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1. Introduction

The first major review of the chemistry of nitroenamines was published in 1981' and
covered the available preparative methods for this class of compounds, NMR spectral studies
particularly with reference to the configuration around the C(1)-C(2) double bond, and the
synthetic potential of nitroenamines. Since that time, research has progressed in several
directions in this field. Firstly, more detailed spectroscopic studies, coupled with the
elucidation of bond-lengths and bond angles in the solid state through X-ray crystallography
and theoretical calculations have provided greater insight into the structure of these molecules.
Secondly, chiral nitroenamines have been used as synthons in asymmetric synthesis, resuiting
in the enantioselective synthesis of several complex natural products, and lastly novel
molecules containing the nitroenamine unit have been designed and constructed for use as
drugs or pesticides.

o oL O

By definition, the term nitroenamines includes nitr
(ib), mtroketene O,N-acetals ( ¢) and nitroketer

A o A o —

pul nylcne Systems with a donor \dlmnc ) at one en d anda an accept
of the ethylene. As in the earlier review, the prese nt

i =1

conjugation (nitropolyenamines), as well as pus uﬂ ethylenes wit

N T =
j. 1A IlUIIlUCI_lng O

"'h
-
=
"t
=
>
3



S. Rajappa / Tetrahedron 55 (1999) 7065--7114 7067

2. Synthesis
2.1 Nitrovinylamines (1a)

The classical enamine synthesis from carbonyl compounds has been extended to
nitroenamines as well.> Reaction of nitroacetone with ammonia or primary amines using TiCls
as the catalyst is reported to give good yields of the nitroenamines (2). Nitroacetone also reacts
with aminosugars to form chiral nitroenamines.” Thus, 2-amino-2-deoxy-D-glucose reacts with
nitroacetone in the presence of acetic acid to give an almost quantitative yield of the
nitroenamine (3).

l\l/[e CH,OH
R-NH—C=CH-NO, H% o Q
) H.OH
‘ NH
(R = H, alkyl, phenyl ) Me\&
NO,
3)
$2
X—~IC=C-—N02 CH,0H
R HO 0]
HO OH
4 NR
a . X=E0— {\
b X=PhS— NO;
(5) a:R=H
CHZOH b N R = nBu
HO 0
HO NHCH=CH-NO,
OH
(6)

Nitroenamines can be prepared by displacement of the X group in (4) by amines; X can
be alkoxy, alkyl/arylthio, or another amine. 1-Ethoxy-2-nitroethene (4a; R'=R*=H), prepared
according to the procedure of Royer,” has been reacted with various amines to give
nitroenamines.” This procedure has been extended to the synthesis of chiral nitroenamines by
treating aminosugars with (4a). Thus, reaction of 2-amino-2-deoxy-D-glucose and its N-butyl
derivative with an equimolar amount of the reagent in MeOH at 0°C gave almost quantitative



yields of the chiral nitroenamines (5) as anomeric mixtures.®  Similarly, B-D-
glucopyranosylamine gave the nitroenamine (6).

N-mcthylamlme and mo rphohne Extensmn to higher nitroalkanes was reported to give poor
yields of 2-alkyl nitroenamines. A subsequent report, however, states that the procedure has
been successfully used for the synthesis of 1-morpholino-2-methyl-2-nitroethene (71%) and 1-
. 8
morpholino-2-ethyl-2-nitroethene (58%).
Scheme 1
R 1 1 R
N R TsOH R, |
(BtO)CH  +  CHyNOp + HN, =~ ——  N—CH=C—-NO,
R R
However, warmng when this procedure is used for the synthesis of 1-pyrrolidino-2-
“xitm“thme, the carcinogenic 1-nitrosopyirolidine is formed to the extent of 3% as indicated by
AIRAD .. i1iass spectioscony
INIVLIN AllU H1add DPCL«U UdLUPY.
Scheme 2
R H R
\ A N\ /
(OEt)3CH + CH2N02 + AI'NH2 — H
ArHN NO,
™
|
2
: R'NH,
R =Me, Et
L
R'= Me, tBu 1
H R

®

A modification of the triethyl orthoformate method can be utilised for the synthesis of 2-
alkyl-1-amino-2-nitroethenes. The strategy is to react 2-aminopyridine or 2-aminopyrimidine
with the 1-nitroalkane and triethyl orthoformate to give (7) in 50 to 65% yields. Subsequent
transamination with primary aliphatic amines leads to quantitative yields of the desired
products (8) (Scheme 2)."° Similarly, the N-unsubstituted mtroenamme (9) could be formed by
transamination from the N-methylaniline derivative (Scheme 3).10
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Scheme 3

H H
Ph—N—CH=CH-NO, + NH; —— >=< +  PhNHMe
I\'{e HoN NO;

&)

Chiral nitroenamines (10,11) have also been prepared by transamination. Thus, reaction
of 1-morpholino-2-nitroolefins with (S)-2-(methoxymethyl) pyrrolidine or (S)-prolinol leads to
(10) and (11) respectively. '""'> The latter can be converted to either the trityl derivative (12) or
the t-butyldimethylsilyl derivative (13) in order to provide steric bulk in the side-chain.

OR
H
H.,,_'
N*YNO:Z a R=H
. b:R =Me
R

(10) :R=Me (12) :R=PhC
(11) :R=H (13) :R =1BuMe,Si

The displacement of thiophenol by amines from 2-nitro-1-phenyithioalkenes (4b) has
been developed into a general synthesis of nitroenamines (Scheme 4)." The reaction proceeds
at room temperature and the products are obtained in 48-85% yields. The amine can be
aliphatic or aromatic, primary or secondary.

Scheme 4
3 R4
v) 3 R,/ 2
PhS R R MeOH (onMeCN N R
>-:m1‘: + » >==<
1 4/NH T 1-24h + PhSH
R NO, K R NO,

R =HorMe; R=H or Me

Nitroenamines bearing an aryl group or a heteroaryl group on C(2) can be easily prepared
from substituted nitromethanes and S-methyl  methaneimidothioates (available via
thioformamide:s).14 The reaction is carried out in the absence of solvent, at room temperature,
and appears to be quite general for the preparation of 1-arylamino-2-aryl-2-nitroethenes (14a)
from aryl nitromethanes (Scheme 5), with excellent yields. However, the condensation of
nitroethane with the iminothioether takes much longer, and gives only modest yields of (14b).
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A recent method of synthesising nitroenamines in certain special substrates consists
of the nitration of N-acyl enamines (enamides), the preferred nitrating agent being acetyl
nitrate, prepared by adding 65% nitric acid to acetic anhydride. The initial product of nitration
seems to be an N-acyl imine, presumably formed via a six-membered transition state. One
pathway for this imine involves a prototropic shift leading to an N-acyl nitroenamine which can
undergo further allylic oxidation or Nef reaction (Scheme 6).

oL . __ ™
SCBeme /
H NO;
NO
2 RN 1 H
7\ @), (i) ¥ Y
\c) H JL
" MeS” TH
| G, G 5 oot
v b :R = HOCH,CH,
H NO,
Nl e e
/N (i) EtOH, AgNOQ3, RNH,, 25°C, 30 h
N =X (i) MeL, 0°C
Q H H (i) EtOH, AgNO3, pyrrolidine
(16)

Ring-opening of 2-nitrothiophene by means of sec amines has been discussed in the
earlier review.! The amine attacks position 5 of the thiophene ring with concomitant cleavage
of the C-S bond, leading to a 1-amino-4-nitrobutadiene. In contrast to this, it has been reported
that 3-nitrothiophene reacts with N-lithiopiperidide to give low yields of 3-mitro-2-
piperidinothiophene and 3,3'-dinitro-2,2'-bithienyl, no ring-opened products have been
observed in this reaction.'” However, it has now been found that 3-nitrothiophene also
undergoes facile ring-opening with primary and secondary amines with subsequent methylation
leading to l-amino-4-methylthio-2-nitro-1,3-butadienes (15).'® Thus, treatment of 3-
nitrothiophene in EtOH with nBuNH, and AgNO; at 25°C for 30h gives the silver salt of the
mercaptobutadiene. Methylation by excess Mel at 0°C leads to (15a) in 57% yield. Other
primary amines react similarly, the product (15b) from ethanolamine being crystalline.
Pyrrolidine gives a lower yield (24%) of (16) (Scheme 7).

Similarly, reaction of 3-nitrobenzo [b] thiophene with primary or sec amines in the
presence of AgNOs, followed by methylation with Mel gives the nitroenamines (17) by ring-
opening (Scheme 8)."°
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A common method for the synthesis of nitroketeneaminals consists of nitromethylation
of carbondisulfide, followed by bis-methylation to give 1,1-bis(methylthio)-2-nitroethene (21a)
and final substitution of the two methylthio groups by amines.' Analogously, it has now been
shown that nitromethane can add to suitably substituted carbodiimides to give
nitroketeneaminals directly:*’ yields are in the range of 35-65% (Scheme 9). This has also led
to a new synthesis of the anti-ulcer drug ranitidine (See Section 7).

Tha svinsrmciilfnacrsda MTEY AL 1 1 Llfemaadlc 10l A\ M cdtsvenndtlhnmnns hnad hane asrmfthaocians
10€ MmMonosuioxia \Lln) OI 1,1-DIS(IMEinyItnio j-2-nitro€tnene naa oeen Ssyninesised
s ling 22 Thic ~mieeeiiem te smamtinsiloely: ieafisl £are tha ramaratiam ~F i ac i e nal
cartier. 1Nis compoun d is particuiarity us€ius Ior tne  preparation O1 unsymimetricai
nitenlatananminale cinh as FIM (Cahamma 1M 23
fiitrOKCIEMncaiinais sucn a8 {4« j (JTHCINC 1V).
Scheme 9
1 H
MF RNH /
R—N=C=N—R’ MeNO v D ==,
—N=C=N— -+ e 2 —_——
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INGL1, 53-05 U NH NGOy
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Scheme 10
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2.3 Nitroketene O,N-acetals (1¢)
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(methylthio)-2-nitroethene (21a) in refluxing methanol. 2 The enaminic prot

=7

(24) resonate between 6.60 and 6.70 ppm. Use of dioxan as the solvent nstead MeOH, of
course, leads to the corresponding mct_hylthlo derivative (see Section 2.4)

H
[}
MeS, /N02+ ~Vn MeOH MeO,C-(CHp-CHyCH,-N_  NO,
Va LA, &
MeS N A MeO
(21a) n=123
23) a:X=0 (24)
b:X=8§

2.4 Nitroketene S,N-acetals (1d)

Reaction of 1,1-bis (methylthio)-2-nitroethene (21a) with one equivalent of several
primary or secondary amines at 30°C has given the corresponding N-substituted 1-methylthio-
2-nitroethenamines. (25). The product, however, is likely to be contaminated with traces of the
correspondmg nitroketeneaminal formed by the displacement of the second methylthio group.”

® This procedure has been used to synthesise 1-methylamino-1-methylthio-2-nitroethene (26),
a crucial intermediate for the manufacture of; ranitidine (See Section 7). The monosulfoxide
(21b) has also been used for this purpose.”” The esters of (S)-proline, (S)-valine and (S’)-
phenylalanine have 51m11arly yielded (27),(28) and (29) respectively on reaction with (21a).%
The enaminic proton is seen at 6.2 to 6.6 ppm in the "H NMR spectra of these compounds.
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MeS NO, MeN NO,

H
(25) (26)
R

0,N SMe g/[

T~
EtO,C
(28) R=Me,CH; R =Me
27 (29) R=PhCH,; R =Et
As mentioned in the previous section, reaction of y-butyrolactim ether with 1,1,-
bis(methylthio)-2-nitroethene (21a) in dioxan-water gives (30). Similarly the cyclodipeptide
4

monoiminoether (31) leads to (32).

H
Et0,C-(CHy3—N NO, 0
\_/ Y

(32) (33)

The thiazolidine derivative (33) has been made by reacting 2-mercaptoethylamine with

da
depends upon the addition f mtromethane anion to methyl isothiocyanate; this is brought about
by KOH in DMSO.*> Subsequent S-methylation gives the required product (26).

pproach to the synthesis of 1-methylamino-1 -methylthio-2-nitroethene (26)

In a totally new approach, nitromethane has been condensed with bis (methylthio)
methaneimine (34) in the presence of a rare-earth exchanged NaY zeolite to give (26) (Scheme
11).* This specific zeolite catalyst appears to be uniquely suited for such a condensation.
Other Lewis or Bronsted acid catalysts are ineffective. Since carbonimidodithioates such as
(34) are easily accessible from primary amines and carbondisulfide, this constitutes a general
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synthesis of N-substituted i1-methyithio-2-nmitroethenamines. The carbonimidodithioates (35)
derived from the esters of (S)- a- aminoaci(is have been converted by this method into the
products (36) in good yields (Scheme 11). ** This is an alternative pathway to the nitroketene
S,N-acetals such as (28) and (29) reported earlier.”

SM@ o Ll YN MCS
Rare earth (Y)
M3N=< + MeNOy — 5 >=\
SMe Zeokte  \eN' NO,
]
H
34 (26)
R
MeS / SMe
NN + MeNO, s B R
CO,Me NP2 Y
AaQ 0O-N N v
ViCS MLty 7‘ CUzMe
H
(3%) R = H, Me, Me,CH, PhCH, (36)

(i) Na Y zeolite (faujasite group) ion-exchanged by treatment with a 5 % aq. soln. of a mixture of
rare-earth chlorides (mixture of La, Pr, Sm along with heavier ones under the commercial name

didymium chloride) nutil it corresponded to 70% exchange of Nd'.

The uniqueness of the rare-earth exchanged Y zeolite in bringing about such

condensations between nitromethane and carbonimidodithioates has been sought to be
understood through force field calculations and computer simulation studies.

N-Sulfonyl carbonimidodithioates (37) have been condensed with nitromethane or
nitroethane in DMSO to provide 1-methylthio-1-sulfonamido-2-nitroethenes (38). In this case,
the condensation is brought about by anhydrous K,COs. 36

H
SMe K;CO;  ArSO;-N NO;,
£ _l"SOz"N :< + R CH'»_NO’) —_—> \4
SMe DMSO SN
IVICO I
G7 (38)
R=HorMe

2.5 Nitroenamines with a second acceptor group at C (2). (1e)

The synthesis of 1-arylamino-22-dinitroethene has been noted in the earlier review.'
Since then, a number of 1,1-diamino-2,2-dinitroethenes have been synthesised in good to
excellent yields by reacting 1,1-diiodo-2,2-dinitroethene (39) prepared by nitration of
tetraiodoethene with amines’’ (Scheme 12). Several aliphatic and aromatic, primary and
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secondary amines, as well as diamines have been reacted with (39
corresponding diaminodinitroethenes (Scheme 12).

\,,
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pitropyrimidin:i(’fiH)—one with primary amines resulted in moderate to excellent yields of (46)
(Scheme 15)." Surprisingly, sec. amines do not give the expected products. Instead,
dipropylamine afforded the unsubstituted amino (38%) and methylamino (28%) derivatives; the
mechanism has not been elucidated (Scheme 15). Aryl hydrazines react with pyrimidinone at
room temperature to give good yields of the nitroenamines (47) bearing a methanimidoyl

substituent at the carbamoyi group (Scheme 15).

N-CH= >:<
COzM- Me CQ;M.;
(42) (43)
Scheme 14

Me
Scheme 15
O 0]
Me\\T/LK/NOW FEAN Me\\r)J\ /T\I()2
iv \l} N
! Sl D
A HoIQ

Me M _No, ool
N i NH,

|
! o
HN% kNHNHAI’ (l) RNH,, MeOH, 65°C, 3h

(it) AINHNH,
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3. Structure and configuration : Spectroscopy, Dipole moments and X-ray
crystallography

3.1 Electronic spectra

Spwvaa &l

introduction of a methy up ul a drop % in the intensity of the band

(Amax 380 nm) of compound (48b). In contrast, there is little change in the C(1) methyl
: 4 : : “.

derivative (48¢). This has been attributed to considerable loss of planarity in (48b), but not in

g
-
-

e @
5
[72]
pa4
3

' N 4 N\
(48) (49) (50)
a: R_l =R*=H
b:R =H,R =Me
¢ R =Me;R2=H

The UV of (48a) also shows a large solvent effect; Ay in cyclohexane is 336 nm (e
17,300) (see above for the values in water). A similar solvent effect is also seen in the UV of
the sec. nitroenamine (50a) (Apax Water, 355 nm; Ay, cyclohexane, 336 nm). Since it is known
from other studies that in non-polar solvents (48a) exists in the £ configuration and (50a) as Z,
the solvent induced change in Ams in these compounds cannot be attributed to a change in the
geometry of the molecule. In general, Ay, of simple nitroenamines is barely affected by
isomerization; but the intensity is roughly halved in the cis-form compared to the trans-isomer.

In recent times, considerable attention has been focused on the non-linear optical
properties (NLO) of organic molecules. Molecules which have large second order
polarizabilities are extremely useful in second harmonic generation (SHG) at a particular
wavelength. Several organic molecules having electron donor and acceptor groups, separated
by a conjugated system, have been investigated for this purpose. With this in view, the SHG
coefficients of the four nitroketeneaminals (51 to 54) have been determined and compared with
that of the simple nitroenamine (48a)." The UV absorption maxima of all the four
nitroketeneaminals have been determined in different solvents and show that they have a broad
absorption band in the 320-380 nm region [An. in cyclohexane is 334 nm for (51) and 344 nm
for the other three]. Excepting the pyrrolidine derivative (52), with all the others, the
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waveiengths by about 10 nm when the polarity of the solvent is increased.

1

stabilized more compared to the initial state, in polar solvents.

n

1

1
1

maximum is highly sensitive to soivent polanty, the absorption band shifting to ionger
excitation leading to a substantiai amount of charge transfer with the excited state being

1
bt |

1

um. Z
-4 -4 o ae .

- N e e
n W W v

v

, 49 and 50. *** The salient features are the following: there is usually

e enaminic proton.
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N stretching modes; the N-O stretchings do not contribute to the “enamine band”, but couple

=
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1
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In contrast to the situation in 1981,' sufficient data is now available on the vibrational

spectra of nitroenamines. Extensive studies have been carried out on the IR and Raman spectra

-

X

of the nitroenamines 48
a very strong band at 1650-1550 cm™, ascribed to the asymmetrical coupling of C=C and C(1)-



0 cm™, mainly due to v{(NO,).
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an also be distinguished by their

The different geometric isomers of the nitroenamines
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3.3 NMR Spectra

H H R K Me,;N KR
\‘I :l \11 { \/1 (
2N, L /o OIN L Yy IN.
H—N N—O Me—N N—O R N—O
\ ” \ V2 /4
H O H O O
£ {87) {48)
a:R‘=R2=H
b:R =H, K = Me
¢:R=Me;R’=H

Extensive NMR (‘H, "’C) spectroscopic studies have been carried out on the
nitroenamines 9, 48 and 57. Together with theoretical studies, these provide a fairly complete
picture of the conﬁguration of these nitroenamines in solvents of differing polarity as well as in
the solid state **7 corroborating the conclusions presented in the previous review'. The energy
barriers for rotation around the C(1)-C(2) and N-C(1) bonds have also been estimated.

In both (9) and (57a), the Z isomer with an intramolecular hydrogen bond is predominant

-xye £ -

in CDCi;. With (57a), the propomons of the different rotamers about the C=C and N-C (1)
bonds are soivent-dependent. At 34°C, in CDCls, only one conformer is present, having the Z
configuration about the C(1)-C(2) double bond and the sE conformation with respect to the N-

Fa VA RS 1 T . ~ = v 1 v . 4 4 N TY rv . vy 2 v~ g~ [ ~
(1) bond. Jycny, He) 18 3.5 HZ and Jynucy1s 14.U Hz. However, 1n | Hgj DMDSU, a mixture o1
three rotamers 1s seen in the ratio 23.5:7.7:68.8. The C(1)-C(2)/N-C(1) geometries in these

have been determined to be Z, sE; E, sE; and E,sZ respectively. Thus in this solvent, aimost
75% of the compound has the £ conﬁguration about the C=C double bond. In trifluoracetic
acid, two species are seen in about equal amounts (47.5:52.5) and it has been suggested that

mmm e FEON Y O e e A L VYN PR i \ 47

these are (58) and (59) (protonated at C(2) and oxygen respectively).

H _NO, H. NO, H. NO,
H H | MR |
H/J\bli’ \I]J/U\H \I\l]/”\ H
by le » ‘e H
(57a) (Z, sE) (E, sE) (E, s2)
H H
B =
by /
o =N - | OCOCF; ‘G Y=NMe
H H
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lne nitroenamine (57c) with a methyl group at C(1) also exists in the Z form in CDCl;
and in [ H¢] DMSO, (Z) is still favoured over (l*) blmllarly, the Z form of 1-z-butylamino-1-
methyl-2-nitroethene (50c) Predommates even in ["Hs] DMSO and it is likely to have this
configuration even in water.” A methyl group at C(1) thus seems to stabilize the Z-form. This
may be due to the strengthening of the intramolecular hydrogen bond by a buttressing effect,
and the steric interaction between the cis Me and NO, in the £ configuration. The NH proton

chemical shifts of the three related compounds (50a) (89.35), (50b) (9.7 ppm) and (50c¢) (10.7
ppm) indicate the following order of intramolecular H-bond strength: (50¢) >> (50b) > 50a

Me H Me NO,
7 N+ _ / A
Me—N N—O Me—N 154
\ V/4 \ N
H O H
(57¢) ¥ E
The stabilization of the FE-isomer with increasing polarity of the medium can be

attnbuted to the larger
he t1

1somer, and the formation of intermolecular H-bon tween the NH of the £-isomer and the
solvent molecules

In the dimethylamino compounds (48a and c), the £-isomer is the only one seen in NMR
The two compounds also show restricted rotation around N-C(1) as indicated by the chemical
shift anisochrony of the protons of the Me;N group

Dynamic "H NMR studies have been performed on some of these compounds in order to

determine the activation parameters for the Z = [ equilibrium.™ Comparison of these with
the activation energies for the exchange of the protons of the amino group has resulted in the
suggestion that there may be two different mechanisms for the isomerization process. Thus in
2-methylamino-1-nitropropene (57c¢), the couplings of the NH proton were observed even at
425K showing the absence of ionization indicating a thermal mechanism for the isomerization
(Scheme 16). On the other hand, for 1-methylamino-2-nitroethene (57a), the AG™ value for the
avohanas nf N nratan wae lovvwar than that far tha 7 = L 1genmariratinn Hanra in thic race
uAuuausu UL 1%11 Pl ULULL ¥YYWAGO IUVY VL LLIAiL L11Aal 11Ul ue 4 Ly 1DUVLIINA ALALLIVILL. LLULI\J\/, 181 LiR1D \JGD\J’
an anionic mechanism may also be operating (Scheme 17).
Scheme 16
Me, H T Me H 1% Me, NO,
+
e ——— -
Me—N NO; Me—N NO, Me—N H
H - H - H
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In the case of the chiral, fert. nitroenamine (10b), the chemical shift of H-C(1) and NOE
studies have shown that, in solution, the molecule exists in the configuration shown. The 3.88
ppm H-C(a) and the 8.54 ppm H-C(1) exhibit considerable NOE on each other (8-9%). The
chemical shift of H-C(1) shows that it is cis to the NO, group and the same configuration
persists in the solid state as shown by X-ray crystallography.*®*’

In compound (15a), obtained from the ring-opening of 3-nitrothiophene by primary
amines,'® the '"H NMR spectrum showed the presence of a major species (A) together with
traces of a second isomer (B). The major isomer has been assigned the (Z,Z) configuration at
the two double bonds on the basis of the following evidence. The chemical shift of H-C(1) is
7.45 ppm, indicating that this is located trans to the NO, group; Ju.ci3)nc@) is 10Hz proving that
they are cis related. In contrast, the pyrrolidine derivative (16) has the (£,Z) configuration,
with the C(1)-H proton resonating at 8.35 ppm, being cis to the NO, group. Acid-catalysed
equilibration of [15a(A)] gave a product consisting of the (Z Z) and (Z E) isomers in the ratio
3:1. The newly generated isomer (Z E) corresponded to the trace component (B) present in the
original sampie of (15a), with a coupling constant Jy.c3)n-c4) of 15Hz. Equilibration must have
occurred by protonation-rotation-deprotonation (Scheme 18).

Scheme 18
N H o NO, SMe
N LA H +
R” 3 H R+/N H
H A -H | | H
MeS 4 ~H H+ g H
(154) (Z,2) H || -H

H NO, H
A
NN

(B) (Z,E)
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Ranitidine is a selective histamine H; antagonist, used extensively as an anti-ulcer drug.
A key feature of this molecule (64) is the presence of the I,1-diamino-2-nitroethene moiety.
The structure of the base and the hydrochloride, as well as the configuration and barrier to
rotation around C(1)-C(2) have been extensively investi gated.*® Three tautomeric structures are
possible nitroenamine (A), nitronic acid (B) and nitromethylamidine (C) and since the two
amino substituents are different, two geometrical isomers (Aa, Ab) can be written for the
nitroenamine. Of the three possible tautomers, the nitromethylamidine (C) could be rejected
since there is no signal due to the CH, group in the '"H NMR spectrum; only a one-proton
singlet is seen in the olefinic region.

1 T . .

The 'H NMR spectra of both ranitidine and its monohydrochloride (protonated on the
Me;N-side-chain) show temperature dependent variations consistent with a low barrier to
rotation around C(1)-C(2). At 328K in CDCl;, the base shows only one set of time-averaged
signals due to the fast interconversion of the two geometrical isomers (Aa) and (Ab). At 271
K, the interconversion is much slower and two sets of signals are observed. The coalescence

. . . ) - :
temperature is approximately 314K. The barrier to rotation, AG™ has been estimated to be
-1 . . ) .
157+ 0.1 kcal mol” and is the same as that for 1,1-bis(methylamino)-2-nitroethene. In
-1 . . .
CD;0D, this value is further lowered to 13.0 kcal mol” being due to the disruption of the
intramolecular H-bond in the polar solvent
H. _NO, O,N_ _H
- ‘vI\"‘l . "I‘ e w
R—N NH R—N N
H Me H !
Me
-(64) (Aa) (64) (Ab)
0 _NO,
H\/N‘nrr r
O A
/L R—N NMe
—_— AN e
AN 1.‘ 1Nivay AR
H
(64) (B) (64) (C)
o VT~

NH Me signals (CDCIl;) are seen as quartets and the two NHCH,
1 this basis, the presence of the nitronic acid tautomer (B) can be ruled

The monohydrochloride shows only one set of signals in D,O at 278K and above but in
CD;OD at 240K, separate NMe signals are observed, with the coalescence temperature of 262
K. The calculated energy barrier to rotation around C(1)-C(2) is 13.1 kcal mol”, the same as
for the base in this solvent.



3.4 Dipole moments

Dipole moments of several nitroenamines have been measured,”>  confirming the
existence of extensive conjugation as is also inferred from NMR studies. The magnitude of the
dipole moment varies significantly with the different amine moieties, which is in contrast to the
situation with simple enamines. Thus, the dipole moments of (65a, R3=H) and (65b, R3=H) are
greater than that of the morpholinoenamine (65c, R’=H). This is also in accord with the NMR
data.’

R'REN—CH=C—NO —NRR
_!3 2 a:_N/\j
R /\
b: —N
(65) D=
—N s}

(7S]

.5 X-ray crystailography

The X-rav crvstal strmuctures of several nitroenamines have been determined and relevant

S “J WA J MAAAL VWA VBWRWVE WL WA VW Y WAL IAAMV VWIALWMALLILIAWWY A YW VWWil WUWLWEARLLLILIAWAE WAL A Wiw YV lARRL
bond-leneths are eiven 1n Table The conficuration around C(1)-C(2) in the solid state need
bond-lengtns are given 1n laole 1ne conliguration around C(1)-C(Z) in the solid state need
not necessarily the same as in solution. Thus 1-methvlamino-2-nitroethene (872) exists in
& “J SN CAAN WRAALNY W AR WONJAWLAWA A RANAW A4 AErN LAJ ASAEALRARN dow RAAGA N WLAAWIALY \‘V i , WRAWLWD  RAR

The crystal structure of the pyrrolidine (62) and the thiazolidine (33) have been
determined.”” and surprisingly, in both cases the NO, and the ring nitrogen are trans-related to
each other [62(F) and 33(Z7)]. From the data, it is difficult to decide whether in fact there is
significantly more pyramidality at the ring nitrogen in (33) compared to (62) (as had been
suggested previously).!

The most significant aspect of the crystal structure of (337) is the existence of an
intramoliecular short distance between the suifur atom and one of the oxygen atoms of the NO,
of only 2.68 A, well below the sum of their van der Waais radii.

The crvstal structure af the athanalamine derivative (18h) hac heen determined 18 and
N \ll]u‘«u‘ OLUE UWLUEW U/ UIW wLiILAIIVIARILIIY vl Ll vAaul vie \lul.l/ 11D Uwiwii Uwiwil llllll\lu? il
the C‘.C and‘lenm e nf the hntadiene chain ara 1 325 1 A8 and 12185 & Tha curnricing
5‘-..\) \VS S LEEW L/70ALCANAANA RS W/ AEREAR CAR 8 JUJ’ 1 ."T<WF RLENE L a7 1 o7 e i LIN Oul}ll louls
feature of this molecule is that the butadiene moiety has assumed a configuration close to cisoid
but it is not completelvy planar. There i1s a sienificant twist about the central sinele bond
tll\d Wi ' l.ll“llm . A ilwiw A “ L’lélllll‘ull" LYY RIL UL/ uL LR WwWAWwAILLL EAL 011161\1 U\Jllu-}
thereby leading to a disruption of the coniugation
A J lv““ll‘-b VWS WA NBAWAR “t"r‘u‘.‘ A Vilw WAL M&ubx\lll.

The crystal structure of several mitroketeneaminals have also been elucidated, including
ranitidine (64) (as its hydrogen oxalate),57 and the structurally related hydrazone (67). ® In the
former, NO; is cis to the MeNH, while in the latter it is cis to the hydrazine group.

Crystal structures of several 2,2-dinitroethene-1,1-diamines have also been determined
including the imidazolidine (40a) and its higher homologue (40b).”” The former is essentially



planar, but the latter has a twist of 89° around the double bond. The planarity of (40a) is
probably due to reduced crowding or more favourable hydrogen-bonding. Finally, the crystal
structure of the 2,2-diamino-1-nitroacrylonitrile derivative (68) has also been determined,”
with the NO, cis to the MeNH group as shown.

Table 1

Bond-lengths A determined from X-ray crystallographic studies of nitroenamines.

Compound Configuratio N-C(1) C(1)-C(2) C(2) - NO, Ref.
n

57a E 1.303 1.356 1.378 47
48a E 1.334 1.345 1.394 54
1.325 1.35 1.39 55

65c¢ E 1.323 1.368 NA 53
62 E 1.318 1.357 1.377 50
33 Z 1.317 1.405 1.342 50
15b Z 1.302 1.385 1.396 18
66 E 1.338 1.378 1.378 56
51 - 1.349; 1.356 1.412 1.375 56
64 - 1.321; 1.315 1.433 1.353 57
67 - 1.335;1.343 1.406 1.354 58
40a - 1.322; 1.321 1.430 1.415;1.404 37
40b - 1.297; 1.306 1.473 1.383; 1.383 37
68 - 1.315; 1.409 1.402 1.404 59




3.6 Theoretical calculations

Theoretical calculations have been carried out on the simple unsubstituted nitroenamine
molecuie in solution, using the self-consistent reaction field approach.”’ This provides some
insight into the effect of soivents on the E = Z equilibrium, as welil as on the barrier to
rotation and the results seem to agree with the experimental observations. Previously,
geometries, rotational barriers and isomer populations had been studied by the MNDO/H and

A m xw .1 b 6] *.1 . s i - M 1 1 s - 1 1 i 0~ a A o 2 R e e
AMI methods” with attempts to inciude the crucial solvent effects. An effort has also been

1 [ 1 1 62 1 L PP 1 1 ' 11 al 1 s a0 S
calculated values. Calculations have peen periormea ootn Dy ab initio and seml-empmcai
techniques.
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4.1 Protonation and hydrolysis

The behaviour of 1-methylthio-2-nitro-N-phenylethenamines (69) in superacids has been
investigated both by NMR studies and by quenching experiments.“rThe nitroenamines were
dissolved in triflic acid at 0° C and quickly cooled to -18°C and the 'H and '’C NMR spectra
were monitored. The olefinic signal quickly disappeared and signals due to a CH, [6y 5.4 (s)
and 8¢ 75 ppm], indicating the formation of the C,O-diprotonated species (70) appeared. Only
one set of signals was seen in the NMR in each case, assuredly due to the Z isomer formed as
the kinetic product of protonation. Only in the case of the 4-methoxyphenyl derivative (70c) at
0°C, did a second set of bands appear slowly [8y 5.10 (s); §. 74.45 ppm] which was attnbuted to
the formation of the E isomer. Configurational assignment was made on the basis of
differences in chemical shifts and by analogy to the protonated forms of related compounds like
imines and oximes. The final Z/F ratio in the case of (70¢) was almost 1:1.

At low temperatures, cations (70) are slowly converted to the hydroxynitrilium 1ons (71),
as indicated by the disappearance of the NMR signals due to CH,. The iminium carbon signal
moves upfield from about 185 ppm in (70) to about 166 ppm in (71) due to conjugation while
the hydroxynitrilium carbon is seen as a broad, weak signal near 26.5 ppm, similar to that of
aromatic nitrile oxides.
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The structure of (71) has been confirmed by trapping experiments. Thus, if (69) is
dissolved in benzene along with triflic acid, the hydroxynitrilium ion (71) formed in situ reacts
with benzene to form (72) in good yields. In the case of the methoxy derivative (69c),
intramolecular cyclization also takes place, leading to a mixture of (72) and (73). Compounds
(72) have been isolated and fully characterised. Similarly, the quenching of ion (71a) with
either MeOH or MeSH leads to (74a) or (74b) respectively.

The site of protonation as well as behaviour on hydrolysis of ranitidine (64) have been
studied.”>* The pKa of ranitidine is 8.2 and the basic centre corresponding to this, is the side-
chain NMe;, group. The UV spectrum of the base in water at pH 6.5 shows a long wave-length
Amax at 315 nm ( € 15,400) mainly due to the nitroketeneaminal unit. [1,1-Bis(methylamino)-2-
nitroethene has Ay, at 226 (€4200) and 313 nm (€15,200)]. In stronger acid (M, HCI) the 315
nm band disappears, indicating that the second protonation leads to loss of conjugation. The
pKa for this is 2.3 suggesting that in this process, C(2) protonation of the nitroenamine has
taken place. Inthe corresponding 'H NMR, the olefinic proton at 6.83 has disappeared and is
replaced by the CH,NQO, signal at 85.80. At the same time, two sets of signals are seen for
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NMe [3.13, 3.03 ppm (d)], NCH; (q) and SCH, (t). The second protonation - deprotonation is a
slow exchange process on the NMR time-scale in contrast to the first protonation at NMe,,
since signals due to mono- and di- protonated ranitidine can be seen simultaneously. The two
sets of signals of the diprotonated species are likely to be due to the presence of two

suggested that these are the (£,Z) and (Z,E) isomers (Scheme 19).

Scheme 19
CH-NO» CH,NO,
l L “~ T 'L P4
-+ ’ v B TR 1 T ‘I
H 4 H H H Me
-H
R-NH H “ 2 Z E)
/ \
Me—NH NO,
(Y
"\ CH;NO, CH,NO,
~N H\_ A Me _____ o H\ ):\ ~H
NFNTT ST NN
R H R Me
(E 2) (E, E)

Il \\
R= Me,~N-~ S

At pH7, the ranitidine molecule is quite stable, hydrolysis occurring to an extent of <5%
after 2 years at 30°C. Likewise, at very low pH (<1), ranitidine hydrochloride appears to be
resistant to hydrolysis, even on prolonged heating. This is in accord with the results of the
protonation experiments, when it was shown that the second proton is attached to the carbon,
resulting in the formation of the nitromethyl amidinium ion.

Hydrolysis of ranitidine takes place rapidly in the pH range 2-4 and is complete after 6h
at reflux temperature. The products formed are shown in Scheme 20 with the crucial
intermediate being (75). Attack on this intermediate by water would lead to the major products
(76) and (77) and the former (as its free base) can also act as the nucleophile on (75) leading to
the compound (78). Finally, if ranitidine itself is the nucleophile acting on (75), the product
would be (79).

Hydrolysis at pH values >9 is also rapid, as 4h at reflux temperature completes the
hydrolysis. In this case, the products are formed by an addition of OH at C(1) of the



nitroenamine, followed by elimination of either of the two amine moieties, resulting in an N-
substituted nitroacetamide (Scheme 21).

Scheme 20
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Scheme 21
l’ill OH
R;NJ! NHMe _»  MeNH-CO-CH,NO, + RNH,
NO T
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(64)

1-Methylthio-2-nitro-N-arylethenamines have been hydrolysed by aq.KOH to provide
nitroacetanilides.*” In general, N-substituted 1-methylthio-2-nitroethenamines are excellent
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precursors for N-nitroacetyl and N-nitrothioacetyl derivatives of various amines and amino acid
o £ L ui 3 e 2 B ] H . - - . N 4 Y W W ~ - ~ )~ ~ - - - o - -
esters.”®  Thus Hg'-catalysed hydrolysis (MeCN-H,O, 3:1, 30°C), of I-methyithio-1-

with dry Na,S in de-oxygenated EtOH containing acetic acid for 3h at 30°C, led to the
thioamide (82) in 68% yield. The nitroenamine (27) from ethyl (S8)-prolinate similarly gave
(83) amcix’s‘i).z’"l N-Nitroacetyl derivatives of other (S)-a-amino acid esters have similarly ’bejen
prepared” and N-Nitroacetyl suifonamides could also be obtained in 60-75% yields by Hg*'-
catalysed hydrolysis of (38).%°

0
O;N SMe
’ \:( (l) _ O2N\)L ——

—Z

N— >
] ~
S0 (81)
(n)l
v
S
on
N
L/
(82)
S OzN\ 'SMG 0
M, (ii) \ (i) 02N /IL -
TN e RN e YN
H'N
EtOZC/\/ mzc EtO,C
(84) Qn (83)

24
() MeCN-H,0, Hg "~ (ii) Na,S, BOH-HOAc

4.2 Acid-induced cyclizations

There are a few reports on the formation of heterocycles by acid-induced cyclization of
nitroenamines in which the NO, group takes part or is eliminated. For example, the
nitroenamine (85) bearing a 2-pyridyl substituent on the amine cyclises to (86) in 70% yield on
heating with MeOH-H,SO4. With conc.H,SO, at 0°C, the oxime (87) results (Scheme 22). %7

Several 1-methylthio-2-nitro-N-aryl ethenamines have been cyclized in low yields to 3H-
indol-3-one 3-oximes by means of triflic acid at room temperature (Scheme 23).
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4.3 Reaction with electrophiles

The reaction of nitroenamines with several electrophiles occurs at C(2) as expected. The
electrophiles that have been reacted thus far include N-halosuccinimides, o-
mu'obenzenesuuenyl chioride, thiocyanogen, phenyl isocyanate and benzoyl 1soth10cyanate
(bcneme 24‘)" . Acetylene dicarboxylic ester undergoes cycloaddition with nitroenamines in
refluxing THF and thermolysis of the resuitm% cyclobutene derivatives (88) leads to the 1-
amino-4-nitrobutadiene-23- dlcarboxylates (89).% Typical spectral data for (89; R=R'=Me)

r ey - o oem J -- ~

are; UV :Amax 322 nm (€64,00); 'H NMR (CDCl3): H-C(4) 6.84 ppm.

Scheme 24
NO,
Ph—CO-NH-CS.. _NO, R _A_ S
R T
—_—
No N
R” “NHR' R” \I"
Ph
™
X NO,
o Y
(i) . X =CL Br
Ph-NH-CO._ _NO, & R)\NHR
R” TNHR
R” “NHR w
| L
S _NO,
NCS.__-NO; NO, I
) g R” “NHR
R” “NHR R'=H
\‘ AN N
. /
| R'+#H N N’ ~NH,

R R’
NN
OQN/KSkNH

(i) N- halosuccinimide (ii) o-nitrobenzenesulfenyl chloride

(iiij thiocyanogen (iv) phenyl isocyanate, A, MeCN
(v) benzoyl isothiocyanate  (vi) DMF, A '

It has been found that the use of acetone as soivent for the addition of phenyl
1soth10cyanate to nitroketeneaminals results in better yields (70-96%) of the 3,3- dlammo 2-

nitrothioacrylamides than those reported previously using EtOH or toluene as solvent. 7
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CO,Me
Meht____COoMe MeO,C H
R _H
o . N, NO2
.NH NOy KNI K
(88) (89)
ml:rammecmar a[[aCK Dy [ne nlﬂ'OCnamlne ona Slll[aDly 1003 e D yl group réesu

,,,,,,

the formation of heterocycles. Several such exampies have come to ugnt in which the site of
nucleophilic activity is the enaminic carbon atom C(2). a-Aminoketones react with 1-ethoxy-
~ M .1 ey i T\] “2 rr\ 2 . -~ " 1 - 1 1 e 1 1 s 1 1 1 s e
2-mitroethene (4a; R =R"=H) to give 3-nitropyrroles in high yields. Probably, the reaction
3 . Py h e ol 1 -~y 3A( ~ A * ~ 1 ™ 1 2l 1 1 s A s
proceeds via a nitroenamine (Scheme 25)." 2-Amino-2-deoxy-D-giucose thus ieads to 4-nitro-
2-(D-arabinotetritol-1-yl) pyrrole and similarly, reaction of i-amino—3-phenyipropan 2-one
hydrochl(mde w1th 1-(methylsulﬁnyl) 1-methylth10-2-n1troethene (21b) in the presence of
AT~ A PR TN nn NET A . - Y\ V4 1123
' d. The 1nitial
ion on the carbonyi.
hle-ne SN 12 PR, S a0 e 1 /ot ____ 1 . 21 11
LIVES (&4 ) HKCWISC CyUllLE 0 I-INUOPYITOICS (71) undaer mllaly
acidic conditions.

M\ NO Me N02
Me~C=0 N0 “co ] '
e S O 13
TR g’ N J N
H H
O,N CH,Ph O,N

X 8

Mes” N RNH” N7

H b

90) 1)

Lead tetraacetate oxidation of the 1-amino-4-methylthio-2-nitrobutadienes (15) gives the
pyrroles (92) (14% yield) along with the acetoxy compounds (93) (51%) (Scheme 26)."® In this
cyclization to the pyrrole (92), the nitrogen of the nitroenamine has acted as the nucleophilic
centre.
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4.4 Further transformations of the isothiocyanate adducts

. . . - . . . . 1
The reaction of nitroketeneaminals with isothiocyanates had been discussed earlier.” The
3 _-5-dxammo-z—nm'otmoacwlmmdes (97) thus formed, could suosequenuy be oxidised by
bromine to the 4-nitroisothiazoi- 5-(2H)—nnmes (9‘8), but it has now been found that methyi

L 7O\

azoalcaruoxylate 1s a better reagent for orlngmg about the oxidative conversion of {7F7) 1o (70 )
Furthermore, an extreme]y mterestmg rearrangement of (98) to the benzothiazole derivatives

sanan) 1 TYR SO L 72 LY o L

[”) Dmugm about Dy GISSOIUUOH in DMSO has been uncovered. " and a pldUblUlC mechanism

. PR, A

has been suggesxeu for this rearrangement.

RHN ~ NO pEAD  KHN NO» e Z s, NO,

nling aITT DMF, rt nla C=N R_t\ /ll\\r T2

IS TN 2 N NN ~ L—=IN iN /_1 jBile
on 98) (99)

Oxidative conversion of benzoyl isothiocyanate adducts of nitroketeneaminals to 2,2-
diamino-1-nitroacrylonitriles had also been previously mentioned.! Now this has been
extended to the thiazolidine derivative (33). This nitroenamine is less reactive than the
corresponding imidazolidine derivative as it does not form an adduct with phenyl
isothiocyanate, but, with the more reactive acyl isothiocyanates, it does form the expected
adducts. The benzoyl derivative (100) could be oxidatively cyclized to the 2-benzoylimino-3-
nitro-5,6-dihydro-(2H)-isothiazolo[3,2-b] thlazole (101), which in turn, undergoes the
characteristic alkoxide-induced fragmentatlon to give the push-pull ethylene (102).”' Benzoyl
isothiocyanate adducts of nitroketeneaminals could be carefully S-methylated by means of Mel
in DMF at room temperature’ and these S-methyl derivatives (103) undergo interesting
transformations. Treatment with mercuric acetate in DMF at room temperature leads to two
products, the nitrile (104) (major product, 46 to 85% yields), and the hydrolysis product (105)*’
with the conversion probably proceeding as shown in Scheme 27. This fragmentation is
reminiscent of the oxidative fragmentation referred to above.

T s T

NCUPH
N 74 /N

NH
(s &/CS_NHCO.% Ks )::(Noz Ks /\'/Noz

NO, CN
(100) (101) (102)

The S-methyl derivatives (103) also undergo an interestisng thermal cyclization. Thus,
heating the benzoyl isothiocyanate adducts with Mel in EtOH leads to the pyrimidine
derivatives (106). Initial cyclization by the attack of the amine on the carbonyl is followed by
N-dealkylation by the iodide ion (Scheme 28). 731475
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Scheme 27
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NO,

(103)

MeS

l Hg(OAc),

roducts are unstable.

Me: 68
Me or ArCH,

R=

(106) R

(104)
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nnde whic
acetoacetic ester to give a polysubstituted pyridone (Schem

4.5 Reaction with nucleophiles
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R = Hor Me
(LE N 118 (108) DB=H Me ar Bt
B3y 183 121 R =i, M¢or L
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CHnCme L7
o r 9 1 o
Me-< /u\ _NO, 9] 9 py 80°C [ OzN\/[j\:n. | ON /U\‘./NIe
- + JK/\ 7 » INIVIC N
B BO Me B l COMe U\%
HR Me
] !
6) L CO,Et _! CO,Et
It has been reported earlier ' that ring-opening of 3,4-dinitrothiophene by means of
primary or secondary amines leads to 1,4-diamino-2 3-dinitro 1,3-butadienes (109). Reaction
of these with Grignard re s in THF at 0°C results in 1-eli ion, leading to th e
2,3-dinitro-1,3-butadienes (110) in almost quantitative yields.””. The main component of the
product is the (E,E) isomer, along with minor amounts of the (E,Z) isomer. The 'H NMR
spectrum of the (/7 F) isomer (110; R=Et) shows the vinylic protons at about 7.653, whereas in
he (K 7Y icomer two nealke are ¢een at 87 53 and § 727 nnm
LEEW \L‘,l‘, BIWFRERAWE , LVY LS FVW Al W JWwWIL B W S BN Ve yl_lll.l
NO, NO, NO,

e / h / - / 0\
02N OzN 02N R
(109) (110) (E,E) (110) (E,2)

(i) RMgBr, THF, 09C (ii) quenching with 3%HCI

1-Methoxy-2-nitro-N-alkylethenamine can apparently function as a methylating agent,
and the evidence can be seen in ranitidine chemistry. When the methylthio derivative (111)
was kept in CD;0D at room temperature for several weeks, the final product isolated was
(113), having a CD; group attached to the side-chain nitrogen. It is reasonable to assume that
the transformation had occurred via the initially formed (112)."”

Reaction of 1-diethylamino-2-nitroolefins with ethyl isocyanoacetate in the presence of
DBU at room temperature, followed by quenching with HCI, leads to 1-hydroxypyrazoles in
good yields (Scheme 30).7®
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4.6 Pericyclic reactions

Thio-Claisen rearrangements of N-substituted 1-allylthio-2-nitroethenamines occur in an
unexpectedly facile manner. The S-methallyl derivative (114) obtained from N-nitrothioacetyl
pyrrolidine (82) undergoes thermal [3,3] sigmatropic rearrangement at 45°C to give the C-
methallyl derivative (115) in 51% yield (Scheme 31). The vinyl proton singlet at 6.83 ppm of
(114) vanishes and is replaced by a multiplet at 5.67 ppm. Similar reaction of (82) with allyl
bromide and crotyl bromide leads to (116) and (117) respectively.”

There are two surprising features in these transformations, the first being the facility with
which the thio-Claisen rearrangement takes place while the second is the degree of
stereoselectivity observed in the corresponding rearrangement of the (S)-proline ester derivative
(118). This S-allyl derivative was obtained by treating the thioamide (84) with allyl bromide at
30°C and it shows the vinyl proton signal at 6.80 ppm in the 'H NMR spectrum. At 45-50°C, it
is transformed in 90% yield to the C-allyl derivative (119) as a mixture of two diastereomers
(Scheme 31). The de is estimated to be 66%. The major diastercomer appears to have the
thermodynamically less favoured configuration, since deliberate base-catalysed (or even



S. Rajappa / Tetrahedron 55 (1999) 7065-7114

7065-7114 7101
thermal) equilibration results in the preponderance of the other diastereomer. The induction of
chirality by an asymmetric centre located two atoms away from the C(2) carbon of the {3,3]

. . “ . 79
framework 1s quite surprising.

PR NP T
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o iy
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(117N : n _ Y ST — T
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(4]
5]

(84) (118)

(i) methallyl chloride (ii) 45°C (iii) allyl bromide (iv) 45-50°C

The benzyi ester of the bicyclic analogue of proline with the (ali-R) configuration has
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4.7 Reductive transformations
Reductive acylation of 1-anilino-2-nitroethenes leads to 1-aryum10azoxes Thus
catalytic hydrogenation (Pd/C) of the esters (43) or ketone (44) in the presence of excess
carboxylic acid orthoester leads to 1-arylimidazoles in moderate yields (Scheme 32).
Scheme 32

3 RCo
RCO.__NO, _ P N—N
I + RCOR); —» -
2 LN 7 K
R~ “NHAr H, R

R3 = OMe or Me

5. Chiral nitroenamines in asymmetric synthesis

As discussed in section 4.5, nitroenamines can react with a variety of carbon
nucleophiles by an addition-elimination process in which the amine is expelled. With a chiral
nitroenamine, this may result in asymmetric induction with the advantage that it will not be

necessary to remove the chiral auxiliary at a later stage in the synthetic sequence.

\/N02
| S— e
(10a) (124) (125)

Fuji, Node and their coworkers have effectively used this strategy in several stereo and
enantioselective syntheses. In the first example, it was demonstrated that high
enantioselectivity could, in fact, be obtained in the construction of chiral quaternary carbons."’
Thus, reaction of the lithium enolate (122) of the six-membered lactone with the chiral
nitroenamine (IOa) gave the product (123) with 41% ee. If Zn** was used as the counterion

o

instead of LJ in the above reacuon the ee rose dr amancauy to 86%. HOWCV@I’ under the same

c N oy e WA ;& m o

ondition NS, the zinc enolate of the five-membered lactone (1Z24) gave the pI'OClllCt (12d) with

Three remarkable facts have emerged from an extensive s‘tudy of such mtroolefinations
Y SR DI PR Ahae A PR 11,12.48.49 81.82 1o
of for example, lactones, esters and lactams. Firstly, zinc enolates have enhanced
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reactivity over the corresponding lithium enolates in asymmetric nitroolefination. In addition,
or as a consequence, the enantioselectivity is increased dramaticaily by the use of the zinc
enolates. Thus, the reaction of the lithium enolate of the ester (126) with the chlral

£ on qu-\ : Alal

nitroenamine (an) at -78°C glves (b) ( 47) ln 88% ylel(l with Omy 6% ee, while addition of 1

Cro 7 A rnos . 81

moi €q. of Lllblz resuits in 96% yiem or{x)(1 l) with 69% ee.

MeO. H (i) LDA MeQO ,\\\,,/NO2
o Ncome T 0w =
Ph  COM (n) ZnCly Ph°  CO,Me
(126) (127)

Secondly, such nitroolefination invariably leads to exclusive or preferential formation of
the E-mitroolefin.

Finally, the reaction of the enolates of the lactones (122) and (124) with the chiral
nitroenamine (10) derived from (S)-prolinol, the newly created chiral quaternary carbon has the
(S)-configuration.*®

Quenching and cross-over experiments have been carried out in order to provide a
reasonable explanation for the above observations. The higher reactivity of the zinc enolates 1s
ascribed to the stronger Lewis acidi‘[y of Zn*" towards the nitroenamine compar’ed to that of Li".

Based on thlS d cata.lyuc cyue ﬂdS DCCII pOS[LIlaIC(l 11'1 WﬂlCIl me ZlIl(. enmate reacis
preferentlally in the presence of the lithium enolate and the zinc enolate is subsequently
- ; meme .l.’ ]

with the adduc formation being 1t eversxbl , as shown by cross-over expenments 4 Of the four
possible ways in which the two reactants can ap 1 each other the re-re approacl
lead to the (S)-configuration of the product, whereas the si-si approach would lead to

L1l uvL, vitb i o auvil >

configuration. At -78°C the methoxvl group in the nitroenamine also functions as a ch‘li ating
site for the metal cation to make the si-face bulkier. The si-si approach is thus hindered by the
bulkiness of the side-chain on the pyrrolidine,** whereas the si-re and re-si approaches would
lead to transition states with higher energy. It is assumed that the original s-F conformation

about the N-C(1) bond in the nitroenamine is preserved.
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L = Cl (or) solvent
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and elimination of the chiral amine takes place only during won(—up The preferred
conformation of the transition state for this elimination is such that the formation of the £-olefin

4t mncaba e cbmdas Vo oo o a4 Al 7 VAT M L oo A dennl
is favoured as the ﬂ'dIlbl(lOﬂ Statc jeaqging o e £-0ICIn SULICTS 1TOMm SEVEIC A-SU
e B ac . £ oAl S S ~ PO 4L .4 daas -

1mpuumon he irreversibility o

<
I~

provided by reacting the zinc enolate of the y-lactone ( 129) with seri
(10-—13) derived from () prolinol. The nantloselectmty increases in the fo llowm order

10a (ee, 56%)<11a, 12a (ee, 83%)<13a(ee, 88%)

Introduction of a methyl substituent on C(2) of the nitroenamine increases the ee further, with
(13b) leading to an ee of 93%. Thus, the use of this methodology for the asymmetric
nitroolefination of y-lactones has also been established. 12.82

; 1o aiich ac 122
*LI'GGu:x s \auCu as 123,1

o
th

rhAaseia s hawvun hamen :ond aa
uucuusu_y nmave uclil udCu ady
, for example,

6. Nitrodienamines and nitropolyenamines

A practical route for the synthesis of 1-dialkylamino-4-nitro-1,3-butadienes has been
described recently® and is similar to the earlier reported one for nitroenamines.”> Michael
addition of thiophenol to acrolein is followed by an aldol condensation with nitroethane and
elimination of water to give (130). Chlorination of this with sulfuryl chloride and elimination
of HCl by base gives the diene (131). The phenylthio group in this can be displaced by
secondary amines to yield the nitrodienamines (133). An alternative route to (131) is the
reaction of the aldehyde (132) with nitroethane in the presence of DBU, followed by alumina-
mediated dehydration.

A~ . NO, P N NO,
pPhs” N Y PhS X 2
Me Me
(130) (131)



The nitrodienamines (133) appear to consist of only one isomer in each case, from their
?ectra and the (E,E) geometry has been assigned on the basis of the coupling constants

in the H NMR spectra. The X-ray crystal structure of (133; R,N- = 1-piperidinyl) has
confirmed this geometry and the moiecule is essentially pianar. The C-C b nd—iengths of the

butadiene moiety are : 1.37 [ C(1)-C(2)], 1.42 [C(2)-C(3)] and 1.35 A [C ( C(4)]. In MeOH,
the compounds exhibit long wavelength absorption maxima at around 460 (1og € 4.46).
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Extended conjugation over the entire molecule as shown in (135) is indicated by the
magnetic non-equivalence of the a-CH, groups of (134b) both in 'H and ?C NMR spectra [5y
: 3.40, 3.60 ppm; &¢c: 47.33, 52.74 ppm].

The x-ray crystal structure of (134b) reveals that the C-C bond-lengths are 1.380 [C(1)-
C(2)], 1.380 [C(2)-C(3)] and 1.371 A [C(3)-C(4)] and that there is a close contact between S
and H-C(2), in which the hydrogen approaches S at an angle of 27° from the perpendicular to
b o lnn 4l Ll b STYAN C© MY Ls s TIPS GO Y e oato %0 % 1

ic plane through atoms C(4)-S-CH;. This is very close to the predicted approach of
Alontrmmbhilag #n dicralané ,...u‘.m o 3} TRV S ST L% TR SRR TP S A Vo
CieCtropniics 1o aivaient sull 1n€ positioning o1 the nyarogen atom aiong a Sullur ione-pair
orbital may contribute to the stability of this conformation and may constitute an example of
hnsi Aoy ~F 4 berenn 7 IT
Ii=vuiding Ul UIC Lypo v-r1, O

nitrodienamine (136) has been synthesi om dimethy lm--;_-oa_rglcin as qhnws_ in

e n ( 1as d fr
Scheme 33. This undergoes cycloaddition with dienophiles, follo
dimethylamine to yield fused nitrobenzene derivatives.”' The mt__rgc_hgp
reacted with sev __al Grignard reagents. Th cti e
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PRy PP N TS S SISy, SR RS T, L N2 ot N SRS .S T ¥« WL I I P
pmaucw (137) by addition-elimination (Scheme 33).” The condensation of (156) with indole
PUIY » IR S PRPI. P G L viatn amann Wby dae T oo P 93

derivatives in trifluoroacetic acid leads to several dimeric products in low yields.
Scheme 33
0] P ]
o0 O [P P
2
l (i)
NO (iii) Xy NO,
Rf/Q§§V/”§§§” 2 hdeﬂﬂlz\\\ AP
(137) (136)
Me ‘s
LN M 0 RN
| I
(i) Me;NHHCI  (ii) NaH, MeNO,; EtsN  (iii) RMgBr
Polyenes containing electron-donors and acceptors at either end of the chain are
attracting current interest because of their possible non-linear optical properties. The effect of
g(_)__il_lga_i_,n_ on thE‘ hvngmgla_ﬂTIﬂ ilitv of Sug“ comnounds lneludine comnoundg of the tune
jug yperp zability compounds [mcluding compounds of the type

02N “(\
>_“ NM62

(138)

7. Nitroenamines as drugs and pesticides

Several compounds having a nitroenamine unit in their structure are already on the
market as drugs or pesticides.

acid, such as duoden%(l3 and
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The nitroenamine m01etv also figures in sev eral molecules
properties. % 1aZ1



1995, Taked;% mtroduced nitenpyram (141) onto the market for the treatment against sucking
msect pests.”” Several other companies are also involved 1n synthesising molecules containing
the nitroenamine unit for pesticidal appiiglaﬁon and two such promising lead structures are
(142) (Novartis) and (143) (Nihon-Bayer).”

H
MeN NO

Sy N
A AT /, \\ Q B’—T—w/
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H
(139) NO
NO, 3( 2

| /j\ /\N )\N_H

S)I\I‘urH r J, | |
N Et M
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(140) ) (14b) _
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In the interim between the compilation of the first draft of this review and its despatch to
the Editor in its final format, several interesting publications on nitroenamines have to light.
These have been grouped together in this section.

Scheme 34
K
|
X + RENHOMe —— | w>—<&H |
K R DMF, 30°C [ 7 R J
(144)
RS A
K vV NO,
": : 1
R7 R
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The

1NN

methoxyamines 1n the presence of potassium #-butoxide (Scheme 34)."™ This i1s an example

intermediate adducts (144) have been isolated in several cases; treatment of these with excess

Nitroolefins have been directly converted to nitroenamines (145) by reaction with

base leads to the products (

of vicarious nucleophilic substition. The yields are generally good to excellent.

102

Scheme 35
R= Et PhCH,

145).
nitroethenamines with prop-2-ynyl bromide in the presence of cuprous bromide leads to

Several new chiral nitroenamines (146) with bulky substituents in the side-chain have

~

.

s - o

The products, possessing a sterogenic quaternary carbon atom, (absolute configuration S), were
obtained with excellent ee’s (>95%).

been tound to be usetul for the asymmetric mitro-olefination of the zinc enolates of lactones.103
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