these the a,a-cycloalkylidene
nomenclature for simplicity. For instance, we call c-
(CH):C=N(-+»O(R) sn a,a-cyclohexylidene nitrone, rather than
an a.a<cyclo-pentamethylene nitrone. This is especially sim-
plifying for “adamantylidene™ nitrones.

ides, are formed upon reaction of f-nitrosobutane or
caryophyllene nitrosite with a nine-mumberes cyclic
olefin (caryophyliene), containing a reactive strained
trans-tri-substituted double bond.

In view of our interest in routes leading to N-a-
chloroalkylhydroxylamines, we have now investigated
reactions between the easily obtainable a-chloronitroso
compounds (through chlorination of the corresponding

|
oximes) with olefins containing the >C=C —% -H system.

RESULTS AND DISCUSSION

Reaction of 2-phenylpropene with a-chloronitroso
compounds. In order to illustrate possible reactivities of
a-chloronitroso compounds towards allylic olefins, a-
chioronitrosoadamantane  (AdCINO) and  2-phenyl-
propenc were, in first instance, employed as the sub-
strates.

When a solution of AdCINO 1a in an excess of 2-
phenylpmpene is stirred at room temperature, a white
precipitate is formed. As indicated by the disappearance
of the blue colour of the nitroso compound, completion
of the reaction takes about 10 days. By filtration a high
yield (96%) of a crystalline product can be isolated, while
analysis of the mother liquor only reveals traces of
adamantanone and predominantly unreacted olefin. The
product has an element composition of CisHy{CI)NO,
suggesting a 1:1 adduct of nitroso compound and olefin.
Its structure is formulated as a,a- adamant¥hdene-N-(2-
phenylprop-1-en-3-yl nitrone hydrochloride” 2a (eqn (1),
R'-C-R’*=Ad) on the basis of spectroscopic data (see
Table 2). Dominant absorption bands for the hydro-
chloride salt function (1750-2870 cm™), and the C=C and
C=N double bonds (1630-1680 cm™) are observed in the
IR spectrum. The 100 MHz NMR spectrum contains six
bands (& 2, 3.10, 3.87, 5.35, 5.59 and 7.38 ppm) of relative
intensities 12:1:1:2:2:5. The bands at 3.10 and 3.87 ppm
are particularly broad (width at half-height ca. 8 cps),
and are assigned to the hydrogen nuclei at the bridgehead
positions of the adamantylidene skeleton next to the
nitrone group. Their difference in chemical shift is due to
the non-symmetrically substituted exocyclic C=N bond.
All other hydrogens of the adamantylidene skeleton are
present as a broad band around 2 ppm. The sharp singlet
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at 5.35 ppm is assigned to the methylene group, and its
low field position is consistent with the adjacent electron
deficient nitrogen center. The band at 5.59ppm shows
signs of unresolved structure, which may be due to (i)
different chemical shifts for the two vinylic hydrogens,
or to (ii) weak coupling {ca. 1 cps) between both. Finally,
the band at 7.38 ppm shows the aromatic hydrogens.

Nitrone hydrochloride 2a most likely originates from
an initially formed N-a-chloroalkyl-N-alkenylhydroxyl-
amine, by heterolytic expulsion of chlorine (see Scheme
1). The lability of chlorine in the a-position of a mobile
nitrogen lone pair is well known.'® Thus, in contrast with
previous results, we obtain a single and stable product
from a nitroso compound and an allylic olefin. The
intermediary hydroxylamine is most likely safeguarded
from complex secondary reactions, because of the
efficient formation of the insoluble nitrone salt. That we
really are dealing with an initial ene reaction involving
the shift of a double bond, is concluded from a reaction
with a-trideuteriomethylstyrene: exclusively the product
is obtained with a deuterated vinylidene (not methylene)
group.

The structure of 2a could be substantiated by chemical
modification (see Scheme 2). With ammonia in diethyl
ether, the hydrochloride salt is quantitatively converted
into the free nitrone 3a. Pota,.ium cyanide can be added
to 3a in DMSO solution, to give N<{2-cyanoadamantyl-2)-
N-(2-phenyl)prop-1-en-3-ylhydroxylamine 4a (37%) after
aqueous work-up. It is noteworthy that 4a is formally the
enc adduct of 2-cyano-2-nitroscadamantane and 2-
phenylpropene.

Nitrone hydrochloride 2a is soluble in cold water, and
rapid extraction of the aqueous solution with chloroform
furnishes the nitrone in the acid free form, hence illus-
trating its low basicity. The nitrone is then only
hydrolyzed to a minor extent (<5%), whereas after

%Hz ©0-HCI
i

CH,
NH3 I

80

prolonged hydrolysis (15h) at room temperature com-
plete hydrolytic cleavage can be achieved. In this way
hydroxylamine hydrochloride 5 (84%) and adamantanone
(96%) are obtained. Heating of 5 for 3h in refluxing
acetone under thorough exclusion of moisture, gives
after cooling of the homogeneous reaction mixture to
- {0° crystals of a,a-dimethyl-N-(2-phenyl)prop-1-en-3-y!
nitrone hydrochloride 2b (30%). This is one of the few
examples of the synthesis of a simple non-conjugated
ketonitrone via condensation of a hydroxylamine and a
ketone.”™™ Alternatively, 2b could be obtained directly
by reaction of 2-chloro-2-nitrosopropane 1b with 2-
phenylpropene (vide infra).

In order to establish the scope of this new and con-
venient route to aliphatic ketonitrones, 2-phenylpropene
was allowed to react with-a series of a-chloronitroso
compounds 1b-le (see Scheme 1). In generally somewhat
faster reactions than with AdCINO 1a (e.g. completion
with 1b requires only 12h), high vields of analogous
nitrone hydrochlorides were obtained as white powders
(73-91%; see Table 1), with the exception of the cyclo-
hexylidene derivative 2e, which was obtained as a vis-
cous yellow oil. No reaction occurred with the crowded
.a-chloronitroso compounds  2,2-dimethyl-3-chloro-3-
nitrosobutane  and  2,2,6,6-tetramethyl-1-chloro-1-
nitrosocyclohexane, presumably for steric reasons.

Spectroscopic properties of the new nitrones are very
similar and in full accord with the proposed structures. It
is noteworthy, that non-symmetrical nitrones (i.e.
R'#R») can exist, in principle, in two isomeric
configurations.’** The NMR spectrum of the a-methyl-
a-benzyl derivative 2d clearly indicates the presence of
two such isomers in a ratio of approximately 3:1. On the
other hand, the spectrum of the a-methyl-a-ethyl
derivative 2¢, can be fully interpreted by assuming the
presence of only one isomer (see Table 1).

| 1: KCN , DMSO

23 3¢ 73
‘Hzo
cH CH, ©0-HCICH
AdO+CH(|Z‘2;ZH NHOH «HCl 4 cx-qgt:ur!:cla
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Scheme 2.
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Reaction of AJCINO with various allylic olefins. The
adamantylidene nitrone hydrochloride 2a was of some-
what greater purity and stability than the analogues
derived from the other a-chloronitroso compounds. We
therefore elaborated this new synthetic route in parti-
cular for the sythesis of adamantylidene nitrones.

On reaction of AdCINO 1a with the a-methylstyrenes
6a-6d, carrying different para substituents, high yields of
the expected nitrone hydrochlorides 7a-7d were obtained
in pentane or in diethyl ether solution, after varying
reaction times (76-93%; see Table 2).

Safrole ée, which contains a double bond not in con-
jugation with the pheny! group, gave in a relatively fast
reaction a high yield of the crystalline adamantylidene
nitrone hydrochloride 7e (76% after 3 days), in which the
double bond is shifted to an electronically favourable
direction, i.e. in conjugation with the phenyl group. It
should ne noted that the NMR spectrum of 7e is rather
complex, apparently due to the presence of E-Z isomers
of the olefinic double bond system, as becomes more
evident from spectra of a degradation product (see
below).

Olefins exclusively containing aliphatic substituents R
{i.c. 64-6l) have also been made to react with AJCINO
Ia. Conversions were very slow in pentane solution at
room temperature, and even after 27 days incomplete.
Apart from unreacted starting material, the adaman-
tylidene nitrone hydrochlorides 7-71 were virtually the
only products (see Table 2). The structure of the nitrone
hydrochlorides derived from 2-methyipentene-2 & and
2-methylbutene-2 ég again shows that product formation
occurs with rearrangement of the double bond. It is
noteworthy that these olefins have two types of allylic
hydrogen; in principle, this can lead to different
(isomeric) nitrones. Thorough spectral analysis indicates
that in both cases only one of the possible isomers is
formed: the one with the nitrone group attached to the
originally least substituted site of the olefinic double
bond.

With the nitrone hydrochlorides 7e, 7f and 7, derived
from safrole, 2-methylpentene-2 and 2-cyclopropyl-
propene, respectively, some typical degradation reac-
tions were carried out. The corresponding free nitrones 8
could be obtained from the salts by means of ammonia,
or by rapid extraction of an aqueous solution with
chioroform. Hydrolysis furnished almost quantitatively
equimolar amounts of adamantanone and hydroxylamine
9 (see Scheme 4). Spectroscopic properties of the free
nitrones 8 and hydroxylamines 9 are given in the
experimental section, where the NMR spectrum of
hydroxylamine 9 (R’=m,p-CH;0.C¢Hs, R*=R’zH)
clearly indicates the presence of the Z and E isomerina
ratio of 2.7,

EXPERIMENTAL

IR spectra were recorded on a Unicam SP200 or a Perkin
Elmer 257 spectrophotometer. The 'H NMR spectra were
measured on & Varian A69, ASOD or HA100 instrument, and were
usually obtained from solutions in deuteriochioroform, with TMS
(8=0) as an internal standard. MS spectrs were determined on
an AEI MS-902 or a Varian MAT-711 instrument. M.ps are
uncorrected and were taken on a Reichert m.p. apparatus.

a-Chloronitrosoadamantane? 1s, 2-chloro-2-nitrosopropane™
15, 2-<chloro-2-nitrosobutane” 1¢, i-phenyl-2-chioro-2-nitroso-
propane? 1d and a-chloronitrosocyclohexane™ 1e were prepared
by the action of chlorine on the appropriate oximes, according to
literature methods, and were purified prior 1o use, by distillation
or by chromatography (siica gel/n-pentane). Safrole e, 2-
methylpenteae—Z&udiwbutencﬁmmhpmdum_.z-
Pheaylpropene and 2-methyibutene-2 ég were also commercially
available (E. Merck), 2-Cyclopropylpropene § was synthesized
according to the procedure of Volkenburgh & al. (yield 30%. B.p.
70-71% H.>* 70.4%. This involves the addition of CH;Mgl to
methykcyclopropyl ketone, followed by dehydration (HaSO4) of the
formed tertiary alcohol, 4-Fluoro- 6 (5496), 4-methyl- 6b (50%) and
4-methoxy-a-methylstyrene 64 (63%) were similarly prepared from
the corresponding substituted acetophenones.® 4-Nitro-a-
methylstyrene éc was prepared from 4-nitrocumene, l?y‘brogmna-
ﬁonwithNBSmdwbwquembuc(KOH)wulysgdehmmonof
HBr from 2-{4-sitrophenyl}-2-bromopropane (yield 32%. Mop.

H
/ =0 >CHR3 o /oe-na
Ad + RSHC=C == ad=N iCHR’
Nai R N CHR~C
\R‘
g 8 z
R R Rt R Rt R®
8/7 a: H p-F—CsHs H emt: H CHs CaHs
b: . H p-CHs-CeH, H g H CHs CHs
c: H P-NOrCoHy H h: H CHs H
. H P-CHyO-CoHe H it H coCHs H
o  mp-CHyOLCeHs H H
Scheme 3.
e0-HCt R R

i
Ad=g—CHR’-—C=CHR’

z

. @
1 H0 H

)
Ad=0 + HOHN — CHR®~ C=CHR®

9

—

Scheme 4.
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52-53°. lit.™ 53-53.5%). The deuteriated a-methylstyrene was pre-
pared from PhCOCD, by a Wittig reaction, following Ref. 27.

Formation of nitrone kydrochlorides. Reactions of a-chloroni-
troso compounds 1 with 2-phenylpropene were performed by
dissolving S mmol of the nitroso compound in 25 mmol of the
olefin. Stirring of the solution at 20° in the dark then furnished
the nitrone hydrochloride as a white precipitate. Isolation of the
solid was effected by filtration, and subsequent repeated tritura-
tion with anhydrous diethyl ether. When acetonitrile or chloro-
form was used as a co-solvent, no crystalline product was
formed during the decolouration reaction. The same nitrone salt
could then be obtained after removal of the solvent and excess of
olefin at diminished pressure. From AdCINO and 2-phenyl
propene this afforded a yield of 80% of nitrone 2a after 2 days in
acetonitrile, and a yield of 94% after 6 days in chloroform
solution.

Reactions of AJCINO with olefins 6a—6f were carried out with
0.5 M n-pentanc or diethyl ether as apolar solvent. In all cases
this furnished a crystalline product in the reaction mixture.

Isolation of free a,a-adamantylidene nitrones. The free
nitrones could be obtained in an almost quantitative way, by
addition of an excess of liquid ammonia to an emulsion of the
nitrone salts (1.2 mmol) in 50 ml of diethy! ether, and stirring of
the mixture at room temperature under careful anhydrous
conditions, until all unreacted ammonia had evaporated spon-
taneously. Rapid removal of NH,CI by filtration and evaporation
of the ether, fumished white crystalline a,a-adamantylidene
nitrones. Nitrone 3a derived from 2-phenylpropene. IR (CHCly):
1640 (w), 1608 (m), 1500 (w), 1460 (m), 1150 (s), 1100 (m) and
1082 (m) cm™'. NMR (CDCl;): & 1.85 (broad s, Ad, 12H), 2.80
(broad s, AdH, 1H), 3.95 (broad s, AdH, 1H), 4.90 (s, CH,, 2H),
5.36 (s, HC:, 1H), 5.52 (m, HC:, unres. couplings, 1H), 7.34 (m,

Ar). Nitrone 8e derived from safrole. IR (CHCL): 1650 (w), 1605'.
(m). 1505 (s), 1490 (s), 1450 (s), 1250 (s), 1145 (s) and 1040 (s)

cm™'. NMR (CDCly): & 1.80 (broad s, Ad, 12H), 3.0 (broad s,
AdH, 1H), 3.88 (broad s, AdH, 1H), 4.63 (d, CH;, ] = 6, 2H), 5.87
(s, CH;0,, 2H), 6.03-6.96 (m, Ar and HC:CH, SH). Nitrone &
derived from 2-methylpentene-2. IR (CHCly): 1650 (w), 1580 (m),
1458 (s), 1150 (s), 1100 (s), 1090 (s), 1074 (s) and 908 (s) cm™'.
NMR (CDCLy): 8 0.89 (t, CH,, ] =7, 3H), 1.79 (m, CHy~C:, unres.
couplings), 1.87 (broad s, Ad), 2.25 (m, CH,, 2H), 3.15 (broad s,

AdH, H), 4.00 (broad s, AdH, 1H), 4.55 (m, CHy, Jax=9, -

Jax =S5, 1H), 498 (s, H,C:, 2H). Nitrone & derived from 2-
cyclopropylpropene. IR (CHCL): 1650 (w), 1608 (m), 1460 (s),
1150 (s), 1100 (s), 1095 (s), 1080 (s) and 955 (m) cm™'. NMR
(CDClLy): 5 0.30-0.84 (m, CH,CH,, 4H), 1.40 (m, CH, 1H), 1.90
(broad 3, Ad, 12H), 2.91 (broad s, Ad, 1H), 3.96 (broad s, AdH, 1H),
4.57 (s, CHa, 2H), 4.90 (m, H:C:, unres. couplings, 2H).
Synthesis of B,y-unsaturated hydroxylamines. Nitrone hydro-
chloride 2a or 7 was dissolved in dilute hydrochloric acid, and the
solution was stirred overnight at room temperature. The formed
adamantanone was subsequently removed by repeated extraction
of the water layer with n-pentane. Neutralization (NaHCO,) of
the remaining water layer was followed by extraction with
chloroform. Drying of the extracts (MgSO,) and removal of the
solvent at diminished pressure, gave the p,y-unsaturated
hydroxylamine. 2-Phenyiprop-1-en-3-ylkydroxylamine 5. Yield
95%. White plates (PA 40-60/dicthyl ether). M.p. 65-66.5". IR
(CHCly): 3670 (m), 3350 (s), 1638 (m), 1610 (w), 1585 (w), 1510
(m), 1030 (s) and 920 (m) cm™'. NMR (CDCly): 5 3.88 (s, CH,,
2H), 5.23 (d, HC:, I~ 1, 1H), 5.4 (d, HC:, J~1, 1H), 5.87
(NHOH), 7.30 (m, Ar). MS: m/e 149 (M*). (Found: C, 72.32; H,
7.49; N, 9.54. C,H{;NO requires: C, 72.48; H, 7.38; N, 9.39%).
Hydroxylamine %¢ (R* = m,p-CH,0,C¢H, R*=R’=H). Yield 70%.
White plates (diethyl ether). M.p. 73-76". IR (CHCly): 3650 (w),
3350 (m), 1663 (w), 1615 (w), 1518 (s), 1500 (s), 1255 (s) and 1044
(s) cm™'. NMR (CDCh): 8 5.90 (s, CH;0;, 2H), 6.25 (NHOH),
6.80 (m, Ar, 3H), other protons, see below. MS: m/e 193 (M*).
(Found: C, 62.13; H, 5.63; N, 7.34. C,oH,,NO, requires: C, 62.17;
H, 5.74; N, 7.25%). Hydroxylamine % (R>=H, R%CH,, R%C,H,).
Yicld 64%. Colourless oil. IR (CHCLy): 3640 (w), 3300 (s), 1650
(m), 1458 (s) and 900 (s) cm™'. NMR (CDCly): 8 0.85 (t, CH;,
J=1.5, 3H), 1.50 (m, CH,, 2H), 1.70 (s, CH,, 3H), 3.34 (m, CH,

Jax = 8, Jax =6, 1H), 493 (m, H,C:, 2H), 6.07 (NHOH). The MS
(70eV) exhibits the following main peaks (m/e (composition,
%)): 115 (CgH3NO, 2.3), 87 (C.H,NO, 1), 86 (CH,NO, 100), 84
(C;HNO, 6.8), 74 (CsHgNO, 19.5), 70 (CHyN, 40), 68 (CHeN,
20), 55 (C,Hs, 61.6), 41 (C;H;, 85), 39 (C3Hy, 27), 29 (C;H;, 16).
Hydroxylamine 91 (R>=R’=H, R‘=c-C;H;). Yield 100%. Colour-
less oil. IR (CHCls): 3650 (w), 3350 (s), 1650 (m), 1440 (m), 1022
(s) and 900 (s) cm™. NMR (CDCly): 8 0.30-0.91 (m, CH,CH,,
4H), 1.12-1.63 (m, CH, 1H), 3.56 (s, CH,, 2H), 4.87 (s, H,C:, 2H),
6.27 (NHOH). The MS (70 eV) exhibits the following main peaks
(m/e (composition, %)): 113 (CgH,;NO, 0.5), 96 (CeH 0N, 30), 82
(CeHyo, 44), 67 (CsH,, 60), 46 (CHLNO, 100). N<2-phenyl)prop-1-
en-3-yl-N2-cyanoadamantyl-2)hydroxylamine 4a. In 10ml of
dry (CaH,) DMSO were dissolved 1 g (3.56 mmol) of free nitrone
Ja and a five-fold excess of potassium cyanide (1.35g). After
stirring this solution for 3 days at room temperature, 50 ml of
water was added. Extraction of the water layer with small
portions of diethyl ether and evaporation of the solvent after
drying (MgSO,), afforded 0.58g of a pale yellow solid. Crystal-
lization from ether then gave 0.41g (1.33 mmol) of pure 4a as
white needles. Yield 37%. M.p. 131-132". IR (CHCly): 3580 (s),
3380 (m), 2230 (w), 1630 (w), 1600 (w), 1495 (m), 1455 (s), 1100 (s)
and 910 (m) cm'. NMR (CDCly): 8 1.33-2.38 (Ad, 14H), 3.81 (s,
CH;, 2H), 4.80 (s, OH), 5.37 (s, HC:, 1H), 5.42 (s, HC:, 1H), 7.31
(m, Ar). (Found: C, 77.82; H, 7.78; N, 9.13. CxoH2N1O requires:
C, 77.92; H, 1.79; N, 9.09%).
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