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ADVANCES IN THE SYNTHESIS OF HETEROCYCLIC
COMPOUNDS FROM ALIPHATIC NITRO DERIVATIVES.
A REVIEW '

G. A. Shvekhgeimer

The literature on the synthesis of heterocyclic compounds from aliphatic nitro derivatives in the past decade
has been summarized.

INTRODUCTION

Aliphatic nitro compounds are common starting materials for the synthesis of various types of organic compounds.
This was stated in 1979 by Seebach et al. [1] in a review entitled "Aliphatic nitro compounds — ideal intermediates.”
Aliphatic nitro compounds play an extremely significant role in the synthesis of various heterocyclic systems.

In our previous review [2], data were summarized on the synthesis of heterocyclic products from aliphatic nitro
compounds published up to 1982 inclusively. Tartakovskii [8] has examined the principles for the construction of heterocyclic
systems from nitronic acid esters and unsaturated compounds and presented a bibliography up to 1982.

In the present review, data on the synthesis of heterocyclic compounds from aliphatic nitro compounds published in
the past decade have been summarized. In light of the appearance of a review pertaining to heterocyclic synthesis by
1,3-dipolar cycloaddition involving nitroalkenes in 1990 [4], only those studies on this reaction published after 1989 are given
in the present work.

1. SYNTHESIS OF NITROGEN HETEROCYCLES

There is no information in the literature on the synthesis of three-membered ring nitrogen compounds using nitro
compounds.

Only two studies have been published on the preparation of azetines, which are four-membered ring nitrogen
compounds, using nitro compounds. Thus, the reaction of nitroalkenes I with acetylene derivatives II gives azetine N-oxides
II as diastereomer mixtures in 43-61% yield. Elburg et al. [5] have proposed that the reaction involves formation of interme-
diates IV:"

H R MeCN
C=C + —C=C—R’ —
NO,” “Ph Rz/N 20°C, 3 h

*The substituents in the starting compounds and reaction products in the reaction schemes presented in the text are indicated
by symbols Alk, Ar, and R. The symbol R is used for compounds, in which there are different substituents (Alk and Ar) and
functional groups at the same carbon atoms.
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The synthesis of 1-substituted 2-nitromethylenediazetidines by the reaction of the corresponding N-monosubstituted
diamines with 1,1-bis(methylthio)-2-nitroethylene, (MeS),C=CHNO, (V), has been reported in a Japanese patent [6].

The most interesting and numerous publications are related to the synthesis of various five- and six-membered
heterocycles, including compounds with such rings in condensed systems.

1.1 SYNTHESIS OF FIVE-MEMBERED HETEROCYCLES

The preparation of five-membered nitrogen heterocyclic compounds has been reported by numerous workers.
The reduction of y-nitrocarboxylic acids by the action of zinc and hydrochloric acid in ethanol leads to derivatives of
a-2-pyrrolidone (V1) [7, 8]:

0
R R! R? ] R
0 \*(l au ("ncoow Zn, UC) (acid) D
" — N Me B )
R SR FLOH
R R! R
9!

v- (IX) and o-Nitroketones (X) give pyrroline N-oxides VII and VII upon the action of ammonium formate in the
presence of Pd/C [9, 10] or the action of iron and hydrochloric acid [11] in 36-77% yield:

(l)-
NO, 0  R_ NI _R!
;e o HCOONH,, P4/C. N, =
~CH(CH,),C— { (
R-—~CH(CH,),C—R .
X VIl
R' R’
] 1 . s
R--(!'—-l IC R’ ) ) R~
NO, Fe, HCI (acid) R
- 6h N2
R reflux RN R
0 o~ R
X Vil

The hydrogenation of vy-nitroketones X1 in the presence of Pd/C in methanol leads to mixtures of pyrroline N-oxides
XH and N-hydroxypyrrolidines X111 (31-75% yields) [12]:

R 0

ot N "H,, Pd/C R R

Me—C(CH,),C—R! =t

Me—GCHC=R 1 Gn >[ +/l * >[ l

NO, : Me ff R! Me z;: Rl
0~ OoH

X1 X1 X1l



5-Nitropentadecane-2,8-diones is converted into a mixture of 5-epixenovenin (65% yield) and xenovenin (5%) upon

hydrogenation over Pd/C (A) [13, 14]. Only 85% cis isomer is formed in the presence of the NaBH;CN-—NaBH,—
NH4AOc—KOH —~MeOH system (B) [14]:

O NO, O

Il
MeC(CH,),CH(CH,),CCyH

S5 ¢ Gty

The electrochemical reduction of y-nitroketones may give derivatives of pyrrolidine, pyrroline, or pyrroline N-oxide
[15].

Substituted pyrrolidines XV, XVI, or XVII are formed in 34-68% yield upon the hydrogenation of acetyl derivatives
of nitronic acids XIV [16] or the action of KHFe(CO), and PhCHO on 5-nitrohexen-2-one {17]:

H,, Ph/ALO, /[1

R! R” N7 TR
Il I+ 1
RC(CH,),C=N—0Ac¢
o XV
O-
Xv
H,, PO, 1O
AcOl RZ SN R
H
XVi
0 NO,

PhCHO, KHFe(CO),, CO

Il
MecC(CH,),CHMe
150 °C

CH,Ph
XVII

Benhaoua [18, 19], Tischer [20], and Deprez [21] have described the synthesis of derivatives of pyrrolidine XVII hy
the action of conjugated nitroalkanes with azomethinylids in 19-79% yield:

R! RS R R!
[ I I [
RCH=CNO, + RICH=N*C RIR! ——t
R? N
RS

¥ Rl
Xvil

Mixtures of cis and trans isomers of tricyclic compounds (XIX) containing condensed azetidine, pyrrolidine, and

1,3-isoxazoline systems, were obtained from azetidine derivatives XVIII by an intramolecular 1,3-dipolar cyclocondensation
22]:

cug=cn_ M ? Me
\‘L:] PhNCO, ELN Ny
————————
N
O,NCH,CH” N
l R
XVl XIX
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Reactions of conjugated nitroalkenes with 3-hydroxypyridine or with pyridinium salts lead to bicyclic compounds XX
and XXI in 45-55% yield. However, the reaction proceeds in two steps when 3-hydroxypyridine is used. 3-Hydroxypyridine
i ritially adds to nitroalkenes through a Michael reaction, while the resultant dipoles XXII react with the starting nitroalkenes
t» give XX. On the other hand, pyridinium salts undergo a Diels— Alder reaction with one nitroalkene molecule [23]:

0" 0"
Z BuOIl ATCH=CHNO,
I+ Arcu=cHNO, ——= —
\;; hydroquinone
H ArCHCILNO,
XXI11
NCH(Ar)CH,NO,
Ar
0
—— /
NO;
XX
R
|
N
ou Ar
= BuOH. Et;N o
| +  ArCH=CHNO, e
* = hydroquinone
NT - NO;
[l X
R XXI

X=CL L R=M¢, I’h

Heating 1-phenyl-2-nitropropene with 1,2-diphenyl-3-methoxycarbonylaziridine in xylene led to 1,2,4-triphenyl-
3-methyl-5-methoxycarbonylpyrrole in 44% yield [19].

The action of aqueous NH4CI in the presence of Zn—Cu on acetyl derivatives of nitronic acids XXIII leads to
substituted pyrroles XXIV in 57-68% vield [24]:

o R R!

I + NH,CI, Zn—Cu
RCCHCHC=N—0AC i ||

! (o1 H,0, EIOH

R!' RO )

XXHI
XXIV

Boberg et al. [25] used several reduction systems including Zn—Cu/HCl, Zn—ZnCl/HCI, FeSO,/HCl, Na,S—
NH,OH —NH,CI, or Ph(CH,),SH in benzene to convert 1,4-nitroketones into pyrrole derivatives in 36-96% yield.

2,3, 4-Trisubstituted  pyrroles are obtained in 65-85% yield wupon treating I,4-nitroketones
RCH(NO,)CH(R!)CH,C(O)R? with BusP or PhSSPh [26].

Pyrrole derivatives XXV were synthesized by the action of titanium trichloride on nitroalkenes in 3-32% yield {27,

28]:
R! Ph Ph
| TiCl,, THF-1,0,

PRCH=CNO,  ——— |
: T ——
PHGS,0°C 0524 h | AN P
H
XXV

Conjugated nitroalkenes react with isonitriles in the presence of strong base to give pyrrole derivatives XXVI in

55-97% vield [29, 30]:
R R> R
] Me,NCINH,)==CMe¢,
R—CILNC +  R!'-CH=CNO, . - . | l
- z or NaH, DMSO Et,0, N, )
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The formation of XXVII in 70-80% yield and XXVIII in 5-8% yield as the result of the reaction of conjugated
nitroalkenes with isonitrile in the presence of 1,8-diazabicyclo{5.4.0Jundec-7-ene (DBU) was explained by Ono and Marujama
[31] by the following scheme:

COOLt

RCH=C(R! ING,
CNCH,COOEt —— CI\CHCOOLt e C'\ICH%II—CISNO, —

R R
B - F100C R
RI-CHNO, + R—CH=CCOOE: CNCHCOOE \“\—I
NC N7 COOE
I H
! R
R\[—/—I( XXV
B e
~NO, N COOFEt
H

XXV

The reaction of nitroalkene XXIX and mesoionic compound XXX gave the corresponding pyrrole derivative XXXI

(32}
R
/\C)O
RCH=CHNO, + 4~O,NCH —<@ I] I]
T0°C 7days  4-ONC,H; N
Me
l
XXIX XXX XXXI

= [CH(OA)},CH,0Ac

The reaction of aminoketones XXXII with conjugated nitroalkenes in ethanol at reflux or without solvent at 20°C
gave XXXIII in 65-80% yield [33]:

Rl
!
+  RICH=CNO,
NHAIK

0
XXX1 XXX

The electrochemical reduction of 2,2’-dinitrostyrene [34] or the action of TiCl; leads to indole formation in 56%
yield [35].

Nitrostyrene derivatives XXXIV are converted to indole derivatives XXXV by the action of ammonium formate in
the presence of Pd/C in 52-86% yield [36].

R R
R! CH==CHNO, R!
HCOONH,, Pd/C, N,
MeOH s
R? NO, R* N
R} RN
XXXIV XXXV
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Anilides XXXVI form derivatives of the 8-oxime of isatin by the action of F;CSO;H or H,50, in 42-89% yield
[371:

O NOH
I H*
R ——— R
NHCCH,NO,
N O

XXXVI H

5,6-Dihydroxyindole was synthesized by the hydrogenation of 1-nitro-2-(3,4-dihydroxyphenyl)ethylene in the
presence of palladium [38].

1-Hydroxyindole derivatives (XXXVII) are formed in 50-98% yield in the reaction of nitroalkenes with phosphites
and phosphonites (XXVIII) in the presence of base [39, 40]:

R 0
Il _O—R?
T - vk
OAlk
CH=CNO,

XXXVII
2
Oy O R
~ ~
Me,SiCl, Et,N, THF m 0Alk
2
or K,CO,, RPOH 0 N
OH
XXXVIL

The reaction of pyridinium salts XL with nitroalkene V leads to XXXIX in 47-90% yield [41]:

RY
cr-

e
R? / \N—CHZCN + 0,NCH==C(§Me),
e reflux 10 h

E4N, EtOH

R! R v
XL
XXXIX

Ayyanger et al. [42] have described two methods for the synthesis of tricyclic compound XLI in 30 and 17% yield:

QO
Cl
dioxane
+  MeNO, ———
- reflux 2 h
Cl
(o]
O —
+
N
\ / + MceNO, ————e—d
_ “ reflux2h
OMe  McOSO;,
O

The reaction between conjugated nitroalkenes and diazo compounds XLII proceeds stereoselectively to give a single
regioisomer of XLIII in all cases [43]:
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R—C=CHR! + RXCIN, —~—— ON

XLl

The reaction of D-galactose or D-mannose XLIV with nitroalkenes in DMF proceeds at 20-30°C over several days
[44]. If, on the other hand, this reaction is carried out in aqueous DMF, the reaction is completed after only 2-4 h. The
yields of the pyrazole derivatives are 9-76% [45]:

l‘il _R

RNHN=CHR? + R!CH=CNO, |
3
XLV R

R =Me, Ph; R’CH - — D-galactose or D-mannose residue

1-Trimethylsilyl-2-nitroacetylene (XLV) was used by Bottaro and Schmidt [46] in the synthesis of various
five-membered heterocyclic compounds. Thus, the reaction of acetylene derivative XLV with diazomethane was carried out
at 20°C to give 3-(trimethylsilyl)-4-nitropyrazole in 30% yield [46]:

NO,
Me.Si
c;Si SN
MeSiC=C—NO, + CH,N, —
20°C, 24 h N———NH

XLV

A patent has been issued for the preparation of pyrazole derivatives XLVI and XLVII in 65-85% yield by the
condensation of monosubstituted hydrazines XLVIII or XLIX with 3-nitropentane-2,5-dione or with [(EtO),CH],CHNO, [47,

48):
OH Oll

+ (MeCO),CHNO, EIOH or AcOH

NHNH,
XLVl
XLVI
CH,NHNIL, Me NO;

RN N
N E10),CH},CHNO,, EtOH, 11CI, R = H SN
l | [(EtO),CHy 2 , 1a, N
(McCO),CHINO,, EtOH, HCL R = Me &

O.N R : : ~N

XLIX I

O,N R
XLVII

The treatment of nitroenamine MeNHCH=C(Me)NO, with CF;COOH at reflux gives the 2,5-dimethyl-3-
acetylpyrazole 1-(N-oxide) in 5% yield [49].

The reaction of diamines LI with 2,2-disubstituted nitroethylene LII was used to obtain imidazolidine derivatives L in
50-85% yield [6, 50-54]:

MeOH (EtOH), heating

RNH(CH,),NH, + R,'C==CHNO, )
for R! = CI, NaOH, 60 °C, McOH g~ N1

L L1 CHNO,

R!=SH, S-alkyl C
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Substituted imidazoles LIII were synthesized in 16-68% yield by the hydrogenation of a mixture of nitroalkenes LIV
and orthoesters LV in the presence of Pd/C [55]:

L 1
;}1 R i R
H,, Pd/C o |7/
R NHC=C—NOQO, + RIC(OEt = J
'@ IR o VA R

COR?
LIV Y L

The following scheme was proposed to explain the formation of 1,3-diaryl-5-(hydroxyimino)imidazolidine-2,4-diones
(LVI) in 5-32% yield from nitromethane and aryl isocyanates [36]:

O o} 0]

Et;N, Ei,0 Il ATNCO
e —.

Il Il
A J -
MeNOy + AMNCO — = AINHCCH,NO, —— ArNHCN(Ar)CCH,NO, —=-

(o] o} Ar O
- ~
AINCO I I N
T)»— AINCN(Ar)CC=N 0 ——pm
2 O Il\’ NOH
Ar

LVI

2-Arylbenzimidazole was synthesized by heating a mixture of 2-arylnitroethylenes ArCH=CHNO, with o-phenyl-
enediamine in butyl alcohol at reflux [57].

Nitroenamines LVII are converted upon heating with concentrated sulfuric acid or 40% sulfuric acid in methanol at
reflux to give imidazopyridines LVIII in 65-70% yield {49, 58]:

R4

Rl X

| H,S0, ! 3

—n .
RNHCH=CNO, RN
Lvi —_—
R?

LVII

R,R', R, RY R =Mc, Pyrid-2-yl Mc, H, Me; Me, -4-methylpyrid-2-yl 2,4-dimethylpyrid-2-yl,
Me, Me [49]; 4-methylpyrid-2-yl, Me, Me, H, Mc {58}

1H-4~(Trimethylsilyl)-5-nitro-1,2,3-triazole was formed under mild condition in 21% yield in the reaction of acety-
lene derivative XLV with trimethylsilyl azide [46]:

N4N\NH
e e
20°C, 24 h S
Mc;Si NO,

Me SiC=CNO, +  Me,SiN,

XLV

Nitrile LIX obtained from silver salt LX and PhyCCl at —20°C is converted upon warming to +5°C to
I-(triphenylmethyloxy)-4,5-diphenyl-1,2,3-triazole in 24% yield [59]:

o CN Ph Ph
N } oo ~20°C i +5° —
1Ca=N Ay 4 ~Cl [E———. =N e
Ag Phscc PhMe PhC k'\OOCPhJ PhMe N§ /N\
N7 0CPh,

LX LIX

The structure of the 1,2,3-triazole derivatives formed in 23-65% yield in the reaction of trinitroacetonitrile with diazo
compounds RCHN, depends on the nature of substituent R in the diazo compound [60]:
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—H Ph

(O,N);CCN  + RCHN, —

R = Me
—

R = COOMe

C(NOy), R

\r—w/ |

R]/ \N/

H

R=H, Rl =Me, R~Ph, R! = CH3Ph, R = Me, R! = £

5-(2-Nitroethyltetrazole was synthesized in 17% yield upon heating 3-nitropropionitrile with AIN; (formed in situ

from NaNj; and AICly) in THF over 8 h [61}.

1.2. SYNTHESIS OF SIX-MEMBERED HETEROCYCLES

Aliphatic nitro compounds have been frequently used for the synthesis of six-membered nitrogen heterocycles.
The irradiation of nitro compounds RCH(R‘)NOZ in methanol in the presence of ammonia leads to 2,2,6,6-tetrasubst-

ituted piperidines [62].

3-Nitro-5-ethyl-6-methyl-2-piperidone was obtained in 80% yield in the reaction of 2-ethyl-3-ketobutyral with

nitroacetamide in the presence of piperidine and piperidine acetate in water at 20°C over 22 h [63].

Various methods have been described for the synthesis of 1,4-dihydropyridine derivatives from aliphatic nitro

compounds:

a) by the reaction of aromatic aldehydes with nitroketones and derivatives of unsaturated 8-amino acids [64, 65]:

o}

I
RCHO  + R'-——CCH,NO,

R} O

7 | “
RINHC=CHCOR"

piperidine , AcOH, CHy

O

Il
RCH:?CRI

NO
R 2

i
R'OC NO,

1
R CHO
EtOH

reflux 4 h

b) by the reaction of aromatic aldehydes with diketones and O,NCH-C(NH,), in the presence of piperidine in

39-55% yield [66]:

T
PhCHO + R—CCH,C—R!

i [
MeC==CHCXR?! +

+ O,NCH==C(NH,),

o 0
' ochrrlnge
Me  NO,

== R

HN
— Rr!

——

Me COXR?

piperidine, EtOH
———————
reflux 5 h



O,N NH,
——  Ph NH

RICO R

¢) by the condensation of aromatic aldehydes with methyl acetoacetate and O,NCH=C(NH,), in the presence of
piperidine in 32-56% yield [66] or by the reaction of methyl esters of arylmethylenacetoacetic acids with nitroketenaminal

0,NCH=C(NH,), in 47-64% yield [66]:

O o

CHO [ il
RG MeCCH,COMe, O,NCH==C(NH,),
:piperidine, reflux 5 h
(0]
I 0,NCH=C(NH,),
CH==CCOMe =
R | piperidine, reflux 5 h

COMe

R —

d) by the condensation of methyl esters of arylmethylenacetoacetic acids with asymmetrically substituted nitroketena-
minals OZNCH=C(NHQ)NRIR2 in 60-71% vyield to give derivatives existing as isomers A and B:

R R?
O,N SN
- I EtOH
COMe + 0,NCH=CNH, e
| - reflux 3 h
CH=CCOOMc
ON Me(GOC Me O,N McOOC Me
i NH e /N
—_— Rl Rl
A /o,
O,N N~—R? O,N N—R?
A B

Derivatives of 2-pyridone LXI were synthesized by the reaction of 1,3-diphenyl-1-cyclopropen-2-one with nitroketen-
aminals LXII in 24-56% yield [67].

O

I

K,CO,
+  (ANH),C=CHNO, B
: : 20°C

rh Ph

NHATr

LXII LXI

Piperidine derivatives are formed by the reaction of LXIII with ammonia [68]:

= ¢CHNR2R3

+ NHy ————

= ‘\cnz'ccocml
NO,

N

LXIIL
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Substituted pyridines may be obtained by the reaction of nitroketenaminals LXIV with cyanoacetic acid in 81-91%
yield or with aminoketones in 50-73% yield [69, 70]:

Ot 0
NO, NO
NCCH.COOLI = : ) ?
U . or
NaOMe. McOH P
HLN N NH, MelIN ii\; NIMe
(RNH),C=CIINO, —|
LXIV Xy 01
RICOCH=CHNHR l
EIOH. AcOH. reflux R! NS N/R

2,4,6-Trinitropyridine was obtained in 80% yield by heating 2,2-dinitroethanol in nitric acid at reflux [71].
Tetrahydroisoquinoline derivative LXV was synthesized by the reduction of LXVI {72]:

McO CH,CH,NO, MeO
Zn, HCl, McOll
———————————
N
McQ N

CH=CHCHMe, MeO
é[»{ CH==CMe,
LXVI LXV

2-Nitromethylenimidazoline and 2-nitromethylenebenzimidazoline are converted by treatment with «,S-unsaturated
ketones to condensed systems LXVII-L.XX in 6-87% yield [73, 74]:

R? OH
NH
CHNO 1] , 1Cl, AcOH Q Q
— 2+ RCH=CHCR! — =
NH
LXVII LXVII
R,R!, R?=H, COMe, Me; H, CHO, H; Me, CHO, H; Ph, CHO, H
NO,
R. N.
RC(CI=C(CN), i l
t,N, 100 °C N
Et,;N, 100 N
" NH,
N
E >=cm~zo2 —] B
N
N NO,
. + R N
RIC(CHy==CHCH=NMe, CIO," 2 ]
RN N
LXX

R!, R? R®=MesNCH~N—, NHz, CONHz; Ph, Ph, H; 4-R*CeHa, 4-R*CeHa (R* = Me, NO2), H

Heterocyclic amines LXXI-LXXIII and nitromalonaldehyde or its sodium salt aiso give bicyclic compounds in
80-95% yield {75, 76]:
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Rl Rl

ll I] + ONCH(CHO), — e | TOZ —_—

R S NH, R S NHCHCHO
LXXI
RL - NO,
[1PK l N
140 oC l e
R S N
R"
.
1 ] + Na[OOI\{:C(CHO)Q]— AcQH, reflux 2 h :
Sy NH, or DMF, H,0, 20..100 °C
I
RY NO
LXXII l | X 2
N >
\Il\I N
RZ

RY, RY R = Ph, CH,NO,, CHO; Me, Ph, Ph; H, Me, Me

R NH, R% N
: + AcOH A
[ +  Na[OON=SC(CHO),” ———= oo
1 /)\\N reflux R X =

R |
R R
LXXII

Tricyclic derivatives LXXIV-LXXVIII were synthesized in 45-97% yield using various unsaturated nitro compounds
[54, 74, 77, 78]:

CH; NH
@Z-NH y—0 AcOH, N, NO,
/g i h v h
N 0

CHNO,
H Me O

N
RC(Cl)=C(CN), Z NF
DMF , B3N, 100°C or EtOH, Na, 80°C N N
NH NH,
/g ’ LXXV
N CHNO,
H

¢l Me

NO,
4~MeCH,C=CHCH=N"Mc,CIO,~ ) N
= N S
N l &
LXXVI
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R = PPh,

CH=CHNO
: 120°C, 24 h N
l — N I A
R = C=NR
N N=R - N
~ Ph

|
Ph

LXXVII
MeO McO
= (EtO),P =
————
N ireflux 2,5 h N
MeO Z : MeO Z
CH=CHNO, AN~
LXXVIL

R = PPh3, A = —CH=C(NO2) C(O)NH—; R = PPh3, A = —CCH-C(NO2) C(NHR" ) =N—
Oppolzer [79] and Benchekroun—Mouniz {80] have described the cyclization of nitro compounds LXXIX (92 % yield)
and LXXX, during which a six-membered nitrogen ring and an additional six-membered carbon ring or condensed
five-membered and six-membered rings (including systems with fusion at the nitrogen atom) are formed simultaneously:

0\
(0]

H,C;00CN—CH,

O Xylene, argon
4 O,NCH=CH ———————
128°C, 75 min
(6]
LXXIX
(o] N
0O,NCH,CH,
= N\ - (CH,),Cl

reductive cyclization

Et Et
) )
CH,Ph Cl1,Ph
LXXX

N-Monosubstituted 1,3-diaminopropanes (LXXXI) readily react with nitroalkenes LXXXII to give compounds with
a hydrogenated pyrimidine system LXXXIII [50-53, 81, 82]:

NH
RNPI(C%IZ)3N112 +  R,)C=CHNO, -—W { >=CHN03
N
]
LXXX1 LXXXII R
LXXXIII

The reaction of nitroatkenes RC(SMe)-CHNO, with the methy] ester of anthranilic acid gives 4-quinazolone deriva-
tives (LXXXIV and LXXXV) [83]:

COOMe
AcOH
+ RC(SMe)==CHNO, el
NH,

o 0
1 1
N/R N R
——— +
)\ /g

N CH,NO, N CHNO,

H
LXXXIV LXXXV

R, R'=PhNH, Ph; SMe, 2-McOCOCgH, (2 moles 2-MeOCOCGH NH, taken)
- 1137



The reaction of 2-isocyanatobenzoyl chioride with nitromethane in benzene in the presence of Na,CO; at 20°C over

20 h gave SH,12H-quinazolino{3,2-a]{3,1]benzoxazine-5,12-dione [84] in 90% yield.
The condensation of the sodium salt of nitromalonaldehyde with pyrrolic (LXXXVI) or pyrazolic amines (LXXXVII)

gave the corresponding bicyclic derivatives (LXXXVIII or LXXXIX) [75]:

Ph CN
+
“ ” *  Na[OON=C(CHO)," Hct, ”O N\J\
Me”” N7 N, N
H :
LXXXV] LXXXVIHI
H,N R
+ HCl, H ,0
N| | +  Na|OON=C(CHO),]” [ l\l
SN Ph
H
LXXXVI LXXXIX

Tetrahydropyrimidine derivatives (XC or XCI) are formed in the reaction of three-component systems, containing
compounds with aldehyde, nitro, and amino groups. The yields are 34-68% [85, 86]:

NO,
NHR! R
C=CHNO, *+ CH,0 *+ RANH E1oH ~
R—C= H " .
2 Y4 2 20 °C, 20 h Rl/N\/r\\Rl
XC
R3 R} . O
RZ CHO 0 0 R3 ya z
H ! I HC! (conc) NH
+ MeCCH,NO, + HLNCNH, s _
. - - reflux Rl
R NO,
R R
XCl

The treatment of nitroenamines XCII with sulfuric acid gave imidazopyrimidine derivatives XCIII in 86-90% yield
[49, 58]:

R3
2
R! K NN
RN | H,80, |

CH==CNO, ——————»
: NG
XCil . )-——l_—

R

XClil

R, R R R~ pyrimidin-2-yl Me, Me: Me, -4,6-dimethylpyrimidin-2-y!
Me, Me [49]; pyrimidin-2-yl  Me, H, H [38].

2-R-Substituted 1-methyl-5-nitro-6-methylaminopyrimidine-4-thiones were synthesized in <81% yield by the reaction

of (MeNH),C=C(NO,)C(S)NHC(O)R with methyl iodide [87].
The treatment of nitroenamines RNHCH =C(R!)NO, with concentrated sulfuric acid at 0-20°C leads to 2-R!-7-R-

quinoxazolines 1-N-oxides in 10 and 30% yield [49, 58].
The hydrogenation of XCIV in the presence of platinum oxide leads to intramolecular cyclocondensation and

derivatives containing a hydrogenated pyrazine ring (XCV) [88]:
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CH{R)NO,

H.. PLO, NH
s e
N McOH, 20 °C N\/K
CH,COOEt 0
0 0
XCIV Xcv

2,5-Disubstituted pyrazines (XCVI) were obtained by the hydrogenation of XCVII over Pd/C in the presence of
hydrogen chioride [891]:

, N _A(CH,),.NHR
(CHy), H,, P4/C, LICI Z ! o
k J\ McOH, AcOH, 45 °C X
N7 XcuNo,

i RNH(CH,),,~~ N
R
Xcvit XCVI
R, n, yield (%): 1, 1,26; 1,2, 8,0; H, 3, 60; I, 4,70; Me, 3,10
N-Nitroalkylindoles (XCVIII) are converted upon treatment with phenyl isocyanate in the presence of triethylamine
into tricyclic compounds (XCIX) containing three condensed heterocyclic rings. This reaction proceeds through the formation

of a nitrile N-oxide (as a result of conversion of the CH,NO, group into a C =N-0 group), which undergoes intramolecular
1,3-dipolar cycloaddition with the double bond of the pyrrole ring [90]:

@;—j PRNCO, BN, C,l1, 0
20°C, 2 days N
N y N

l
CH,(CH,),CHL,NO, L—( CHa),

Xcvil XCIX

N-Substituted hexahydro-1,3-diazepins were synthesized by the condensation of N-monosubstituted 1,4-diamino-
butanes with (MeS),C=CHNO, [50, 51, 53].

These results show that the nitrogen atom in the nitro group of aliphatic nitro compounds may virtually in all cases
serve as a source for the nitrogen atom in nitrogen heterocyclic systems.

2. SYNTHESIS OF HETEROCYCLES CONTAINING OXYGEN ATOMS

There has been much less work on the synthesis of oxygen-containing heterocycles from aliphatic nitro compounds
than work on the synthesis of nitrogen heterocycles from such derivatives.

Epoxides (C) are formed in 5-55% yield upon the action of K;Fe(CN)g in the presence of KOH in DMF or
CH,Cl, —H,0 on nitroalkenes (CI) [91]. Bowman et al. {91] proposed the following reaction scheme:

1 0 NO, 0 T - O
RICH=C(R)NO, > < —_— | gt N\-+NO, | —e Hu-/—l;--Noz
R! R R!

cl R! R R
lon- 7/ \\ c
P
- ~ HO
3

He O

/ \+ . NO,
0 N—-O >__<
7 )
R R
R! R

1139



2-Dihydrofuranone derivatives (CIII) are obtained in 62-75% yield upon heating nitroketones (CII) in aqueous acetic
acid at reflux [92]:

0
il AcOH~-H,0 1
2 R
RRI=~C(CH,),CMe  —e—e———m
| © reflux
NO, . R (o) 0
ci Clii

A furan ring is obtained upon irradiating esters of B-substituted acrylic acids CIV using a high-pressure mercury lamp
in 2.2-10% yield {93]:

COOR!
(:Hzlcc:ooxz1 0
NO,
- hv, N,, acetone
——
450 W, 20 °C, 2h
R R
CIv

Nitrodiketones (CV) are converted by the action of NaBH, into a mixture of the E and Z isomers of spiro derivatives

CVI containing a five-membered ring with an oxygen atom and a six- or seven-membered oxygen-containing ring in 65-75%
yield [94]:

o)
NO, ﬁ N
CH,CHLCR aBH,, McCN-H,0 (3: 2) ol R
(CH,), 20°C, 2 b (crfc))
2n
cv &Y

n=12

1,3-Dicarbonyl compounds CVII undergo cyclocondensation with nitroalkenes in the presence of sodium methylate to
give CVIIl and CIX in 25-75% yield [95, 96]:

0
RI—C MeONaz, McOH
RZ_C>CH2 + RCH=CHNO, —————
i
0
cvil
0 0
i Ii 0
Rl—C R RI—C R R C—R!
SRS 5 GRS w S ¢
R¥ s} NOH R? Q | e} R?
OH
cvill :

CIX

if Rl = R? = Me in CVII, analogous compounds containing a —N=C(COMe), moiety instead of the ==NOH group
are obtained in addition to CVIII [96].

The reaction of nitroalkenes RCH=CHNO, (where R are fully acetylated residues of D-glucose, D-galactose, or
D-xylose) with aminoester MeC(NH,)=CHCOOMe in the presence of MeONa in methanol also gives CVIII (in 18% yield)
and CIX (in 15% vyield) where R! = OMe and R2 = Me [97].
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The reaction of conjugated nitroalkenes (CX) with 1,3-diketones or with esters of malonic or acetoacetic acids (CXI)
in the presence of PhACH,NBu;*Cl~ and KOH [98] or Na and KOH [99, 100] gave 2,3-dihydrofuran derivatives CXII in
3-78% yield:

0
COR? R ¢
| “R?
RCH=C(RYNO;  + 2 H,CCOR® ——e O |
CC=N 0o R}
cx cxi R Rl
_Co
RS
CX11

R = Me, Ar; R! = Me, Ph; R? = Me, Ph, O-alkyl;
R} = Me, Ph, O-alkyl

Unsaturated ketones (CXIII) and nitroalkanes (CXIV) react in the presence of KF/AlL,O, to give 2,3-dihydrofuran
derivatives (CXV) in 45-98% yield [101, 102):

1
Rl le) R R
KF/ALO,

e ———— R3 ‘
MeCN, 80°C, 13..15 h I I s

R= alkyl, aryl; R!=CN, COMe, COPh, CO,-alkyl ,SO2Ar; R*=Me, Ph;
R®~H, Me, Et; R = Me, Et

T s
RCH=C—C—R?* + R'R'CHNO,

X1t CX1vV

If R = H, R! = CH(OAc)fur-2-yl, and R? = OMe in CXIII, the reaction with nitroethane gives CXVI [102]:

[ | oac + MeciNo, — O [T
l MR TrGco, o CH=__0

o} CHC(COOMe)==CH,

CXVI

2-Aryl-1-chloronitroethylenes (CXVII) condense with 4-hydroxycoumarin in the presence of triethylamine to give
tricyclic products CXVIII in 35-90% yield [103]:

R OH
R! CH==CNO,
- = EyN, THF
Cl + B
N reflux.
R 0

cxXvil

Heating these reagents in the presence of KF in MeOCH,CH,OMe at reflux gives analogous products with a
dihydrofuran ring, containing a nitro group at C, [103].
The reaction of nitroacetylene derivative XLV with furan leads to the Diels— Alder product CXIX in 21% yield [46]:
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O

SiMe,
MCBSiC=CNOZ + I l Op
[ o ] 20 °C, 3 days

NO,
XLV CXIX

The —CH,NO, group in ethers CXX containing a double bond is converted to a —C=->0 group upon the action of
phenyl isocyanate in the presence of triethylamine. The N-oxide group and double bond in the product formed undergoes
1,3-dipolar cycloaddition to give cis and trans isomers of CXXI in 75-90% yield [90, 104, 105]:

R R! R NG
ONCH,CHOCH,C=CR? PRNCO. BN, Gl 9
B - ) 20°C. 2 days 0 R R2
CXX CXX1

In the case of ether CXX, which contains a carbon—carbon triple bond instead of a double bond, product CXXII
with fused isoxazoline and tetrahydrofuran rings was obtained in 85% yield [105]:

C,H,OMe-4 N,O
3 ‘\2 9 "r
11CE=CCH,0CHCH,NO, PRRNCO. ELN, Gt ||

4-MeOCH,” 0
CXXII

The condensation of nitroalkanes CXXIII with orthoquinones in the presence of carbonate buffer excluding contact
with the atmosphere leads to CXXIV (53-88% yield), containing a five-membered ring with two oxygen atoms [106]:

R -
N pH 95, MeCN
CHNO,  + e
R : 55°C
O [}
O OﬁLR}
R

CXXIn

CXXIV

Aliphatic nitro compounds are used rather rarely in the synthesis of six-membered oxygen-containing heterocycles.
Substituted benzoic acids CXXV were converted into isocoumarin derivatives CXXVI in 79-85% yield by a
three-step procedure involving a Neff reaction, cyclization, and dehydration [107]:

CH,CH(RDHNO,

1
R
—_—
COOH ‘ ©
R 0

CXXV CXXVI

R

Benzopyran derivatives CXXVII are formed in the reaction of substituted salicylaldehydes CXXVIII with conjugated
nitroalkenes CXXIX in the presence of triethylamine in 30-35% yield [108, 109] or dibutyl amine in 50-85% yield [110].
Analogous compounds were obtained in 45-67% yield in the reaction of aldehydes CXXVIII with nitroethanol in the presence
of dibutylamine hydrochloride [111]:
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CHO N0
\ EGN. 100 °C :
R + RICH=CHNO, ——2" 7 " _ R
or Bu,NIl, 80 °C
o :

R! CXXIX Rl 07 “R?

CXXVIIL CXXVII
O,NCH,CH,0H, Bu,NH - HCl, 200 °C /

Coumarin derivatives CXXX are obtained in 29-85% yield in the reaction of aldehydes CXXVIII with methyl
nitroacetate in the presence of hydrochloride salts of secondary amines [112]:

. NO
EL,NH - 1ICl, PhMe N
CXXVII +  O,NCILCOOMe R
0" o

Rl

CXXX

Bicyclic products CXXXI containing an isoxazoline ring fused to a six- or seven-membered ring containing a ring
oxygen were obtained in 72-95% yield from unsaturated nitro compounds CXXXII upon reaction with phenyl isocyanate in
the presence of triethylamine [104, 105]:

N—0O
R R |
. | PRNCO, Et,N, C,H,
CH7=CHCl,(CH,),0CHCH,NO, i
) T 20 °C, 2 .days 0.
(clLy,
CXXXII )
n=1.2 CXXXI

3. SYNTHESIS OF SULFUR HETEROCYCLES

There have been only seven reports in the literature on the use of aliphatic nitro compounds to obtain sulfur hetero-
cycles. The synthesis of a six-membered sulfur heterocycle was noted in one report.

The —CH,NO, group is converted to a —C=N-0 moiety upon the action of aryl isocyanates on unconjugated
nitroalkenes (CXXXIII, CXXXIV, or CXXXV) in the presence of triethylamine followed by intramolecular 1,3-dipolar
cycloaddition to give a mixture of cis and trans isomers of CXXXVI [104, 114], CXXXVII [115], or CXXXVII [1i2] in
60-90% yield:

R R N

! PRNCO, EfyN, CoHy # o
CH3==CH(CH,),SCCH,NO, . R!
b 20°C S
R (CHy),
n=12
S
R
>CcH
R AN 4-CIC{H,NCO, EyyN, CH,  R!
CHCH=CHCH,S(CH,),!
R S(CH)NO, reflux 12 h 0—N
CXXXIV CXXXVIL
. o
[—j\ 4-CICH NCO, EtyN, CH | ~ NN
[ ll
0 §(crﬂlz),,?1~1cnlr\:o2 o1
S\
O R 0y, (CH)NR
CXXXV n=1,% m=01 CXXXVII
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The action of sodium hydride on CXXXIX results in quantitative intramolecular cyclization and formation of a
2,3-dihydrothiophene ring [116]:

CH=CHNO,
H;i - NaH, M¢,COH, THF, AcOH m
o°C S s

§7 S—CH,CO0Me

CH,NO,

COOMe
CXXXIX

Derivatives of 2,3-dihydro-(4H)-thiine (CXL or CXLI) were synthesized by the Diels— Alder reaction of conjugated
nitroalkenes with unsaturated thioamides CXLII {117] or thioketones CXLIII in 70-90% yield [118]:

RI
J
RICH=C(CN)C(S)NH, (CXLIN) NC R
H,N S NO,
CXL
RCH=CHNO, ~——
R“
S
Il . NO,
4-R*CH,CCH=CHR (CXLIII
4-R2C 1, S R
CXLI

4. SYNTHESIS OF HETEROCYCLES CONTAINING
NITROGEN AND OXYGEN ATOMS

There have been no reports in the literature on the preparation of products containing both nitrogen and oxygen atoms
in three- or four-membered rings from aliphatic nitro compounds.

The most common method for the synthesis of derivatives of isoxazoline or isoxazole from aliphatic nitro compounds
involves the 1.3-dipolar cycloaddition of nitrile N-oxides generated from compounds with a —CH,NO, group to compounds
containing carbon-carbon multiple bonds. Two variants of this method have been proposed. In the first variant, an N-oxide
is first obtained from a primary nitro compound and the reaction of this product (sometimes in situ) with an unsaturated nitro
compound is carried out. Intramolecular ,3-dipolar cycloaddition then occurs with formation of the heterocycle. There have
been no reports of use of the second variant for preparing heterocyclic compounds with oxygen or sulfur atoms containing a
fused isoxazoline or isoxazole ring.

Quite a few studies have been devoted to the synthesis of isoxazoline derivatives using the first variant {8, 119-124]:

| w
ATNCO, [N —(C=C—

e (RC=N o) —_—

RCH,NO,
Noo

Baranski et al. [125] studied the effect of substituents on the regio- and stereoselectivity of the reaction of
trans-RCH=CHNO, with 4-O,NC4H,C=N-0. :

We should note that isoxazole derivatives CXLIV were obtained [126] by the reaction of 2-(4-tetrahydropyranyl)nitro-
ethylene with nitro derivatives CXLV upon treatment with phenyl isocyanate in benzene without triethylamine:

(RO),CHX NO,

. PANCO, €
0(3—(““:(1”!\02 + ONXCH(OR), hRCO-Gily \} |
N

CXLV CXLIV
X. R = ClH. Me: bond .. Lt
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Not only bicyclic compounds [104, 105, 114, 115, 127] but also tricyclic (3-97% yield) [41, 90, 113, 114, 127-129]
or tetracyclic compounds (20-70% yield) [90, 128] may be obtained when the reaction is carried out according to the second
variant involving intramolecular cycloaddition, for example:

C11,CH,CH,NO, CH,CILCEEN —= 0 O N

PANCO, BN

[ ————— J——

PhNCO. EuN 0
| ——— l — ;
N N 7

N
| !
(CH,),CI,NO, ( CH,),C=N-=0

The following reagents were used to generate nitrile N-oxides in the preparation of isoxazolines and isoxazoles from
primary nitro compounds and unsaturated compounds in addition to aryl isocyanates: 4-MeCH,SO;H-H,O in mesitylene at
reflux [130], anhydrides of dibasic acids in the presence of base [131, 132], PhyPCl, (generated in situ from PPhy and C,Clg)
in the presence of triethylamine [133, 134], and Ce(lll) ammonium nitrate [135].

Coutouli— Argypopoulou {136] proposed that nitrile N-oxides 4-RC¢H,C = N-0 are formed as intermediates in the
preparation of 3-aryl-5-methoxycarbonylisoxazolines in the reaction of nitro compounds RC.H,CH(Br)NO, (R = H, Me, Cl)
with methyl acrylate in the presence of PPh;.

Shimizu et al. [137, 138] developed two original methods for the synthesis of isoxazoline or isoxazole derivatives in
14-100% yield involving an unusual preparation of nitrile N-oxides:

McOOC Rr!
_RCH=CHR'_ \'—i
decalin
0,NCH(COOMe);  ———m
170°C, 20 h MeOOC

| RC=CR! \r—;[

RCH“CHR‘ \r——/[
tridecane

AIKCH(NO,)COOEt

2 230°C, 6 h

| Re=CR! \[j

These workers proposed the following scheme for the nitrile N-oxide formation.

NO,

i
R—CHCOOR! ===

R
Iccoc)R1 l
e g RCZEN o O
N* Y +
-0” Nou R'OH 'O/N_O -CO,

An analogous scheme for the preparation of nitrile N-oxides was presented in a description of the synthesis of
3-methyl-5-methoxycarbonylisoxazoline (in 17.5 and 19.7% yield) by irradiation of a mixture of a nitroalkene (CXLVI) and
methyl acrylate in benzene [139]:
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ffoz R Me
hw, CgH, I: l
MeC==CMe o o il —rt [MeCEEN~= O]~
| 20 °C + ~RCHO

R o
CXLVI
Me
CH5==CHCOOMe I
———ree .
N
~o COOMe
R = Me, Ph

Treatment of the products of the reaction of nitrodienes CXLVII and an alkene CXLVIII in the presence of TiCly
with triethylamine and then, KF and NaHCO; leads to bicyclic derivatives CXLIX in 8-92% yield [140]:

RRICH=CH(CH,),CH==CHNO, +  RR'’CH=C(RYSIR;’

CXLVII CXLVIII
N—0
R? |
1. TiCly, CH,Cly, ~78..420 °C l
2 Chg=C—C
2. EyN, THF 20 °C R
3. NaHCO,, KF, 20 °C RT RS (CHy),
CXLIX
n=223

The synthesis of CL, CLI, or CLII (in 14-88% yield) was carried out by the reaction of nitroalkenes CLIII, CLIV,
or CLV, respectively, with Me;CNC in acetonitrile at reflux [141]:

CH,CH==CH,
Me;CNC, MeCN (!)
—————————— e
80 °C N
CH=CHNO,

CLII O=CN”CML'3
CL

O——N O
1l

V » .‘1
,/1 Me;CNC. MeCN CNHCMe,q
- T —————————.
(CHy), 80 °C (CHy),

CH,CH=CHNO,
CLIV CLl
n, yield (%): 1,36; 2,88

Me Me
Me;CNC, MeCN 0
Me,CH=CH(CH, ), CHOH,CH=CHNQ, —————mm  Me i
[ ° : 80 °C N
Me
cLv O=CNHCMe,

CLII

Tetranitroethylene reacts readily with alkenes or alkynes to give 3-nitroisoxazolines (CLVI and CLVII) or 3-nitrois-
oxazoles (CLVIIID) in 23-27% yield [142]:
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RCI=CH, I
e

N N
R o7 o~
CH,Cl, CLVI cLvl
(0,N),C=C(NO,); —————
20°C, 15 min
R NO,
RICH=CR? ! I
B
rR¥ o7
CLVII

R, compound, yielcf (%): H, CLVI, 32; MeaC, CLVI, 20; Me, CLVI+ CLVIL, 12

Isoxazole derivatives (CLIX) were obtained in high yield in the cyclization of CLX in the presence of zeolite and
Et3N or A1203 [143]

(0]

il
O,N (CH,),COR

zeolite, EtyN, 20 °C =
0,NCH,C(Ph)=NOCO(CH,) COOR - l
NEILE(PR) (CH2), or AlLO,, CH,Cl,, 20 °C X, -~V

Ph N
CLX

CLIX
n, R, yield (%): 0, Et, 99,6; 1, Me, 87,7; 2, Me, 89; 3, Me, 87,8

Heating 2-(2-furylnitroethylene in concentrated hydrochloric acid gives 3-(3-chloro-5-isoxazolyl)propionic acid [144]
in 60% yield.

High yields (90-99%) of phosphorus derivatives of isoxazoline CLXI were obtained in the reaction of methylene
diphosphate CLXII with conjugated nitroalkenes in the presence of trimethylchlorosilane [145]:

) 1l
Me Me P(OEt),

. I Me,SiCl
H,C[P(O)(OEY),], + RCH==CNO, ——— e A
™~
CLXII 0" TR(OEN,
O
CLXI

The reaction of XC(NO,),CN (X is a halogen) with diazomethane in ether at 0-5°C gave 3-cyanoisoxazoline N-oxide
in 41% yield [146].

A series of isoxazoline N-oxide derivatives (CLXIII) was synthesized in 45-98% yield by the reaction of conjugated
nitroalkenes and nitro compounds (CLXIV) in the presence of KF/AL,O4 [101]:

R

R2 .

N
3 0~ No-

1
R KF/ALO,, MeCN
RCH=CNO, + RR’CHNO, —————*

CLXIV
CLXIII

R~ aryl, 2-furyl R'=COOMe; R*=Me; R’=Me, Et

Irradiation of a mixwre of Me,CNO, " Na* and CICH,CH=C(Me)NO, in DMF gives 3-methyl-4-
(2-nitro-2-propyl)isoxazoline [147].
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Nitroacetate esters react with aromatic aldehydes in the presence of diethylamine [148, 149], with substituted glycidyl
aldehydes [150], and with «-bromoaldehydes in the presence of alumina [151] to give isoxazoline N-oxides (CLXV, CLXVI)
in 65-99% yield (racemates are formed when R, R! = Me, H; Pr, H; PhCOCH,, H; H, H) or a mixture of diastereomers

(CLXVII) in 44-79% yield, respectively:
Ar COOMe
ArCHO, Et,NH, AcNMe, j\—-lﬁ
/N\ -

MeOC™ 07 0
0
CLXV
0
AN HO COOEt
RIRIC~-CHCHO, AL,
0,NCH,COOR -— I
2 2 R Nt
\C ~ \O_
R¥]
OH
CLXVI
Br
sl HO COOFt
RRICCHO, AlLO,
- R} I,
/N\

3-Cyano-4.4,5,5-tetramethylisoxazoline N-oxide is obtained in 45% yield in the reaction of O,NCBr,CN with
2,3-dimethyl-2-butene in CH,Cl, at 25°C [152].

4-Aryl-3,5-bis(alkoxycarbonyl)isoxazoline N-oxides were prepared by the condensation of ArCHO with two moles of
O,NCH,COOAIk in the presence of Me,CHNH, in ROH - Et,O in 41-82% yield [153].

Heating a mixture of (MeS),C=CHNO, with PhCH(OH)CH(Me)NH, in tertiary butyl alcohol at reflux gave
4-methyl-2-nitromethylene-5-phenylisoxazolidine [70].

Denmark et al. [154-156] carried out interesting and extensive work on the cyclization of nitrodienes to give bicyclic
and tricyclic compounds. The effect of the substituents in the nitrodiene on the regio- and stereoselectivity of the cyclization
was studied.

The cyclization of nitrodienes (CLXVII]) in the presence of SnCl, gave bicyclic compounds (CLXIX and/or CLXX)
in 59-95% yield. These products contain an 1.2-oxazoline or isoxazoline ring fused to a cyclohexane ring [154, 155]:

R R! R?

| 1 | SnCly, CIL,CL,, PhMe
O,NC=CHC(I !3(!7((711_‘)'1(‘:(:[{"

i —20...78 °C
R R“
CLX VIl
QO
+ 0
I . N—0O
)1\ R | R’
——= R v R
R! R! - R R!
CLXIX CLXX
When n = 2, R = H, Me, R! = R? = H, R® = Me, H, and R* = H, Me, the major product is CLXIX

(R®> = Me). When n= 2, R =R?>=Me, R2=R* = H, about 11% CLXX (RS = Et) is formed. When n = 2,
R = R! = R? = H, Me, R? = Me, and R* = H, Me, the reaction product is only the trans isomer of CLXX (RS = Me).
Whenn = 1; R = R® = Me, and R! = R? = R? = H, only 11% CLXX is formed (R’ = Me). Whenn = [, R = R* =
Me and R! = R? = R3 = H, 70% CLXX is formed (RS = Me) [154].
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The double {4+2]~{3+2] cycloaddition of nitrodienes (CLXXI) to unsaturated compounds (CLXXIJ) in the presence

of SnCl, [156] or complex catalysts [156-158] to give tricyclic products (CLXXII or CLXXIV) without the isolation of
intermediates has been described: ‘

j ¥
ONC=CH(CH,),CH=CR* + R'—C=CR,! ——

CLXX! CLXXI

n=23

CLXXHI,n=2
CLXXIV,n =3

Denmark et al. {156] have also reported the consecutive {4-+2] and [3+2] cycloadditions of nitrodiene CLXXI (n =
3, R = Me, R! = COOMe, R? = H) to CLXXII (R?® = OBy, R* = H) [156].
Derivatives of 2,9-dioxa-1-azabicyclo[4.3.0Jnonane (CLXXV or CLXXVI) were synthesized by the reaction of

ArCH=C(NO,)COOMe with ethyl vinyl ether and acrylonitrile in 57% or by the reaction of N-oxide (CLXXVII) with
acrylonitrile in 87% yield or ethyl viny! ether in 83% yield [159]:

T
COOMe
NO,

| DMF
ArCH=CCOOMe + CH7=CHOEt+ CH7=CHCN ——»
N 70°C, 3h P
Et0O 0 o CN

Ar = 4-0,NG,H,

Ph
COOMe
] CHF=CHCN, DMF,70°C,3h :
+ — -
N or CH;==CHOEt, DMF ,60°C, 5h N
E0”7 07N : . U

EO 0 o) R

CLXXVH CLXXVI

R = CN, OFCt

Substituted 1,2-oxazines (CLXXVIII) were obtained in the three-component condensation of nitroalkenes with
MeCOCH2C0R2 and H,NCONH, or NH,Cl [160]:

COR?
i O (o] Rl Me
Ilz o H,NC(O)NH,, EtOH, reflux { S
o LS L
RCH=CNO, + - MeCCHLCR™ 00 N1 1, NHLOH, 1,0, NayS, 60 °C N
CLXXVHhl

1,2-Benzoxazine derivatives (CLXXIX) were synthesized by heating conjugated nitroalkenes in the presence of
F,CSO,H {161]:

R
R! R!
] FyCSO3H, CH,
RCH=CNO, = 2.0 |
0’N
CLXXIX

Diazo compound (CLXXX)) reacts with 9,10-dimethylanthracene in the presence or Rh(OAc), or simply upon heating
to give CLXXXI in 25-67% yield [162]:
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Me

+ .
R—C=N=N -+ ‘ _Rn(0Ac),
or A\
CLXXX

Me

CLXXX1

R = H, COOEt, CF,

The product of the condensation of 3-(N-piperidyl)-5,5-dimethyl-2-cyclohexenone with two molecules of 3-nitrostyrene
upon heating in benzene at reflux in a nitrogen atmosphere is 7,7-dimethyl-8-(2-nitro-1-phenylethyl)-4-phenyl-6,7-dihydro-
1,2-benzoxazin-S-one in 33% yield [163].

The enamine reaction (CLXXXII or CLXXXIII) with conjugation of nitroalkenamine produces N-oxide (CLXXXIV
or CLXXXV) (yield 80-85%) [164, 165]:

N (CHy),
Ph
Z I EL,0
+  MeCH=CNO, =t
N ‘o 20°C 12 h
[ j "
o [
o

CXXXH

CLXXXIV
R, n: H, 1; H, 2; 4-Mc,C, 2; 1-0x0, 2

/N Ey,0 X
X N Y + PhCH==CHNO, ————
\ / 0°C, 24 h
0]
CLXXXIII EN:‘
Y

CLXXXV

Ph

X, Y =NMe, O; NMe, CHaz; O, CHz; S, CH2

Heating CLXXVI with concentrated hydrochloric acid in dioxane leads to expansion of the heterocycle and formation
of derivatives of tetrahydro-1,3-benzoxazepin-2-one (CLXXXVII) [166]:
CH,NO,

_Ph R
N conc. HCI, dioxane

/g N—Ph
0N, reflux 10 h J

(0]

al NOH

CLXXXV1 CLXXXVII
R=H, C

Bicyclic derivatives CLXXXVIII were obtained in 32-54% yield upon the condensation of nitroalkanes with
4,4-dimethyl-2-cyclohexenone in the presence of sodium methylate [167]:

Me Me
Alk
Me .
O + AKCH,NO, . McONa_ .,
Mc McOH N
HO (¢} (e
CLXXXVII
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N-Oxides CLXXXIX were synthesized by the cyclocondensation of trimethylsilyl ether (CXC) with nitroalkenes
(CXCI) in the presence of (Me,CHO),Ti and TiCl,. The reaction products are formed as stereoisomer mixtures in 55-81%
yield [168]:

R
OSiMe,
O/ +  4RCH,CH=CHNO, ———— (L
O/N\O_
cxc

OSiMe,
CLXXXIX
Treatment of LIX with phenyl isocyanate at —20°C leads to 3,4-diphenyl-1,2 4-oxadiazol-5-one in 14% yield [59].

The reaction of nitriles with nitrile N-oxides prepared in situ [136] or separately prepared and isolated as pure
compounds [169] gives 1,2,4-oxadiazole derivatives (CXCI) in 70-90% yield:

R:
}———N
RC==N + RIC=New-0 — \! /”\
o7 TR

CXCl

Furoxane derivatives (1,2,5-oxadiazole N-oxides) are mainly formed in the preparation of nitrile N-oxides in the
absence of dipolarophiles due to the reaction of two nitrile N-oxide molecules. The product yield is 22-25% [90, 130, 137]:

. R NO~,

i PhNCO, E;N T 170..230 °C :

2 RCH,NO)  ———— N, NP T R—CHCOOR!
\O/ \O‘.

Furoxane derivatives may be synthesized by the action of thionyl chloride on CXCII, which contains a —CH,NO,
group. The following scheme was proposed for the transformation of CXCII {170]:

O

W
o y
(30 PR
A+ o soa, 0”7”0 0
RRINCCH,NL T —— P i i : A -
Iy R, +.C N+ -Cl R\ \J§ ~1t
N TN §O P
cxe LT Ea R+ HT Tn
0
07 o I
J— ] — RRINCC=N#=(Q) — RRINCC=N-—» |
R N ]
" >N O H
R W
R
SNC cNg
1~ 1
22..52% T R
B
N\O/Ni

Dinitroacetate esters H(NO,),CCOOR (R = Me, Et, Me,CH) are unstable under ordinary conditions and are
converted over several days into 3,4-bis(alkoxycarbonyl)furoxanes in 92-96% yield [171].
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A remarkable transformation was observed by Zen et al. [172], who treated nitro compound (CXCIII) and creatinine
(CXC1V) with acetyl chloride in the presence of sodium methylate. The product yield is 60-63%:

NH R ‘
) HN——( AcCl, McONa, AcNMe, j—l—f\ ——‘/
2RCHNO, + )\/N S J\ )\
N ’7 (&3 ’)
o “Me EtOl, 20 °C, 12 h ~0

CXCHt

CXCIV M°

R = Me, Et, Ph, 4-MeCH,

The reaction of isonitriles (CXCV) with trinitromethane gives mesionic compounds (CXCVI), containing two
nitrogen atoms and an oxygen atom or three nitrogen atoms and an oxygen atom in the five-membered ring. The product
yield is 6-48% [173]:

R!

- Ft,0 or hexane
+RCHN=C:  + HCNO,), ————s R N—X
25°C, 16 h l‘ +j\
i \-O.' O—

cxXev

CcXevl
R, RL X = NO,, I, ClI; NO,, H, N; Me, NOa, N

5. SYNTHESIS OF COMPOUNDS CONTAINING NITROGEN AND
SULFUR ATOMS

There has been only sparse information on the use of aliphatic nitro compounds in the preparation of heterocycles
containing nitrogen and sulfur atoms in the heterocyclic system.

2-Nitromethylene-1,3-thiazolidine was obtained by the condensation of 1,1-bis(methylthio)-2-nitroethylene V with
HyN(CH,);8H at 20-30°C in a nitrogen atmosphere [174] or with HC1-H,N(CH,),SH in toluene —water in the presence of
KOH and Bu,N*Br~ at 80°C (82.2% product yield) [175]. The same compound was obtained in 80.5% yield by the reaction
of acetone with 1H-diazirine with H,S and subsequent treatment of the reaction mixture with nitroalkene V [176]:

‘Y—‘/N (MeS$),C=CHINO, NH
Moo+ NS+ IS >=ano2

O, \,’
H 10...30 °C S

Two methods have been described for the synthesis of thiazolidine derivatives CXCVII (n = 2),
tetrahydro-1,3-thiazine CXCVII (n = 3), and tetrahydro-1,3-thiazetidine CXCVII (n = 4). These methods involve the
cyclocondensation of 2-aminoethanethiol with 2,2-dichloronitroethylene [177] or cyclization of CXCVIII [178, 179]:

NaOll, McC R
HON(CHL)SH + O NCH=CCl, a0Ml, McOTl N,
Me,COH. Me,COK* | (Cﬂv) >—CHN0,
RNII(CH,), SC(CH==CHNO, ——t = T
exevil CxXCVIl
n=2.4

Analogous products CXCVII (R = H, n = 2, 3) are obtained in the reaction of the salt OQNCPI:C(SMe)S‘K+ with
amines H,N(CH,),0SO;H in dichloroethane at pH 7.3-7.7 [180].

The reaction of hydrochloride salt HCI-H,N(CH,),SH with nitroalkene V in the presence of methylamine gave
CXCIX [181]:
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Se__NOH
MeOH
HUS(CH,)-NIL - HCl + V + MeNH,  ————
o 50°C.3h

NF TNIIMe
s+

H cr

CXCIX

Bicyclic derivatives (CC) containing a five-membered ring with two nitrogen atoms fused to a six-membered ring
with two nitrogen atoms and a sulfur atom were obtained in 53-68% yield by the reaction of 2-(nitromethylene)imidazolidine
or its N-monosubstituted derivatives (CCI) with chlorosulfony! isocyanate and subsequent treatment of the reaction product
with diisopropylamine [182]: :

NH o
, MeNO, , N, NHO)
>=CHINO2 + CISO,NCO  ——ip >=CCNHSO,CI ———
N 40 °C, 30 min N | -
\R \R NO,
ccl
S0\
(Me,CH),NH, C,H, N MH
20 °C, 30 min
N NO,
\
R
cc

R = H, Me, Et, Me,CH, Ph

The synthesis of CCII was carried out by the reaction of acid chloride CCIII with nitro derivative CCIV in 32-52%

[183]:
cOoCl

i . acetone — water / S
R-NCH,Cl  + ONCH=C(SK); ——————e R—N  )=CIHNO,

- 20°C,2h S

CCIlI CcClv
(0]
ccu

Thus, analysis of the literature indicates that aliphatic nitro compounds are convenient and available starting reagents
for the synthesis of various heterocyclic compounds, including complex condensed heterocyclic systems.

REFERENCES

1. D. Seebach, E. W. Colvin, F. Lehr, and T. Weller, Chimia, 33, 1 (1979).

2. G. A. Shvekhgeimer, V. 1. Zvolinskii, and K. I. Kobrakov, Khim. Geterotsikl. Soedin., No. 4, 435 (1986).
3. V. A. Tartakovskii, Izv. Akad. Nauk SSSR, Ser. Khim., No. 1, 165 (1984).

4, A. Baran’skii and V. 1. Kelarev, Khim. Geterotsikl. Soedin., No. 4, 435 (1990).

5. P. A. Elburg, G. W. N. Honig, and D. N. Reinhoudt, Tetrahedron Lett., 28, 6397 (1987).

6. K. Shiokawa, S. Tsuboi, S. Kagabu, and K. Moriya, EPV 163855; Chem. Abstr., 104, 224896 (1986).

7. M. R. Bryce, J. M. Gardiner, P. J. Horton, and S. A. Smith, J. Chem. Res. Synop., No. 1, 1 (1989).

8. K. Busch, U. M. Groth, W. Kuehnle, and U. Schoellkopf, Tetrahedron, 48, 5607 (1992).

9. R. Zschiesche and H.-U. Reissig, Tetrahedron Lett., 29, 1685 (1988).

—_
@

R. Zschiesche and H.-U. Reissig, Ann., No. 6, 551 (1989).

1153



11.
12.
13.

14

1.
16.
17.

18.
19.
20.
21.
22.
23.
24,
25.
26.

33,
34.
35.
36.
37.
38.
39.

40.
41.
42.
43.

45.
46.
47.
48.

49.
50.
51

52.
53,
54.

1154

D. St. C. Black and L. M. Johnstone, Austral. J. Chem., 37, 117 (1984).

M. J. Turner, L. A. Luckenbach, and E. L. Turner, Synth. Commun., 16, 1377 (1986).

A. C. Coda, G. Desimoni, A. G. Invernizzi, P. P. Righetti, P. F. Seneci, and G. Tacconi, Gazz. Chim. Ital., 115,
111 (1985). :

M. Vavrecka, A. Janovitz, and M. Hesse, Tetrahedron Lett., 32, 5543 (1991).

M. Cariou, M. C. R. Hazard, M. Jubault, and A. Tallec, Canad. J. Chem., 61, 2359 (1983).

M. Miyashita, B. Z. E. Awen, and A. Yoshikoshi, Chem. Lett., No. 2, 239 (1990).

S. C. Shim, K. T. Huh, K. D. Kim, D. H. Oh, and W. S. Kim, Taehem Hwahakhoe Chi., 30, 389 (1986); Chem.
Abstr., 106, 138194 (1987).

H. Benhaoua, J.-C. Piet, R. Danion-Bougot, Toupert., R. Carrie, Bull. Soc. Chim. France, No. 2, 325 (1987).

H. Benhaoua, R. Danion-Bougot, and R. Carrie, Bull. Soc. Chim. France, No. 1, 409 (1989).

T. Tischer, L. Toke, and G. Toth, Acta Chim. Hung., 127 (19171 (1990).

P. Deprez, J. Royer, and H.-Ph. Husson, Synthesis, No. 9, 759 (1991).

A. Hassner and K. S. K. Murthy, Tetrahedron Lett., 28, 4097 (1987).

S. A. El-Abbady, A. A. Al-Ahmady, and A. H. Moustafa, Indian J. Chem., 31B, 24 (1992).

M. Miyashita, B. Z. E. Awen, and A. Yoshikoshi, J. Chem. Soc., Chem. Commun., No. 13, 841 (1989).

F. Boberg, K. H. Garburg, K.-J. Gerlich, E. Pepereit, and M. Ruhr, Ann., No. 2, 239 (1985).

D. H. R. Barton, W. B. Motherwell, E. S. Simon, and S. Z. Zard, J. Chem. Soc., Perkin Trans. I, No. 12, 2243
(1986).

A. Sera, S. Fukumoto, T. Yoneda, and H. Yamada, Heterocycles, 24, 697 (1986).

A. Sera, S. Fukumoto, M. Tamura, and K. Takabatake, Bull. Chem. Soc. Jpn., 64, 1787 (1991).

D. H. R. Barton and S. Z. Zard, J. Chem. Soc., Chem. Commun., No. 16, 1098 (1985).

N. Ono, E. Muratani, and T. Ogawa, J. Heterocycl. Chem., 28, 2053 (1991).

N. Ono and K. Marujama, Bull. Chem. Soc. Jpn., 61, 4470 (1988).

M. Avalos, R. Babiano, J. Bautista, J. 1. Fernandez, J. L. Jimenez, J. C. Palacios, J. Plumet, and F. Rebolledo,
Carbohydr. Res., 186, C7 (1989).

. Benedetti, F. Berti, P. Nitti, G. Pitacco, and E. Valentin, Gazz. Chim. Ital., 120, 25 (1990).

S. C. Mishra and R. A. Mishra, J. Electrochem. Soc. India, 39, 51 (1990); Chem. Abstr., 113, 180186 (1990).

A. S. ljaz and J. Parrick, Sci. Int. (Lahore), 1, 364 (1989); Chem. Abstr., 114, 6204 (1991).

S. Rajeswari, K. I. Drost, and M. P. Cava, Heterocycles, 29, 415 (1989).

T. Kearney, P. A. Harris, A. Jackson, and J. A. Joule, Synthesis, No. 8, 769 (1992).

B. P. Murphy and H. D. Banks, Synth. Commun., 15, 321 (1985).

Y. Li, G. Wang, D. Zhang, F. Miao, X. Liu, J. Cao, and H. Guo, Sci. China. Ser. B. 32, 522 (1989); Chem.
Abstr., 114, 6638 (1991).

R. Zhang, X. Liao, and Z. Gao, Synthesis, No. 9, 801 (1990).

Y. Tominada, Y. Shiroshita, and A. Hosomi, J. Heterocycl. Chem., 25, 1745 (1988).

N. R. Ayyanger, A. G. Lugade, and M. N. Rajadhyaksha, Indian J. Chem., 25B, 1126 (1988).

M. Manuel, E. Rodriguez, 1. Roffe, and J. A. Galbis, J. Org. Chem., 53, 5648 (1958).

M. G. Guillen and J. L. C. Jimenez, Carbohydr. Res., 180, 1 (1988).

M. Gomez-Guillen, F. Hans-Hans, J. M. L. Simon, and M. E. Martin-Zamora., Carbohydr. Res., 189, 349 (1989).
J. C. Bottaro and R. J. Schmidt, J. Org. Chem., 55, 1916 (1990).

A. E. Quintanilla and A. A. Sanchez, Spanish Patent No. 2,008,341, Chem. Abstr., 114, 164218 (1991).

V. R. M. Claramunt, F. A. Martinez, and A. E. Quintanilla, Spanish Patent No. 2,008,770; Chem. Abstr., 114,
164220 (1991). ‘ «

A. Krowczynski and L. Kozerski, Bull. Pol. Acad. Sci. Chem., 34, 341 (1986).

K. Shiokawa, S. Tsuboi, S. Kagabu, and M. Koishi, EPV 154178; Chem. Abstr., 104, 109672 (1986).

K. Shiokawa, S. Tsuboi, S. Toshibe, and K. Moriye, Japanese Patent No. 60,218,386; Chem. Abstr., 104, 148924
(1986).

K. Shiokawa, S. Toshibe, and K. Moriye, Jpn. Patent No. 62,48681; Chem. Abstr., 107, 198324 (1987).

J. H. Davies, M. Pearson, and A. C. Wilson, EVP 369526; Chem. Abstr., 113, 212004 (1990).

N. A. V. Reddy, S. N. Maiti, and R. G. Micetich, J. Chem. Res. Synop., No. 1, 32 (1990).

T



55.
56.
57.
58.
59.
60.

61.
62.

63.

65.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.

71.

78.
75.
80.
81.
82.
83.
84.
85.

86.

87.
88.
89.
90.
91.

92.
93.
94.
95.
96.

A. Gomez-Sanchez, F. J. Hidalgo, and J. L. Chiara, J. Heterocycl. Chem., 24, 1757 (1987).

T. Shimizu, Y. Hayashi, and K. Teramura, Bull. Chem. Soc. Jpn., 59, 2038 (1986).

N. Latif, F. M. Asaad, and H. Hoshi, Ann, No. 6, 495 (1987).

A. Krowczynski and L. Kozerski, Heterocycles, 24, 1209 (1986).

J. H. Boyer, T. Manimaran, and V. T. Ramakrishnan, J. Chem. Soc., Perkin Trans. I, No. 10, 2163 (1987).

T. D. Lodyzhnikova, N. A. Solov’ev, K. V. Altukhov, V. V. Perekalin, and G. A. Berkova, Zh. Org. Khim., 24,
644 (1988).

A. 1. Podgurskii, S. G. Zlotin, and O. A. Luk’yanov, Izv. Akad. Nauk SSSR, Ser. Khim., No. 1, 232 (1986).

S. Tanaka, K. Kamijama, S. Kohmoto, M. Yamamoto, and K. Yamada, Kogakubu Kenkyu Hokoku (Chiba Daigaki),
39, 25 (1987); Chem. Abstr., 110, 75253 (1989).

S. S. Chen, G. A. Hsu, G. A. Doss, M. E. Goldman, S. K. Balani, A. D. Theoharides, J. M. Hoffman,
S. M. Pitzenberger, H. G. Ramjit, et al., EPV 481802; Chem. Abstr., 117, 131074 (1992).

A. Vogel and G. Bormann, German Federal Republic Patent No. 3,438,884; Chem. Abstr., 103, 178263 (1985).
J. Stoltefuss, M. Franckowiak, M. Schramm, G. Thomas, and R. Gross, German Federal Republic Patent
No. 3,420,784; Chem. Abstr., 105, 60531 (1986). '

R. Troschuetz and A. Lueckel, Arch. Pharm., 342, 73 (1991).

. Takahashi, C. Nozaki, and Y. Shibazaki, Chem. Lett., No. 6, 1229 (1987).

. Hergartner, Swiss Patent No. 648,021; Chem. Abstr., 103, 6238 (1985).

. Mertens and R. Troschutz, Arch. Pharm., 319, 947 (1986).

. Mertens and R. Troschutz, Arch. Pharm., 320, 1143 (1987).

. Wan, Kexue Tongbao, 31, 1034 (1986); Chem. Abstr., 106, 176132 (1987).

. Yamada, T. Hasegawa, M. Wakita, M. Sugiyama, and M. Somei, Heterocycles, 24, 1223 (1986).

. Tokumitsu, Bull. Chem. Soc. Jpn., 63, 1921 (1990).

. Schafer, M. Gruner, G. Grossmann, and K. Gewald, Monatsch. Chem., 122, 959 (1991).

. Schafer, K. Gewald, and M. Schmidt, Khim. Geterotsiki. Soedin., No. 11, 1471 (1983).

. Yu. Petrov, V. L. Rusinov, and O. N. Chupakhin, USSR Inventor’s Certificate No. 1,147,712; Byull. Izobr.,
No. 12, 93 (1985).

A. Bassoli, G. Maddinelli, B. Rindone, S. Tollari, and F. Chioccara, J. Chem. Soc., Chem. Commun., No. 3, 150
(1987).

P. Molina and P. M. Tresneda, Synthesis, No. 11, 878 (1989).

W. Oppolzer and C. Robbiani, Helv. Chim. Acta, 66, 1119 (1983).

N. Benchekroun-Mouniz, D. Dugat, and J. C. Gramain, Tetrahedron Lett., 33, 4001 (1992).

K. Shiokawa, S. Kagabu, and S. Tsuboi, EPV 136636; Chem. Abstr., 103, 37495 (1985).

K. Shiokawa, S. Tsuboi, S. Toshibe, and K. Morie, Jpn. Patent No. 61,22751; Chem. Abstr., 106, 67342 (1487).
S. Rajappa and R. Sreenivasan, Indian J. Chem., 24B, 795 (1983).

B. K. Misra, Y. R. Rao, and S. N. Mahapatra, Indian J. Chem., 22B, 485 (1983).

N. A. Sokolov, I. G. Tishchenko, T. P. Raichonok, and L. T. Bulgakova, Vestn. Akad. Nauk BelorusSSR, No. 2,
70 (1985).

G. Ya. Remennikov, S. S. Shavaran, I. V. Boldyrev, L. K. Kurilenko, B. M. Klebanov, and V. P. Kukhar’,
Khim.-Farm. Zh., 25, 35 (1991).

T. M. J. Garcia, C. A. Macias, and C. H. Velez, Synth. Commun., 22, 1319 (1992).

J.-M. Ferland, C. A. Demerson, and L. G. Humber, Canad. J. Chem., 63, 361 (1985).

S. Rajappa and R. Sreenivasan, Indian J. Chem., 26B, 107 (1987).

W. Dehaen and A. Hassner, J. Org. Chem., 56, 896 (1991).

W. R. Bowman, D. S. Brown, J. D. E. Chaffin, C. R. Symons, S. W. Jackson, and N. A. Willcocks, Tetrahedron
Lett., 32, 2285 (1991).

B. Barlaam, J. Boivin, and Z. Zard, Tetrahedron Lett., 31, 7429 (1990).

S. Hirotani and S. Zen, Bull. Chim. Pharm., 31, 2944 (1983).

R. Ballani, M. Petrini, and G. Rosini, Tetrahedron, 46, 7531 (1990).

P. Hrnciak and J. Culak, Coll. Czech. Chem. Commun., 49, 1421 (1984).

R. Fernandez-Fernandez, J. Galan, and A. Gomez-Sandez, J. Chem. Res. Synop., No. 7, 222 (1987).

LT AmUunmczg

1155



97.
98.
99.
100.
101,
12,
103.
104.
105.
106.
107.
1U8.

109.
110.
111
112,
113.
114,
115.
116.
117.
118.
119.
120.
171,

122.
123,
124,
125.
126.
127.
128.
129.
130.
131.
132.
133.

134.

135.
136.
137.
138.
139.
140.
141.
142.
143.

1156

R. Fernandez-Fernandez, A. Gomez-Sandez, M. Rico, and J. Bellanato, J. Chem. Res. Synop., No. 7, 220 (1987).
F. Boberg, K.-H. Garburg, K.-J. Gorlich, and E. Pipereit, J. Heterocycl. Chem., 23, 1853 (1986).

F. Boberg, M. Ruhr, and A. Garming, Ann., No. 2, 223 (1984).

F. Boberg, K.-H. Garburg, K.-J. Gorlich, E. Pipereit, and M. Ruhr, Ann., No. 5, 911 (1984).

J. M. Melot, F. Texier-Boullet, and A. Foucaud, Tetrahedron, 44, 2215 (1988).

P. Bauchat, R. E. Le, and A. Foucaud, Bull. Soc. Chim. France, Nos. 3-4, 267 (1991).

D. Dauzonne, H. Josien, and P. Demerseman, Tetrahedron, 46, 7359 (1990).

W. Dehaen and A. Hassner, Tetrahedron Lett., 31, 743 (1990).

A. Hassner and W. Dehaen, Chem. Ber., 124, 1184 (1991).

S. Itoh, K. Nii, M. Mure, and Y. Ohshiro, Tetrahedron Lett., 28, 3975 (1987).

F. M. Hauser and V. M. Badhdanov, J. Org. Chem., 53, 4676 (1988).

T. S. Rao, S. Deshpande, H. H. Nathur, and G. K. Trivedi, Heterocycles, 22, 1943 (1984); Chem. Abstr., 101,
210807 (1984).

S. R. Takkellapati, H. H. Mathur, and G. K. Trivedi, Bull. Chem. Soc. Jpn., 58, 3665 (1985).

M. A. Neirabeyeh, R. Koussini, and G. Guillamet, Synth. Commun., 20, 783 (1990).

D. Dauzonne and R. Royer, Synthesis, No. 4, 348 (1984).

D. Dauzonne and R. Royer, Synthesis, No. 10, 836 (1983).

R. Annunziata, M. Cinquini, F. Cozzi, and L. Raimondi, Tetrahedron Lett., 30, 5013 (1989).

A. Hassner and W. Dehaen, J. Org. Chem., 55, 5505 (1990).

R. Annunziata, M. Cinquini, F. Cozzi, G. Dondio, and L. Raimondi, Tetrahedron, 43, 2369 (1987).

T. M. Williams, R. J. Hudcovsky, C. A. Hunt, and K. L. Shepard, J. Heterocycl. Chem., 28, 13 (1991).

B. Y. Riad, S. E. Abdou, F. A. Attaby, and S. A. Mansour, Sulfur Lett., 6, 105 (1987).

P. D. Baruah, S. Mikherjee, and M. P. Mahajan, Tetrahedron, 46, 1951 (1990).

Daiichi Sieyaku Co., Jpn. Patent No. 58,109,475; Chem. Abstr., 99, 175746 (1983).

P. G. Baraldi, A. Barco, S. Benetti, G. P. Pallini, D. Simoni, and V. Zanirato, Tetrahedron, 43, 4669 (1987).

F. A. Lakhovich, T. V. Yankova, E. V. Koroleva, L. T. Lis, and A. A. Akhrem, Zh. Org. Khim., 24, 1665
(1988).

N. F. Bondar’, T. N. Omel'chenko, R. V. Skunskaya, and F. A. Lakhovich, Zh. Org. Khim., 25, 206 (1989).

E. Lukevic and V. V. Dirnens, Izv. Akad. Nauk LatvSSR, Ser. Khim., No. 2, 235 (1990).

V. Jager and D. Schroter, Synthesis, No. 7, 556 (1990).

A. Baranski, J. Kula, and E. Cholewka, Pol. J. Chem., 64, 753 (1990).

J. F. W. Keana and G. M. Little, Heterocycles, 20, 1291 (1983); Chem. Abstr., 100, 6374 (1984).

K. 8. K. Murthy and A. Hassner, Tetrahedron Lett., 28, 97 (1987).

D. P. Curran and P. B. Jacobs, Tetrahedron Lett., 26, 2031 (1985).

A. P. Kozikowski, B. B. Mugrge, B. C. Wang, and Zh-bao Xu, Tetrahedron Lett., 24, 3705 (1983).

T. Shimizu, Y. Hayashi, and K. Teramura, Bull. Chem. Soc. Jpn., 57, 2531 (1984).

A. Rahman, M. Younas, and N. A. Khan, J. Chem. Soc. Pak., 5, 243 (1983); Chem. Abstr., 101, 54969 (1984).
S. B. Markofsky and S. A. Kothe, EPV 339899; Chem. Abstr., 112, 178950 (1990).

J. Furukawa, Y. Nishioka, and S. Hashimoto, Sci. Eng. Rev. Doshisha Univ., 24, 69 (1983); Chem. Abstr., 100,
103218 (1984).

J. Furukawa, Y. Kitano, and S. Hashimoto, Sci. Eng. Rev. Doshisha Univ., 32, 37 (1991); Chem. Abstr., 115,
195012 (1991). :
T. Sugiyama, A. Ohno, S. Oka, and H. Susumi, Kidorui, 12, 112 ¢1988); Chem. Abstr., 109, 230867 (1988).

E. Coutouli-Argypopoulou, Tetrahedron Lett., 25, 2029 (1984).

T. Shimizu, Y. Hayashi, and K. Teramura, Bull. Chem. Soc. Ipn, 58, 2519 (1985).

T. Shimizu, Y. Hayashi, H. Shibafuchi, and K. Teramura, Bull. Chem. Soc. Jpn, 60, 1948 (1987).

R. D. Grant and J. T. Pinhey, Austral. J. Chem., 37, 1231 (1984).

H. Ono, N. Watanabe, S. Fujiki, and H. Suzuki, Synthesis, No. 5, 471 (1987).

J. Knight and P. J. Parsons, J. Chem. Soc., Chem. Commun., No. 3, 189 (1987).

K. Baum and D. Tzeng, J. Org. Chem., 50, 2736 (1985).

R. Nesi, S. Chimishi, P. Sarti-Fantoni, A. Buzzi, and D. Giomi, Heterocycles, 23, 1465 (1985).



144.

145.
146.

147.
148,

149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.

160.
161.
162.
163.
164.
165.
166.

167.
168.
169.
170.
171.
172.
173.
174.

175.

176.
177.
178.
179.
180.
181.
182.
183.

S. Elek, K. Marossy, M. Mihok, B. J. Mihok, L. Manya, G. Janzco, K. Lempert, G. Doleschall, J. Fetter, et al.,
Hung. Patent No. 51,263; Chem. Abstr., 113, 231360 (1990).

C. luan and C. Li, Phosphorus, Sulfur, Silicon Relat. Elem., 69, 75 (1992), Chem. Abstr., 117, 171559 (1992).
V. V. Mel'nikov, 1. V. Tselinskil, A. A. Mel'nikov, A. N. Terpigarev, and A. E. Trubitsyn, Zh. Org. Khim., 20,
658 (1984).

L. Hong, L. Chen, and Ke Yang, Huaxue Xuebao, 47, 509 (1990); Chem. Abstr., 112, 54584 (1990).

K. Takahashi, E. Kaji, and C. Zen, Nippon Kagaku Kaishi, No. 11, 2678 (1984); Chem. Abstr., 100, 191766
(1984).

C. Zen, E. Kaji, and K. Takahashi, Nippon Kagaku Kaishi, No. 1, 55 (1986); Chem. Abstr., 106, 84444 (1987).
G. Rosini, R. Galarini, E. Marotta, and P. Righi, J. Org. Chem., 55, 781 (1990).

G. Rosini, E. Marotta, P. Righi, and J. P. Seerden, J. Org. Chem., 56, 6258 (1991).

J. H. Boyer and T. Manimaran, J. Chem. Soc. Perkin Trans. I, No. 8, 1381 (1989).

-M. Melot, F. Texier-Boulet, and A. Foucaud, Synthesis, No. 7, 558 (1988).

. E. Denmark, Y.-C. Moon, C. J. Cramer, and M. S. Dappen, Tetrahedron, 46, 7373 (1990).

. E. Denmark, M. S. Dappen, and C. J. Cramer, J. Am. Chem. Soc., 108, 1306 (1986).

. E. Denmark, Y.-C. Moon, and C. B. W. Senanayake, J. Am. Chem. Soc., 112, 311 (1990).

. E. Denmark, C. B. W. Senanayake, and G.-D. Ho, Tetrahedron, 46, 4857 (1990).

. E. Denmark and M. E. Schnute, J. Org. Chem., 56, 6738 (1991).

. Tohda, N. Yamawaki, H. Matsui, T. Kawashima, M. Arida, and Y. Mori, Bull. Chem. Soc. Jpn., 61, 461
(1988).

F. Boberg, M. Ruhr, K.-H. Garburg, and A. Garming, J. Heterocycl. Chem., 23, 579 (1986).

M. Yato, T. Ohwada, and K. Shudo, J. Amer. Chem. Soc., 112, 5341 (1990).

P. E. O’Bannion and W. P. Daily, Tetrahedron Lett., 29, 5719 (1988).

T. V. Rao, V. §. Ekkundi, and G. Kumar, J. Chem. Res. Synopsis, No. 3, 116 (1986).

F. Asaro, G. Pitacco, and E. Valentin, Tetrahedron, 43, 3279 (1987).

P. Nitti, G. Pitacco, V. Rinaldi, and E. Valentin, Croatica Chem. Acta, 59, 165 (1986).

A. R. Katritzky, O. Rubio, R. Awartani, N. Latif, M. Nawal, and F. M. Assad, Heterocycles, 22, 1155 (1984);
Chem. Abstr., 101, 55080 (1984).

F. Kienzle, 1.-Y. Fellmann, and J. Stadiweiser, Helv. Chim. Acta, 67, 789 (1984).

D. Seebach and M. A. Brook, Helv. Chim. Acta, 68, 319 (1985).

T. D. Lodyzhnikova, K. V. Altukhov, and N. A. Solov’ev, Zh. Org. Khim., 22, 2618 (1986).

P. A. Harris, A. Jackson, and J. A. Joule, Tetrahedron Lett., 30, 3193 (1989).

D. Tzend and K. Baum, J. Org. Chem., 48, 5384 (1983).

S. Zen, T. Nishino, and K. Harada, Bull. Chem. Pharm., 31, 4181 (1983).

J. H. Boyer, T. Morgan, and T. P. Pilldi, J. Chem. Soc., Chem. Commun., No. 23, 1388 (1983).

S. Rajappa and B. G. Advani, Proc. Indian Acad. Sci Ser. Chem. Sci., 91, 463 (1983); Chem. Abstr., 99, 70613
(1983).

R. Li, Z. Ly, H. Chen, and W. Lin, Zhongguo Yiyao Gongye Zazhi, 22, 514 (1919); Chem. Abstr., 116, 235491
(1992).

Y. Morimoto and T. Kamei, Jpn. Patent No. 62,294,670; Chem. Abstr., 109, 92988 (1988).

F. Iwata, R. Harada, and R. Sugise, EPV 115323; Chem. Abstr., 101, 230554 (1984).

M. Harris, EPV 135956; Chem. Abstr., 103, 123494 (1985).

M. Harris, US Patent No. 4,531,002; Chem. Abstr., 104, 5886 (1986).

M. Harris, G. Heyes, and A. Jackson, US Patent No. 4,923,987; Ref. Zh. Khim., 4 O 371P (1991).

P. A. Haywood, M. Martin-Smith, and T. Y. Cholerton, I. Chem. Soc., Perkin Trans. I, No. 5, 951 (1987).

A. V. N. Reddy, S. N. Maiti, J. P. Singh, and R. G. Micetich, Synth. Commun., 19, 3021 (1989).

K. Ikeda, S. Kubota, Y. Miyagi, and T. Araki, Jpn. Patent No. 60,155,170; Ref. Zh. Khim., 17 O 306P (1986).

J
S
S
S
S
S

1157



