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Abstract - The utility of nitroalkenes in the synthesis of 
a variety of heterocyclic compounds is described. 
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INTRODUCTION 

The versatility of nitro compounds in organic synthesis is demonstrated by the 

proliferation of their use in recent years. The electron deficient nitro group can 

be easily converted into a number of useful functional groups via a variety of 

classical organic reactions. Excellent reviews1-' cover some of the recent 

chemistry of nitro groups. As an example. Yoshikoshi reviewed condensation 

reactions of nitroalkenes with en01 silanes, ester enolates and anions derived from 

8-dicarbonyl compounds etc.' Nitroalkenes have also proven to be powerful 

dienophiles in Diels-Alder reactions6 1 '  and undergo addition reactions with a 

wide range of nucleophiles. Nitroalkenes also provide access to useful synthetic 

precursors like nitroalkanesa , N-substituted hydroxylamines9, amineslO, ketones", 

a-substituted oximesIZ, and a-substituted ketonesI3. However, syntheses of 

heterocyclic compounds via nitroalkenes have not been reviewed. 

This article addresses the recent application of nitroalkenes to the syntheses of 

heterocyclic compounds; some significant earlier contributions are also included. 

Reactions of nitroenamines were covered in a recent review" and are not included 

except for some newer applications. The use of related nitroalkanes and nitro- 

alcohols in the synthesis of heterocyclic compounds15 and the role of nitroalkenes 

in typical cyclenone annulationlhnd bicycloannulation reactions1' are also 

excluded. Similarly, the cycloaddition reactions of related nitro~oa1kene.s~~ are 

not included. 

I. OXYGEN HETEROCYCLES 

A. Benzopyrans 

Although 2-methyl-3-nitrochromenelg ( 1 )  was first synthesized in 1948, along with 

the corresponding hydrated analog ( 2 ) ,  for use in the preparation of 

pharmacologically important 3-aminochroman derivatives ( 3 ) ,  revival of interest in 

this class of compounds did not take place until the late seventies. 
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Sakakibara developed a method for synthesizing 2-phenyl-3-nitrochromene (4) and the 

corresponding C-nucleosides derivatives (5) by condensation of salicylaldehyde with 

a-nitrostyrenes in the presence of triethylamine. 2 0 

E1,N 

\ cno 0'" + O2N PPh OH NO. 4 

- 

OMe 

OMe 

In a comprehensive study directed toward the synthesis of A'-chromenes carrying 

electron-withdrawing substituents at the 3-position, Royer prepared 3-nitrochra- 

menes from 9-hydroxybenzaldehydes and a-nitrostyrene derivatives in pyridine.21 

The yields reported are modest. A varieey of A3-nitrochromenes, mono- or disubsti- 

tuted at the 2-position, were shown to possess radioprotecting properties.22 A 

series of 2-alkyl-3-nitro-2H-chromenes. close analogs of 2-nitrobenzofurans, were 

examined for their biological activity.z3 The ready accessibility of nitroen- 

aminesz' (one-pot synthesis) was promptly utilized by the French group for che 

synthesis of 2-dialkylamino-3-nitro-2~-chr~mene~25 which unfortunately did not 

exhibit any activity against bacteria, protozoa, and helminths. 

Varma and Kabalka reported that the condensation of 2-hydroxyarylaldehydes with 

a-nitrostyrene derivatives on basic alumina surfaces in the absence of solvent 

yielded 3-nitr0chromenes.~~ Improved yields could be obtained using sonic accel- 

eration when the reactants were solids. The corresponding 2-naphthyl-3-nitro- 

chromene derivativesz7 were also synthesized via an improved work-up procedure 

which involves the removal of the excess unreacted 2-hydroxybenzaldehydes on basic 

alumina. 

Trivedi and his group demonstrated the use of 2-phenyl-3-nitrochramenes in ehe pre- 

paration of f l a ~ o n o l s , ~ ~  another biologically important class of compounds.z9 This 

conversion was achieved by photalysis of nitrochromenes in acidic methanol or, 

alternatively, by acid hydrolysis of the photo products obtained in methanol. The 



reaction presumably proceeds via an oxime intermediate [Scheme I ] .  

OMe 
NOH 

OMe 
NOH 

Scheme 1 

The oxidation of 3-nitrochromenes with alkaline hydrogen peroxide30 or divalent 

chromium3' also provides an alternative route to flavanols. 

Although the chemistry of 3-nitrochromenes has been the subject of extensive 

investigations, the corresponding saturated analogs, nitrochromans, are virtually 

The simplest approach to this class of compounds involves the 

reduction of chromene~.~'.~~ However, reduction reactions have always resulted 

in the formation of ~hromanamines.'~.~~ Consequently, most of the nitrochromans 

described to date have the nitro group attached to the aromatic ring32; the only 

exception being some intermediates formed in the synthesis of 3-arninoflavan~~~ and 

a 2-methyl-3-nitro~hraman.~~ 2-Phenyl-3-nitro-2H-I-benzopyrans (4) has been chemo- 

selectively reduced to the corresponding 3.4-dihydro-2H-1-benzopyran derivative (6.3) 

using sodium borohydride in a mixed solvent system of methanol-tetrahydrofuran 

(1 : l o ,  v/v).~' Methanol apparently reacts with sodium borohydride to form 

methaxyborohydride species3' which effectively reduce the nitrochromene. A series 

of 2-phenyl-3-nitrochr~man~3B and the corresponding 2-naphthyl  derivative^'^, 

including a 3-phenyl-2-nitro-dihydronaphtho(2.1-blpy (bb),were obtained in good 

yield via this sequence. 
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A useful application of the 3-nitrachromenes involves their stannous chloride 

reduction to stable, crystalline 3-chromanone oxime derivatives4' (7). It is 

anticipated that the ready accessibility of these oximes will stimulate interest in 

Acetone * 
NOH 

the chemistry of 3-chromanones which have not been studied in detail to date 

because of their inherent instability!' Reduction of these mime derivatives may 

also provide an alternative route to ~hromanamines.~~ The synthesis of new 

tricyclic chroman systems ( 9 a - c )  was described recentlyQ3 which involves the 

reaction of 2-benzylidene(anisylidene)-3-methyl-4-nit-3,3-thioln 1.1-dioxides 

(8.3-b) with 1,3-cyclohexanediones (dimedone, dihydroresorcinol) in the presence of 

sodium alkoxides. 

8 a. R=H - 9 a. R=R7=H - 

b. R=OCH3 b. R=H, R'=CH3 

c. R=OCH3, Rr=CH3 

B. Butyrolactones 

Michael addition of the marpholine enamines of cycloalkanones to ethyl 

8-nitroacrylate, afforded adducts(l0) which have been utilized in an overall 

three-step synthesis of o-methylenebutyrolactone~.~~ Sodium borohydride reduction. 

with simultaneous lactonization and elimination of the nitro-group, provides an 

efficient method far introducing the lactone moiety in the syntheses of complex 

sesquiterpene lactones [Scheme 21. 



Scheme 2 

r-Hydroxy-a-nitroalkenes, readily prepared from a,B-unsaturated ketones,45 have 

been utilized by Sakakibara and his group in a highly stereoselective preparation 

of r-butyrolactone derivati~es.~~~retmment of 5.5-dimethyl-3-nitr0~y~10he~-2-en- 

1-01 (11) with a solution of monoethyl malonate and ptoluenesulfanyl chloride in 

pyridine afforded an ester (12) which under mild alkaline conditions, underwent a 

ring closure to give lactones (13a) and (13b) in 55% and 27% yields respectively. 
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The one-pot synthesis of r-keto acids from carboxylic acid dianions and 

nitroalkenes was used in an elegant synthesis of 6-angelica la~tone'~(14). 

14 - 
This methodology was successfully extended to the synthesis of fused lactones16(15) 

and (16) as shown in the fallowing reaction schemes. 

. . 
16 - 15 - 

C. Purans and Furanones 

Boberg and co-workers obtained 4,5-dihydro-5-(methylenamino)-3-furancarboxylates47 

by treating the adducts of a-nitroalkenes and acetoacetate (nitronic acids) with 

active methylene compounds [Scheme 31. 

Scheme 3 



The corresponding 2-methyl-3-furancarboxylates4n were also obtained from o-nitro- 

alkenes, acetoacetates, and other compounds with an active methylene group. 

Michael adducts obtained from the reaction of cyclohexane-1 ,3-diones with 2-alkyl- 

or 2-aryl-1-nitroethylenes under basic conditions are known to undergo cyclization 

to yield benzofuran-4-(5H)-one  derivative^'^-^' (17)- 

17 - 
Gomez-Sanchez and co-workers, in their extensive investigations on sugar nitro- 

ole fin^^^-^', have used the above approach to prepare (3,5,6,7-tetrahydra-2-hy- 

droxyimino-3-pentaa~eto~yalditol-l-1-~1)benzouran-42Hl-ones ( 1 8 1  and, subsequent- 

ly, C-(alditol-1-yl) derivatives of other heterocycles. 

HCNOI - N-OH 

O G  0 

18 - 
R =H,Me 1 I 

HCOAc 
I 

PrOCH 
I 

G = RzFR, 

HCOAc 
I 

CH,OAc R2=OAc,R3=H 

The addition reactions of sugar nitroalkenes with 3-aminocrotonic esters appear to 

follow a complex pathway55.56 in which pyrrole derivatives are formed along with 

the normal, Michael adducts. Similar complexities were observed57 in the reaction 

of 1.3-dicarbonyl compounds with a model nitroalkene (8-nitrostyrene); an abnormal 

product possessing a dimeric. 2.3-dihydro-2-(hydroxyamino)furan structure was 

obtained which readily transformed into a pyrrole derivative. 

The addition reactions of some acetoacetic esters with acyclic l-nitrohept-l- 

enitols having D-glum (19) and D-galacto (20) configuration gave, besides normal 

Michael adducts (21), some "abnormal" bicyclic compounds such as (22). 
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1,3-Dicarbonyl campounds(23) react with nitroalkenes(24) in the presence of 

potassium fluoride, as a base, to afford either tricarbonyl c ~ r n ~ o u n d s ~ ~ ' ~ ~  (25) or 

acylfurans58.60 (26) depending on the presence (or absence) of 2-alkyl substi- 

tuents on the substrates. Thus, 2-unsubstituted, 1,3-dicarbonyl compounds (R5=H) 

afforded 3 - a ~ ~ l f u r a n s ~ ~  (26) directly in an essentially one-pat reaction involving 

a conjugate addition Nef-reaction-furan ring forming sequence. 

b 
\ / R 2  us,,,$ R, KF 

+ O O  
/c=C\No, 2! H 

23 - 
24 

O 26 - 
However, the reaction of dimedone (27) with 1-nitropropene (28 )  (R=H) gave stereo- 

isomeric mixture of (hydroxyimino)dihydr~furans (31) and not the 3-methylfuran6' 



The adduct (29) (conjugate addition) cyclizes to give (30). When R in (30) is 

hydrogen, elimination of hydroxide anion followed by nitroso-mime tautomerization, 

results in the formation of (31). An alkyl substituent in (30) prevent such a 

tautomerization, resulting in the formation of the acylfuran (32) upon elimination 

of the hydroxide and nitroxyl moieties. 

Yoshikoshi and his group continued their fruitful research by investigating the 

reaction of a new nitroalkene reagent, 1 -nitro-1 -(phenylthio)pr~pene~~, with 

1,3-dimes. The reaction afforded a 1:4 diastereomeric mixture of dihydrofurans 

(3% and 33b) instead of expected furan derivative6' (34). This may be due to the 

anion-stabilizing effect of the sulfur substituent which accelerates the elimina- 

tion of nitrous acid rather than nitroxyl. The dihydrofurans (33a) and (33b) were 

converted into 3-methylfuran derivative (35) via conventional procedures6'. 
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The above sequence, leading to 3-methylfuran derivatives, provided a straight- 

forward strategy for the synthesis of a variety of naturally occurring 

furanoterpenaids such as evodone (36), ligularone (37) and isoligularone6' ( 3 8 )  

A'?- A p SPh 

WCH, 
CH,o CH, CHs 0 

CH3 37 38 

The versatility of this 3-methylfuran annulation reaction was demonstrated recently 

in the total syntheses of three furanoelemanoids6' namely curzerenone (39), 

epicurzerenon (40) and pyrocurzerenone (41) from 1-nitro-lL(pheny1thio)propene 

and the cyclic 1,3-dione (42). 

Phenols in general do not react with 2-nitropropene with the exception of 

@-naphthol which gave naphtha[2,3-h] furan5 (43). 



D. C-Nucleosides and Amino Sugars 

The dienophilic character of nitroalkenes has been used in the synthesis of 

C-nucleoside derivatives, racemic showdomycin and related compounds. The 

Diels-Alder adduct (44) of methyl 8-nitroacrylate with furan was elaborated in 

several steps to the desired 2' -epi-showdomycin6' (45) 

The sodium borohydride reduction of the 2-0-acetyl-3-enoside (46) to the 

corresponding nitro sugar played a key role in the synthesis of amino sugars, 

4-deoxydaunosamine (47) and 4-deoxyristosamines5 (48), from readily available 

11. NITROGEN HETEROCYCLES 

A. Pyrroles 

There are several routes 1 

PiH2 

47 - 

roles origin; mes.  The Mil 

reactions of 1,3-dicarbonyl compounds with nitroalkenes in methanol containing 

sodium methoxide produced unusual cyclic aminoacetal derivatives (49) which 

afforded 3-acylpyrroles (50) in high yields on reaction with ammonia or 

The reactions can be carried out in one-pot. 

The mechanism of the formation of the unusual Michael products (49) presumably 

involves the nitrosointermediate (51) which is similar to those proposed to explain 

the formation of 3-acylfurans5' and 2-hydroxyiminobenzofuranones (1 7)50 . 
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Gomez-Sanchez and co-workers used this chemistry in the syntheses of sugar 

pyrroless5 (55) and their corresponding polyols by a Michael-type addition of 

3-(alky1amino)crotonic esters (53) to penta-acetoxy-1-nitrohept-1-enes (52). The 

adducts (54) undergo cyclization to pyrroles, and the process is favored by either 

increased polarity or temperature. The deacetylated pyrroles (polyols) were 

oxidized by periodate or lead tetracetate to pyrrole-3-carbaldehyde (56). 

HCNO, '! 
II 
CH 
I 

HCOAC + + 
I 

AcOCH C W H I  

oHc aim, 
R=Ph;n-C3H7 etc. 

FH 
HCOAc I 

B 

AC OCH 
H$O& 

HCOAc 
LH,OAC 

Boberg reported a similar approach involving the condensation of 8-methyl-B- 

nitrostyrene with methyl acetoacetate followed by an acid hydrolysis of the furan 

intermediate (57) to the 3-a~ylpyrrole~~ ( 581 .  



b R=C H 2 5 
Alternatively, the aci-nitro adduct (59). obtained from the same styrene with 

ethyl acetoacetate, was reduced with a variety of reducing agents to pyrrole (58). 

CO,CH,CH, 

p h  + 2.. ,COCH, - pho~3 Reduction (581 

H,C NO, \COCH&H, 
H& 

Meyer also used similar methodology in the syntheses af a variety of pyrroles6' via 

cyclization of the Michael addition products of enamines with nitroalkenes. The 

scope of the reaction is exemplified by the preparation of pyrrola[2.1-alisoquino- 

line (61) and pyrrolo[2,1-blthiaeole (62) derivatives in addition to some other 

pyrrole derivatives such as (63). 
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More recently, Barton and 2ard6' disclosed a unique pyrrole synthesis using 

nitroalkenes, or their 8-acetoxynitro precursors, and a-isocyanoacetate esters in 

the presence of a base. Some important pyrroles unsubstituted in 5 position are 

easily obtainable by this route which makes it particularly relevant to the 

p,orphyrin field. 

Base catalyzed Michael addition of an a-isacyanoacetate (64) to a nitroalkene (65). 

followed by cyclization of the nitronate anion (66) onto the isocyano group, led to 

the pyrroline (67). Base catalyzed removal a £  nitrite from the pyrroline 

accompanied by a double bond rearrangement provided the pyrrole ( 6 8 ) .  

i 
Base (6) r cq  H-W NO, EtOC 0 II 

0 H ~ H ,  CH, 
64 - ss 66 

CH, O CH, 

Utilizing this approach, a variety of pyrroles, which constitute basic building 

blocks for various natural porphyrins and bile pigments, are now easily accessi- 

ble. The mild reaction conditions make this procedure easily adaptable to the 

syntheses of labeled substrates useful for biosynthetic studies. 

~oucaud~~''~, in an investigation dealing with the [1+4] cycloaddition reactions of 

isocyanides with thienyl or fury1 nitroalkenes (69), discovered the formation of 

fused 1-hydroxypyrroles (70).  Methyl 2-nitro-2,4-pentadienoates (71), in similar 

cycloaddition reactions, also afforded 1-hydroxypyrroles (72). 



B. Lactams 

Seebach prepared 2'-nitro-2'-propen-1'-yl 2,2-dimethylpropanoate ( 7 3 ) ,  a multicom- 

ponent coupling reagent for convergent syntheses." It was shown to be a versatile 

nitroallylacing reagent, combining with nucleophiles as diverse as anilines, 

indoles, enolates and organolithium compounds. The formation of a lactam deriva- 

tive (74) demonstrates the utility of this reagent which can also undergo & situ 
reactions with two different substrate nucleophiles. 

A synthetic approach towards 2,2-dimethyl-I-carbapenam ( 78 )  derivative has been 

reported by Shibuya and his group." The key intermediate, an a.8-unsaturated 

nitroalkene ( 7 6 ) .  was prepared from azetidinone ( 7 5 ) .  A fluoride assisted 

desilylation, followed by simultaneous cyclization, provided the epimeric mixture 

of bicyclic nitro compound (77)  which was converted to the corresponding benzyl 

ester (78) via aldehyde and carboxylic acid intermediates. 
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Recently, Barrett and co-workers demonstrated the use of Z-l-nitro-l-phenylthio-l- 

alkene derivative (79) in the preparation of bicyclic 8-lac~ams'~ of type (80), a 

methodology that can be applied to both the dethiapenam and dethiacepham nuclei. 

The fluoride mediated desilylation, smooth cyclization of nitrogen centered anion 

to the nitronate, and the McMurray's oxidative Nef reaction take place in one-pot. 

~ a d w a ~ ' l - ~ ~  developed a synthesis of 8-lactams which involves a 1,3-dipolar 

cycloaddition of a nitrone to a nitroalkene followed by a photochemical (or 

thermal) reorganization of the resulting 5-nitraisoxazolidine. For example 

phenyl-n-tert-butylnitrone (81) reacted with trans-1-cyano-2-nitraethylene (82) to 

give a mixture of two regioisomeric isoxazolidines (83) and (84) in quantitative 

yields. When heated, the major regioisomer (83) was converted into cis-8-lactam 

(85). However, upon photolysis, only the trans-8-lactam(86) was obtained. 



Paulsen and Stubbe have employed the addition of carbanion (87)  to the 

nitroalkene (88) to yield an adduct which provided (+)-lycoricidin7' (89) from 

D-glucose via the lactam intermediate. 

Seebach investigated stereochemical control in the condensation of chiral enolates 

or enamines with nitroalkenes." The condensation product obtained from nitra- 

ethylene and the enolate dianion of ethyl (S)-(+)-3-hydroxybutyrate afforded the 

nitroester (90) with a diastereoselectivity of 95:5. Stereochemical control at 

centers, other than those o to the carbonyl, was totally absent. Raney nickel 

catalyzed hydrogenation of the nitro ester (90) produced lactam (91) in high 

yields. 
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oc2H' Raney Ni, 

90 - 81 

C. Indoles 

seebach7' prepared derivatives of 1.3- and 1.4-dicarbonyl systems from the Michael 

adducts of masked acyl anion equivalents (or enolates) to nitroalkenes using 

Nef-type reactions. The adducts were reduced with lithium aluminum hydride to give 

amines which are convenient precursors to indoles as demonstrated in the synthesis 

The ring opening reactions of unstable 3-substituted isooxazoline ~ - o x i d e s ~ ~  (93) 

obtained from isocyanides and aryl nitroalkenes were utilized by Foucaud and 

co-workers in the synthesis of l-hydroxyindoles.69 Aryl nitroalkenes with a free 

ortho position on the aryl ring afforded 1-hydroxyindoles derivatives (94) when 

allowed to react with a small excess of isocyanide in benzene or acetonitrile. 



D. Isoquinolines 

~ithianylisoquinoline derivatives such as (95) were obtained when amine precursors 

accessible from the corresponding nitroalkenes, were subjected to standard 

reactions such as Bischler-Napieralski and Pictet-Spengler reaction and oxidative 

indole ring closures." 

A central nervous system active indoloisoquinoline (98) was prepared re~encly.~' 

1-Benzoyl-2,2a,3,4-tetrahydrabenz[cd]indol-5-(4H)-one was lithiated, alkylated with 

H2C=C(CH3)N02, and hydrolyzed to afford the 4-acetonyl derivative which upon base 

catalyzed cyclization and acetylation gave indenoindole derivative (96). The 

Beckmann rearrangement of its oxime derivative gave indoloisoquinolinone (97). By 

sequential deacetylation, dehydrogenation, and reduction reactions of (97) was 

converted to indoloisoquinoline derivatives (98). 

H,COCN 

E. Nitrones 

~ e i n h o u d t ~ ~ ~ ~ ~  and co-workers obtained 2,3-dihydroazete 1-oxide (99), the stable, 

four-membered cyclic nitrone, from the facile reaction of nitroalkenes with 

ynamines; 3-nitrocyclobutenes (100) were the other reaction product. 
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F. 1.2-Oxazine oxides - 99 

A thermally unstable cyclic nitronic ester derivative (101) was similarly obtained 

when 1-nitrocyclopentene was reacted with 1-phenyl -2- (1-pyrrol id iny1)acety lene .  

This 4H-1,Z-oxazine 2-oxide derivatives4 isomerized in dilute chloroform solution, 

and in the solid state, to an isoxazole derivative (102). 

The reactivity of a-nitrostyrene towards conformationally locked enamines such as 

(103) was examined by Valentin and his co-workerss5. In contrast to &-nitro- 

styrene, which generally gives nitroalkylated enamines, o-nitrostyrene leads to the 

formation of 1.2-oxazine N-oxide derivatives as the products of kinetic control. 

The relatively low stereoselectivity in the attack results in the formation of two 

diastereoisomeric heterocycles (104a-c) and (105a-c). Due to their inherent 

hydrolytic lability some of these 1,2-oxazine N-oxide derivatives such as (104b.c) 

and (lG5a.c) are not isolable. 

B 



G. Oxaeoles. Isoxazoles and lsoxazolines 

Baranski and ca-workers have investigated the 1,3-dipolar cycloaddition of various 

unconjugateda6 and conjugated nitroalkene~~'-~~ with aliphatic and aromatic nitrile 

oxides. Whereas unconjugated nitroalkenes afforded only 5-nitroalkyl-4.5-dihydro- 

1,2-axazoles, conjugated nitroalkenes gave 4- or 5-nitro-4.5-dihydro-1,2-0xa~oles 

(or 1,2-oxazoles not containing a nitro group) depending on the structure of nitro- 

alkenesa ' (1 06a-e) . 

Thus, the reaction of benzonitrile oxide (107) with nitroethylene (106a) gave 

5-nitro-3-phenyl-4.5-dihydro-1,2-oxazole (108) whereas the analogous reaction with 

l-nitro-l-propene (106b) led to 5-methyl-4-nitro-3-phenyl-4,5-dihydro-1,2-oxazole 

(109). 

Under the same conditions, 2-methyl-l-nitropropene (106~) gave 5-methyl-5-nitro- 

methyl-3-phenyl-4,5-dihydr0-1,2-oxazole  (110) instead of the expected product 

(Ill), presumably due to isomerization of 2-methyl-l-nitropropene (106~) to 
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2-methyl-3-nitro-propene (112) by a hydrogen shift. 

The addition of 2-nitropropene (113a) and 2-nitro-2-butene (113b) to benzqnitrile 

oxide, proceeds beyond the 1.2-oxazoline stage to afford the corresponding 

1,2-oxazoles (114a.b) with elimination of nitrous acid. Alternatively, 

1.2-oxazole (114a) could be obtained by dehydronitration of 4,5-dihydro-1,2-oxazole 

(109) in boiling xylene. 

b R=CH3 

Preparation of isoxazoline derivatives (115) was also achieved by thermal 

condensation of arylhydroxamic acid chlorides (R2CC1=NOH) with nitroalkenes 

(CH2=CRR1) at 135-40'c.~~ 

115 R = H,Me; Ri = CH2N02. 1-O2NC6Hb,2,4,6-(02N),C,H2; 
- 

R2 = Ph, m-02NCsHs, P-OZNC~H,, p-MeOC6Hb 



Selenium 0x0 ylides (116) react with nitroalkenes (1 17) in aqueous chloroform in 

the presence of sodium hydroxide under inert atmosphere to give substituted 

isoxazoline ~-oxides" (1 18). 
RI 

(CH3)2Se+CH2COR2Rr + R1CH=CHRN02 4 

116 - 117 - R F O  pi:C O/ 

R=CH3, C2H5, Ph 1 2  

RI=Ph, 2-thienyl, 3-pyridyl 

R2=Ph, 2-thienyl 

A recent preparation of tetranitroethylene, by flash vacuum pyrolysis of 

hexanitroethane, was utilized by Raum and ~ z e n ~ "  for the synthesis of 

3-nitroisaxazoles and 3-nitro-2-isoxazolines from acetylenes and olefins 

resoectivelv. 

NO, NO, 
H C E C H  1 H,C=CH, 

= 

L C  
I I 

NO, NO, 

A diradical mechanism has been proposed in which the electron-deficient 

dinitromethyl radical abstracts an oxygen from an adjacent nitro group, loss of 

0=C(N02)2 and ring closure gives the observed product. 

IV. PHOSPHORUS HETEROCYCLES 

1 ,2 .5  .is -0xa~a~hospholine 2-Oxides 

Russian research groups have made detailed studies of the addition reactions of 

diverse phosphorus(II1) and (V) reagents with nitroalkenes to prepare a variety of 

phosphacycles93-95 . In essence, the reactions of esters of trivalent phosphorus 

(P1II)acids with conjugated nitroalkenes appear to follow the general scheme 

outlined below. 

The overall direction of the process is determined by the position of the 

equilibrium (PI11 : PV) and the relative reactivities of the components. In a 

simple case, the reaction of 2-methyl-1-nitropropene with methyl diphenylphos- 

phinite resulted in the formation of crystalline, 5-methoxy-4.4-dimethyl-5,5-di- 
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2 5 phenyl-A -1,2,5 A -oxazaphosphaline 2-oxide (119) which is unstable to water or 

heating. 

(C,H,)~POCH, + H ~ C ~ = ~ ~ ~ ~ ,  + 
H,C' 

cn. 

The phosphorane structure was unambiguously established by detailed spectral 

investigations. 

In a continuing study of the reactivity of organophosphorus compounds, Cadogan and 

co-workersq5 have reported formation of 1,2,5-oxazaphosph(V)ale derivatives (120) 

by reaction of 1.2-diaryl-1-nitroethenes with phosphorus(II1) esters. 

R=Ph, 0CH3; RI=CH3 

R=OC2H5 ; RI=C2H5 

V. MISCELLANEOUS HETEROCYCLIC DERIVATIVES 

Corey described two new approaches to conjugated nitrocycloalkenes,' .97 which are 

versatile precursors in a variety of reactions. A synthesis involving nitromercur- 

ation of an olefin followed by the base-catalyzed elimination of mercury from the 

resulting nitromercurial was utilized in the preparation of the nitrocycloalkene 

121 - 
1-Nitrocyclohexene was used to prepare a tricyclic system (122) as described in the 

Fallowing scheme. 



Reid and co-workers examined the photorearrangement of heterocyclic 

nitroalkenes . 97'99 Thus 3-(2-nitroprop-1-eny1)indale (123) was converted to 

3-(2-hydroxyiminopropy1idene)-2-oxindole 9 8  (124) presumably due to the dipolar 

character of the starting indole. 

123 - 124 - 

In an analogus process, a fused 6-hydroxy-1.2-oxazine (128) was obtained by 

irradiation of 2-(2-nitroprop-1-eny1)benzofuran (125) in acetone solution.99 The 

acetylation of oxazine (129) lead to the formation of 2-methyl-4H-pyrazolo[1,5-al- 

indol-4-one (1 31) formed presumably via the oxime acetate (1 3 0 ) .  Similar reactions 

were observed with furan derivatives. 

+ W N m C  

131 - 1 2  A 
~einhoudt'OO achieved the reduction of nitro group using an ynamine. Thus, 

3-nitrobenzo[b]furan (132) reacted thermally with 1-diethylaminopropyne to afford a 
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navel 1:l addition product, benzofuro[3,2-clisoxazole in which one of the oxygen 

atoms of the nitro group is transferred to C-1 of the acetylene. The structure of 

(135) was determined by X-ray crystallography and its formation was explained by a 

135 - '34 
(4+2) cycloaddition followed by rearrangement of the cyclic nitronic ester (133) 

via the diradical (134). 

~rehan"' synthesized 13-aza-3-desoxy-18-nor-equilenin (140) starting from ?-(I' 

naphthy1)-1-nitroethylene (136). The amine (137), obtained by reduction of (136). 

was converted to a succinimide derivative (138). The sodium borohydride reduction 

of (138) and subsequent cyclization of (139) with tosyl chloride afforded 18-nor- 

equilenin derivative (140). 



Hoffman and co-workers developed a convenient synthesis of 3-nitro-5-acyl- 

pyridines'02 starting with sodium nitromalonaldehyde which obviated the need far 

elaborate functional group manipulations on the pyridine ring. The intermediacy of 

3-chloro-2-nitro-acrolein formed from sodium nitcomalonaldehyde and tosyl 

chloride, was confirmed by the characterization of a Diels-Alder adduct (141). 

141 - 
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