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UNIVERSITY OF SOUTHAMPTON 

ABSTRACT 

FACULTY OF SCIENCE 

CHEMISTRY 

Doctor of Philosophy 

CHEMICAL AND ELECTROCHEMICAL 

NITRATION OF ALKENES AND DIENES 

by Andrew Jonathan Bloom 

Anodic oxidation of dinitrogen tetroxide in acetonitrile containing lithium 

tetrafluoroborate gaue nitronium tetrafluoroborate in high yield and current efficiency. 
» 

Nitronium hexafluorophosphate in nitromethane and dinitrogen pentoxide in dichloromethane 

were similarly prepared. The electrogenerated nitration reagents were found to react 

with arenes, alkenes and/or silyenolethers giving the same products in similar yields to 

those obtained using the conventionally obtained reagents. 

Nitronium tetrafluoroborate in acetonitrile reacted with styrenes giving 

nitroacetamide products of Markounikou regiochemistry. trans-1-Phenylpropene and trans-

stilbene underwent a syn addition, whilst cis-1-phenylpropene, cis-stilbene and 

1-phenylcyclohexene all underwent an anti addition. The nitroacetamidation of simple 

alkenes gaue 1,2 and/or 1,3 adducts in low yield. Electrogenerated nitronium 

tetrafluoroborate in acetonitrile reacted with dienes to giue mixtures of 1,2 and 1,4 

nitroacetamides. The additions onto isoprene and trans-penta-1,3-diene showed a 

preferential attack of the more substituted double bond. The 1,2 addition onto trans-

penta-1,3-diene was syn whilst in both the 1,2 and 1,4 additions onto trans, trans hexa-

2,4-diene were non stereoselective. 

Oxidation of nitroacetamides with potassium permanganate or eerie aranonium nitrate 

under basic conditions gave acetamidoketones. Reduction of nitroacetamides with 

aluminium amalgam proceeded stereospecifically to give aminoacetamides. Heating the 

aminoacetamides caused cyclisation giving dihydroimidazoles. 

Mixtures of ammonium nitrate and trifluoroacetic anhydride reacted with dienes 

forming mixtures of nitrotrifluoroacetates. Treatment of these mixtures with a base such 

as potassium acetate gave 1-nitro-1,3-dienes, which were predominantly of the trans 

configuration. Attempted nitrotrifluoroacetoxylation of alkenes gave complex mixtures of 

products. 

The nucleophilic addition of thiophenol to trans-1-nitrobuta-1,3-diene gave mainly 

a 1,2 adduct, while the addition of aniline gave only a 1,4 adduct. 



Chapter One 

Introduction 



Nitration, the formation of a nitro-compound from an 

unsaturated compound, by reaction with a nitrating agent 

is a process of considerable popularity*. The process 

is commonly used to make aromatic nitro compounds, 

many of which are of industrial importance. Aromatic 

nitro compounds are used in the synthesis of explosives, 

2 
pharmaceuticals, dyes and fragrances, for example . 

O 9 N NO-

NO-

(DH NO-

HO3S SOoH 

Trinitrotoluene 
an explosive 

Dinoserb 
a herbicide 

an intermediate in 
the synthesis of 
azo-dyes . 

Aliphatic nitro-compounds have considerably less 

industrial use. However they have become popular as 

3 

intermediates in research . This popularity is due to 

the diversity of useful reactions undergone by aliphatic 

nitro-compounds. 



R 'NO: 

R' -NH, 

N O z 

R - ^ R ' 

N O ; 

R R' 

OH 

Aliphatic nitro-compounds used in research are usually 

prepared by substitution: e.g. 

Nof 
R ^ ^ N O o + B r 

e 

or from other nitro-compounds: &g. 

R'Li 

or CdR2 

R 
N O ' 

R' 

Aromatic nitro-compounds are almost always prepared 

by nitration but the use of nitration of alkenes in the 

synthesis of aliphatic nitro-compounds is uncommon. There 

may be several reasons for this; many alkenes are unstable 

under the usual nitration conditions of concentrated 

3 



nitric acid or nitric acid-sulphuric acid mixtures: alkenes 

can undergo hydration, oxidation and polymerisation 

reactions in these media. Another reason is that many 

compounds available from nitration can be made in high 

yield from nitroalcohols. The nitroalcohols are prepared 

from condensation of a nitro-compound with an aldehyde. 

OH 

R' R 
N O 2 

OCOCH 

Many interesting nitration reactions, for example 

nitroacetamidation, are best carried out using nitronium 

salts which are expensive (for example N02BF^ El/g) or 

unpleasant to prepare and are extremely hydroscopic. The 

use of nitronium salts would be facilitated by an 

electrochemical preparation of the salts in a suitable 

solvent. Costs would be reduced by oxidising a cheap 

oxygenated-nitrogenous compound (eg. dinitrogen tetroxide, or 

a nitrate salt. 

The use of unpleasant reagents normally employed in 

the synthesis of nitronium salts (eg. anhydrous hydrogen 

fluoride, and fluorinated Lewis acids) would be avoided. 

The generation of the salts in the form of a solution 

would also allow reactions to be carried out using standard 

organic chemistry glassware and techniques. 

4 



I'l Electrochemical Nitration 

The standard procedure for the nitration of organic 

compounds involves concentrated nitric acid, either on its 

own or mixed with another acid. This method is unsuitable 

for most alkenes and some aromatic compounds which are 

unstable under strongly acidic and oxidising conditions. 

Non acidic nitrating agents are difficult to prepare 

(eg. dinitrogen pentoxide),expensive (eg. nitronium salts) 

or unreactive as nitrating agents (eg. dinitrogen tetroxide 

does not nitrate aromatic compounds easily). 

Electrochemistry in organic solvents can offer two 

possible approaches to the problem of nitration in non 

acidic media: 

( i) Electrochemical oxidation of compound to form a 

cation radical which reacts with an oxygenated nitrogenous 

compound: e^. 

ArH [ArH]' + 

[ArHf NO, [ArHNOg] 

[ArHNOg] Ar NO, H 

(ii) The direct electrogeneration of the nitrating agent 

which can then react with an organic compound. 

NO, 
anode 

^ NO^ + e 

ArH + NO + A r N 0 2 + H 



The former approach, activation of an organic compound, 

has received some attention^. In some circumstances 

effective nitration occurs but in others yields are low. 

The latter approach has received relatively little 

attention despite the suitability of electrochemistry for 

oxidation of inorganic compounds. One of the objectives 

of the work reported in this thesis was to develop an 

effective methodology for nitration using electrochemica11y 

generated nitrating agents. 

1'1,2 Anodic Oxidation of Dinitrogen Tetroxide 

fn Citric 

Dinitrogen tetroxide was found to undergo a two electron 

5 
oxidation in anhydrous nitric acid . 

+ 2NO2" » ZNgO^ + 2e". 

Oxidation occurred at a potential of + 1'5V (vs saturated 

calomel electrode or s.c.e) at an iridium anode and 

+ 1-9V (vs. s.c.e) at a platinum anode. Electrolysis of 

solutions of dinitrogen tetroxide in anhydrous nitric acid 

at potentials between +1*8V and + 2-OV (vs. s.c.e) gave 

solutions of dinitrogen pentoxide in concentrations of 

upto 28% (w/w) and 50 - 60% current efficiency. The 

solutions formed were found to react with 

1,3,5,7 - tetraacetyl - 1,3,5,7 tetraazacyclooctane to 

form HMX , a military explosive. HMX was formed in the 

same yield (81%) using electrochemically or chemically 

prepared dinitrogen pentoxide. 



COCH. 

I N C O C H 3 N 2 O 5 f ^ ' ^ N O N O , 

C H a C O N ^ ^ ; O g N O h ^ ^ / l 

COCH3 HMX ONO2 

B, In Organic Solvents. 

Cauquis and Serve^ found that in nitromethane containing 

tetraethylammonium perchlorate, dinitrogen tetroxide was 

oxidised with a half-wave potential (E^) of 1'8V 
2 

(vs. silver-silver nitrate). Two moles of electrons were 

passed on constant potential electrolysis. Formation of 

the nitronium ion was shown by voltammetry. 

N O , + 2C10," » 2NO2 CIO4 + 2e . 

z 4 4 

No attempt was made to perform nitrations using the solution 

of nitronium perchlorate. Using acetonitrile as solvent, 

Italian workers reported the oxidation of dinitrogen 

tetroxide occurs at + 0-93V (vs. silver-silver nitrate) but 

these workers are probably in error as o t h e r s ^ h a v e 

reported the oxidation of dinitrogen tetroxide as occurring 

at + 1-82V (vs. silver-silver nitrate) in acetonitrile. 

Co-electrolysis of dinitrogen tetroxide and toluene 

in acetonitrile and nitromethane using tetrabu t y l a m m onium 

hexafluorophosphate as supporting electrolyte at 2'OV gave 

a 37% and 26% yield of nitr otoluenss respectively^. The 

potential used was sufficient to oxidise both toluene 

and dinitrogen tetroxide. The ratio of nitrotoluenes 

7 



(58% ortho 2% meta 40% para) was similar to that obtained 

using chemically prepared nitronium salts. Therefore it 

seems likely that the nitration was occurring mainly via 

electrochemically generated nitronium ion. Anodic oxidation 

of dinitrogen tetroxide in acetonitrile containing 

tetrabutylammonium hexafluorophosphate gave nitronium 

hexafluorophosphate. 

N_0. + 2PF." » 2N0_+PF." + 2e"\ 
2 4 6 2 6 

The yield of nitronium salt was not ascertained but the 

solutions reacted with toluene to give nitrotoluene and with 

1 -nitronapbhalene to give dinitronapthlene. The ratio.of 

isomeric nitrotdbenes was found by gas-chromatographic 

analysis to be 67% ortho 33% para which was in very close 

agreement to that obtained using chemically prepared 

nitronium hexafluorophosphate. 

1'1,2 Anodic Oxidation of the Nitritelon 

The nitrite ion is known to oxidise to nitrogen dioxide or 

dinitrogen tetroxide and then to the nitronium ion^'^. 

NO^ NO2 • + e 

NOg" NOg* + e 

There are no reports of preparative oxidations of nitrite 

to the nitronium ion. A co-electrolysis of 

tetrabutylammonium nitrite and anthracene at a low potential 

in acetonitrile gave a very poor (1*2%) yield of 

4 
nitroanthracene . 



Anodic oxidation of a two-phase system consisting of 

sodium nitrite in water and cyclohexene in dichloromethane 

9 
gave a 41% yield of 1 -nitrocyclohexene , 

Anode, NaNO-

H g O - C H g C l g 

It is unlikely that the reaction is actually an 

electrochemical nitration as claimed by the authors. The 

first formed products from the oxidation eg. dinitrogen^ 

tetroxide, the nitronium ion or the cyclohexene 

cation-radical would probably ba. hydrolysed in the 

aqueous conditions before any nitration reaction could 

occur. A more plausible mechanism involves formation of 

nitrous acid from hydrolysis of electrochemically generated 

dinitrogen tetroxide. 

2NCU- » N_0. + 2e 
z z 4 

N 0^ + HgO » HNOg + HNOg 

Nitrocyclohexene would then be formed by nitrosation of 

cyclohexene, followed by oxidation of the nitroso group to 

the nitro group then elimination. There are many examples 

of similar reactions occurring between alkenes and 

acidified sodium nitrite^^. 



NO NO2 NO) 

C/ 
CWVO ()N0 

1'1,3 Anodic Oxidation of the Nitrate Ion 

An early report claimed the formation of dinitrogen 

pentoxide from the anodic oxidation of nitrate salts in 

acetonitrile^^ . The following mechanism was proposed 

NO^ ^ NOg" + e 

2N0-' » N_0. 
J Z D 

2 ''2°6 + °2 
Dinitrogen pentoxide was identified on the basis of a 

brown colour formed on adding a silver (II) salt to the 

product mixture. No nitration of an organic compound was 

carried out with the electrolysed solutions. Cauquis and 

Serve claim the formation of dinitrogen pentoxide from 

the oxidation of tetraethylaramonium nitrate in 

1 2 

nitromethane . The product was identified by voltammetry 

The authors performed the same oxidation in acetonitrile 

but found it to be more complex than in nitromethane. A 

later investigation of the oxidation of nitrate ions in 

1 3 

acetonitrile was unable to find any evidence of 

dinitrogen pentoxide formation. Analysis by mass spectra 

and gas chromatography showed the formation of mixtures of 
10 



voltatile products. The authors suggest that the initially 

formed product, probably the nitrate radical (NO^-), 

reacts with the solvent or the electrolyte. A 

co-electrolysis of nitrate salts and toluene in 

acetonitrile and nitromethane^ gave very little ( 10%) 

nitrotoluene. Significant quantities of low boiling 

compounds were detected which were attributed to attack of 

the solvent and electrolyte by the oxidation products of 

nitrate. 

It is evident from the work quoted above that the 

electrochemical generation of nitronium salts is possible. 

Oxidation of dinitrogen tetroxide definitely gives 

nitronium salts. Oxidation of nitrite probably would give 

nitronium salts via dinitrogen tetroxide formation. 

Oxidation of nitrate is unlikely to yield useful amounts 

of nitronium salts. Despite the success of analytical 

scale preparations, there have been no reports of gram 

scale preparations of nitronium salts nor any reports on 

their use in preparative organic chemistry. 

1 1 



1 • 2 The Nitration of Alkenes and Dienes 

In contrast to the vast amount of published work on the 

nitration of arenes^ relatively little has been reported 

on the nitration of alkenes. The growing interest in 

aliphatic nitro compounds provides an impQ^us for the 

synthesis of new nitro compounds; nitration offers the 

possibility of synthesising nitro compounds with a vicinal 

substituent. 

There are several ways of adding a nitro group across 

a double bond: 

( i) Electrophilic addition of the nitronium ion. 

X 

(ii) Free radical addition of the nitrogen dioxide 

radical. 

NO, . NO, 

X — H 

12 



(iii) Addition of an electrophile followed by nudeophilic 

trapping by the nitrite ion. 

M 
X e 

^ _ N 0 2 

X 

H 
NO, 

(iv) Nitrosation, then oxidation 

\ NOX 
NO 

[0 ] 
N O z 

H 
X 

This survey is mainly concerned with electrophilic 

There is a spectrum of electrophilicity 

of reagents; nitronium salts are the most strongly 

electrophilic, other reagents, for example acetyl nitrate 

and dinitrogen pentoxide, react as polarised molecules:^g. 

6- 5 + 
X — N O 2 X OAc or ONO^. 

There are many examples of reagents that react through a 

homolytic cleavage thus forming the reactive nitrogen 

13 



dioxide radical, for example nitryl chloride. In some 

circumstances these normally free radical reagents give 

products that would be more easily rationalised by an 

electrophilic or polar mechanism. An example of this is 

the formation of a syn nitroalcohol from the reaction of 

dinitrogen tetroxide with indene. In a few nitration 

reactions the nitro group is introduced as the nitrite ion, 

after addition of an electrophile to a double bond. 

The most notable example of this type of reactant is 

mercuric nitrite. The introduction of a nitro group by 

nirosation and oxidation occurs as a side reaction with 

many nitrosation reagents such as nitrosyl chloride an^ 

nitrous acid. In some cases the nitro product predominates 

and a few examples of these reactions will be given. The 

survey, which gives most weight to electrophilic reagents, 

begins with the most electrophilic, the nitronium salts. 

1-2,1 The Reaction of Alkenes with Nitronium Salts . 

Nitronium salts are ionic compounds containing the N O ^ i o n 

and the anions of Lewis oxy or fluoro acids. The most 

commonly encountered is nitronium tetrafluoroborate, 

NO^BF^, which is a thermodynamically stable but easily 

hydrolysed crystalline solid. The salt is commercially 

available but rather expensive ( £l/g). A multi-gram 

14 

scale preparation is described in Organic Synthesis in 

which boron trifluoride, nitric acid and hydrogen 

fluoride are reacted together in nitromethane or 

14 



dichloromethane:-

HNO_ + HF + 2BF_ » NCUBF. + BF.-H-O 
3 3 2 4 3 2 

However the use of anhydrous hydrogen fluoride demands 

specialised handling equipment and techniques. Other 

nitronium salts are occasionally met in organic synthesis 

for example, nitronium perchlorate NO^CIO^, nitronium 

hexafluorophosphate NO^PF^, nitronium hexafluoroantimonate 

NOgSbF^ and nitronium fluorosulphonate NOgSO^F. Nitronium 

perchlorate is rarely used due to its tendency to explode 

1 5 

unpredictably . The hexafluorophosphate and 

hexafluoroantimonate are useful for their high solubility 

in some organic solvents for example nitromethane*^, and 

the extremely low nucleophilicity of their anions*^. A 

review covering the preparation of various nitronium salts 

together with a brief outline of their organic chemistry 

i s a v a i l a b l e ^ ^ . 

The nitronium ion normally adds in a Markownikov 

manner. The products formed after addition of the 

nitronium ion can in many cases be rationalised by the 

formation of a carbonium ion*.e.g. 

15 



The carbonium ion thus formed can undergo reaction with 

nucleophiles , elimination of a proton or polymerisation 

depending upon reaction conditions. 

R 

NO. 

X 

o etc. 

Not all products formed by the reaction of nitronium salts 

can be explained by the formation of a discreet carbonium 

ion. The syn addition found in some reactions is better 

explained by a polar addition or an addition in which the 

carbonium ion is never actually free or even a 2 + 2 

cycloaddition. 

16 



i.e. X—NO2 

M 
6 -

i * X NO, 

^ — H 

Oh 

X-NO 2 

Reactions in the Absence of Added Nucleophiles. 

Nitronium tetrafluoroborate was found to cause 

polymerisation when added to but-l-ene at -80°C^^. A 

T T - complex was formed when nitronium hexafluoroantimonate 

was added to ethylene in liquid sulphur dioxide at -70°C^^. 

The reaction was observed by low temperature proton nmr . 

A deshielding of 1«1 ppm was observed, indicative of 

formation of a T T - c o m p l e x . On warming to -10°C a polymer 

formed. 2,3 -Dimethylbut-2-ene also gave a T T - c o m p l e x , 

this time at -78°C in sulphur d i o x i d e — f l u o r o s u l p h o n i c 

acid. The T T - c o m p l e x decomposed at -70°C giving an 

0-nitrosoketone. 

, ONO 
W W — ^ W 

' AA ' A \ 
17 



A T T - c o m p l e x could not be observed when 

adaraantylidineadamantane was reacted with nitronium 

hexafluoroantimonate or nitronium hexafluorophosphate 

under similar conditions, instead a rearranged product 

was observed directly. 

NO® 

0-S® 0 

The same spirocyclic ketone was obtained from the reaction 

of nitronium hexafluorophosphate with 

adamantylideneadamantane in dichloromethane 
2 1 

18 



The T T - c o m p l e x e s and rearranged products were formed 

in conditions of extremely low nucleophilicity. The 

tetrafluoroborate anion is a slightly better nucleophile 

than hexafluoroantimonate or hexafluorophosphate. It is 

2 2 

capable of acting as a fluoride ion donor . Nitronium 

tetrafluoroborate reacts with alkenes, in the absence of 

added nucleophiles to form fluoronitro adducts. Nitronium 

tetrafluoroborate reacted with cyclohexene in liquid 

sulphur dioxide, in the presence of 1 - picoline, to give 

1 -fluoro-2-nitrocyclohexane and isomeric 
23 

nitrocyclohexenes 

N02BF,,S0: 

a U • U • CJCp 
33 50 17 

If the reaction was carried out in the absence of 

1 -picoline a complex mixture of products was obtained from 

which only 3 -nitrocycldhexene could be obtained^^'^^ 

is likely that the actual nitrating agent is 

N -nitropicolinium tetrafluoroborate eg;-

It 

N O g B F ^ 
B F 

© 

I® 
N O 2 

19 



Nitropyridinium salts have been shown to be less reactive 

2 

and more selective nitrating agents than nitronium salts 

1 -Methylcyclohexene reacts with nitronium 

tetrafluoroborate, with or without 1 -picoline, to form a 

cis fluoronitro adduct and n i t r o a l k e n e s ^ ^ ' . 

NO,BF,, 

so. 

The formation of a cis adduct would not be expected if f'he 

reaction proceeded via a discreet carbonium ion 

intermediate. This syn addition has analogies in the 

formation of syn-nitroacetates from the reaction of acetyl 

nitrate with alkenes (see below). 

The less nucleophilic halogenoalkenes react with 

nitronium tetrafluoroborate to give good yields of 

2 3 2 7 
fluoronitro adducts ' . Thus chlorocyclohexene gives a 

23 
68% yield of 1 -chloro-l-fluoro-2-nitrocyclohexane , the 

trans adduct predominating. 

N O 2 B F 4 

SO, 

CI 

rf". ct 68% 
Vinyl chloride and vinyl bromide also form fluoronitro 

2 7 
adducts in good yield 

20 



60% 

N O i B F / B _ ^ 

<^ ^ B r 55%t 

Allylic chlorides and 2,3 -dichloroalkenes react similarly 

C( • C I ^ ^ N O . 

58% 

CI CI 

— . c , v e « o , 

S O ; 

80% 

Nitronium fluorosulphonate reacts with fluoroalkenes in 

freon 113 with a fluorosulphonic acid catalyst to form 

2 8 
nitrofluorosulphonates 

N O 2 S O 3 F 
C F f C F ; ' ' • F O z S O - C F j - C F j - N O j 

L r g U H g 

HSO3F 70% 

acid is used as the catalyst some 

21 



is also formed. 

C F f C F , • F O j S O - C F j - C F ^ N O j 

(ZIP 3(:(:L2k4 

C F g C O ^ F g - C F ^ N O ; 

Perf1uor0propy1ene is inert under these conditions but will 

react in the presence of antimony pentafluoride at 60°C 

^ 29 
under pressure 

N O 2 S O 3 F 
C F 3 C F = C F 2 » C F 3 C F - C F z N O z 

Isoprene sulpholene reacts with nitronium tetrafluoroborate 

30 

giving a nitrodihydrothiophene via an addition elimination 

reaction. 

N O , 

c f ' b cr o 

B. React ions in the Presence of Added Nucleophiles 

The tetrafluoroborate anion is a very weak nucleophile. In 

the presence of a stronger nucleophile nitronium 

tetrafluoroborate adds to alkenes giving nitro-adducts 

incorporating this nucleophile. Even the perchlorate anion, 

22 



usually thought of as virtually non-nucleophilic, is 

strong enough to displace tetrafluoroborate. Thus, 

nitro-perchlorates are formed on treatment of alkenes with 

nitronium tetrafluoroborate in the presence of lithium 

perchlorate 
31 

eg; 

C H g z C H g 
NOzBF^.LiCIO^ 

CHgClg 
O 3 C I O C H 2 - C H 2 - N O 2 

70% 

Cyclohexene gives a 1:1 mixture of cis and trans isomers 

plus a small amount of nitroalkenes. 

NOzBF^.LiCIO^ 

C H ^ O C g H g aN 0 2 
4-

OCiOj, 
lOMt 

-NO, 

Norbornadiene gives two nortricyclenic 

formed via participation of the second double bond 

N O 2 B F 4 

Li CIO, 

O o N 
3 3 

72% 

OCIO4 

Ethylene forms a nitrofluorosulphonate when reacted with 

nitronium tetrafluoroborate and tetraethylammonium 

3 2 
fluorosulphonate 
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c h , = c h , ^ ^ f d , s 0 - c h , - c h , - n 0 2 
^ ^ (CjHjl^NSOaF ^ 2 2 2 

32% 

Russian chemists have developed two-stage addition 

reactions called Ad^ reactions. Addition of the nitronium 

ion (or other electrophiles) to an alkene containing a 

weakly nucleophilic functional group gives a relatively 

stable cationic species. A nucleophile is then added 

which reacts with the cationic species to form an adduct. 

Thus allylic esters react with nitronium tetrafluoroborate 

in liquid sulphur dioxide to form nitro-oxdkmium ions 

which may be isolated^^. Hy^olysis of the oxolenium ion 

gives nitrofluorides and nitroalcohols. 

O C O C H 

'NO; 

O C O C H 3 

3 

I , 0 H 

O C O C H 3 

Interestingly,1 -acetoxy-3-methylbut-2-ene and 

3 -acetoxy-3-methy1but-1-ene give the same 6-membered ring 

oxolenium ion^ the latter alkene reacting in an 

33 
anti-Markovnikov manner 
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OCOCHg 

NOzBF^, 

OCOCH3 
B F 

e 

F N O 2 

OCOCH3 

OH NO 

OCOCH3 

The carbonium ion?formed by the addition of nitronium 

tetrafluoroborate to the double bond of 

dicobalthexacarbonyl complexes of conjugated enynes are 

stable^^. Decomposition of the ion with water and 

oxidative decomplexation gives an alkyny1-nitroalcohol. 

.0 

Co 2(00)5 

BF 
0 

N O 2 B F , _ 

f ii.Fe^ 
Co 2(0 0)g 

0' 

55% 
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C. Reactions in Nucleophilic Solvents 

Adducts can be formed by reacting alkenes with nitronium 

salts in nucleophilic solvents. Only a few types of 

solvent are of suitable reactivity; the solvent must be 

nucleophilic enough to react with a carbonium ion but not 

nucleophilic enough to react irreversibly with the nitronium 

ion. Examples of suitable solvents are: acetonitrile, 

acetic anhydride and hydrogen fluoride-pyridine. Examples 

of too nucleophilic solvents are alcohols and amines which 

form nitrate esters and A'-nitroamines respectively. 

3 5 

In a process analogous to the Ritter reaction , 

nitronium tetrafluoroborate reacts with alkenes in 

acetonitrile to form nitronitrilium salts^^. On hydrolysis 

nitroacetamides are formed. 

NHCOCH3 

^ i.N02BF,-CH3CN _ JL^NOj 
ii.NaHC03-H20 

50% 
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Yields in the examples cited were low, the best yield being 

50% for the addition onto propylene, cis and trans 

but-2-ene both gave the same adduct but the stereochemistry 

was not determined. 

or 

/=\ 

i N O g B F ^ - C H g C N 

iiHgO 

NHCOCH. 

1 3 % 

N O : 

Norbornene gave a good yield of rearranged N labeled 

nitroacetamides when reacted with 

37 

15 
N0_ BF. in 

z 4 

i.'^N0;BF^-CH3CN 

ii H o O 

NHCOCH. 

7 8 % 4 

15, 

NHGOCH. 

The products were assigned on the basis of analogous 

additions to norbornene and supported by the reaction of 

tetranitromethane with the mixture which gave one product 

N O z 

NHCOCH3 
C t N O z L 

92% 
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The authors proposed the following scheme to account for 

the products 

I CH3CN i C H s C N 

u H g O 

O o N 

NHCOCH. 

NO; 

NHCOCH3 

Vicinal nitroacetoxy products are formed when 

nitronium tetrafluoroborate reacts with alkenes in acetic 

3 8 

anhydride . Cis and trans but-2-ene gave mixtures of 

diastereoisomers with a slight preference for syn addition 

products . 

N O 2 B F 4 

(CH^COlgO 

OCOCH3 OCOCHr 

^ 

4 5 % 
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Isobutylene gave a small quantity of 

4 -acetoxy-4-methy1pentan-2-0ne as well as the expected 

nitroacetate. 

ICH^COizO 

58% 70/ 

The ketone is formed by electrophilic attack of the 

by-product acetyl tetrafluoroborate on excess alkene. In 

contrast to the other alkenes, ethylene gave 

1 -acetoxy-2-nitroxyethane. 

CH,=CH, ^ • CH3C0,CH2-CH,0N02 
2 2 ICH3COI2O 3 2 2 2 ^ 

37% 

The authors do not discuss how this unexpected product came 

about. One possible mechanism is 0 -alkylation by the 

nitronium ion then trapping by the solvent to give an 

acecoxy-nitrite adduct which is oxidised to the 

39 

acetoxy-nitrate. Cyclic alkenes give rearranged products ; 

a mixture of 1,3 and 1,2 nitroacetates are formed in low 

yield in the reaction with cyclopentene. 

a N O o B F / 

(CHgCOlgO 

OCOCH3 
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Cyclohexene forms a diequatorial 1,4 nitroacetate 
39 

NO-

N O 2 B F 4 

(CHjCOjjO 
18% 

OCOCH3 

Norbornene gives rearranged products similar to its 

reaction with nitronium tetraf1uoroborate in acetonitrile^^ 

(see above). 

N O 2 B F 4 

(CHgCOIgO 

0 9 N 

OCOCH3 

15 

^ N 0 2 

A OCOCH3 

J^y ' 
86% 

39 
Norbornadiene gives nortricyclenic products . 

N O 2 B F 4 

(CH3C0): 

O C O C H 3 

17% 

O g N 

OCOCH: 25% 
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Nitroacetates are also formed by the reaction of acetyl 

nitrate with alkenes. (see section 1 - 2 , 2 ) It is not 

clear whether the nitroacetoxylations just described are 

due to nitronium tetrafluoroborate in acetic anhydride 

or due to acetyl nitrate formed by the following reaction 

NOgBF^ + (CHg C0)20 CH COgNOg + CHgCOgBF^ 

High yields of vicinal fluoronitro compounds are 

obtained on reacting nitronium tetrafluoroborate with 

alkenes or halogenoalkenes in 70% hydrogen 

fluoride-pyridine^^. 

N O j B F , 

HF-C5H5N 

NO: 
80% 

N O 2 B F 4 

HF-C5H5N 
A / N O 2 65% 

D, Reaction of some Substituted Alkenes with Nitronium 

Salts. 

Silylenolethers form nitroketones on reaction with nitronium 

tetrafluoroborate in acetonitrile^^. 

OSilCHgla N O 2 B F 4 

C H 3 C N a 
37% 

N O 2 
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Yields of n i t r o k ^ t o n e s are generally not as good as those 

obtained by nitration of enolacetates w i t h acetyl nitrate 

42 
or nitration of potassium enolates with alkylnitrates 

Vinylazides react with nitronium tetrafluoroborate 

4- 3 
to form heterocyclic products 

N-
N O 2 B F 4 V T W 0 

(C2H5I20 

The last reaction is a little suspect as nitronium 

31 

tetrafluoroborate reacts with ether forming ethylnitrate 

which is probably the actual nitrating agent. 

1-2,2 The Reaction of Acetyl Nitrate with Alkenes and Dienes 

Acetyl nitrate is the mixed anhydride of nitric and acetic 

acids. Its most convenient preparation is the addition 

of excess acetic anhydride to nitric acid at 20 - 40°C^^. 

A. With Simple Alkenes 

Acetyl nitrate reacts with alkenes to form mixtures of 

products^^. The major product is usually the nitroacetate 

arising from Markovnikov addition. Also formed are 

nitronitrates and nitroalkenes, for example 

OCOCH3 ONO2 
H N O i I I 

N O 2 J - ^ 0 2 
I C H 3 C O I 2 O 

6 i % 4% 5 % 
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The nitroacetate isolated from the reaction with 

trans-but-2-ene^ was found to be mainly threo, arising from 

a syn addition. The nitroacetate isolated from reaction 

with cis-but-2-ene was found to be mainly erythro, also 

arising from a syn addition. 3-Chloro-2-methylpropene 

was found to be relatively inert. Addition of a few 

mole-percent of sulphuric acid increased the rate of 

reaction and gave higher yields. 

OCOGH3 

C H a C O g N O ; ^ C I \ ^ J ( ^ N 0 2 + C l ^ ^ N O 

H 2 S O , 

2 

The authors suggest that in this case protonated acetyl 

nitrate is the nitrating agent and that this is a stronger 

electrophile than acetyl nitrate. 

Cyclic alkenes also give mixtures of products^^'^^'^\ 

Products arising from rearrangements have been isolated 

from the reaction. The formation of these products has 

been discussed in detail by Zefirov and co-workers^^^. 

Cyclohexene, for example gives mixtures of allylic and 

homoallylic nitroalkenes and a mixture of 1 , 2 ; 1 ,3 and 1,4 

nitroacetates and nitronitrates. 
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C H 3 C 0 2 N 0 2 

' O C O C H a 

N O 2 N O 2 

6 - 6 - a r ' 
17%t 14%, 1 6 0 4 

^ I " [ J 8% 

hj()2 klC)2 

OCOCH3 

23% 

0 N 0 2 

3 % 

The lack of conjugated nitroalkene in the product mixtures 

led the authors to postulate that either an ene-type 

mechanism or a 1,2 cycloaddition, rather than a conventional 

electrophilic attack was occurring. 

0=N=D 

o i < r " 
e 

H 

p 
<?'© ° 

> 
,N. 

O ' ® ^ 0 H 

NO, 
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M.O. calculations and analogous reactions in the literature 

led the authors to favour a 1,2, cycloaddition. The 

formation of syn and anti adducts can be explained by 

nucleophilic attack at nitrogen or carbon. 

© 

... ' I 
TV 

, N — ( ! ) 

onti 

Y | IV 

N 0® 
6' 

Syn 

X= ONOg or OCOCH3 

The formation of 4-nitro cyclohexene and the 1,3 and 1,4 

adducts are explained by rearrangement of the first formed 

4-membered ring to a 5 or 6-membered ring. 

N — 0 - ^ 

O 

H 

. ^ 0 N 0 

d'® 

Preferential cis opening of the 4-membered ring gives cis 

1,2 -nitroacetate and nitronitrate. Trans opening of the 
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5 and 6-merabered rings gives the trans 1,3 and 1,4 adducts 

Elimination of a proton from the 4,5 or 6 membered ring 

can only give allylic or homoallylic nitroalkenes and not 

the conjugated isomer. Methylene cyclobutane gave a 

mixture of cyclobutyl and cyclopropyl nitroacetates^^^. 

C H i C O o N O . 

p C O C H g 

^ N O 

OCOCH3 

2 

65% 15% 

The cyclopropyl product is explained by rearrangment of an 

intermediate carbonium ion. 

© N O 2 

NO, 
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The reaction of nitronium tetrafluoroborate with methylene 

cyclobutane in acetic anhydride (see page 3 6 ) gave the 

same products but with more of the cyclopropyl product^^^. 

Norbornene gave a mixture of rearranged nitroacetates, 

formation of which were explained by the intermediacy of a 

carbonium ion allowing rearrangements to occur. 

^ N 0 2 

^ C H 3 C O 2 N O 2 . A ^ O C O C H ) 
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With Phenyl Substituted Alkenes 

These alkenes generally give much higher yields of 

nitrocetates than simple alkenes^^"^^. Only small amounts 

of aromatic ring nitrated products are formed; for example 

styrene gives a 50% yield of adduct plus 28% of 

nitrostyrene^^. 

OCOCH3 

C s H j - ^ CH3CO2NO2 , 

50% 

1,1-Diaryl alkenes reacted similarly^^. 

r u O C X D C H o 

C S H b v C H a C O ^ N O ; C 5 H 5 U 

33% 

Trans-stilbene gave the threo nitroacetate in a 70% 

yield^^. 

()(:c)c;K4.) 
C H j C O g N O ; ^ 

N O ; 
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This product arises from a syn addition of acetyl nitrate 

Cis stilbene also gives the Chreo nitroacetate^^ but in a 

lower yield. In this case an anti addition must have 

occurred. A mixture of cis and trans stilbenes were 

recovered suggesting the possibility of isomeri-sation 

before reaction. 1 -Phenylcydohexene gave a mixture of 

cis and trans products with the latter predominating^^. 

C s H s C H o C O o N O ' 
C 5 H 5 

r ^ ^ ' O c o c H 
4 9 % 

NO. 

OCOCH3 

NO? 
16% 

In an attempt to resolve the syn versus anti addition 

51 

question, Bordwell and Biranowski nitroacetoxylated a 

series of cis - trans alkenes of the general structure 

R 

^ 6 ^ 5 
R' 

R 

X 
C s H / \ R ' 

"type A" 

R = H, CHg, 

'type B" 

R ' CH. 

They found that alkenes of type A (phenyl and R' trans) 

gave high yields of nitroacetates formed by syn addition. 

Type B alkenes (phenyl and R' cis) gave the same products, 
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formed by an anti addition, but in a lower yield. 

H 3 C CHr 
C H 3 C 0 2 N O ; 

H3C 

C g H g CH. 
C H 3 C O 2 N O 2 

H g C ^ O C O C H g 

NO, 

65% 

H o C Q C O C H 3 

N O 2 

25% 

The authors reasoned that protonated acetyl nitrate added 

to type A alkenes forming a tightly solvated carboniura ion 

which rapidly collapsed forming the product. 

R 

^ 6 ^ 5 

R' ® 
C H 2 C O 2 N O 2 H ^ H' 

* 

CHoCOOH NO; 
6+ ^ 

H 

R OCOCH3 

H hj02 

Type B alkenes underwent an addition to form a more stable 

carbonium ion. Equilibration between the acetic acid 

molecule coming from the reagent and acetic acid molecules 
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in the bulk solvent then occurred. The product then formed 

by collapse of the carboniura ion would be the staggered 

adduct rather than the eclipsed (syn) adduct. The 

carbonium ion formed from type B alkenes would have more 

time to undergo other reactions, for example elimination or 

polymerisation, which would account for the lower yield. 

The mechanism proposed does not however account for the 

observed anti addition to 1 -phenyIcyclohexene which is a 

type A alkene. 

R 

^ 6 ^ 5 

R 

R 

6+ 

CHgCOOH 

H 
NO, 

C H 3 C O 2 N O 2 H 

© CcH 

^ 6 ^ 5 

R OCOCH3 
R^ 

H NO2 

CH3COOH 

R 

R 
CH3COOH NO, 

j 6+ 

CcH 6 ^ 5 + 

R 

R 

r^H 
N 0 2 

C. With Dienes 

Acetyl nitrate was found to add to isoprene to give a 
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5 2 
mixture of 1,2 and 1,4 addition products 

NOo NO; 

C H 3 C 0 2 N 0 2 

'0C0CH3 OCOCH3 

+ 65%t 

C H 3 C O 2 

5 % 

The ratios of products were not changed substantially by 

different reaction temperatures ( - 2 0 to +30°C). Exclusive 

formation of the 1,4 adducts could be obtained however by 

heating the crude reaction mixture in acetic acid and 

sulphuric acid. This procedure was used In a short 

53 
synthesis of a vitamin A precursor 

iCHaCO^NO,^ ^ i f e 

a I H HgCO I I 
CH3C02H OCOCH3 OCOCH3 

The nitroacetoxylation of some other dienes is 

disclosed (briefly) in a U.S. Patent^^. Thus butadiene 

gave a mixture of 1,2 and 1,4 nitroacetates . 
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NO. 

C H 3 C O 2 N O 2 

N O : 

OCOCH3 OCOCH3 

Cyclic dienes, for example cyclopentadiene, gave only a 

1,4 adduct. 

NO. 

o C H 3 C 0 2 N 0 2 

C H 3 C O , 

D i m e t h y l octatriene gave a di-addition product 

OCOCH3 

C H 3 C O 2 N O ; 

OCOCH3 

Russian chemists found that norbornadiene reacted with 

acetyl nitrate to form a mixture of 
5 5 

products 
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ONO. 

26% 

D. Substituted ^ikenes 

The electron poor alkenes N -trinitroethylmethyl-acrylamide 

5 7 

and 1 -allyl-3,5-dinitrotriazole were found to form 

nitronitrates rather than nitroacetates on treatment with 

acetyl nitrate. 

ONOo 

HNO3 . 
C O N H C H ^ q N O g ) ] (CHaCOigO"' i ^ C O N H C H g C t N O ; ) ] 

N O 2 

6 6 % 

56 

02 'VN- C H 3 C O 2 N O 2 

NO. 

Nitroketones are conveniently prepared by the reaction 

44 



of enolacetates with acetyl nitrate^'^\ 

O C O C H 3 Q 

CH3CO2NO2 
I I 

An alternative procedure uses trifluoroacetyl nitrate 

formed by equilibration of ammonium nitrate with 

59 
trifluoroacetic anhydride 

NH^NOg + (CF2C0)20 ^ CF^COgNOg + CF^COgNH^ 

OCOCH3 
0 

C F 3 C O 2 N O 2 

V 
100% 

Trifluoroacetyl nitrate efficiently nitrates 

2 -alkylcyclohexylenolacetates which are cleaved by 

59 

treatment with acetyl nitrate . These two procedures are 

more convenient and higher yielding than the analogous 

addition of nitronium tetrafluoroborate to silyenolethers 

The starting materials are also considerably cheaper and 

easier to procure. 

Although many reactions of acetyl nitrate with 

alkenes are high yielding, the products are frequently just 
3 

as easily obtained via the nitroaldol reaction (see earlier). 

In the synthesis of cyclic nitroacetates where the 
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nitroaldol reaction would be difficult, nitroacetoxylation 

unfortunately gives mixtures of products. The preparation 

of unsaturated 1,4 -nitroacetates from nitroacetoxylation 

of 1,3 -dienes appears to be, potentially, the most 

useful reaction as these compounds would be extremely 

difficult to make by condensation. 

1-2,3 TlieReadiion of Dinitrogen Pentoxide with Alkenes and Dienes 

Dinitrogen pentoxide is the anhydride of nitric acid, it is 

a volatile crystalline solid. It is usually prepared by 

dehydration of nitric acid followed by distillation in a 

current of ozonised oxygen^^ 

HNOg + ^2^5 ^ ^2^5 * ^2^^3 

It may alternatively be prepared by oxidation of dinitrogen 

tetroxide by ozone^^. 

N_0. + Oq » N«0_ + 0-
2 4 3 2 5 2 

As with acetyl nitrate, simple alkenes react with 

dinitrogen pentoxide forming mixtures of products^^. The 

major products are nitronitrates formed by a Markownikov 

addition. 
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Tr ans-hut-2-ene - reacts to form the threo nitronitrate while 

cis-but-2-ene forms the erythro nitronitrate. Thus the 

addition is syn. 

O N O 2 

( ^ ^ 2 ^ 2 N O 2 

/ = \ ^ 
/ \ CH2CI2 * 

O N O z 

% 

NO, 

The reaction of dinitrogen pentoxide with trans 

stilbene gave a high yield of mainly tAreo adduct^^. 

ONO: 

•*' CgHgc 
• C g H g N 2 O 5 ^ ^ 

The reaction with cis stilbene was much slower. After a 

relatively long reaction time 9% of erythro nitronitrate 

plus partially isomerised starting m a t e r i a l and aromatic 

ring nitrated products were isolated. C y c l o h e x e n e reacted 

to form an extremely complex product m i x t u r e ^ ^ . Camphene 

also gave a mixture of products including products formed 

via rearrangement and oxidation^^. 
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N o O 2^5 

CHgCI; 
O N O ' 

N O 2 L_N(22 

O N O 2 1 0 % 

C O g H 

The formation of rearranged products suggests that the 

reaction proceeds via a carbonium ion. Dinitrogen 

pentoxide reacts with butadiene to form a mixture of 1,2 

and 1,4 nitronitrates^^ in a crude yield of 85%. 

N , 0 2'-'5 

CHgCI; 

O N O ) O N O . 

1-2,4 The Reaction of Nitric Acid with Alkenes and Dienes 

Nitric acid is a frequently used reagent for the nitration 

of aromatic compounds. Its: use for nitrating alkenes is, 

however, limited as many alkenes are not stable in this 

strongly acidic and oxidising medium. Of the alkenes that 

have been nitrated in nitric acid, there is an uncertainty 

as to the actual mechanism of nitration. The nitronium 

ion is not detectable in solutions of nitric acid of less 
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than 90% in water^^. Solutions of concentrations in the 

range 50 to 90% contain considerable amounts of oxides of 

nitrogen. It is thought that nitrations in nitric acid 

whose concentration is less than 90% occ#ur via a 

nitrosation by oxides of nitrogen then oxidation to give a 

nitro compound^^. Removal of the oxides of nitrogen by 

treatment of the nitric acid with urea and bubbling nitrogen 

through considerably retards the nitration^^. Solutions of 

of nitric acid whose concentration is greater than 90% are 

assumed to nitrate via the nitronium ion formed by self 

d i s a s s o c i a t i o n eg;-

Z H N O j ^ N O g * + N O g " + H g O 

Unfortunately many of the reports of nitration by nitric 

acid fail to accurately specify the concentration of nitric 

acid used and whether or not it contained oxides of nitrogen. 

Nitrations by nitric acid may also be carried out by 

mixing the nitric acid with another acid, for example 

hydrogen fluoride or sulphuric acid, or mixing with an 

organic solvent for example acetic acid or ether. 

A. Dilute Nitric Acid 

Unsaturated esters form nitro-substituted unsaturated 

esters on treatment with dilute nitric acid^^'^^. The 

mechanism of formation of these compounds is probably via 

nitrosation and oxidation. The double bond formed by 

elimination of the intermediate saturated nitro compound 

may be conjugated or non-conjugated with the nitro group. 
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.NOz 

r"' 

8 8 % H N 0 3 6 2 % 

C O g C H a 2 % N g O ] C O 2 C H 3 

C O 2 C H 3 g o ^ H N O i \ / C O 2 C H 3 

5394 

/ ^ N O z 

B.ConcenCraCed Citric /4c]W 

In 1949 a U.S. patent made claims for nitrating alkenes and 

dienes, with 90 - 100% nitric acid, forming nitro alkenes 

As examples the nitration of 2,4,4 -trimethylpent-l-&ne 

and butadiene were given. 

HNO3 

HNO3 

The boiling point cited for 1 -nitrobutadiene has since 

been shown to be wrong^^. The patent claims the process to 

work with a great variety of alkenes, however it is 

likely that it works only with alkenes that are stable in 

acid. 

Later work has shown that unsaturated esters react 

with concentrated nitric acid to form mixtures of products. 
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Methylbut-2-enoate gave a mixture showing little 

69 

regiochemical control . The nit r o a 1 kene and nitroalcohol 

are presumably formed via intermediate nitronitrates. 

NO 2 

3 3 % t 2(9<%, 

The methyl ester of methylpropenoic acid also gave a 

mixture an unsaturated nitroester and a nitronitrate 

were isolated. 

COnCHg 
99.6% HNO3 

ycH] * 

NO; 

NO 

The methyl ester of 3 -methylpropionic acid reacted with 

concentrated nitric acid to form a furazan^^'^. It was 

suggested that the furazan had formed via oxidative 

degradation of an intermediate nitronitrate: 

\ /CO2CH3 |_||̂ Q H3C02C\^^_^C02CH3 
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1,1,2,4,4 -Pentachlorobutadiene reacted with 60% nitric 

70 

acid to form 3 -nitro-1,1,2,4,4-pentachlorobutadiene 

However in 100% nitric acid oxidation of the product 

occurred and 2 -nitro 3,4,4 -trichlorobut-2-enoic acid was 
isolated 

71 

60%HNO^ CC()=CC|-C(NOJ-CCI, 

CCl2=CCI-CH=CCI 
6 3 % 

1 0 0 % H N 0 ^ CCl2=CCI-CH(N02)-C02H 

72% 

C. Nitric Ac id-Hydrogen Fluoride 

Acid stable halogenoalkenes are converted into 

halogenonitrofluorides by treatment with nitric acid and 

72 
hydrogen fluoride 

C H C I - C H 2 
HNO. 

HF 
CHCIF-CHgNOg 

59% 

Methylpropenoate gave a low yield of a nitroalcohol. The 

hydroxyl group is believed to arise from substitution of 

fluoride by water during work-up. When calcium chloride 

was used to remove excess hydrogen fluoride a nitrochloride 

was formed instead. 
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i HN03 
^ C O g C H g ^ 

ii CaCU 

COgCH 

C O 2 C H 3 

The reaction is thought to proceed via a nitronium ion 

mechanism. Nitric acid is more than 70% ionised when 

7 2 
dissolved in hydrogen fluoride 

HNOg + 2HF NO2* + HgO + HFg" 

It was also noted,as expected for an electrophilic 

mechanism, that the rate of reaction decreased on increasing 

the number of electronegative substituents, eg;-

CHCI=CH> CHF=CCl2>CFCI=CCl2%CF2=CF2 

A recent German patent claims that the addition of 

fluorosulphonic acid improves the reaction. Simple 

7 3 
alkenes may also be nitrofluorinated 
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HNOj.HF 

FSO3H 

D. Mj&ric in Organic SoiyenCf 

When styrene is nitrated in anisole a small amount of a 

product which incorporates anisole is isolated^^. This 

product arises from a Friedel-Crafts reaction between the 

the intermediate carbonium ion and the solvent anisole. 

C c H 61^5 

HNO-

C5H5OCH3 

OCH. 

Nitrostyrene, nitroanisole and m e t h o x y b e n z o p h e n o n e (a 

degradation product) are also formed. 1,1-Diaryl alkenes 

form nitroalcohols when heated in nitric acid and glacial 

acetic acid at 90°C^^ The same reagent has been used by 

76 
Stork and co-workers to nitrate a cyclic enol-ester 

HNO3 

C H 3 C O 2 H 

O o N 
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Nitric acid in ether has been used in ster@$d synthesis to 

nitrate cholesteryl acetate^^ and a steroidal dienolacetate^^. 

C H 3 C O 2 

HNO-

(CgHgjgO C H 3 C O 2 

C H 3 C O 2 

/y 

HNO. 

o°c 

The conclusion that can be drawn from this survey is 

that nitric acid's use in the nitration of alkenes is 

limited by the instability of many alkenes and products in 

this medium. However when high yields of products are 

obtained, eg. unsaturated nitro compounds, nitrofluorides 

and nitroalcohols, then its cheapness and readily 

availability make the use of nitric acid attractive. 

1-2,5 The Reaction of Tetranitromethane with Alkenes and Dienes 

Tetranitromethane is capable of dissociation into the 

79 
nitronium ion and the trinitromethane anion 

CCNO^)^ - CCNOg)] + NOg' 

Dissociation by homolytic fission forming nitrogen dioxide 
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8 0 

and the trinitroraethane radical is also possible but most 

reactions of tetranitromethane are ionic. There is some 

evidence that the first step in the reaction of 

tetranitromethane is formation of a TT-complex which is 

coloured^^. 

NO; 

W N i ! i / . 

The actual reaction products isolated depend upon the alkene 

and the conditions. The trinitroraethane anion has its 

charge delocalised, eg:-

NOj N 

O j N - ^ ^ N O ; 
etc. 

Thus, alkylation of the TT-complex by the anion can occur 

at oxygen or carbon giving rise to different products. 

Simple alkenes, when in excess, have been found to react 

with tetranitromethane in ether to give heterocyclic 

O 1 
products 
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N O ' 

C H g ^ C H g 
C(N02)4 r - ^ N O z 

The dinitroisoxazolidinine product is formed via an 

0 -alkylation followed by a 1,3 -dipolar addition onto a 

second alkene molecule. 

R 

C(N02)/, O g N ^ O g N x ^ N O ; 

NO. 
O j N - l 

O j N 
R 

Under presumably different, but unstated, conditions 

1 -methylcyclohexene gave a product formed via a 

A? 
C -alkylation 
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ClNOglz, 

O 2 N N O g 

70% 2% 

Tetranitromethane reacts with some phenyl substituted 

alkenes giving dinitroisoxazol^&nines, for example with 

83 
2-phenylpropene , but with others, for example 

1 -(4 methoxyphenyl) propene to give nitroU%nitromethyl 

J . 84 
products 

C p H C c H 6'^5 

N O 2 

C g H g 

H3CO 

C(NOo) 2% 

C(NO,)-

80% 

Some alkenes gave mixtures, an increase in the polarity of 

the solvent allowed more of the C -alkylation product to 

be isolated. Reaction in nitromethane gave most 

85 

nitrotrinitromethyl product and heptane the least . Bulky 

alkenes gave only nitroalcohols or nitroalkenes^^. 
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^ 6 ^ 5 

^ 6 ^ 5 

CINOgj^ ^ 6 ^ 5 

V 
C g H / ^ O H 

NO: 

(^6^5 

^ 6 ^ 5 

CfNOgl^ 

C c H 6 ^ 5 

^ 6 ^ 5 v r 0: 
^ 6 ^ 5 ^ 6 ^ 5 

Butadiene and 

, 8 7 , 8 8 
The product isolated from reaction with 

87 

pentadiene both gave heterocyclic 

^ 7 «G 

products 

butadiene was formed via a 1,4 addition^'. The product 

isolated from the addition to pentadiene was formed 

via a 1,2 addition onto the least substituted double bond' 

NO, 
CINOgl^ VnO; 

I I " 0 ' ' % . 

CINO;)^ 

N 0 2 

- V N 0 2 

O ' ^ O x ^ ^ f g O -

r 
55% 

2 - M e t h y l - h e x a - 2 , 4 - d i e n e formed a nitronitronic ester via a 

1 , 4 addition. Steric hind^rence prevented formation of a 

cyclic product^^. 
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C(NO 
2 % 

,e 
0 

0-N=C(N02)2 

Corey and Estreicher have used tetranitromethane in 

dimethylsulphoxide to convert vinylstannanes into 

89 
nitroalkenes 

c(NO?) 2 % 

(CHglgSO 
87% 

1-2,6 The Reaction of Nitryl Fluoride with Alkenes. 

Despite the fact that nitryl fluoride readily nitrates 

aromatic compounds and would be expected to also form 

adducts with alkenes, few examples of its reactions with 

alkenes have been reported. Alkyl -perf1uoroviny1 ethers 

90 
react with nitryl fluoride to form nitrofluoro adducts 

N O o F 
(CFal^CzCFIOCzHgl ^ • (CFaljCiNOjjCFjfOCjHs) 

30% 

60 



1-2,7 The Reaction of Nitryl Chloride and Dinitrogen 

Tetroxide - Chlorine with Alkenes and Dienes 

Nitryl chloride, a condensable gas, is prepared by the 

reaction of nitric acid with chlorosulphonic acid 
• ^91 

HNOg + CISO H NGUCl + H_SO, 
z z 4 

9 2 
Both nitryl chloride and mixtures of dinitrogen 

93 

tetroxide and chloride react with alkenes to give 

nitrochlorides. Bichlorides are formed as by-products eg; 

NOgCI 
— 

(C2Hg}20 U.O iCC NO J 
26% 19% 3% 

These reactions occur in ether or chloroform solution. If 

the reaction is carried out in more polar and nucleophilic 

solvents: for example acetonitrile, acetic anhydride or 

methanol, adducts arising from attack of positive chlorine 

, 9 4 
are formed 

CH3OH 

+ NOgCI 
C H o C N 

NHCOCH 

(CHgCOIgO 
OCOCH3 
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An electrophilic nitration was thought to occur in the 

reaction of nitryl chloride with an electron-rich vinyl 

95 

acetate . Unusually, in this case dinitrogen tetroxide 

and chlorine gave a different product. Nitryl chloride 

gives, after hydrolysis, a nitroketone^ while dinitrogen 

tetroxide-chlorine gives a chloroketone . 

0 
U 

36% 
NO-

iiUgO CI 

Butadiene, on treatment with nitrylchloride, gave a 

mixture of 1,2 and 1,4 nitrochiorides together with small 

92a 
amounts of dinitrodichloro adducts , . 

(;J02 

CI CI 

However later work claimed that the major product of nitryl 

chloride addition to butadiene and other dienes were 

unsaturated 1,4 -nitrochlorides in which the double bond 

had gone into conjugation with the nitro group^^. 
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NO.CI 
NO, 

CI 

Anthracene reacted with nitryl chloride to form a 

97 
9 -nitro-10-chloro adduct 

NOgCI 

CCI^ 

0°C 

Many of the reactions of nitryl chloride and 

dinitrogen tetroxide -chlorine are high yielding and give 

useful products. However the more reactive and hence more 

useful nitroiodides are far more conveniently prepared by 

use of nitryl iodide or dinitrogen tetroxide and iodine. 

1-2,8 The Reaction of Nitryl Iodide and Dinitrogen 

Tetroxide - Iodine with Alkenes and Dienes 

Nitryl iodide is prepared in situ from silver nitrite and 

. 98 
iodine 

AgNOg + Ig Agl + NOUl 

Both nitryl iodide^^ and mixtures of dinitrogen tetroxide 

and iodine^^ react with alkenes to form nitroiodides. 
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High yields are formed even with simple alkenes (cf 

dinitrogen pentoxide and acetyl nitrate), eg:-

NO, 

{^2^5)20 
62% 

Very little dihalo compound is formed (cf. nitryl chloride). 

Small amounts of iodonitrites, formed when using dinitrogen 

tetroxide - iodine, can be avoided by slow addition 

of dinitrogen tetroxide to a solution containing the alkene 

and iodine. No attack of the aryl moiety of styrenes ig 

observed. The adducts readily eliminate giving 

100 
nitro-styrenes 

NOgl 

ij (C2Hg)2N 

76% 

The synthetic utility of the reaction is enhanced by the 

ease of nucleophilic substitution of the iodine atom. 

N2Q4A2 , 

(^2^5)20 

N O 2 i N H ^ Q 

ifCHoCOlnO 

NO, 

NHCOCH. 

Conjugated dienes react with dinitrogen 

tetroxide - iodine in ether to form mixtures of 1,2 and 1,4 

nitroiodides in high yield^^'^^^. The adducts were not 

separated but eliminated by treatment with lead acetate in 
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acetic acid giving nitrodienes in low yield^*^^ 

, N2QJI2 I FtXOCCXZH]);, 

^ C H 3 C O 2 H 
4 

r 
The reactions with isoprene and 1,3 pentadiene were not 

regioselective as two nitrodienes were isolated in each 

case . 

X/\/hj()2+ 

minor major 

1•2 , 9 The Reaction of Dinitrogen Tetroxide with Alkenes and Polyenes 

This reaction received much attention 20 - 40 years ago. 

The major products, in the absence of oxygen, were found to 

be nitronitrites and dinitro compounds formed by a free 

1 n 9 
radical addition 
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N,Q 
t-'i 

In the presence of even small amounts of oxygen horrendous 

mixtures arising from oxidation were often obtained. The 

original reactions were carried out in solvents like ether 

which form complexes with dinitrogen tetroxide modifying 

103 

its reactivity. Later workers using alkane solvents , 

which are non complexing, found the reactions were cleaner 

forming higher yields of nitronitrites and dinitrocompounds. 

Heterolytic addition was found to be favoured by the use of 

polar solvents. Thus several alkenes reacted with 

dinitrogen tetroxide in dimethyl sulphoxide to give products 

derived from an initially formed nitroso - nitrate^^^. The 

nitroso - nitrate could actually be observed in the low 

temperature reaction of 2,3 -dimethylbut-2-ene with 

dinitrogen tetroxide in deuterochloroform^^^. 

M C D C I 3 ' H 

- 2 ( f C ONO2 

Some alkenes gave unexpected products when reacted 

with dinitrogen tetroxide in ether. Indene gave a cis 

n i t r o a l c o h o l ^ , the trans product would be expected for a 
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2 -step radical addition. Other reagents normally 

thought of as electrophiles, such as bromine, also give cis 

products. 

N 2 O 4 

(c 21-15)20 
N O 2 2 3 % 

This result led the authors to speculate whether a 

TT-complex between indene and dinitrogen tetroxide formed 

first. The "n-complex would collapse forming an intimate 

ion pair which could add to the indene molecule. 

' ; L ^ N 0 2 
product 

ONO 

A similar mechanism was proposed to account for the 

formation of a cis 1,4 -dinitro adduct from the addition of 

dinitrogen tetroxide to 6,6 -diphenylf ulvene^*^^. 

^ 6 ^ 5 N2O4 

C g H g (C2H5)20 
^ 6 ^ 5 

52% 

1 , 4 Diphenylbutadiene reacted with dinitrogen 

tetroxide to give the 1,4 dinitro adduct which on 
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elimination with aqueous ammonia gave 

1 -ni t r o-1 , 4-di pheny 1 butadiene ̂ . 

C e H s 
N j O , 

C 5 H 5 

C c H 

NO, 

C s H g 

The additfion of dinitrogen tetroxide to cyclooctatetraene 

gave a mixture of products but only 

5,8 -dinitro-l,3,6-cyclooctatriene could be isolated 
106 

N A 

In a large excess of oxygen dinitrogen tetroxide was 

108 
found to add to alkenes forming nitroperoxynitrates 

The adduct formed by addition onto 2 -methylpropene could 

1 OR 

be isolated but the adducts usually decomposed on 

warming. Treatment of the adducts with dimethylformamide 

gave high yields of nitroketones. 
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CcH 6^13 

OONO: 

^ 6 3 

( C HglgSO 

0 

A / N O : 

14^0 96^0 

Dienes reacted with dinitrogen tetroxide in a lar^e 

excess of oxygen forming mixtures of 1,2 and 1,4 

forming 

On warming these adducts decomposed 

109 

N2OJO2. 
-io°C 

25°C 

CHgCI; 
OONO. 

NO: 

OONO. 

ONO, 
+ 6594 

N O 2 

ONO. 
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1*2,10 The Reaction of Mercuric Nitrite with Alkenes. 

This reagent is formed in situ by adding sodium nitrite to 

a solution of mercuric chloride in aqueous acid. 

Solutions of mercuric nitrite react with alkenes to form 

trans nitrome^urials^^^. 

HgCl;, HCI 

N a N O g ' 

H,0 

[ J 100T4 

The reaction proceeds via an electrophilic addition of the 

mercury salt followed by interception of the carbonium ion 

by 

gives good yields of nitroalkenes 

Elimination of mercury by treatment with base 

111 

^ NaOH 
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1"3 Initial Objectives 

These were: 

( i) To develop a method of electrochemically generating solutions 

of nitronium salts and dinitrogen pentoxide in organic solvents. 

( ii) To compare the reactions of the electrochemically generated 

nitration reagents with those of conventional nitration reagents, 

(iii) lo investigate the nitration of alkenes and dienes us^ng 

chemical and electrochemical nitration reagents. 
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Chapter 2 

The Electrogeneration of Nitronium Salts and 

Dinitrogen Pentoxide in Organic Solvents 

and Their Reactions 



2-1 Introduction and Background 

The study of electrochemically generated reagents and of mediated 

electrochemical reactions are presently the most active areas of 

research in organic electrochemistry. In recent years the subject 

119 11o 11/ 

has featured prominently in three reviews ' ' , an article in 

Chemical and Engineering News^^^ and a NATO advanced research 

workshop report^^^. 

It is possible to distinguish two main approaches:-

( i) The development of mediated or redox-catalysed reactions. 

Here the electrode serves to generate and then regenerate an active 

oxidant or reductant which performs the reaction. 

(ii) The generation of inaccessible, esoteric or expensive reagents 

by electrolysis. The amount of reagent may be stoichiometric or 

catalytic. The rationale behind the contuwiqgiz&erest in 

electrochemically generated reagents is to discover new reactions and 

selective transformations and also to reduce the cost and disposal 

problems associated with the use of stoichbmetric amounts of 

expensive and toxic reagents on a large scale. 

2*1.1 Mediated or Redox Catalysed Reactions 

Mediators may be used in both oxidations and reductions. The principle 

of operation is common to both but is described here for an oxidation. 

The cell is charged with a substrate and a catalytic amount of mediator 

in a reduced state (M j). Anodic oxidation of the mediator generates 

the mediator in the oxidised state (M^^). then reacts with the 

substrate giving the product and regenerating M^^^* 
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M o x - - S U B S T R A T E 

m r e d p r o d u c t 

The reaction of with the substrate may also take place in a 

separate chemical reactor. An example of this is the regeneration of 

'spent' chromic acid used in the oxidation of anthracene to 

117 

anthraquinone by dyestuffs manufacturers 

3 6 ® 

anode 

0 
There are many other examples of what are essentially standard metal 

ion oxidation and reductions carried out using just a catalytic 

amount of the metal ion and a current source (see reference 112). An 

example of an oxidation is the formation of 1,2 diols from alkenes by 

118 

the use of osmium tetroxide . Because of its cost and toxicity 

osmium tetroxide is rarely used in stoichiometric amounts, instead 

hydrogen peroxide is used to regenerate catalytic amounts of the 

oxidant. An anode may be used instead of hydrogen peroxide allowing 

diol formation in molecules that are attacked by hydrogen 

perox ide . 

HO OH 
\ / anode \ l 1/ 

" 5 i a ^ 
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Electrochemical reduction of acetylene, which is normally unaffected by 

electrolysis, may be accomplished using a chromium (II) mediator^^^. 

HCECH + Cr 
I HnO 

C i ^ + C H 2 = C H 2 

cathode 

Organic mediators have also been developed. Oxidations of 

120 121 

alcohols giving ketones and amines giving aldehydes and nitriles 

have been carried out using the stable free radical TEMPO. The active 

oxidant is the cation generated by a one-electron oxidation of TEMPO. 

TEMPO 

^ H g O H 

RCHO 

R C H g N H ; R C H g N H ; 

H g O 

RCHO 

Another recently developed organic mediator is tris 

(2,4-dibromophenyl) amine. The triarylamine is oxidised to the 

triarylamminium ion which is the active oxidant. A similar 

triarylamminium salt: tris (4-bromophenyl) amminium 

hexachloroantimonate is commercially available but it is moisture 

sensitive and extremely expensive. Several selective oxidations are 

possible using this reagent; 

(i) Substituted toluenes are oxidised in methanolic solution to 

122 
methyl benzoates 
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©« 

+1'74V 
CH3OH 

C O g C H ] 

71% 

Direct electrochemical oxidation occurfs at a higher potential and 

122 
only leads to dimet^hylacetal formation 

H g C O ^ O C H ^ 

+2'09V 

CH3OH 
66% 

(ii ) The reagent may be used to cleave l,3-dithi&*ts used to 

123 
protect ketones 

SH 

R 
A r i N 

anode 
H g O 

0 

(iii) Of-Hydroxydiphenyl thioacetals undergo an oxidative rearrangement 
122 

R 

R 

OH 

CHO 

OH 
C g H s S H 

R'/ \ C 6 H 5 

A r ^ N 

anode 

0 
R A r o N 

0 

^ 1 anode 
OH 

R 
R 

S C g H s 
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2-1,2 Electrochemically Generated Reagents 

Most of the reactions described in this section use stoichiometric 

amounts of reagent. Some reactions however use only catalytic amounts 

of reagent. These reactions could have been described under the 

heading of mediated reactions but are mentioned in this section so as 

to keep similar reagents together. A brief element by element survey 

follows. 

Solutions of halogen can conveniently be prepared by anodic 

oxidation of halide salts. Coelectrolysis of propylene with aqueous 

sodium bromide gives excellent yields of b r o m o h y d r i n T h i s method 

has an advantage over the chemical method (ie HOBr) in that the bromide 

ion by-product is recycled. 

OH 
HoO © I D _ 

+ Br2 ^ Br + 

t I 
anode 

If the electrolysis is carried out in a one-compartment cell; the 

bromohydrin reacts with the hydroxide ion produced by the cathode 

reaction forming propylene oxide and regenerating more bromide^^^, thus 

the reaction is catalytic in bromide. 

2H2O + 2e *» + 20H" 

OH 0 
'Br * Qj_P — + H2O + Br 

Coelectrolysis of halide salts and alkenes in acetonitrile gives 

vicinal halogenoacetamides^^'^^^. 
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(C2Hg)^N % 

anode 

CHoCN 
H z O 

a' NHCOCH. 
The chemical equivalent of this reaction requires the use of the free 

127 
halogen and a molar equivalent of silver perchlorate to 'mop-up' 

halide ions and prevent formation of dihalogeno adducts. 

Electrogenerated hypobromous acid may be used in a two-phase system to 

128 

oxidise alcohols . The system consists of an aqueous solution of 

sodium bromide and an alcohol dissolved in amyl acetate. 

Tetrakd^^&nmonium hydrogensulphate is used as the phase-transfer 

catalyst. Bromine is liberated at the anode which reacts with water to 

form hypobrcmous acid. The hypobromate ion is transferred into the 

organic phase as the tetrabutylammonium salt where it oxidises the 

alcohol. 
N a B r - H 2 0 

anode _ _ _ 
CgHcCHoOH C5H5CHO 

amyl acetate 

Oxygen undergoes a one electron reduction in aprotic solvents to form 

129 
the superoxide ion 

C)2 + (C^,Hg)4N » (Dg 

cathode 

130 
The electrogenerated superoxide ion may be used as an oxidant eg; 

0: 

C5H5N 
cathode 
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or as a base; deprotonating nitrocompounds which are oxidised by 

131 
oxygen thus forming ketones 

/ — \ 
0 . ,0 0: 

NO-
( C H g l g N C H O 

0^ ,0 

71% 

The superoxide is generated in the form of quaternary ammonium salts 

which have high solubilities in organic solvents contrasting with the 

low solubilitKS of alkali-metal superoxides. 'The^high solubilities 

makes electrogenerated quaternary ammonium superoxide salts attractive 

132 132 
for synthetic studies and lipid autoxidation studies 

Anodic oxidation of the azide anion gives azide radicals. These 

add to alkenes giving mainly mixtures of monomeric and dimeric 

113 
diazides 

N 
© anode 

N]' + e 
e 

CcH 6 ^ 5 

N o N ' 

N. 

anode 
C H 3 C O 2 H 

^ 6 ^ 5 

N, 

^ 6 ^ 5 

CcH 6^5 

The yields of both products are variable: the dimer is usually the 

major product and is formed in upto 80% yield whilst the monomer is 

formed in upto 30% yield. 

Reduction of azobenzene yields a strongly basic dianion 
134 
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cathode _ @ 0 

+2e^ 
C g H s - N z N - C g H s ^ C g H s - N - N - C g H s 

The anion is capable of deprotonating phosphonium salts forming an ylid 

which can react with carbonyl compounds in an electrochemical Wittig 

134 
reaction 

I C e H s l j P C H j C g H s ( C . H J j N , CgHg-
— b 5 ' ' . . . 9 8 % 

C g H g C H O / = \ 2 

L'CI C . H / ^CcHC 

A catalytic amount of electrogenerated base is able to promote the 

Michael addition of nitroethane to unsaturated carbonyl compounds. In 

the presence of oxygen the intermediate nitronate anion is oxidised to 

131 
a 1,4-dicarbonyl compound 

+ 

C 2 H 5 N O 2 cathode 

O 2 6 0 % t 

COgCH 3 

Thus catalytic amounts of electrogenerated bases may be used to replace 

conventional strong bases avoiding the cost and hazards associated with 

strong bases 

Hydrogenation of many organic compounds may be accomplished 

without the use of a hydrogen cylinder by the electrochemical reduction 

135 

of aqueous acids . The electrolyses are carried out at a low 

potential in the presence of a substrate using a catalytically active 
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metal(eg. platinum or nickel) as the cathode. 

Reduction of aqueous zinc chloride at a cathode results in 

136 

finely-divided, oxide-free zinc which is an active reductant . This 

method of zinc preparation obviates the need to acid-wash commercial 

zinc powder in order to obtain an active reductant. Electrochemically 

prepared zinc has been used to reduce aromatic nitro compounds giving 
1% 

high yields of anilines 

^(^2 Z n C y H g O 

cathode 96% 

It was recognised that the anodic oxidation of dinitrogen 

tetroxide would conveniently provide solutions of nitronium salts and 

dinitrogen pentoxide at low cost. The conventional preparation of 

nitronium salts requires anhydrous hydrogen fluoride and fluorinated 

Lewis acids. Hence specialised techniques and equipment must be used. 

Some nitronium salts are commercially available but are prohibitively 

expensive for large-scale usage. Conventional preparations of 

dinitrogen pentoxide are unpleasant and time-consuming and as the 

compound is unstable it must be used immediately or stored at very low 

temperature. Thus it was decided that a cheap and convenient 

electrochemical preparation of nitronium salts and dinitrogen pentoxide 

was necessary to further .the study and use of these reagents in organic 

synthesis. 

2'1,3 Chemical Preparation of Nitronium Salts and Dinitrogen Pentoxide. 

Fluorine containing nitronium salts may be prepared on a multi-gram 

scale by the reaction of nitric acid with a fluoro-Lewis acid and 

hydrogen fluoride in nitromethane or dichloromethane^^ 

eg. nitronium tetrafluoroborate. 
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HNOg + BFg + HF » NOgBF^ + BF3'H20 

The nitronium salt is recovered by filtration and after washing and 

drying may be stored under anhydrous conditions at room temperature. 

The salt thus obtained is contaminated with the nitrosonium salt 

ie, here nitrosonium tetrafluoroborate,however a purer product may be 

137 

obtained by substituting methyl nitrate for nitric acid . Tlie n%iin 

disadvantage of these methods is the use of highly toxic, corrosive 

and volatile hydrogen fluoride and fluoro-Lewis acids which require 

specialised equipment and techniques. Other preparations of nitronium 

salts require esoteric and no less unpleasant reagents such as nitryl 
18 

fluoride and bromine trifluoride . 

Dinitrogen pentoxide is unique; as well as being formally 

nitronium nitrate it is also the anhydride of nitric acid. Unlike the 

other nitronium salts it is volatile at room temperature and pressure. 

A multi-gram procedure for the preparation of dinitrogen pentoxide by 
#%138 

the dehydration of nitric acid with phosphorus pentoxide is available ' 

2HNO2 + PgOg "» + HgPOg 

The dinitrogen pentoxide is purified by sublimation in a stream of 

ozonised oxygen but is frequently still contaminated with nitric acid. 

An alternative preparation involves the oxidation of dinitrogen 

tetroxide^^. Ozonised oxygen is passed over chilled liquid dinitrogen 

tetroxide, the product sublimes and is collected in traps held at low 

temperature. As dinitrogen pentoxide is unstable it must be used 

immediately or stored at dry-ice temperatures. 

The preparation of nitronium salts and dinitrogen pentoxide by 

electroylsis of dinitrogen tetroxide in the presence of a suitable 

anion would have several advantages:-

(i) The avoidance of hydrogen fluoride, fluoro Lewis acids and nitric 
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acid. 

(ii ) The use of cheap and readily available dinitrogen tetroxide. 

(iii) Flexibility, by use of different electrolyte anions a number of 

different salts could be obtained. 

(iv) Preparation of the salts in convenient solution form for use 

when required. 

2-2 Results and Discussion. 

The objective of the work described in this chapter was the generation 

of nitronium salts in organic solvents by the anodic oxidation of 

dinitrogen tetroxide. These solutions would then be used to nitrate 

organic compounds. At the outset a number of problems were identified 

which had to be solved for successful electrolyses:-

(i ) Choice of a suitable solvent. 

(ii ) Choice of electrolyte and hence the counter-ion for the nitronium 

salt. 

(iii) Design of electrolysis cell and electrodes. 

(iv ) Assay of solutions for the nitronium ion. 

2-2,1 Choice of Solvents. 

The solvents chosen for study had to be able to dissolve nitronium 

salts and to be suitable for electrochemistry ie. capable of forming 

conducting solutions and resistant to oxidation. Only a few solvents 

have been found suitable for use with nitronium salts and dinitrogen 

pentoxide; acetonitrile, sulpholane, nitromethane, dichloromethane 

ethyl acetate and sulphur dioxide have all been used. Protic solvents, 

84 



ethers and aromatic hydrocarbons are all unsuitable as they react with 

nitrating agents. Of the solvents suitable for use with nitronium 

salts only acetonitrile, sulpholane, nitromethane and dichlororaethane 

112 139 

are commonly used for electrochemistry ' so the study was limited 

to these solvents. 

2-2,2 Choice of Electrolyte. 

Electrolyte is added to electrolysis solutions to enable the solutions 

to conduct electricity. In these experiments the electrolyte also 

provides the counter-ion for the anodically generated nitronium ion. 

The chosen electrolytes must-

(i ) Dissolve in the solvent forming a conducting solution. 

(ii ) Be more difficult to oxidise than dinitrogen tetroxide. 

(iii) Give a soluble nitronium salt. 

Suitable electrolytes for oxidations include alkali metal or 

tetraalkylammonium perchlorates, tetrafluoroborates, nitrates and 

112 

hexafluorophosphates . As nitronium perchlorate is known to be 

dangerously explosive perchlorate salts were not used. 

In acetonitrile, tetrabutylammonium tetrafluoroborate and lithium 

tetrafluoroborate were used. Both of these salts are readily available 

and soluble in acetonitrile forming conducting solutions. The nitronium 

tetrafluoroborate produced by the oxidation of dinitrogen tetroxide in 

acetonitrile containing either of these salts is also highly soluble^'^^. 

Lithium tetrafluoroborate was preferred as it was found to be easy to 

remove from reaction mixtures by washing with water. As 

tetrabutylammonium tetrafluoroborate is insoluble in water it was found 

to be much more difficult to remove. Lithium hexafluorophosphate was 

used as the electrolyte in nitromethane. Both lithium and nitronium 

hexafluorophosphates are readily soluble in nitromethane whereas the 
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corresponding tetrafluoroborate salts are less so^'^^. 

Tetrabutylammonium salts had to be used in dichloromethane as lithium 

salts are insoluble. Tetrabutylammonium tetrafluoroborate and 

hexafluorophosphate were found to be unsatisfactory on their own as 

the corresponding nitronium salts are insoluble in dichloromethane. 

Instead these electrolytes were used in combination with 

tetrabutylammonium nitrate or tetrabutylammonium trifluoroacetate as 

the corresponding nitronium compounds (dinitrogen pentoxide and 

trifluoroacetyl nitrate respectively) are soluble in dichloromethane. 

2-2,3 Cell Design. 

The chosen cells were two-compar5emt, H-shaped models constructed out of 

borosilicate glass (see fig.2-1). This particular design offered:-

(i ) Rapid electrolysis by having a reasonably large electrode surface area, 

(ii ) Easy cooling by placing in an ice-water bath. 

(iii) Robustness and simple construction. 

Charging of the cell and removal of samples was by way of syringes 

fitted with needles and inserted through rubber septa. A blanket of dry 

nitrogen was also provided by way of needles inserted through the septa. 

The two compartments of the cell were separated by a sintered glass 

frit which allowed passage of current but prevented mixing of the 

catholyte and anolyte. Two sizes of cell were used; one with 12/15 ml 

compartments fitted with electrodes of area 3 cm' and the other with a 

compartment volume of 50 ml fitted with electrodes having an area of 6 cm'. 

The electrodes were usually platinum gauze although zinc was 

occasionally used for the cathode. The cells used for the cyclic 

voltammetry were of a conventional design (see figs 2-2 and 2*3). 
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2-2,4 Assay. 

In order to use the electrolysed solutions for preparative chemistry 

it was essential that the concentration of nitronium salt could be 

determined. The methods used for the.determine ion of dinitrogen 

pentoxide in nitric acid (ie. % nmr, Raman Spectroscopy and 

titrimetry) used in previous studies^^were not considered sensitive 

or convenient enough. Instead, a method based upon the nitration of 

benzene^'^^ was developed, ie:-

NO-BF, + "» C.HrNO- + inW? 2-1 

2 4 6 6 6 5 2 4 

The assays were performed by adding a known volume (0*2 - 0-5 ml) of 

anolyte to a solution of benzene (1-0 M) in acetonitrile (0'5 - I'Or^J. 

Acetonitrile was used as the reaction solvent as dinitrogen tetroxide 

and nitric acid (possible contaminants) were found not to nitrate 

benzene in this medium^^\. Nitration of benzene by nitric acid and 

dinitrogen tetroxide was found to occur albeit slowly in other solvents 

especially in nitromethane. The amount of nitrobenzene formed after a 

reaction time of approximately one hour was estimated by g.l.c. using 

a carbowax 20M column at a temperature of 130°C. The area under the 

peak on the g.l.c. trace due to nitrobenzene was compared to the areas 

produced by injection of solutions of nitrobenzene of known 

concentration. The amount of nitronium salt in the anolyte samples 

was calculated on the basis of; 1 mole of nitrobenzene = 1 mole of 

nitronium ion. 

This method of assay is subject to volumetric errors arising from 

the small volumes and the low accuracy of the graduated syringes used. 

However the accuracy of the measured concentrations, when checked 

against a solution of nitronium tetrafluoroborate of known concentration 

(see Experimental), was found to be satisfactory. A small amount of 

nitrobenzene was produced when solutions of dinitrogen tetroxide in 
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nitromethane were added to benzene in acetonitrile. Therefore when 

analysing the concentrations of nitroniura hexafluorophosphate in 

nitromethane, the amount of nitrobenzene produced by the anolyte before 

electrolysis was subtracted from the amount of nitrobenzene produced by 

the anolyte after electrolysis (see experimental). 

2-2,5 Preparation and Reactions of Nitronium Tetrafluoroborate in 

Acetonitrile. 

Acetonitrile was chosen for the first attempts as earlier work had 

succeeded in generating nitronium salts in this solvent^. In this 

earlier work nitronium hexafluorophosphate had been prepared by 

oxidation of dinitrogen tetroxide in the presence of tetrabutylammontan 

hexafluorophosphate. The solutions produced had been used to nitrate 

toluene and nitro^^hthalene but the yields of nitronium salt had not 

been determined nor had the nitration products been isolated. 

A. Voltawmetry. 

The oxidation potential of dinitrogen tetroxide in acetonitrile has 

been reported to be 1'82V versus silver-silver nitrate'^'^. This value 

was confirmed by recording the cyclic voltammogram of dinitrogen 

tetroxide (5 mM) in acetonitrile containing tetrabutylammonium 

tetrafluoroborate (0*1 M) (see fig. 2-4). Irreversible waves of 

El 0'9V and 1*8V were observed. The wave at 0'9V is probably due to a 
2 

hydrolysis product of dinitrogen tetroxide. Addition^ of water to the 

electrolyte solutions caused an increase in the height of the wave at 

0'9V and caused to wave at 1'8V to disappear. 

89 



Figure 2-4 
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B. Preparative ElectrolYses. 

Initial experiments were carried out by electrolysing solutions of 

dinitrogen tetroxide (0*1 - 0-2 M) and tetrabutylammonium 

tetrafluoroborate (0-1 - 0-2 M) in acetonitrile at a constant potential 

of 2-0 to 2'5V. Controlled potential electrolysis is usually the most 

efficient method as oxidation Of solvent and electrolyte are minimised. 

However in this case controlled potential electrolyses were unsatisfactory 

as the cell current dropped sharply from a high initial value of about 

a hundred milliamps to a few milliamps after a very short time. Thus 

electrolysis times were very long and inconvenient. Assay showed that 

initial yields of nitronium tetrafluoroborate were good however, b% the 

end of the electrolyses the final yields were poor. It is likely that 

the nitronium ions formed were being consumed by migration into the 

catholyte or by hydrolysis caused by slow ingress of water into the cell. 

Constant current electrolyses, in contrast to constant potential 

electrolyses, gave very high yields of nitronium tetrafluoroborate. 

A quick reproducible procedure for the generation of gram quantities of 

the nitronium salt was rapidly established. In a typical experiment, 

anodic oxidation of dinitrogen tetroxide (0*25 M) in acetonitrile 

containing tetrabutylammonium tetrafluoroborate or (preferably) lithium 

tetrafluoroborate (0-25 M) afforded solutions of nitronium 

tetrafluoroborate (0*22 M, 80% current efficiency). The electrolyses 

were carried out at current densities of 30 - 50 mA/cm^ and to 90% 

completion (ie. 0'9F/ mole based upon amount of electrolyte). To 

prevent the dinitrogen tetroxide from boiling off the cells were kept 

cool in an ice-water bath. At the cathode decomposition of the 

electrolyte and solvent occurred; some lithium was also deposited when 

lithium tetrafluoroborate was used as electrolyte. The decomposition 

could be reduced by the addition of dinitrogen tetroxide to the 
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catholyte whereupon the cathode reaction became the reduction of 

dinitrogen tetroxide. 

+ 2e ^ 2NO2 2"2 

Alternatively a mercury pool cathode could be used resulting in the 

formation of a quaternary ammonium or lithium amalgam. It is not 

clear why the constant current electrolyses were more efficient than 

the constant potential electrolyses. The opposite is usually found; 

constant potential electrolyses are usually more selective causing less 

solvent and electrolyte decomposition and hence giving greater efficiency. 

It is possible that in this case constant potential electrolyses are 

being by electrode fouling arising from an impurity and that 

the more forceful constant current method is able to overcome this. 

The electrolysed solutions were withdrawn from the cell by 

syringe or pipette and placed in a dry round-bottomed flask fitted with 

a rubber septum. The overall yields of nitronium salt were calculated 

using samples taken from the solutions that had been placed in the flask. 

Excess dinitrogen tetroxide could be removed by bubbling nitrogen 

through the solutions though this was found unnecessary for most 

purposes. The product could be isolated from the anolyte by the 
f 

addition of an equal volume of dichloromethane, which caused the 

nitronium tetrafluoroborate (but not the electrolyte) to precipitate, 

followed by filtration. 

C. Reactions of Electrochemically Generated Nitronium 

Tetrafluoroborate. 

In order to compare the reactions of electrochemically generated 

nitronium tetrafluoroborate with the chemically prepared salt a number 

of experiments were undertaken. The electrolysed solutions were 

reacted with aromatic compounds, silylenolethers and alkenes all of 
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which had previously been nitrated with nitronium tetrafluoroborate 

either by other workers or as part of this study. 

The aromatic compounds chosen had previously been nitrated in 

sulpholane solution by Olah et a J T h u s benzene gave nitrobenzene(1) 

in 93% yield and 2-cyanotoluene gave 2-cyano-4-nitrotoluene(2) in 90% 

yield. The reactions of benzene and 2-cyanotoluene with 

electrogenerated nitronium tetrafluoroborate were accomplished by adding 

a slight excess of the arene to the electrolysed solution at 0°C. The 

reactions were allowed to warm to room temperature and the products 

isolated by aqueous work-up followed by crystallisation or 

distillation. The products were identified from their % nmr and ir 

spectra and the assignments were confirmed by comparison of their ' 

physical properties with literature values or authentic samples. Benzene 

gave nitrobenzene(l) in 80% yield and 2-cyanotoluene gave 

2-cyano-4-nitrotoluene(2) in 79%yield. The next class of compound to 

be nitrated were trimethylsilylenolethers. These compounds were known 

to form nitroketones when reacted with nitronium tetrafluoroborate in 

acetonitrile at 

H 2 ) ^ 

n=2 |(3) 
n=1,(6) 

Under these conditions trimethylsiloxycyclohexene was found to give 

2-nitrocyclohexanone(3) in 37% yield^^ and trimethylsiloxycyclopentene 

gave 2-nitrocyclopentanone(4) in 41% yield^^'^^. The reactions using 

electrogenerated nitronium tetrafluoroborate were conducted by adding 

the trimethylsilylenolether to a mixture of the anolyte and 

dichloromethane at -70°C. After a short time the reactions were 

quenched with aqueous acetonitrile and allowed to warm up to room 
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Table 2-1 

Reactions of Nitronium Tetrafluoroborate 

Organic Substrate Product Yields 
a b 

Benzene 

2-Cyanotoluene 

Styrene 

4-Bromostyrene 

Crans-l-Phenylpropene 

2-Phenylpropene 

trans-Stilbene 

Cyclopentene 

o r " ' 

CN 

(1) 

(2 ) 

CcH 5"5 

4-BrCfH 

NO: 

NHCOCH3 

'NO2 (5) 

N H C O C H ] 

(6) 
6^4 

NHCOCHr 

C5H5 
(7) 

NO 2 

CsHs 

NHCOCH3 

'NO; (8) 

NHCOCH3 

(9) 

NO: 

NHCOCH: 
(10) 

r ^ N O g 
Trimethylsiloxy-cyclohexene (3) 

a/ N 0 2 
(A) 

80 93 

79 90 

50 63 

50 64 

81 61 

69 28 

82 72 

a) Electrogenerated NC^BF^ in acetonitrile. 

20 13 

80 37 

95 41 

b) Non electrogenerated NCUBF, (see text for further details) 
"2^" 4 
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temperature. The products were isolated by extraction and crystallisation. 

Trimethylsiloxycyclopentene gave 2-nitrocyclopentanone(4) in 95% yield 

and trimethylsiloxycyclohexene gave 2-nitrocyclohexanone(3) in 80% 

yield. The higher yields obtained using the electrogenerated reagent 

are probably due to: a more selective reaction occurring at a lower 

temperature or to the electrogenerated reagent having less acidic 

impurities causing less starting material decomposition. 

The final classes of compounds to be nitrated using electrogenerated 

nitronium tetrafluoroborate were alkenes and 1,3-dienes. This was to 

make a further comparison between the electrogenerated nitronium 

tetrafluoroborate and the commercial nitronium tetrafluoroborate used 

to nitrate alkenes as described in Chapter 3, ie:-

R , NHCOCH3 
r " i NO;BF, R 

R' CH3CN -70°c R 
R 4̂  

c:^^2c:l2 hJC)., 

iiHgO 

The alkenes used were styrene,4-bromostyrene, trans-1-phenylpropene, 

2-phenylpropene, trans-stilbene and cyclopentene. The reactions were 

carried out at -70°C in a similar fashion to the nitration of the 

trimethylsilylenolethers. The nitroacetamides formed (see table 2-1) 

were isolated by crystallisation or chromatography and were identified 

by comparison with authentic samples prepared using commercial nitronium 

tetrafluoroborate (see Chapter 3 for a discussion of their structural 

analyses). The yields of nitroacetamide products using commercial or 

electrogenerated nitronium tetrafluoroborate were similar overall. The 

observed differences were probably due to losses in isolation or errors 

in weighing and assay. 1,3-Dienes were . cklso nitroacetamidated 

using electrogenerated nitronium tetrafluoroborate. The results of 
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these reactions appear in Chapter 3. 

An alternative procedure; the oxidation of dinitrogen tetroxide in 

the presence of an alkene, ie co-electrolysis, was briefly tried but 

found to be unsuccessful. Co-electrolysis of dinitrogen tetroxide 

and toluene in acetonitrile containing tetrabutylammonium tetrafluoroborate 

(a repeat of an experiment in reference 4), gave a low yield of 

2- and 4-nitrotoluene (11) and (12) in a ratio of 47:53 resp-ectively. 

These experiments establish the ease in which nitronium 

tetrafluoroborate can be prepared by the electiolysis of dinitrogen 

tetroxide in acetonitrile. The nitronium salt thus formed reacts in the 

same manner as commercial nitronium tetrafluoroborate with arenes, 

alkenes and trimethylsilylenolethers. The use of solutions of 

electrogenerated nitronium tetra fluoroborate avoids the handling 

difficulties and cost associated with the commercial product. 

2-2,6 Preparation and Reactions of Nitronium Hexafluorophosphate 

in Nitromethane. 

Nitronium perchlorate has previously been prepared by Cauquis and Serve^, 

who oxidised dinitrogen tetroxide in nitromethane containing 

tetrabutylammonium perchlorate. These authors however do not report 

carrying out any nitrations with their electrogenerated salt. It was 

decided not to attempt to repeat this experiment or to use the perchlorate 

anion as nitronium perchlorate is reported to be dangerously unstable 

and has a limited solubility in nitromethane. The counteranion chosen 

for preparative work was the hexafluorophosftete ion as both the 

nitronium and lithium salts of this ion are soluble in nitromethane 

whereas the tetrafluoroborate salts have a limited solubility. 
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A. Voltammetry. 

The reported value for the oxidation potential of dinitrogen 

tetroxide, at a platinum electrode, in nitromethane containing 

tetrabutylammonium perchlorate is 1'8V vs. silver-silver nitrate^. ^ 

This value was checked by recording a cyclic voltammogram of 

dinitrogen tetroxide (5 mM) in nitromethane containing 

tetrabutylammonium tetrafluoroborate (O-IM) which showed an 

irreversible wave of = 2'3V on a gold disc electrode (fig.2-5). 
2 

The reference electrode was silver-silver nitrate in acetonitrile 

which was contained in a pyrex tube fitted with a "leaky" soft-glass 

plug at the bottom. The discrepancy between the recorded value of 

2'3V and the literature value of 1"8V is best explained by this use 

of different reference and working electrodes. 
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Figure 2-5 

Cyx:J-ic Voltammogram of Dinitrogen Tetroxide in Nitromethane 

5mM NjÔ IO-IMiqHgl̂ NBF̂ I CH3NO 

lOOmV.S 

potential V 

vs. Agl AgNOg (0-1M in CH3CN) 
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B. Electrolysis. 

Both constant current (35 mA/cm') and constant potential (2'5V vs. 

Ag/AgNO^) electrolyses of dinitrogen tetroxide (0*25M) in 

nitromethane containing lithium hexafluorophosphate (0'25M) gave 

high yields of nitronium hexafluorophosphate (0-2-0'22M, 80-90% 

current efficiency). The electrolyses were run to 80-90% completion 

is 0'8-0'9 F/mol based upon amount of electrolyte. The electrolyses 

were carried out in an identical manner to those in acetonitrile 

using the same equipment, cells and electrodes. The nitronium salt 

generated in this way could be isolated by the addition of an equal 

volume of dichloromethane which caused the nitronium hexafluorophosphate 

to precipitate out of solution. In practice however the electrolysed 

anolyte was used directly for nitration. 

C. Reactions of Electro^enerated Nitronium Hexafluorophosphate. 

Nitronium hexafluorophosphate in nitromethane has had little use in 

synthetic organic chemistry. This salt/solvent mixture has however, 

been used in kinetic studies of the nitration of aromatic compounds 

Hence three aromatic compounds were chosen to test the nitrating 

ability of electrogenerated nitronium hexafluorophosphate ie; benzene, 

durene and 4-nitrotoluene. Benzene has been used in competitive 

nitration experiments with toluene^'^^. No yield has been quoted for 

the formation of nitrobenzene using nitronium hexafluorophosphate in 

nitromethane but it may be assumed to be in the order of 90-100%. 

Durene is mononitrated and dinitrated by nitronium hexafluorophosphate. 

The ratio of products formed depends upon the mode of addition and the 

efficiency of 
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N O g P F g 

C H 3 N O 2 

N02pFg added to durene 38% 9% 

durene added to NO2PF5 ^2% 1% 

4-Nitrotoluene was also nitrated using electrogenerated nitronium 

hexafluorophosphate. This compound had not previously been nitrated 

using nitronium salts but a conventional mixed-acid nitration gave, 

2,4-dinitrotoluene in 69% yield^^\ 

The nitration of benzene and durene were carried out by addition 

of the araetotheanolyte at 0°C.^^Nitrotoluene was nitrated by adding 

the substrate to a 1:1 mixture of anolyte and dichloromethane. The 

reactions were allowed to warm to room temperature and the products 

isolated by extraction followed by chromatography or crystallisation. 

The products were identified from their melting points, mnr, ir 

spectra and/or comparison with authentic samples. Benzene gave 

nitrobenzene (1) in 94% yield, whilst durene gave dinitrodurene (13) 

in 42% yield and mononitrodurene (14) in a 2% yield which are close to 

the expected yields. In the case of the addition of durene the low 

144 
yield of nitration products is due to formation of by-products eg:-
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4-Nitrotoluene reacted with electrogenerated nitronium hexafluoro^^sph^z! 

to give a quantitative yield of 2,4-dinitrotoluene (15) which is a 

much better yield than the mixed acid nitration. 

' 2 

In conclusion, anodic oxidation of dinitrogen tetroxide in 

nitromethane provides a convenient source of nitronium 

hexafluorophosphate, a salt that in the U.K. is only available through 

custom synthesis or importation at high cost. nitronium 

hexafluorophosphate thus formed is able to nitrate aromatic compounds 

as efficiently as the conventionally prepared salt. 

2-2,7 Generation of Nitronium Tetrafluoroborate in Sulpholane. 

112 139 

Sulpholane is reported to be a good solvent for both electrochemistry ' 

and nitrations using nitronium tetrafluoroborate^^. Several constant 

current and constant potential electrolyses of dinitrogen tetroxide in 

sulpholane containing tetrabutylammonium tetrafluoroborate were 

attempted, unfortunately no more than a 10% yield of nitronium 

tetrafluoroborate could be realised. It is thought that impurities 

such as water and 1, l-dioxo-2,5-dihydrothiophene, which are difficult 

to remove were the cause of the poor yields. As sulpholane was found 

to be a difficult solvent to work with; it was viscous, solid at room 

temperature and malodorous, the experiments were discontinued. 

2-2,8 Generation of Dinitrogen Pentoxide in Acetonitrile and 

Dichloromethane. 

The last objective of this part of the study was the generation of 

nitronium salts in dichloromethane. Most nitronium salts are 
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unsuitable for electrogeneration in ^u^Jc^ob^iLwdiiecause of their low 

solubilities However the compounds dinitrogen pentoxide and 

trifluoroacetyl nitrate, formally nitronium nitrate and nitronium 

trifluoroacetate, are soluble in dichloromethane because of their 

ability to exist as covalent molecules. The electrogeneration of 

dinitrogen pentoxide received the most attention because it is difficult 

to prepare by chemical means (see Chapter 1) while the preparation of 

trifluoroacetyl nitrate from trifluoroacetic anhydride and nitric acid 

or nitrate salts is facile (see Chapters 1 and 4). 

It was expected that the electrogeneration of dinitrogen pentoxide 

in dichloromethane would present difficulties as:-

(i ) The anodic range of dichloromethane quoted in text books was only 

1"8V vs. saturated calomel electrode (cf a figure of 2'7V for 

nitromethane) 

(ii) The oxidation potential of the nitrate anion has been reported to 

13 

be 1'77V vs. Ag/AgNO^ (in acetonitrile) Jt would therefore be expected 

that co-oxidation of solvent and nitrate would occur on attempted 

oxidation of dinitrogen tetroxide (E^ ca. 1*8V) in dichloromethane 
2 

containing a nitrate salt. Additionally dichloromethane has a low 

dielectric constant hence it forms solutions of low conductivity, 

making electrochemistry difficult. For these reasons acetonitrile was 

chosen as a solvent for preliminary investigations because it is a 

good solvent for electrochemistry and nitronium salts and is very 

resistant to oxidation. 

The literature precedents for the oxidation of nitrate were 

discussed in Chapter 1. In summary the anodic oxidation of nitrate salts 

in acetonitrile was claimed to produce dinitrogen pentoxide^^ although 

later workers^^ had been unable to repeat these results. Oxidation of 

tetrabutylammonium nitrate in dichloromethane containing 
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tetrabutylammonium perchlorate had also failed to give any dinitrogen 

pentoxide . 

A. Electrolyses in Acetonitrile. 

Constant current electrolysis (40 mA/cm') of tetrabutylammonium nitrate 

in acetonitrile failed to give any trace of dinitrogen pentoxide. 

However when the electrolysis was carried out in the presence of 

dinitrogen tetroxide a low yield (30% current efficiency at 90% 

conversion) of dinitrogen pentoxide was obtained. A higher current 

efficiency (39%) was obtained on anodic oxidation at constant current 

of acetonitrile containing dinitrogen tetroxide (O'lM), 

tetrabutylammonium nitrate (O-IM) and tetrabutylammonium tetrafluoroborak; 

(O'lM). The greater efficiency may be due to the increased conductivity 

of solutions containing tetrafluoroborate ions over solutions containing 

just nitrate ions. The formation of dinitrogen pentoxide can be 

accounted for by two routes:-

(i ) Oxidation of dinitrogen tetroxide then reaction of the nitronium 

iontdtha nitrate ion. 

An^de 2NO2+ + 2e" 2-3 

j^Q^+ ^ NOg ^ N^O^ 2 • 4 

(ii) Oxidation of the nitrate anion to the nitrate radical then 

combination with dinitrogen tetroxide. 

NOg" Anode ..wQ . + e" 2-5 
j 3 

2N0^. + ^2^4 ^ ^^2^5 2-6 

The low current efficiencies may be accounted for by the reaction of 

the nitrate radical with the acetonitrile solvent giving unidentified 

103 



products. It has been suggested that the reaction of nitrate radicals 

with acetonitrile is the reason why no dinitrogen pentoxide was 

13 
observed during the oxidation of nitrate salts . 

B. Voltammetry in Dichloromethane. 

Cyclic voltammetry was used to show that, contrary to the information 

139 

given in text books , the anodic limit of dichloromethane containing 

tetrabutylammonium tetrafluoroborate (O-IM) was greater than 3V vs. 

Ag/AgNOg (in acetonitrile). Cyclic voltammetry of dinitrogen 

tetroxide (5 mM) in dichloromethane containing tetrabutylammonium 

tetrafluoroborate (O-IM) showed an irreversible wave of = 2'2V 
2 

(see fig. 2-6). On repeating the scans the height of this wave decreased 

eventually ±^appariq^ This behaviour strongly suggests fouling of the 

electrode probably by the formation of insoluble nitronium 

tetrafluoroborate. 

104 



Figure 2"6 

Cyclic Voltammograni of Dinitrogen Tetroxide 

in Dichloromethane 

5 m M NgO^fO'lM ( C ^ H g ^ N G F ^ l C H g C l g 

1 0 0 mV.S"^ 

f irst scan 

potential V 

vs. AglAgNOglO'lM in CH3CN) 
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C. Electrolyses in Dichloromethane. 

Electrolyses of dinitrogen tetroxide in dichloromethane containing 

tetrabutylammonium tetrafluoroborate or tetrabutylammonium 

hexafluorophosphate were unsuccessful. After a few minutes the 

electrodes were rendered non-conducting and no current could be 

passed. In one experiment in which a small amount of concentrated 

nitric acid was added to the anolyte, a small quantity of white solid 

was seen to form on the platinum anode. When the anode was removed 

and dipped in a solution of benzene in acetonitrile a reaction 

occurred yielding nitrobenzene(l). It is therefore reasonable to 

assume that the white solid was a nitronium salt. It is likely that 

the other experiments (ie: without nitric acid present) were being 

inhibited by the formation of a thin, non-conducting layer of nitronium 

salt on the anode. Electrolyses in the presence of 

tetrabutylammonium nitrate proceeded unexpectedly smoothly. Constant 

current oxidation (10 mA/cm^) of dinitrogen tetroxide (0'25M) in 

dichloromethane containing tetrabutylammonium nitrate (0'25M) and 

tetrabutylammonium tetrafluoroborate(0'25M) gave a solution of 

dinitrogen pentoxide (0*15M, 80% current efficiency at 75% conversion). 

The same equipment, cell and electrodes were used as for the 

electrolyses in acetonitrile. The presence of tetrabutylammonium 

tetrafluoroborate was required to ensure adequate conductivity. The 

electrolysed anolyte was used directly to nitrate trans-stilbene. 

D, Reaction of Electrogmerated Dinitro^en Pentoxide with trans-Stilbene. 

Dinitrogen pentoxide is a valuable non-acidic nitrating agent. It has 

been used in chlorinated solvents to nitrate aromatic compounds 

forming nitro-derivatives and alkenes forming nitronitrates^'^^'^^. 
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A r N O -

C H o C I 

R 

The formation of a nitronitrate from the reaction of an alkene with the 

electrolysed anolyte would be proof of the presence of dinitrogen 

pentoxide. The alkene chosen was trans-stilbene which has been 

reported to react with dinitrogen pentoxide in dichloromethane to give 

CAreo nitronitrate(16) plus a little of the erycAro isomer(17)^\ 

O N O 2 

C H ^ C l , " - - 0 

(16) ^ 

Q N O j 

^ 5 % 
N O ; 

(17) 

The nitration of trans-stilbene by electrogenerated dinitrogen 

pentoxide was carried out by adding the alkene, dissolved in 

dichloromethane, to the anolyte at -40°C. After 10 minutes water was 

added to the reaction. Isolation by extraction and chromatography 

gave threo nitronitrate(16) in 69% yield. The product was identified 

by its spectral properties. Thus the ir. spectrum of (16) showed 

bands due to a nitro group at 1560 and 1360 cm ^ and bands due to the 

nitrate group at 1660 and 1275 cm ^. The nmr spectrum of (16") 

showed a coupling between the two methine protons of 12Hz which is the 

value expected for a threo compound. Confirmation of the assignment 

came from the melting point of 94-95 °C which compares with 96-97°C 

107 



quoted for authentic threo compound(16) and 165-166°C for 

compound (17)^^. The high yield formation of nitronitrate(16) thus 

establishes the efficient electrogeneration of dinitrogen pentoxide. 

The high yield of dinitrogen pentoxide formation in dichloromethane 

contrasts with the lower yield formed in acetonitrile. This result 

was unexpected since acetonitrile is normally regarded as a better 

solvent for electrochemistry than dichloromethane. One possible 

explanation for this result is that the nitrate ion is present as an 

ion-pair with the tetrabutylammonium ion thus is not easily oxidised 

and does not compete with the oxidation of dinitrogen pentoxide. 

Another possible explanation is that oxidation of the nitrate ion gives 

the nitrate radical (equation 2-5) which reacts with dinitrogen 

tetroxide (equation 2-6) before it can react with t±ie solvent. 

2-2,9 Attempted Electrogeneration of Trifluoroacetyl Nitrate in 

Dichloromethane. 

Anodic oxidation of dinitrogen tetroxide in dichloromethane containing 

tetrabutylammonium trifluoroacetate and tetrabutylammonium 

tetrafluoroborate failed to give any trifluoroacetyl nitrate. The likely 

reason for this result is co-oxidation of the trifluoroacetate anion. 

The oxidation potential for trifluoroacetate is between 2*0 and 2"5V 

(in a c e t o n i t r i l e ) t h e first formed trifluoroacetyl radical looses 

carbon dioxide forming a trifluoromethyl radical which dimerises giving 

hexafluoroethane. 

CFgCOg » CFgCOg' + 6 

CFgCOg. » CFg. + CO. 2-9 
3 ^ '̂"2 

SCFg" CgF^ 2-10 

It is possible that the trifluoromethyl radicals react with dinitrogen 
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tetroxide. 

ZCFg" + » CFg ONO + CFgNOg 2'11 

It is unlikely that either possible product would be an active nitrating 

agent and hence would not show up in the assay. 

2-3 Conclusions 

Anodic oxidation of dinitrogen tetroxide in the presence of an 

appropriate electrolyte provides an efficient synthesis of, nitronium 

tetrafluoroborate in acetonitrile, nitronium hexafluorophosphate in 

nitromethane and dinitrogen pentoxide in dichloromethane. Attempted 

preparation of nitronium tetrafluoroborate in sulpholane and of 

trifluoroacetyl nitrate in dichloromethane were unsuccessful. 
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Chapter 3 

Nitroacetamidation of Alkenes and Dienes 
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3'1 Introduction and Background 

The reaction of nitronium tetrafluoroborate with alkenes and dienes in 

acetonitrile was chosen for study. Previous work had shown that the 

36 
reaction gave low yields of nitroaatamides . 

NHCOCH. 
i N 0 2 B F 4 - C H 3 C N 

j H , 0 

2 N O 2 

The reasons for the re-investigation of this reaction were:-

(i ) The reaction with alkenes had not been fully investigated. Results 

from analogous nitrations, for example with acetyl nitrate or dinitrogen 

pentoxide (see Chapter 1), suggested that the yields could be improved. 

There were also unanswered questions as to the stereochemistry and 

mechanism of addition. 

(ii) The reaction with dienes had not been tried at all. Results from 

studies using acetyl nitrate and dinitrogen pentoxide (see Chapter 1) 

suggested that mixtures of 1,2 and 1,4 nitroacetamides could be expected. 

•\(iii) The products of nitroacetamidation would be of much use in 

synthesis. For example reduction would give monoacetyl diamines 

while a Nef reaction would give acylamino-carbonyl compounds. 

(iv ) The solutions of electrogenerated nitronium tetrafluoroborate in 

acetonitrile obtained from oxidation of dinitrogen tetroxide (see 

Chapter 2) might be used directly for nitroacetamidation. 

3-1,1 Acetamidation Reactions: The Reactions of Electrophiles with 

Alkenes in Acetonitrile. 

Acetonitrile is a nucleophilic solvent, capable of trapping carbonium 

ions, forming nitrilium ions: eg. \ 

HI 



NECCH3 
w C H 3 C N ^ 

The nitrilium ion is usually hydrolysed forming an acetamide. 

Occasionally when the nitrilium ion is adjacent to a nucleophilic group 

cyclisation may occur instead. 

NHCOCH3 

® H n D 
N 5 C C H 3 

e X y N 

Other nitriles may be used instead of acetonitrile, for example 

benzonitrile, but unless a specific amide is required other nitriles 

offer little advantage over acetonitrile. A variety of vicinally 

substituted amides may be prepared by the addition of electrophiles, from 

across the periodic table, to alkenes in acetonitrile. 

A. Proton as the Electrophile. 

Treatment of alkenes with sulphuric acid and acetic acid in acetonitrile 

35 

gives unsubstituted amides . This reaction is known as the Ritter 

reaction after its discoverer. 

NHCOCH1 
H o S Q , 

C H 3 C O 2 H , 

CH3CN 

The reaction was later extended to terminal long chain alkenes by 

omitting the acetic acid^^. 
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NHCOCH 

• n C „ H , „ A 

CH3CN 

3 

^ riCgH^g 

70% 

Under these conditions butadiene gave only polymeric material. Other 

nitriles such as acrylonitrile, nitriloacetic acid and hydrogen 

cyanide could all be used instead of acetonitrile, yielding the 

corresponding amide derivatives^^\ 

g. Mercury EjeccropAiJes. 

Mercuric nitrate adds to alkenes in acetonitrile containing nitric acid 

to form acetamido-mercury compounds^^^. Tlie adducts are formed by an 

anCi addition. 

Hg(N0:^)2iHN03^ ^ 

CH3CN 
iiNoCt, HgO 

The intermediate nitrilium ion may be isolated by using anhydrous 

mercuric nitrate and omitting the nitric acid^'^. This adduct may be 

hydrolysed giving the acetamido-mercury compound or reduced by sodium 

borohydride to give the unsubstituted amide. 

H g N O ) 

NoBH^ 

N5CCH3 NHCOCH3 

® 92% 
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C. Carbon EJecCropAiJes. 

Acylium tetrafluoroborates, prepared by treatment of acylfluorides with 

boron trifluoride, react readily with alkenes in acetonitrile^^^ 

Quenching at low temperature gives fair yields of ketoamides. However 

if the reaction is allowed to warm up before quenching heterocyclic 

products are also obtained. 

CH3C0BF,_ \ > 0 H,O ^ \ > o 

CH3CN NHCOCH3 

50% 

N ^ o ® ^ 
HgO 

n. A^tro#en EjecCrophjJes. 

As was discussed in Chapter 1, nitronium tetrafluoroborate adds to alkenes 

36 
in acetonitrile forming nitroacetamides . 

NHCOCH3 

iN0;BF^.CH3CN^ / L / N O 2 

50% 

The addition follows Markovnikov's rule hovever the stereochemistry was 

not determined. In contrast to the behaviour of nitronium salts 

nitrosonium salts react with alkenes in acetonitrile to form heterocyclic 

products. Nitrosyl sulphuric acid (nitrosonium hydrogensulphate) gives 

150 
imidazole products via the incorporation of two molecules of alkene 
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0 
e 

NOHSO/ 
,0 

C H 3 C N 
0 > 22% 

OH 

Formation of this type of product can be rationalised by a competitive 

trapping of the intermediate carbonium ion by acetonitrile or the 

hydrugensulphate ion. By a sequence of further reactions, the final 

products are formed. 

R' 

NOHSO, R - ^ N O R NO 

C H i O N R 

, 1 ® * 
NECCH3 R-^^OSOgH 

r ' - ^ N E C C H j R ' ^ O S O S H 

Yv 

The tetrafluoroborate anion of nitrosonium tetrafluoroborate provides 

much less competition for the carbonium ion than the hydrogensulphate 

ion. With this reagent, imidazole A'-oxides are isolated instead 
151 
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The intermediate hydroxyimidazolinium salts may be reduced to imidazoles 

by or titanium trichloride. 

n o b f 

C p H 6^5 

CH3CN 

A /da \ ^^20 

— ^ N'%.N—OH 
T 
I 0 

B F 4 

.— 

E. Oxygen EjecCropAiies. 

Peracetic acid adds to 2-methylpropene in a Markovnikov manner to give a 

nitrosoacetate^^\ This is formed by addition of 'OH*' and acetonitrile 

followed by cyclisation to form an oxazoline and t±w;n oxidation by excess 

peracetic acid. 

CH3CO3H 

CH3CN 

\ / O H 

— ' I 

N E C C H ^ 

\ .OCOCH3 

NO 
F. Sulphur Electrophiles. 

There are several ways of affecting acetamidosulphenylation: 

(i ) By the anodic oxidation of disulphides in acetonitrile containing 

an alkene. The disulphide is oxidised to an electrophilic species 'RS*' 

which adds to alkenes forming an episulphonium ion. Attack on the 

episulphonium ion by the solvent and then hydrolysis gives an anti 

153 
acetaraidosulphide 
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R S S R 
anode 

2 R S ^ ] * 2 e ^ 

[ps®l 
® 

CH3CN 

/ \ H j O 
NHCOCH. 

Terminal alkenes usually form Markovnikov-type products. 

(CgHglgS; 

+1'AV 

CH.CN 
H j O 

SCcH 6'^5 

NHCOCH. 
82% 

(ii ) Acetamidosulphenylation may also be achieved by the use of a 

154 
sulphenyl chloride and silver tetrafluoroborate in acetonitrile 

iCHgSCI. AgBF^ 

CH3CN ' 
iiHgO 

SCHr 

^ ^ ' ' ' N H C O C H 

+ AgCI j 

155 

(iii) A two-step procedure has been developed recently . The product 

of reaction of phenylsulphenyl chloride and sulphur trioxide readily 

adds to alkenes. The adducts thus formed react with acetonitrile at 

low temperature to give acetamidosulphides. 

-SCgHs 
C g H g S C I C H j C N 

11 ' I I I 

62% 
+ 

NHCOCH. 

SCcH 6'^5 

CI 

28% 
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(iv) Treatment of alkenes with sulphenamides in acetonitrile containing 

156 
trifluoromethanesulphonic acid also gives acetamidosulphides 

i C g H s S N R ; 

CF3SO3H 
CH3CN 

iiHgO 

G. Selenium Electrophiles. 

91% 
NHCOCH. 

Acetamidoselenides are formed when diselenides a^^ anodically oxidised 

157 
in the presence of an alkene in acetonitrile 

Markovnikov's rule and is anCj. 

The addition follows 

^ 
1-3 V '"NHCOCH. 

77% 

The reaction may also be carried out by treatment of alkenes with 

phenylselenyl chlorides in acetonitrile containing trifluoromethanesulphonic 

acid 158 

NHCOCH3 

CF3SO3H 
CH3CN 36% 

H. Halogen Electrophiles. 

Chloro — and bromoacetamides are obtained by the addition of chlorine 

159 
and bromine to alkenes in acetonitrile 
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i X g f C H g C N 

iiHoO 

,© 
I + X 

^ ^ ' ' ' N H C O C H ] 

X=C%,59%t 

X=Br.26% 

Later workers however, failed to repeat the bromoacetamidation using 

127 

this method; instead isolating mainly the dibromide . conducting 

the reaction in the presence of silver perchlorate, to precipitate 

out the halide ion, a high yield of bromoacetamide was formed. Using 

this method with iodine gave iodoacetamides. 

i X g j C H ^ C N 

A g C l O ^ 

iiHgO 

fT 
X= Br, 70% 
X= I , 60% 

AgX| 

Another way to remove the halide ion is by anodic oxidation^^\ In this 

way the original halogen is regenerated. Thus, anodic oxidation (at a 

low potential) of a mixture of alkene and halide in acetonitrile gave 

high yields of halogenoacetamides^^\ 

CI2,anode 

CHoCN 
H g O 

80% 

NHCOCH. 

Halide salts may be used to replace a halogen 
126 

CcH 
anode 

ICzHsl.NI 
C e H s 

NHCOCH-
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Fluoroacetaraidation is not possible by this route but may be 

achieved by the anodic oxidation of an alkene in acetonitrile in the 

presence of a fluoride salt. Mixtures of fluoroacetamides and 

difluorides are formed with a preference, in some alkenes, for syn 

addition products^^\ 

^6^5 anode 

(C2H5)^NF.3HF 

^ N H C O C H j 

33%, 
Z:E-95:5 

16% 
Z'E-75 25 

The reaction is not an electrophilic addition as potential used 

(ca. 2V) is too low to oxidise the fluoride ion to fluorine. The 

mechanism probably proceeds via oxidation of the alkene to a radical 

cation. This is intercepted by fluoride to give a fluoro-substituted 

radical. Oxidation of the radical gives a carbonium ion which is 

trapped by acetonitrile or fluoride forming the products. 

H 
.0 

C H a C N X e 

H,0 / 

F NHCOCH3 F F 

H H 
3-1,2 Preparation of Vicinal Nitroamines. 

It is apparent from the examples quoted that acetamidation reactions 

provide a route to a wide variety of substituted amides. Many of the 
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products are of use in synthesis, for example acetaaddosulphenylation 

was developed as part of a synthesis of the drug Cimetidine which 

contains a vicinal nitrogen-sulphur substitution. 

N C N 

Cimetidine 

It was recognised the products of nitroacetamidation would also be 

useful synthetic intermediates. Nitroamine derivatives are only 

available by a limited number of routes, of which, a brief summary 

follows:-

(i ) Ammonia and amines add to nitroalkenes forming nitroamines in 

)ood yield*^\, 

N C g H g . C H g 

N O ; ' C e H g N H C H ^ ^ . H C I 

92% 

1-Nitrocyclohexene forms trans nitroamine on reaction with ammonia in 

111 
tetrahydrofuran 

NO 
2 INH. 

.NO. 

V //, 
95% 

'NH. 

(ii ) Nitronate anions, formed by the deprotonation of nitroalkanes, 

react with Schiff's bases^^^ and Mannich b a s e s g i v i n g nitroamines. 
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^ 6 ^ 5 

N C g H g 0 

^ 1 C H 2 N O 2 

C H 3 N O 2 

C 2 H 5 O H 

^ 6 ^ 5 

N H C g H g 

5 4 % 

"N' 

CH, 

-NO' 

© 

42% 

(iii) Ammonia was found to react with l-iodo-2-nitrocyclopentane to 

give a mixture of nitroamines which were characterised as their acetamide 

164 
derivatives 

CC 
NO-2 N H 3 / - Y " ^ ' ^ 2 ( C H 3 C 0 ) 2 0 y r ^ ' ^ U 2 

<Jk NH. 

NO-

NHCOCHr 

Nitroacetamidation is complementary to the above methods as it 

allows the direct, one-step formation of nitroamine derivatives from an 

alkene. Extension of the reaction to 1,3-dienes should give the 

hitherto unknown unsaturated 1,2 and 1,4 nitroamine derivatives. 

Simple transformations of the nitroacetamides would give useful products. 

For example reduction would give monoacetyl diamines in which the 

position of the acetyl group would be governed by the regiochemistry 

of the original addition. 

R 

NHCOCH3 NHCOCH3 
'R reduction J|̂  

R 

N O . NH' 
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The nitro group could be converted into a ketone, aldehyde or 

carboxylic acid giving acetyl amino carbonyl compounds for use in 

the synthesis of heterocyclic compounds and peptides. 

NHCOCH3 

NH C:C)(:H3 F( 

NHCOCH' 

'NO, 
R " -

^ C O g H 
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3-2 Results and Discussion 

3-2,1 The Nitroacetamidation of Alkenes. 

Initial experiments showed that the nitronium tetrafluoroborate (Aldrich 

Chemical Co Ltd.) was unsatisfactory when used as received. The salt's 

reaction with alkenes was found to be slow,yielding a complex mixture 

of products. This lack of reactivity was overcome by washing the 

nitronium salt with a little dry nitromethane and then with 

dichloromethane followed by drying in vacuo at 50°C. The resulting 

reagent was extremely active allowing reactions with alkenes to occur 

rapidly at below room temperature. Some experiments were conducted 

using Scheinbaum's and Dines'original conditions ie: addition of the 

alkene to a solution of nitronium tetrafluoroborate at -25°C. Under 

these conditions cyclopentene and cyclohexene gave low yields of adducts 

which were difficult to isolate and purify. Therefore the work with 

cyclopentene and cyclohexene was set aside until after other alkenes had 

been investigated. Work by Bordwell and co-workers'^'^ on 

nltroacetoxylation reactions using acetyl nitrate (see Chapter 1 section 

1-2, 2/B) suggested that nitration of phenyl-substituted alkenes (ie 

styrenes) might be more fruitful (see table 3-1). 

Styrene was reacted with nitronium tetrafluoroborate in acetonitrile 

at -40°C followed by an aqueous quench to give two nitroacetamides in 

low yield. One product was thought to be the simple nitroacetamide (5) 

while the other was thought to be a product (18) in which both 

nitroacetamidation and nitration of the aromatic ring had occurred. It 

was reasoned that a lower reaction temperature might give a more 

selective reaction and hence higher yields. In order to lower the 

freezing point of the nitration medium (acetonitrile freezes at -41°C) 

the reactions were carried out in a 1:1 mixture of acetonitrile and 
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Table 3-1 

Nitroacetamidation of Styrenes 

Alkenc 
a 

Styrene 

Stvrene 
b 

4-Bromostvrene 

3-Nitrostyrene 

4-Methylstyrene 

2-Phenylpropene 

1-Phenylcyclohexene 

Crans-l-Phenylpropene 

cis-l-Phenylpropene 

Product Yield 

NHCOCHo 

(5) 63% 

NHCOCHo 

JL 
(5) and ^ (18) % 3"̂  7% 

NHCOCH3 

^ ..r NC), , 
t-BnCekt; z (6) 84% 

NHCOCH3 

S-NOg-CgH^ ^(20) 40% 

NHCOCH3 

'NO2 

(21) 51% 

^ 6 ^ 5 

NHCOCH3 

'NO 
2(8) 28% 

NHCOCH3 

(22) 59/ 

NHCOCH. 

(-6^5 (9) 61; 
N O ' 

(9) and CgHg 

NHCOCH3 

NO, 

(26) 38 and 5% 
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Table 3-1 (continued) 

Alkene Product Yield 

Crans-Stilbene 

NHCOCH3 

N O 2 

(9) 72% 

cif-Stilbene 

NHCOCH' 

(9) and (35) 38 and 

NO? 

3/6 

Reactions carried out at -/0°C in 

CHgCN - CH^Cl^ except: 

b Reaction carried out at -40^C in CH^CN. 

126 



dichloromethane; this mixture could be cooled to below -70°C. Addition 

of the dichloromethane to the solution of nitronium tetrafluoroborate 

caused precipitation of the nitronium salt, thus the reactions could 

be followed by observation of the dissolution of t±^ precipitate. The 

nitroacetamidation of styrene was carried out by the rapid addition of 

the alkene to nitronium tetrafluoroborate in acetonitrile-dichlorom^±ane 

at -70°C. After 2-5 minutes aqueous sodium hydrogencarbonate or aqueous 

acetonitrile was added to quench the reaction. On warming to room 

temperature the product was isolated by extraction followed by 

chromatography and crystallisation. In this way a 63% yield of pure 

nitroacetamide (5) was obtained. The structure of (5) was deduced from 

spectral data and confirmed by independent synthesis. The infrared 

spectrum of (5) in chloroform solution showed the presence of an amide 

group with bands at 3440, 3320, 1675 and 1495 cm"^ and a nitro group 

with bands at 1550 and 1370 cm The regiochemical orientation of the 

nitro and acetamide groups followed from analysis of the nmr spectrum. 

Observation of a coupling between the amide proton (NH) and the methine 

proton (C#NH) indicated a Markovnikov addition. This orientation was 

1 13 

further supported by both the H and C nmr chemical shifts which are 

consistent with the assigned structure (see table 3*2). No molecular 

ion was observed in the electron impact (70eV) mass spectrum of (5). 

The highest M/Z ions were observed at 161 and 162 corresponding to loss 

of HNOg and NO^. Confirmation of the structure of (5) was obtained by 

comparison with an authentic sample prepared by the reaction of 

nitromethane with bis amide (19)^^^. 

NHCOCH3 NHCOCH3 
((ZHaCCMzO 

CsHg NHCOCH3 CH hjOg CgHg 2 

(1!3) 
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Table 3-2 

Selected and nmr Data of Nitroacetamides 

Derived from Styrenes 

R . .NHCOCH3 

2 

Adduct H-1 H-2 C-1 (}-2 

(5) 5-75 4-84 52-18 79-13 

(8) 5-17 58-40 80-65 

(6) 5-75 4-80 51-06 78-05 

(18) 5-95 4-65 

(20) 5-95 5-06 51-60 78-59 

(21) 6-22 4-98 48-01 78-08 

( 5) Ar : = CsH; . R = H • 

( 8) Ar = = C6H5 ' R = CHg; 

( 6) Ar = = A-Br.C^H^ R = H ; 

(18) Ar = R = H ; 

(20) Ar = S-NOg'C^H^ , R = H ; 

(21) Ar = 2-N02-4-CH2-C^H2,R = H . 

All values are p.p.m. versus tetramethylsilane internal standard. 
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Compound (18), isolated along with (5) from the nitroacetamidation 

of styrene at -40°C was tentatively assigned as a product of 

dinitration. The infrared spectrum of (18) was similar to that of (5) 

but had additional bands at 1525 and 1350 cm ^ which were indicative of 

an aromatic ring substituted nitro group. Further support for this 

assignment came from the observation of only 4 aromatic protons in the 

% nmr spectrum and an intense peak at M/Z 207 in the mass-spectrum 

which would correspond to loss ofIM^from a molecular ion of 253. 

In a similar manner the adducts (6) and (20) obtained from 

nitroacetamidation of 4-bromostyrene and 3-nitrostyrene respectively 

were assigned using spectroscopic data and elemental analyses. They were 

found to be products of a Markovnikov addition. In the case of the more 

reactive 4-methylstyrene a product of dinitration (21) was isolated in 

51% yield. The position of the nitro group on th^ aromatic ring was not 

proven but is probably in the 2-position as the double bond would be 

expected to be ortho directing. The orientation of the nitroacetamide 

adduct (8) obtained from 2-phenylpropene was assigned a Markovnikov 

1 13 

product by inspection of the H and C nmr chemical shift data (see table 

3-2). 

Addition to 1-phenylcyclohexene gave a single product (22). 

Epimerisation of this product with sodium carbonate in ethanol heated 

under reflux gave mainly a different product (23) which established an 

initial Markovnikov addition. 

(22) G 3 ) 

Discrimination between the epimers was made on the basis of their nmr 

spectra. In the initially formed amide the methine proton (C//NO2) was 

129 



observed as a triplet at 6 5-92 (J4Hz). Following equlibration the 

methine proton (C/ZNO^) of the more stable amide was observed at 64-98 

as a doublet of doublets (J12 and 4Hz). These results indicate an 

equlibration of an axial nitro group to a more favoured equatorial 

position. In view of the greater preference of a phenyl group to occupy 

an equatorial site relative to a nitrogen substituent, and initial anti 

addition to 1-phenylcyclohexene to give (22) is suggested. This view 

:tra of 

,160,166 

was confirmed by comparison of the nmr spectra of (22) and (23) with 

that of the related fluoroamides (24) and (25)' 

^ .NHCOCHo 
r ^ C g H ; 

^NHCOCH, 

(24) 

The proof of the structure of the cis fluoroamide (25) was by X-ray 

crystallographic analysis. Inspection of the relative chemical shift 

data for the methine protons in the amides (22) to (25) [65*92 for (22), 

6 4'98 for (24);65'32 for (23) 64-63 for (25)] permitted unequivocal 

assignments for (22) and (23) and hence the conclusion that 

1-phenylcyclohexene undergoes an anti nitroacetamidation. 

Addition to trans-l-phenylpropene gave predominantly one product 

(7) in 61% yield with a trace of a minor product (26). The two products 

were readily equilibrated by sodium carbonate in ethanol and subsequently 

separated by flash chromatography. The structures were proved by separate 

reduction with aluminium amalgam in wet ethyl acetate and subsequent 

cyclisation giving dihydroimidazoles which were spectroscopically 

characterised. The reductions were stereospecific, only one product was 

observed in each case. 
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NHCOCH, NHCOCH3 _ _ _ _ 

C . H . V ^ C . „ . - V 
NO; NH; 

(71 (271 (281 

100% 99% 

NHCOCH3 NHCOCH3 _ ^ _ 

^-'i. 
(26) (29) (30) 

lOOtt 80%t 

The initially formed major product (7) on reduction gave the amine (27) 

which was cyclised to give the dihydroimidazole (28). Similarly the 

epimer (26) on reduction gave the amine (29) which was cyclised to give 

the second dihydroimidazole (30). Structures of the dihydroimidazoles 

were assigned on the basis of the relative chemical shifts of the methyl 

protons at position 4 on the ring. Thus the methyl protons at the 4 

position in the trans dihydroimidazole (28),obtained from the initially 

formed nitroacetamide (7), had a chemical shift of 61-28. In the cis 

dihydroimidazole (30) obtained from the epimeric nitroacetamide (26), 

the 4-methyl group had a chemical shift of 6 0-70. This assignment is 

supported by chemical shift data from the related dihydrofurans (31) 

and (32) in the literature^^^. 

6u1'28 H . C C c H c 5u0.70 H o C C g H c 

H ^ W " 

(28) I t y N H (30) 

6in1.1l5 ^ 5HC).512: 

(3) 1) (32) 
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Hence the nitroacetamide (7) is a cAreo product formed by a syn 

addition to 1-phenylpropene and the epimer (26) is an erytAro product. 

Nitroacetamidation of cis-l-phenylpropene gave a mixture of cAreo 

product (7) in 38% yield and erycAro product (26) in 5% yield. Therefore 

in contrast to trans 1-phenylpropene, nitroacetamidation of cis 

1-phenylpropene is predominantly 

Nitro acetamidation of trans-stilbene gave a 72% yield of 

tAreo-nitroactamide (9). Ihe stereochemical assignment of this adduct 

was shown by reduction and benzoylation to give the known^^^ 

tAreo-l-acetamido-2-benzamido-l,2-diphenylethane (34). 

NHCOCH3 NHCOCH3 

(9) K)]) 
100^4 

CcHqCOCi 
NaOH 

NHCOCH3 

.-v 
N H C O C g H s 

CeH,' - C s H ; 

1341 
79% 

Addition to cis-stilbene gave a 39% yield of threo-nitroacetamide (9) 

and a 6% yield of erythro nitroacetamide (35). Hence,in common with 

the 1-phenylpropenes, trans-stilbene undergoes a syn addition while 

cis-stilbene undergoes a mainly anti addition. Erytftro-adduct (35) 

could also be obtained by treatment of threo adduct (9) with sodium 

carbonate in ethanol. 
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Nitroacetamidation of aliphatic alkenes was less satisfactory 

Although nitroacetamides could be isolated,yields were low and 

extensive polymer formation was noted (see table 3*3). Additionally 

cyclohexene and cyclopentene gave unsubstituted amides as co-products. 

reactions were generally conducted by addition of the alkene to a 

solution of nitronium tetrafluoroborate in acetonitrile at -40"C. The 

mixture was rapidly warmed to -10°C before being quenched with water. 

The products were isolated by extraction followed by chromatography. 

Additions to the terminal alkenes oct-l-ene and hex-l-ene were 

regiospecific giving the Markovnikov adducts (36) and (37) in 28% and 

13% yield respectively. Structures were assigned on the basis of nmr 

chemical shift data (see table 3-4) and on the observation of coupling 

between the methine proton (C#NH) and the amide proton (NH) in each 

adduct. When oct-l-ene was reacted with nitronium tetrafluoroborate in 

acetonitrile-dichloromethane at -70°C then allowed to warm up to -40°C 

over an hour a second nitroacetamide was also isolated. Although this 

product could not be obtained pure, its structure was tentatively 

assigned as the 1,3-adduct (38). In the nmr spectrum of (38) it was 

found that the terminal methylene (CHNO2) and the methine (C//NH) protons 

were not coupled to each other. Instead both sets of protons were 

coupled to a 2 proton AB system centred at 5 2-28. The assignment is 

1 13 

further supported by the H and C nmr chemical shift data (see table 

3'4) which is consistent with the structure of the 1,3-nitroacetamide 

(38). Formation of a 1,3 adduct may be rationalised by a 1,2 hydride 

shift at the stage of an intermediate carbonium ion. 

H NO. NO? C H f EN NO, 
K j ® J CH3CN n J 
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Alkene 

Table 3-3 

The Nitroacetamidation of Aliphatic Alkenes 

Product Yield 

Oct-l-ene 

Oct-]-ene 

Hex-l-ene 

(36)and 

(36i) 

NHCOCH3 

CH3COHN NO2 

(38) 

28% 

(37) 

NHCOCH3 

13 and 9% 

16% 

CH3COHN NO2 

fran5-Hex-3-ene 

Cvclohexene^ 

b (39) 24% 

N O 2 

(41) and (42) 20% 

NHCOCH3 

Cyclopentene^ a:"' (10) 
NHCOCH3 

13% 

a Reactions were carried out at-40°C in CH^CN and allowed to warm 

to -10°C before quench, except 

b Reactions were carried out at -70°C to -60°C in CH^CN - CH2CI2 

(see text). 
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The ni t roacetamidat ion of t rans-hex-3-ene a l so an unexpected 

product. The reaction was carried out by adding the alkene to a 

suspension of nitronium t e t r a f l u o r o b o r a t e in acetonitrile-dichloroK%hm% 

at -60°C and then allowing the reaction to warm up to -20°C before 

quenching. A low (24%) yie ld of n i t roacetamide t e n t a t i v e l y assigned 

as l ,3-adduct (39) was i s o l a t e d . Again i t was found tha t the compound 

was d i f f i c u l t t o purify. 

CH3COHN NO2 

NHCOCH3 
(39) (40) 

The s t r u c t u r a l assignment for t h i s adduct was based upon^H nmr ana lys i s . 

In the high f i e l d region of the spectrum a doublet (CA^CHNH) and a 

t r i p l e t (C#^CH2) were observed. For the a l t e r n a t i v e , 1,2 adduct (40) 

two triplets of chemical shift ca5 0*9 would be expected. Further 

support fo r the assignment comes from the observat ion of a methr^^ 

resonance (C# NO2) a t 6 4*26 as a qu in t e t , thus tim methyuiiL protons 

1 13 

must be coupled to four other protons. The H and C nmr chemical 

shifts are consistent with the proposed structure (see table 3 - 4 ) . 

Cyclopentene gave a single nitroacetamide (10) in 13% yield. 

The spectral characteristics of this adduct were in close agreement 

with those of a nitroacetamide formed via nitroiodination of 

164 

cyclopentene (see section 3-1,2). As nitroiodination is a free 

radical process and hydrogen shifts are rare in free radical additions 

the nitroacetamides formed in this way are probably 1,2 adducts. 

Therefore the adduct formed on the nitroacetamidation of cyclopentene 

is also likely to be a 1,2 adduct. Unfortunately it proved impossible 

to adequately purify the compound thus the stereochemistry could not be 
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Table 3-4 

1 13 
Selected H and C mnr Data for Nitroacetamides 

Derived from Aliphatic Alkenes 

R N O g 

Adduct H-1 H-2 H-3 C--1 C--2 C--3 

(36) 1 -60 4 "40 4 "45 31' '56 47' '80 78' -05 

(37) 1 "58 4 • 45 4 -56 31' •15 47' '81 78' '07 

(38) 3 -98 2 -28 4 ' 46 47' '23 35- 08 73' 06 

(39) 4 -10 2 •0 4 "48 42' '98 40- 12 87' '82 

(36) R 

(37) R 

(38) R 

(39) R 

1 

1 

1 

1 

R' 

C3H7 ' R 

R 

= CH. 

R^ = H, 

R* = H, 

NHCOCHg, 

NHCOCHg, 

R^ = NHCOCHg ; 

RJ = NHCOCHg ; 

= R* = H ; 

R^ = H, R* = CgH^. 

All values are p.p.m. versus tetramethylsilane internal standard. 
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determined from the nmr spectrum. 

Cyclohexene gave an inseparable mixture of ni troacetamides in 

20% yield (41) (42) . I t was not c lea r from the s p e c t r a l data whether 

these were dias tereoisomers or regioisomers. The unsubst i tu ted amides 

(43) and (44) were a l so i so l a t ed from the r e a c t i o n s with cyclohexene 

and cyclopentene. 

NHCOCH, ^ ,NHCOCH 

(i3) [ U ] 

36 
This r e s u l t was not unexpected as Scheinbaum and Dines Imd found 

unsubst i tu ted amide by-products from the n i t roace tamida t ion of propylene, 

2-methylpropene and but-2-ene . I t i s presumed t h a t these amides a r i s e 

35 

via a R i t t e r r eac t ion caused by ac id ic i m p u r i t i e s (see sec t ion 3-1) . 

Unsubsti tuted amides were not however, i s o l a t e d from any other 

n i t roacetamidat ion r eac t i ons . 

The overall results of nitroacetamidation bear a close similarity 

to the f ind ings o i n i t r o a c e t o x y l a t i o n (see Chapter 1 sec t ion 1-2 ,2) and 

n i t r o n i t r o x y l a t i o n (see Chapter 1 sec t ion 1 - 2 , 3 ) . All th ree reac t ions 

gave low yields of products w i t h simple alkenes but higher yields w i t h 

phenyl s u b s t i t u t e d alkenes. Additions to some alkenes was syn but to 

others w a s anti . Additionally the products formed from the reactions o f 

simple aliphatic alkenes with acetyl nitrate or nitronium 

tetrafluoroborate/acetonitrile gave some rearranged products. Attempts 

to rationalise the nitration of alkenes have proved difficult, indeed 

one author reviewing nitroacetoxylation has described the subject as a 

'source of nightmares for those who would a t t e m p t a coherent description' 

The formation of syn nitroacetamides with trans-l-phenylpropene and 

trans-stilbene but anti nitroacetamides with cis-l-phenylpropene and 
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c i s - s t i l b e n e c lose ly accords with the n i t r oace toxy l a t i on of these alkenes. 

As described in Chapter 1 (section 1 *2,2),Bordwell and Biranowskii^^ 

suggested tha t the stereochemical outcome of n i t r oace toxy la t i on 

depended upon the kinetic stability of the intermediate carbonium ion 

and whether the ion was trapped by acetic acid coming from the reagent 

or from the so lven t . A s imi lar scheme may be proposed for 

nitroacetamidation. The scheme requires that the attacking species be 

a solvated nitronium ion (45) . This adduct i s not unreasonable as 

s imi lar adducts are found in so lu t ions of ni t ronium s a l t s in pyridines 

25 
and may ac tua l ly be i so l a t ed . 

® G 
C H 3 C = N - N 0 2 BF/, 

(45) 

The formation of syn products i s r a t i o n a l i s e d a s proceeding via an 

unstable solvated carbonium ion which rapidly c o l l a p s e s . 

N O 2 C H ^ C E N N O 2 

h M ' R — 
CsHs H Cgkis H 

(46) 

.syn 
amide 

Anti products are rationalised as having been formed via a more stable 

and long-lived solvated carbonium ion which undergoes equilbration 

with the bulk solvent before its collapse. 
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k5l CH3C . V -jJO, 

'6^5 
C s H s R 

H' 

(47) 

onti 
amide 

HnO 

NO; 

CgHg R 

CH3CN 

C H o C E N 
@ 

H 

H 

zJ", R 

The longer l i f e - t i m e of the more s t ab le solvated carbonium ion explains 

why competitive side reac t ions (such as e l iminat ion or polymerisation) 

are able to lower the yield of adducts obtained frcm cis-l-phenylpropene 

and c i s - s t i l b e n e . The d i f fe rence in s t a b i l i t y between the carbonium ions 

formed from a c i s / c r ans pair of alkenes muft be caused by s t e r i c f a c t o r s . 

Thus in the intermediate (46) formed from a t r ans alkene the phenyl 

and R groups are staggered while in the in termediate (47) formed from a 

CIS alkene the phenyl and R groups are ec l ipsed . Tt^ e f f e c t of the 

eclipsing is evidently enough to allow the dramatic change in the 

stereochemistry. 

A 1,2 cycloaddition has been proposed as an alternative 

mechanism for n i t r o a c e t o x y l a t i o n ^ ^ \ , however this proposal cannot be 

used to explain the formation of syn nitroacetamides. 

0 - N , 

2+2 
adduct 

> l I® 
0 N-X 
® 6 

X z C H g C N 

CH3CEN NO? 

X z C H g C C ^ 

(CHgCOlgO 

\ X = N C ^ 

N2O5 

\ 

> 1 — ^ > 1 — j < 

CH3CO2 NO; OgNO NO2 
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Simple a l i p h a t i c alkenes gave low y i e ld s of nitroacetamide adducts 

and in some cases gave rearranged products. Again, these results are 

in accord with the n i t roace toxy la t ion and n i t r o n i t r o x y l a t i o n of simple 

a l i p h a t i c a lkenes . The cause of the low y i e l d s may be explained by the 

reactivity of the intermediate carbonium ions which may undergo 

e l imina t ion , polymerisation and rearrangement r e a c t i o n s before t rapping 

by the solvent. Rearranged products, for example 1,3 adducts, may also 

be formed by rearrangement a t the n i t r i l i u m ion s tage . Such reac t ions 

have p receden t^^and are thought to proceed v i a an equ i lb ra t ion between 

the n i t r i l i u m ion and the f r e e carbonium ion. 

H NO2 NO2 

stc. 

NECCHo NECCH. 

Support for these hypotheses comes f r o m inspection of the literature. 

Nitration of alkenes that have carbonium ion stablising groups (for 

example styrene^^ and n o r b o r n e n e ^ ^ ) g i v e s h i g h yields. High yields are 

31 

also obtained from the nitration of alkenes s u c h as ethylene and 

28 
halogenoalkenes which do not have stabilising groups but are not 
susceptible to side reactions. Conversely low yields of adducts are 

, r T, , , . , . . 44-46,60 , 44-46,60 
obtained from alkenes s u c h as aliphatic and cycloaliphatic 

alkenes which have no carboniura-ion stabilising groups and are 

susceptible to side reactions. 

3-2,2 The Nitroacetamidation of Dienes. 

Having established conditions for the successful nitroacetamidation of 

styrenes the investigation was extended to dienes. For these reactions 

electrogenerated nitronium tetrafluoroborate was used. Apart from the 

source of the nitronium salt the reaction conditions were similar to 
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Table 3-5 

Diene 

The Nitroacetamidation of Dienes 

Products and 

Butadiene 

Isoprene 

2,3-Dimethylbutadiene 

trans-Penta-1,3-diene 

trans,trans-Hexa-l,4-diene 

Yields 

NO-

48% 

NO, 

51% 

NHCOCHo 
(48) 

N O o 

NHCOCHo 
(A9) 

NO, 

39% 50%. 

NHCOCHq 
(50) 

N O n 

NHCOCHo 
(511 

N O ; 

35% 35% 

NHCOCH^ 
(5A) 

N O 2 

NHCOCH3 
(52) 

N O , 
26% 39% 

NHCOCHq 
(56) 

NHCOCH3 

NO. 

NHCOCH3 
(59) 

25% 

(60) 

N O 2 

and 

NHCOCH. 
(61) 

N O 2 

NHCOCHo 
(63) 

Reactions carried out at -70°C in CH^CN 

NHCOCH3 

(62) 

NO. 
and 78% 

CH2CI2 

NHCOCH3 
(64) 
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those used to n i t r a t e s ty renes . An equal volume of dichloromethane 

was added to a solution of electrogenerated nitronium 

tetrafluoroborate in acetonitrile causing the nitronium salt to 

precipitate. The mixture was then cooled to -70°C and the diene added. 

After complete dissolution of the precipitated nitronium salt (2-5 

minutes) the reac t ion was quenched with aqueous a c e t o n i t r i l e . "The 

1,2 and 1,4 nitroacetamides formed (see table 3-5) were then isolated 

by ex t rac t ion followed by f l a sh chromatography. Tt^ 1,2 adducts were 

substantially less polar than the 1,4 adducts. 

Buta-1,3-diene r e a c t e d to g ive the 1,2 nitroacetamide (48) in 48% 

yield and the 1,4 ni t roacetamide (49) in 51% y i e l d . Discrimination 

between the two s t r u c t u r e s was made by inspec t ion of t h e i r nmr spec t r a . 

The expected regiochemistry of addi t ion to give the 1,2 adduct (48 ) was 

indicated by observat ion of the three protons of th^ vinyl group and a 

coupling between the methine (C#NH) proton and tlm amide (N#) proton. 

This structural assignment was confirmed by analysis of the % and 

1 3 

C nmr chemical shift data (see table 3-6). The trans stereochemistry 

of the 1,4 adduct (49) was established by the observation of a coupling 

constant between the two vinyl protons of 15Hz. 

Isoprene gave a 1,2 adduct (50) in 39% yield and a 1,4 adduct (51) 
in 50% yield. The 1,2 adduct (50) was identified by the presence of 

three vinyl protons in its nmr spectrum. This observation also 

established that attack had taken p l a c e on the most substituted double 

bond. regiochemistry^was es tab l i shed by a n a l y s i s of the nmr 
A, 

spectrum. Thus, the methylene (C^^^H) protons at 63-90 were coupled 

to both the amide (N#) proton and the vinyl proton at 6 5*72. The 

assignment of the trans geometry to the double bond was inferred from 

the trans 1,4 adducts obtained from butadiene and 2,3-dimethylbutadiene 
52 

(49) and (52) respectively and also from the related nitroacetoxylation 

of isoprene which gives mainly (53). 
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T a b l e 3 - 6 

S e l e c t e d Nmr Data of N i t r o a c e t a m i d e s D e r i v e d from D i e n e s 

7 , 2 X d d u c f s 

NHCOCH. 

Adduct H-3 H-4 C-3 C-4 

( 4 8 ) 

( 5 0 ) 

( 5 4 ) 

( 5 6 ) 

( 6 1 ) and ( 6 2 ) 

5 - 1 8 4 - 7 2 

5 - 6 3 

4 - 8 t o 5 - 1 

4 - 8 4 4 - 8 4 

5 0 - 6 4 7 8 - 1 9 

5 7 - 2 4 8 0 - 4 5 

5 8 - 4 9 7 9 - 9 5 

5 5 - 2 6 8 5 - 7 0 

5 5 - 1 0 8 5 - 9 6 

( 4 8 ) = R2 = R^ = R* = H 

( 5 0 ) = R^ = R^ = H, R^ = CH 

( 5 4 ) = R'̂  = H, R^ = R^ = CH3 

( 5 6 ) = R^ = R^ = H, R^ = CH^ 

( 6 1 ) and ( 6 2 ) R^ = R^ = CHg, R^ = R^ = H 

143 



B. Adduces 

f f CHaCOHN^ -A T ^ N O 2 

Adduct H-l H-4 C-1 C-4 J vinvl 

(49) 3-90 5-12 40-70 77-38 15Hz 

(51) 3-90 5-06 37-58 83-85 

(52) 3-96 5-00 48-03 79-53 — 

(59) 3-86 5-22 40-65 84-73 15Hz 

(60) 4-60 5-12 46-21 77-54 15Hz 

(63) and (64) 4-36 5-20 46-06 84-71 15Hz 

(49) Rl = R- = = R^ = H 

(51) R^ = R^ = R* = H, = CH ;̂ 

(52) 

(59) 

(60) = 

,1 

= H, R^ = R^ = CH^; 

R^ = R^ = H, R^ = CHj 

CHg, = R^ = R^ = H 

R^ = CHg, R^ = R^ = H. (63) and (64) R 

All chemical shifts are p.p.m. versus tetramethylsilane internal standard. 
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OCOCH, 
(53) 

2,3-Dimethylbutadiene reacted to give a 1,2 product (54) in 35% 

yield and a 1,4 product (52) also in 35% yield. Comparison of the 

1 13 

H and C nmr spectral data of (52) and (54) with the adducts formed 

from . butadiene and isoprene readily permitted distinction between 

the 1,2 and 1,4 isomers. The trans stereochemistry about the double 

bond of (52) was shown by nuclear Overhauser effect (n.O.e) 

experiments (see table 3-7). Thus the observed n.O.e. differences 

closely match those expected for the trans isomer (52) but do not match 

those expected for the cis isomer (55). 

Nitroacetamidation of Cran5-penta-l,3-diene gave three adducts 

of which one, the 1,2 adduct (56), was readily isolated by flash 

chromatography. The regiochemistry of addition was indicated from 

analysis of the nmr spectrum and from decoupling experiments. Thus, 

three vinyl protons were observed, one of which was coupled to the amide 

methine (C#NH) proton. Additionally, the nitro group methine (C#N02) 

proton was coupled to the methyl group protons. The stereochemistry 

of addition was determined by conversion of (56) into a dihydroimidazole. 

NHCOCH3 ^ ' NHCOCH3 I 

156) 157) (58) 

Reduction of (56) with aluminium amalgam in moist ethyl acetate followed 

by hydrogenation over platinum dioxide gave the saturated aminoacetaraide 

(57). Acid catalysed cyclisation of (57) gave a single dihydroimidazole 

(58). The structure of the dihydroimidazole (58) was assigned by 
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Table 3-7 

N.O.e Experiment to Dis t inguish (52) from (55) 

Irradiate CH ,NH I r r a d i a t e CĤ NÔ  

Qua l i t a t ive 
n.O.e. 
d i f f e r ence 

CH^ CĤ  CHpO, CH3 CHg CHgNH 

Predicted 
for (52) + ++ — 4-+ + 

Predicted 
for (55) ++ + ++ + 

Observed + ++ + — — 

++ Large d i f f e r e n c e . + Small d i f f e r e n c e . No d i f f e r ence . 

C H o N O ; 

YOz 
12 k 

NHCOCH3 

I^^NHCOCHa 

(521 

NOglSS) C H g N H 

C H 3 C O 

C H 3 

C H ; 

j \ -

5.0 4.0 
PPM 

3 .0 

L 

2 . 0 

Figure 3-1 Detail from 360 MHz H nmr Spectrum of (52) 
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comparison of i t s nmr spectrum with tha t of the r e l a t ed 

dihydroimidazoles (28) and (30). It was found that the protons 

attached to positions 4 and 5 in the ring of the trans dihydroimdazole 

(28) had a coupling constant of 8Hz (see Chapter 4, experimental) 

and the protons attached to positions 4 and 5 in the cis 

dihydroimidazole (30) had a coupling constant of lOHz. The 

observation of a coupling constant of 7Hz in the dihydroimidazole 

(58) ind ica te s tha t the methyl and e thyl groups have a t rans 

r e l a t i o n s h i p to each o ther . A t rans dihydroimidazole must have been 

formed from a tAreo 1,2 ni troacetamide t h e r e f o r e the o r i g i n a l 

addi t ion was syn. 

The two 1,4 adducts formed by n i t roace tamida t ion of 

t r an5 -pen ta - l , 3 -d i ene could not be separated by f l a s h chromatography. 

However separation by h . p . l . c . permitted the isolation of the two 

unstable 1,4 adducts (59) and (60) . The regiochemistry of the major 

1,4 a d d u c t (59) was established from analysis of the nmr spectrum 

and by decoupling experiments. It was found that the methylene protons 

(CA^NH) were coupled to the amide proton (NH) and that the methine 

proton (CZ/NG^) was coupled to the terminal methyl protons. The 

observation of a coupling of 15Hz between the two vinyl protons 

established a trans double bond geometry. The structure of the minor 

1,4 isomer (60) was similarly deduced. It was found in this case that 

the methine proton (CHNH) was coupled to the amide proton (NH) and to 

the terminal methyl group. The methylene protons (CH2NO2) were 

found to be coupled to one of the vinyl protons. The two vinyl protons 

had a vicinal coupling constant of 15Hz thus, establishing a trans 

double bond geometry. 

Trans trans-hexa—2,4-diene gave a mixture of two 1,2 adducts (61) 

and (62) which could not be separated and a mixture of two 1,4 adducts 

(63) and (64) which also could not be separated. The two respective 
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mixtures were ea s i l y separated by f l a s h dhn^natography. The nmr 

spectrum of the mixture of 1,2 adducts suggested one compound. However 

13 

the observation of two extra peaks in the C nmr spectrum and two 

peaks on h.p.l.c. analysis showed the presence of two compounds. 

Comparison of the % nmr spectrum of the mixture of 1,2 adducts (61) 

and (62) with the 1,2 adduct from trans-penta-l, 3-diene allowed 

assignment of the regiochemistry. The double bond geometry was shown 

to be trans by the observation of a 15Hz coupling constant between 

the two vinyl protons. The lack of stereoselectivity of addition was 

confirmed by conversion of the mixture of 1,2 nitroacetamides (61) 

and (62) , under the condi t ions described above i n t o the c i s and t rans 

dihydroimidazoles (65) and (66) . 

The major products(78% of the n i t roace tamida t ion of 

t rans t rans-hexa-2 ,4-d iene were the 1,4 adducts (63) and (64). Again 

the nmr spectrum of the mixture of adducts failed to show the 

presence of more than a single compound. H.p.l.c. analysis also 

indicated the formation of a single compound as only one peak was 
13 

observed on two different columns. Close inspection of the C nmr 

spectrum however indicated the possibility of two compounds as one of the 

methyl resonances was split into two (20*36 and 20-27 ppm). Attempts 

to observe both compounds by the use of a lanthanide shift reagent 

(europium tris heptafluorodimethylocta dione) failed due to excessive 

line broadening. Instead the mixture was reduced with aluminium 

amalgam and acylated to give a mixture of DL a n d meso bis acetamides 

(67) and (68) . 
NHCOCH3 

ii(CH3C0)20 . 
NHCOCH3 ^ ^ NHCOCH3 

(63)and(6/,) (61^)and(63) 
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The nmr spectrum of (67) and (68) again suggested one compound. 

However by running the nmr spectrum of (67) and (68) in the 

presence of the chiral solvating agent R {~)~ 

1,1,1-trifluoroanthrylethanol (69) showed the presence of a mixture 

of compounds. 

C F ; 

(69) 

The acetyl methyl (CH^CO) was resolved into four signals of similar 

intensity. Similarly the terminal methyl doublet (CB^CHNH) was split 

171 

into seven observable signals. Using the rationale of Pirkle at al , 

for the spectra of compounds in chiral media, it was clear that a 

mixture of DL and meso compounds were present. Therefore the original 

1 , 4 product obtained from the nitroacetamidation of 

trans trans-hexa-2,A-diene was the mixture of diastereoisome?rs (67) 

and (68). 

The nitroacetamidations of 1,A-diphenylbutadiene and 

1.3-cyclohexadiene were briefly examined. In the case of 

1.4-diphenylbutadiene a complex mixture of products was obtained. Only 

a small fraction of the mixture consisted of nitroacetamides. With 

cyclohexa-1,3-diene a good yield of a complex mixture of nitroacetamides 

was formed. However all attempts to separate individual components of 

this mixture failed. 

The closest analogous reactions to nitroacetamidation are 
54 

nitroacetoxylation and nitronitroxylation by the use of acetyl nitrate 

64 

and dinitrogen pentoxide respectively. Both of these reagents were 

reported to react with butadiene giving a mixture of 1,2 and 1,4 adducts 

(see Chapter 1 section 1-2). Unfortunately the authors do not state 
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the r a t i o of the isomeric products ob t a ined ,bu t i n s o f a r as the r e s u l t s 

go they do concur with the nitroacetamidation of butadiene. The 

52 

nitroacetoxylation of isoprene has been studied in greater detail 

(see section 1-2,2). It was found that a mixture of 1,2 and 1,4 products 

in a ratio of 3:7 was obtained. This compares with a mixture of 1,2 

and 1,4 adducts in a r a t i o of 1:1*3 obtained from the nitroacetamidation 

of isoprene. The observation that the nitroacetamidation of isoprene 

gives the trans 1,4 adduct accords with the observation that in 

nitroacetoxylation the trans 1,4 adduct (53) is formed predominantly. 

In electrophilic additions to dienes preferential 1,4 addition has good 
172 173 precedence, f o r example in the i on i c bromination and ch lo r ina t i on 

of conjugated d i enes . However in the add i t i on of 4-chlorobenzenesulpb%yl 

ch lo r ide to dienes in t e t r a c h l o r o e t h a n e 1,4 a d d i t i o n can be very 

unimportant relative to 1,2 addition^^\ The observation of a preference 

for 1,4 addition in nitroacetamidation suggests that in acetonitrile 

either an initial polar addition occurs or some equilibration to the 

more thermodynamically stable 1,4 nitrilium ion occurs. 

(45) 
C H . C % N O ; 

v ia po la r 
add i t i on NECCH. NECCH-S 

€) 

1.A-amide 1,2-amide 
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NECCH. NECCH^ NECCH. 

Via 

equilibration 
T » 

1,2-amide i .Aamide 

H 2 O H g O 

In the case of add i t ion to 1 ,3 -bu tad iene , i soprene , 

2 ,3 dimethylbutadiene and Crans ,Cran5-hexa-2 ,4-diene the s i t e 

s e l e c t i v i t y of the i n i t i a l i m t r a t i o n may be r a t i o n a l i s e d on the bas i s 

of the r e l a t i v e s t a b i l i t y of the poss ib le ca rboca t ion in t e rmed ia t e s . 

Much l e s s s e l e c t i v i t y i s observed in the n i t r o a c e t a m i d a t i o n of t r a n s -

pen t a -1 ,3 -d i ene . Only the minor 1 ,4-product (60) i s obtained via the 

most s t a b l e carbonium ion . The other two p roduc t s [(56) and (59)] a r e 

formed via a t t ack a t the most s u b s t i t u t e d and hence most nuc leoph i l i c 

double bond. A s imi l a r r a t i o n a l may be app l i ed t o the 

n i t roace tamida t ion of i soprene . Here, both t h e products (50) and (51) 

are formed via attack a t the most s u b s t i t u t e d double bond as well a s 

via the most stable carbocation intermediate. A similar selectivity 

( o r lack of selectivity) is observed with other electrophilic reagents 

notably 4-chlorobenzenesulphonyl chloride^^^ and a l s o by the f r e e 

68 

radical addition of dinitrogen tetroxide-iodine 

The stereoselectivity of the 1,2 addition to trans-penta-1,3-diene 

is syn, while in contrast both the 1,2 and 1,4 additions to 

trans,trans-hexa-2,4-diene were found to be non stereoselective. This 

accords with the findings of the nitroacetamidation of styrenes where 

the stereochemical outcome was found to depend upon the stability of the 

carbocationic intermediate. The additional stability conferred on the 

allylic carbonium ion derived from trans, trans-hexa-2,4-diene by the 
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extra methyl group Is sufficient to allow a greater equilibration to 

occur. Thus the product mixture derived from t h e n i t roace tamida t ion 

of trans,trans-hexa-2,4-diene shows no diastereoselectivity and a 

preponderence of 1,4 addition products. 

3-2,3 Some Transformations of Nitroacetamides 

A, Oxidation. 

One of the most useful transformations of the nitro group is its 

conversion i n t o a carbonyl group. The o r i g i n a l procedure fo r t h i s 

t r ans fo rma t ion (sometimes known as the Nef r e a c t i o n ) i s to rap id ly 

a c i d i f y a so lu t ion of the n i t r o compound in aqueous a l k a l i . However 

t h i s method does not always work, f o r example the adduct (5) was 

recovered unchanged by this treatment^^^. As a result of this 

unpredictability a plethora of alternative procedures have been 

developed using both oxidative and reductive conditions in basic 

or neutral media. Reference 3 c o n t a i n s a useful summary of methods. 

The nitroacetamide adducts derived from trans-l-phenylpropene and 

trans-stilbene, (7) and (9), were converted into the known 

acetamidoketones (70)^^^ and ( 7 1 ) b y the use of Ko##blum and co-workers' 

177 

method . The nitroacetamides were converted into nitronates by 

dissolution in tert.-butylalcohol containing potassium tert.-butylate. 

The nitronates were subsequently oxidised by cold potassium permanganate 

in a two-phase ethyl acetate-water system. 

NHCOCH3 NHCOCH3 NHCOCH3 

NO, Jlo® ° 

R=CH3 17) RzCH; (70)99% 
R^CsHj ig ) R^CeHjl?!) 95% 
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Infrared spectra of the crystalline acetamidoketones showed the expected 

loss of bands due to the nitro group and the presence of additional bands 

at 1720 cm ^ for (70) and 1690 cm ^ for (71). The nmr spectra were 

similar to those of the starting nitroacetamides save for the absence 

of one proton and its attendant splitting effects. Attempts to prepare 

acetamidoaldehyde (72) or acetamidoacid (73) from (5) failed. 

NHCOCH3 NHCOCH3 

C g H s / ^ C H O C g H s - ^ C O z H 

(72) (73) 

A var ie ty of methods were t r i e d ; potassium permanganate, sodium 

methoxide-ozone, titanium trichloride, sodium methoxide-silica, acetic 

anhydride-sodium acetate etc., but without success. In some reactions 

acetamidoaldehyde (72) was thought to be present but could not be 

isolated, while in other reactions only benzoic acid was obtained. 

1,4-Acetamidoketone (74) was produced in 90% yield by oxidation of the 

1,4 adducts obtained from trans, trans-hexa-2,4-diene (63) and (64) with 

eerie ammonium nitrate in the presence of triethjlamine^^®. 

Cecr 

N(C2Hg)3 
NHCOCH NHCOCH3 

(63) and (66) 

Unfortunately (74) could not be obtained in a completely pure state, 

however inspection of the infrared and nmr spectra of (74) allowed 

a reasonably secure assignment of structure. Comparison of the infrared 

spectrum of (74) with that of the starting materials (63) and (64) 

showed that the product did not contain a nitro group. The presence 

of an unsaturated ketone was shown by a shoulder at 1695 cm ^ on the 

very strong amide carbonyl absorbtion. As in the starting compounds 
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(63) and (64) the nmr of (74) showed tha t t h e amide methine proton 

(C//NH) was coupled to; the amide proton (Nfl), a methyl group and one 

of the vinyl protons. Two vinyl protons were observed with a 16Hz 

coupling between them, establishing a trans double bond geometry. 

The two o t h e r resonances in the spectrum were due to methyl groups at 

6 2 '28 (CA/̂ CO) and 6 2-04 (CH^CONH). Thus both the in f r a red and 

nmr spectra are consistent with the assigned structure(70)• 

Exposure to a i r of the mixture of 1,4 n i t roacetamides obtained 

from t r a n s - p e n t a - l , 3 - d i e n e (59) and (60) gave another acetamidoketone. 

The preference for s t r u c t u r e (75) and notfbrEmaa#amidoaldehyde was 

based on comparison of the spec t r a l data of (75) with tha t of i t s 

homologue (74). 

0 

N H C O C H 3 

(75) 

A poss ib le mechamism for the formation of (75) from nitroacetamide (59) 

is 

(i ) f o r m a t i o n of a n i t r o n a t e anion and then 

(ii) aerial oxidation of the nitronate giving the ketone. 

© 
N O 2 0 ^ ^ 0 

N H C 0 C H 3 N H C O C H 3 N H C O C H 3 

(59) (75) 

In support of this aerial oxidation mechanism it was found that 

acetamidoketone ( 7 4 ) could be obtained in 60% yield by passing air 

through a solution of (63) and (64) in acetonitrile containing 

triethylamine. 
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8. Reduction of MiCroaceCamjdes. 

Earlier in this Chapter the reduction of nitroacetamides (7),(9), 

obtained from 1-phenylpropene and t r a n s - s t i l b e n e , give 

aminoacetamides (27) and (33) respectively was described. The preliminary 

search fo r su i t ab l e reduction condit ions was imade using the styrene 

adduct (5). Aluminium amalgam was found to be the only reagent that 

gave satisfactory results. Traditional methods of nitro g r o u p reduction 

using hydrogen with palladium on carbon, tin-hydrochloric acid, 

i ron -ace t i c acid zmd i ron, ace t i c acid and hydrogen bromide a l l gave 

mixtures of un iden t i f i ed products. Basic reducing agents such as 

l i thium aluminium hydride were not t r i e d as poss ib le epimerisat ion of 

the n i t r o group would render the reduction unsu i tab le fo r determination 

of s tereochemistry. 

Treatment of (5) with aluminium amalgam in wet e thyl ace ta te gave 

aminoacetamide (76) in q u a n t i t f a t i v e y i e ld . This compound was i d e n t i f i e d 

179 
by ace ty la t ion giving the known bis acetamide (77) 

NHCOCH, NHCOCH3 NHCOCH3 

C . H A - ™ ' -

151 1761 (771 
100T4 9 6 ^ 4 

Heating aminoacetamide (76) in xylene under reflux caused cyclisation 

180 

and dehydration to give the known dihydroimidazole (78). 

Dehydrogenation to give 2-methyl-4-phenylimidazole (79) was accomplished 

by use of palladium on charcoal in nitrobenzene under reflux (46% yield) 

or by treatment w i t h highly active manganese dioxide in 

dichloromethane (56% yield). The imidazole was identified by a 

comparison of its spectral and physical properties w i t h an authentic 

sample^^l. 
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(76) (79) 
7 2 % t 5 6 % t 

Trans dihydroimidazole (80) was prepared by heating aminoacetamide (33) 

in xylene under reflux. However all attempts to dehydrogenate the 

dihydroimidazole (80) to give the corresponding imidazole f a i l e d . 

An improved method of dehydrogenation would be highly des i rable 

as the products, 2 ,4 ,5 t r i s u b s t i t u t e d imidazoles , a re d i f f i c u l t to 

151 
prepare by other means but are of much i n t e r e s t 

'6 5 1 » 

NHj T 

(33) (80) 
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3'3 Conclusions 

Nitronium t e t r a f l u o r o b o r a t e reacted with phenyl subs t i tu ted alkenes 

( s tyrenes) a t -70°C in ace ton i t r i l e -d ich loromethane to give, a f t e r 

aqueous work-up, ni troacetamide adducts in good y i e ld . The react ion 

was highly r eg iose l ec t i ve giving Markovnikov products exc lus ive ly . 

The add i t ions onto Crans-l-phenylpropene and t r a n s - s t i l b e n e were syn 

w h i l e the a d d i t i o n s onto cis-phenylpropene, cis-stilbene and 

1-phenylcyclohexene 'were a n t i . The n i t roace tamida t ion of simple 

alkenes gave only low y ie lds of 1,2 and/or 1,3 adducts . Electrogenerated 

nitronium t e t r a f l u o r o b o r a t e reacted with 1 ,3-d ienes to give mixtures of 

1,2 and 1,4 ni troacetamides with a preference f o r th^ l a t t e r . The 

addi t ions onto isoprene and Crans-pen ta - l ,3 -d iene showed a preference 

for a t t ack at the more subs t i tu ted double bond. Th^ 1,2 addi t ion onto 

t r an5-pen ta - l , 3 -d iene was syn whils t in c o n t r a s t both the 1,2 and 1,4 

addi t ions onto t r a n s , t ran5-hexa-2,4-diene were non s t e r e o s e l e c t i v e . 

Oxidation of ni t roacetamides with potassium permanganate or ee r i e 

ammonium nitrate under basic c o n d i t i o n s gave acetamidoketones. 

Reduction of n i t r o a c e t a m i d e s wi th aluminium amalgam in ethyl acetate 

proceeded stereospecifically to g i v e aminoacetamides. Heating the 

aminoacetamides caused cyclisation forming dihydroimidazoles. 
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Chapter 4 

The Preparat ion of l - N i t r o - l , 3 - d i e n e s via 

the N i t ro t r i f l uo roace toxv l a t i on of Dienes 
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4'1 Introduction and Background 

4-1,1 Reactions of Trifluoroacetyl Nitrate 

A mixture of ammonium n i t r a t e and t r i f l u o r o a c e t i c anhydride has found 

occasional use as a nitrating agent and an oxidant. It is thought that 

an e q u i l i b r a t i o n , forming t r i f l u o r o a c e t y l n i t r a t e CFgC02N02, occurs: -

NĤ NOg + (CF C0)20 ^ *' CF̂ CO^NO^ + NH^COgCF^ 

Trifluoroacetyl nitrate, produced in this manner, was found to selectively 

182 
mononitrate a var ie ty of aromatic compounds 

(CF^COlgO 

N H 4 N O 3 
88% 

Enolacetates were converted in to n i t roketones us ing t h i s reagent 

T r i f luo roace ty l n i t r a t e was found to cause l e s s decomposition of 

2-alkylcyclohexenol ace t a t e s than ace ty l n i t r a t e (see Chapter 1). 

59 

OCOCH. 
0 

(CFgCOlgO 

NH,NO. 
100% 

Pentachlorophenol was oxidised by t r i f l u o r o a c e t i c anhydride and ammonium 

nitrate to give tetrachloro-1,2-benzoquinone^®^. 

(CF^COIzO 

Ql N H ^ N O ] 

80% 
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The reagent's oxidising ability is further shown by its reaction 

with hydrocarbons, in trifluoroacetic acid solution, giving 

183 
t r i f l uo roao^a te products 

C F 3 C O 2 N O 2 , 

C F 3 C O 2 H 

Tr i f luo roace ty l n i t r a t e may a lso be formed by mixing n i t r i c acid 

and t r i f l u o r o a c e t i c anhydride 

(CF2C0)20 + HNOg 1» CF2CO2NO2 + CFgCCL^ 

Tr i f luo roace ty l n i t r a t e , produced in t h i s manner, i s a powerful n i t r a t i n g 

agent for aromatic compounds^^\ 

In these reactions trifluoroacetyl nitrate shows a close similarity 

with other nitrating agents; for example acetyl nitrate, nitronium 

tetrafluoroborate and nitric acid. At the start of the investigation it 

was thought that trifluoroacetyl nitrate would add to alkenes and dienes 

forming adducts in a similar manner to acetyl nitrate and nitronium 

tetrafluoroborate-acetonitrile. 

4-1,2 Additions Involving the Trifluoroacetate Ion 

In electrophilic additions to double bonds, the trifluoroacetate anion 

has received only occasional use as a nucleophile to intercept the 

first-formed carbonium ion. Where the trifluoroacetate anion has been 

used the adducts formed have generally not been isolated. Instead, the 

reactivity of trifluoroacetate esters has been made use of (ie. in 

hydrolysis, substitution and elimination reactions). A few examples follow: 

Oxidation of disulphides by lead tetraacetate dissolved in 

trifluoroacetic acid containing an alkene gave trifluoroacetoxy sulphides. 
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These adducts were not i so la ted but instead were hydrolysed under basic 

185 
condit ions to give hydroxysulphides 

Pb(CH3C02)4 ^ H 2 O 

(^6^5)2^2 

C F 3 C O 2 H 

7 ^ % 

OH 

It was later found that treatment of the trifluoroacetoxysulphides with 

186 

ac id ic a c e t o n i t r i l e gave acetamidosulphides . The react ion i s thought 

to proceed via loss of the trifluoroacetate ion to give an episulphonium 

ion which i s trapped by a c e t o n i t r i l e . 

C s H j ^ 
Pb' iz 

(CgHg)2$2 

C F 3 C O 2 H 

O C O C F 3 

P C O C F 3 

CH3CN 

100^4 

H,SO/ 

N H C O C H g 

"SCgHs 1 0 0 % 

The mixed anhydride of trifluoroacetic acid and acetic acid was found to 

acylate cyclohexene . Treatment of the adduct with sodium carbonate 

allowed isolation of an unsaturated ketone. 

K C F g C O i z O - C H g C O z H 

iiNQ2C03''H20 
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4-1,3 Literature Preparations of 1-Nitro-l,3-dienes. 

It was envisioned that nitrotrifluoroacetoxylation of alkenes would, 

after further transformation provide a preparation of nitroalcohols, 

nitroacetamides and nitroalkenes. Much more interestingly, addition to 

dienes would give mixtures of 1,2 and 1,4 nitrotrifluoroacetates, which 

on e l iminat ion might give a s ing le 1 - n i t r o - l , 3 - d i e n e . 

CF3CO2NO2 Base _ . 

OCOCF 

OCOCF. 

Examination of the literature showed that no good preparative route to 

1-nitro-l,3-dienes existed; as a result their chemistry had been 

neglected. In contrast many efficient preparations of 1-nitroalkenes 

3 188 

exist and their rich chemistry has made them popular intermediates ' 

A brief overview of the existing preparations of 1-nitro-l,3-dienes 

follows. 

The addition of reagents of the type NO^X, where X = halogen, acetyl 

or nitrate, was discussed in Chapter One. Elimination of the adducts to 

form nitrodienes has been accomplished in a few cases. While the 

addition is usually high yielding the elimination is almost always 

inefficient. The most investigated route is via nitroiodination with 

dinitrogen tetroxide and iodine followed by elimination with lead acetate. 

This process gives nitrodienes in 10 - 35% yield^. Butadiene and 

2,3-dimethylbutadiene both gave a single nitrodiene of undetermined 

geometry while isoprene and penta-1,3-diene both gave a mixture of two 
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nitrodienes which were thought to be regioisomers, 

a Pb(CH3C02)2 I 

3 : 2 

06 OkXDve ^ n 

minor major 

2-Methyl-l-nitrobuta-l,3-diene (nitroisoprene) has also been prepared 

from the 1,4 nitroacetate obtained from the reaction of acetyl nitrate 

wi-th isoprene^\ Direct treatment of the adduct with 10% sodium 

hydroxide gave a 39% yield of nitroisoprene in the form of a 2:7 

trans/cis mixture of isomers. The same mixture was also obtained by 

54 
hydrolysis, bromination and then elimination with triethylamine . 

1-Nitrobuta-l,3-diene was formed on treatment of a mixture of 1,2 and 

64 

1,4 nitronitrates, obtained from butadiene and dinitrogen pentoxide , 

with triethylamine. The geometry of the nitrodiene was not determined. 

iN,05-CH;Cl2_ 3 5 % 

iilCaHjlsN 

1-Nitrobuta-l,3-diene was first claimed to have been prepared by the 

reaction of butadiene with nitric acid^^. Later workers^ however, 

noting an incorrect boiling point, have cast doubt on this result. 

Addition of dinitrogen tetroxide to 1,4-diphenylbutadiene gave a dinitro 

adduct^^"^. Upon treatment of the adduct with aqueous ammonia elimination 

107 

of nitrous acid occurred to give 1,4 diphenyl-l-nitrobutadiene . The 

same compound has been prepared from the reaction of styrylmagnesium 1AQ 
bromide with a nitroenamine 
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C c H 6'^5 

C g H g - z - M g B r * R2N-=< 

,N0' 

'CcH 6'^5 

ii NH3 
C6H5-=-=< 

,N0. 

^CcH 6'^5 

190 
Indian workers ^prepared from nitrocholestadiene by the 

of I 

dimethylformamide. 

elimination of nitrocholesteryl acetate with sodium azide in 

C H 3 C O 2 

N o N ' 

A mutagenic nitroderivative of sorbic acid was prepared in low 

yield by the reaction of acidified sodium nitrite with methyl 

hexa-2,4-dienoate^^^; many other products were also formed. 

NoNO" O g N 

'2CH3 H 2 S O 4 

H o O 

^ r - z - C 0 2 C H 3 

Condensation of a nitro compound with an unsaturated aldehyde then 

elimination of water provides another method of preparing nitrodienes. 

For example, nitromethane and crotonaldehyde condensed to form a 

nitroalcohol. Acetylation of the hydroxyl group then elimination with 

sodium acetate gave an unstable compound tentatively assigned as 

192 
1-nitropenta-l,3-diene 
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I C H o N O T 

utCH^COlzO 

NoOCOCH 

OCOCH3 
21% 73% 

Nitrodiene-esters may be prepared via the condensation of nitromethane 

with an unsaturated aldehydic ester. Treatment of the intermediate 

hydroxy compound with phosphorus trichloride and then sodium acetate 

193 
gave the nitrodiene-ester 

C g H s O g C - z - C H O 
i C H ^ N O ; 

C 2 H 5 O 2 C -=-=-N02 

ii PCig 
iiiNoOCOCH^ 16% 

The principal limitation with the condensation route to nitrodienes is 

the regioselectivity of the condensation step. Nitronate anions may 

add in a 1,2 or 1,4 manner to unsaturated carbonyl compounds. 

"CHO 

R C H g N O ; 

CHO 

Typically, a 1,4 addition occurs giving a saturated product which 

cannot easily be converted into a nitrodiene. 

Nitration of cyclopentadiene or of ferrocene followed by oxidation, 

194 

gave 5-nitrocyclopentadiene . Formation of the nitronate salt by 

treatment with base followed by neutralisation with acid gave the 

rearranged 1-nitrocyclopentadiene. 
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V ,HNO, 
pZg — 

A' ™ 
The preparation of 1-nitro-l, 3-dienes by nitrotrifluoroacetoxylation 

followed by elimination of trifluoroacetic acid would be expected to have 

two advantages over existing addition-elimination methods. 

( i) The use of common laboratory reagents, ie ammonium nitrate and 

trifluoroacetic anhydride in the nitration step. 

(ii) The possibility of finding conditions where the elimination of the 

nitrotrifluoroacetates can proceed in higher yield than the elimination 

of nitroiodides, nitronitrates or nitroacetates. Thus the objectives of 

the work described in this Chapter were:-

( i)The investigation of the nitrotrifluoroacetoxylation of dienes (and 

alkenes) 

( ii)To find conditions for the efficient preparation of 1-nitro-l,3-dienes. 

(iii)A preliminary investigation of the reactions of 1-nitro-l,3-dienes. 
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4-2 Results and Discussion 

4-2,1 The Nitrotrifluoroacetoxylation of Dienes and The Preparation 

of l-Nitro-l,3-dienes 

Following preliminary investigations it was found that dienes reacted 

with ammonium nitrate and trifluoroacetic anhydride in warm 

dichloromethane to give high yields of 1,2 and 1,4 nitrotrifluoroacetates. 

The reactions were conducted by adding ammonium nitrate portionwise at 

such a rate as to maintain a gentle reflux. Sometimes the reactions 

were slow to start, however addition of a few drops of fluoroboric 

acid ensured a rapid reaction. 

Butadiene gave a mixture of 1,2 and 1,4 nitrotrifluoroacetates (81) 

and (82) respectively. The mixture could not be separated by 

chromatography or by distillation as extensive decomposition occurred. 

Hydrolysis of the nitroesters with acidic methanol gave a mixture of two 

nitroalcohols which were readily separated by flash chromatography. 

The 1,2 nitroalcohol (83) and the 1,4 nitroalcohol (84) were easily 

recognised by comparison of their nmr spectra with the nitroacetamides 

(48) and (49). 

Treatment of the nitroalcohols with trifluoroacetic anhydride regenerated 

the respective nitrotrifluoroacetates (81) and (82). 

NO. 
'2 

OCOCF3 OCOCF3 
(81) 1821 
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The formation of nitrotrifluoroacetates was shovm by the ir spectra of 

(81) and (82) which showed bands due to the trifluoroacetoxy group at 

1790 - 1800 cm ^ and due to the nitro group at 1550 -1570 and 

1350 - 1375 cm"!. 

Elimination reactions were attempted using the crude mixture of 

nitrotrifluoroacetates or mixtures that had been partially purified by 

filtration chromatography on silica gel or florisil. The mixture reacted 

rapidly with triethylamine in ether at -40°C. Unfortunately extensive 

decomposition occurred and the isolated yield of trans-l-nitro-buta-l,3-diene 

(85) was very low. Elimination using sodium hydride gavecmS^yuddt^ (85% 

The mixture of nitrotrifluoroacetateswas added to a suspension of sodium 

hydride in tetrahydrofuran at -40°C and then allowed to warm to room 

temperature before work up with aqueous acid. The reaction was unusual 

in that although immediate dissolution of sodium hydride occurred no 

evolution of hydrogen was observed; instead a faint yellow suspension 

formed. On allowing to warm to room temperature the mixture thickened 

and the colour became dark red suggesting the possibility of nitronate 

anion formation. Addition of aqueous acid caused dissolution of the 

suspension, loss of the red colour and a small amount of effervesence. 

Aqueous work up before the mixture had warmed to room temperature gave 

only the hydrolysis products (83) and (84). At a higher reaction 

temperature, ie -20°C, a rapid reaction occurred accompanied by much 

effervesence however,the yield of (85) obtained this way was low. To 

explain these observations it is possible that at low temperature the 

hydride ion acts as a nucleophile and attacks the carbonyl group. On 

warming intramolecular proton transfer occurs giving a coloured 

nitronate ion which is hydrolysed giving the nitrodiene. 
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Table 4-1 

Synthesis of l-%itro-l,3-dienes 

Startine Diene 

Butadienê  

Nitrodiene % Yielc 

-NO, (85) 69: 

Isoprene b 

^3-Dimethylbutadiene 

N(], 

NO? (90) 

3D 

trans-Penta-l,3-d: 

vr]uncxa-i.j-d:ene 

:̂vcloocta-l,3-diene 

Crans-Ethyl penta-2,4-dienoatê  

NO; (93) 

NO, (92) 

(95) 

(95) 7' 

(97) 3: 

Crans-Methyl penta-2,4-dienoate' 

trans,Crans-Methyl hexa-ZiA-dieToate"̂  

C H 3 0 2 C - ^ ^ ^ . ^ j ^ q (93) 

C H 3 O 2 C 

/7: 

NO; (99) 9i 

Elimination with potassium acetate. 

Elimination with sodium hydride. 

Elimination with potassium propionate. 
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H O-C-CF3 O-C-CF3 O-C-CF3 
H 

CF 3 CHO CF 3CHIOHI2 * 

The reduction of carbonyl compounds by sodium hydride is rare but not 

without precedent^^\ No trifluoroacetaldehyde (a by product) could 

be isolated to support this hypothesis. 

The best yield of Cran5-l-nitrobuta-l,3-diene (85) was obtained by 

using potassium acetate or potassium propionate as base. A solution of 

the nitroesters in anhydrous ether containing 1-2 equivalents of fused 

potassium acetate was stirred overnight,aqueous work up gavean89% (overall) 

yield of nearly pure (85). The diene was easily purified by Kugelrohr 

distillation at reduced pressure. G.l.c. analysis showed the presence 

of a single compound. Rapid decomposition of (85) occurred at room 

temperature but at -20°C, the diene was stable for over a week. The 

infrared spectrum of trans-l-nitrobuta-1,3-diene (85) showed bands due 

to a conjugated nitro group at 1520 and 1350 cm ^ and bands due to the 

double bonds at 1640, 1600, 1000 and 950 cm ^. Assignment of the double 

bond geometry came from inspection of the nmr spectrum of (85). The 

protons H-1 and H-2 were coupled with a coupling constant of 13Hz which 

suggested a trans geometry. Further support came from a comparison of 

the chemical shift data for (85) with that of the related dienesulphoxides 

(86) and (87)1*\ 
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SOCH, 

J 
•SOCH3 

(86! (87) 

Thus the observation that H-1 and H-2 resonate at a lower field than 

H-3 in (85) and (86) accords with the trans assignment of (85). 

Isoprene reacted smoothly with ammonium nitrate and 

trifluoroacetic anhydride to give a mixture of nitroesters. No attempt 

at separation was made: the mixture or part-purified mixture was used 

directly in the elimination reactions. The mixture of nitroesters 

reacted with triethylamine in ether to give a mixture of two nitrodienes 

in 42% yield (1:1 ratio, g.l.c., ^H nmr analysis). Elimination using 

potassium acetate also gave the same mixture of nitrodienes. Elimination 

using sodium hydride in tetrahydrofuran however gave mainly one 

nitrodiene which was contaminated with a small amount of the other. 

The geometry of the major isomer (88) was assigned as trans by comparison 

of the chemical shift of H-1 and H-3 with the corresponding protons on 

(88) (see table 4-2). By inspection of the ^H nmr of the mixture of 

nitrodienes obtained from elimination using triethylamine it was 

possible to discern the resonances of the cis nitrodiene (89). Thus 

the H-1 proton in (89) was observed to resonate at a slightly higher field 

than H-1 of the trans isomer (88) and H-3 in (89) resonated furthest 

downfield at 6 7 " 7 0 . 

2,3-Dimethylbutadiene reacted with ammonium nitrate and 

trifluoroacetic anhydride to give a mixture of nitroesters. Upon 

treatment of this mixture with potassium propionate in ether trans 

nitrodiene (90) together with a trace of cis nitrodiene (91) formed in 

75% overall yield. The assignment of geometry to the isomers followed 
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Table 4*2 

Selected nrar Data for Dienes 

L' 

1 
R 

2 

Diene H-l H-2 H—3 J-12 

(85) 7-20 7-60 6-54 13Hz 

(86) 6'45 6-90 6'46 15Hz 

(87) 6-25 6-58 6-92 9-5Hz 

(88) 7-12 6-42 

(89) 6-98 7-60 

(90) 7-16 — 

(91) 6-86 

(92) 7-56 6-30 

(93) 7-66 a a 

(94) 7-08 7-70 a a 

a Not discernable • 

(85) trans, X = NO,, = R^ = Rg = R^ = H ; 

(86) trans, X = SOCH 
3' 

R^ = R^ = Rg = R^ = H ; 

(87) cig, X = SOCHg, = - ^3 = R^ = H ; 

(88) trans. X = NO,, R^ = R^ = R* = H, R 2 = CHg ; 

(89) cis, X = NOg, R 
1 R^ = R* = H, R, = CHg ; 

(90) trans. X = NO,, R^ = R^ = H, 
2 

R = R 3 - CH3 ; 

(91) CIS, X = NOg, R 
1 

R* = H, R' 
) 3 
- = R^ ; = CH^ ; 

(92) trans. X = NO,, R^ = R^ = CHg, R^ = R^ = CH ; 

(93) trans, X = NO,, R^ = CHg, R^ = R^ = R* = H ; 

(94) trans. X = NO,, R1 = R^ = r 3 = H, R "• = CH3 . 

All values are ppm against tetramethylsilane internal standard, 

172 



from the nmr of the mixture. Thus H-1 of the major isomer (90) 

resonated slightly downfield to H-1 of the minor isomer (91) (see 

table 4'2). 

Potassium acetate in ether was used to eliminate trifluoroacetic 

acid from the nitrotrifluoroacetates obtained from 

trans, trans-hexa-2,4-diene. Thus, trans, trans nitrodiene (92) was 

formed in 94% overall yield. The geometry of the nitro-substituted 

double bond was recognised by comparison of the chemical shifts of H-2 

and H-3 (92) with H-2 and H-3 of Crans-l-nitrobuta-l,3-diene (&5) (see 

table 4-2). The geometry of the second, alkyl-substituted,double bond 

in (92) was assigned as trans by the observation of a coupling of 15Hz 

between H-3 and H-4. 

Nitrotrifluoroacetoxylation of tran5-penta-l,3-diene followed by 

elimination with potassium acetate gave an inseparable mixture of 

nitrodienes (93) and (94) (ratio 1:1, g.l.c.). Comparison of the ^H nmr 

spectrum of (93) and (94) with the spectra of (85) and (92) together 

with the observation of a singlet at^T 2-30 and a doublet at 6 1'89 

(both methyl groups) allowed the recognition of the two regioisomers 

(93) and (94). 

Cyclohexa 1,3-diene and cycloocta-1,3-diene gave the corresponding 

1-nitroderivatives (95) and (96) both in 70% yield, which were purified 

by chromatography on deactivated silica or by distillation. 

1-Nitrocyclohexa-l,3-diene (95) was found to be contaminated with a 

small amount of nitrobenzene which accumulated on exposure to air. 

1-Nitrocycloocta-l,3-diene was also contaminated with a small amount (5%) 

of an unidentified compound which proved impossible to remove. 

Cyclopentadiene reacted vigoftrously with ammonium nitrate and 

trifluoroacetic anhydride but gave only black tarry material. 

The deactivated diene trans-ethyl penta-2,4-dienoate was smoothly 
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nitrotrifluoroacetoxylated. Treatment of the crude mixture of nitroesters 

13 

gave a single crystalline nitrodiene-ester (97). A C 

'off-resonance' experiment was used to prove the regiochemistry of (97). 

Thus it was established that each of the vinyl carbon atoms was attached 

to a single proton. In the nmr of (97) the observation of coupling 

constants of 12-5 Hz between H-1 and H-2 and 15Hz between H-3 and H-4 

showed a trans trans geometry. Trans-Methyl penta-l,3-dienoate gave the 

analogous nitrodiene-ester (98) in 84% yield via the same procedure. 

TYans, trans methyl hexa-2,4-dienoate (methyl sorbate) underwent 

nitrotrifluoroacetoxylation to give trans, trans-nitrodiene-ester (99). 

The assignment of regiochemistry and double bond geometry was made by 
1 13 

comparison of the H and C nmr spectra of (99) with those of the 

homologues (97) and (98). The melting point of (99)(if. 123-124°C)did 

not concur with the reported melting point of 5-nitrohexa-2,4 dienoic 

acid, methyl ester of unassigned geometry ie. (83-84°cf^^see 4-1,3). The 

1 13 

H and C nmr spectra of (99) were, however, very similar to those of 

the reported nitrodiene-ester. 
4-2,2 The Nitrotrifluoroacetoxylation of Alkenes. 

Alkenes were found to react vigorously with ammonium nitrate and 

trifluoroacetic anhydride under the same conditions as were used with 

dienes. Styrene gave a mixture of products. nmr and ir analysis of 

the crude reaction mixture suggested the predominant formation of 

nitrostyrenes ie; (100), and/or (101). 

NO, 
M O D 
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4-Bromostyrene also gave a mixture of products which again, was thought 

to contain nitrostyrenes together with a small amount of 

nitrotrifluoroacetate which could not be isolated. Cyclohexene, 

1-methylcyclohexene and hex-l-ene all gave complex mixtures of products. 

Attempts to prepare nitroalkenes by treatment of the crude reaction 

prcd^^^ with triethylamine or potassium acetate afforded yet more complex 

mixtures of products. Thus, the study of the nitrotrifluoroacetoxylation 

of alkenes was discontinued. 

The results described here establish nitrotrifluoroacetoxylation 

followed by elimination as the first general and high yielding route to 

l-nitro-l,3-dienes. The success of this method may ascribed to the 

efficacy of the elimination step which is less satisfactory in other, 

conceptually similar, nitrodiene syntheses. The use of common laboratory 

chemicals, mild conditions and the eschewal of strong acids combine to 

rm^^nitrotrifluoroacetcxylation-elimination the method of choice. 

The reaction of trifluoroacetyl nitrate with dienes to give mixtures 

of 1,2 and 1,4 adducts closely parallels the behaviour of acetyl nitrate 

and nitronium tetrafluoroborate-acetonitrile. In the reaction with 

styrenes however, the formation of mixtures of compounds with trifluoroacetyl 

nitrate contrasts with the clean formation of nitroacetates and 

nitroacetamides. This behaviour is due to the high reactivity and 

183 

corresponding lack of selectivity of trifluoroacetyl nitrate . The 

relatively high reaction temperature (ie 40°C ; cf. nitroacetamidation of 

styrene at -40°C and -70°C, Chapter 3) only serves to compound the 

problem of high reactivity. A few reactions were tried at lower 

temperatures but little reaction occurred, probably due to the low 

solubility of ammonium nitrate in cold dichloromethane. 
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The pattern of the addition of trifluoroacetyl nitrate to dienes 

was broadly similar to the nitroacetamidation of dienes discussed in 

Chapter 3. Presumably, similar arguments to those proposed to 

rationalise the nitroacetamidation of dienes may be used to explain 

nitrotrifluoroacetoxylation so will not be repeated here. It was found 

that, like nitroacetamidation, nitrotrifluoroacetoxylation of dienes 

gave mixtures of 1,2 and 1,4 adducts. Unfortunately the complexity of 

the nmr spectra of these mixtures prevented measurement of the ratio 

of 1,2 to 1,4 products. 'The only example where the mixture of adducts 

separated was^theig& addition to butadiene. Here, the crude mixture 

of nitroesters (81) and (82)tere hydrolysed and separated to give tl̂ : 

1,2 nitroalcohol (83) in 57% yield and 1,4 nitroalcohol (84) in 36% 

yield. This result may be compared to the roughly equal amounts of 1,2 

and 1,4 adducts obtained from the nitroacetamidation of butadiene. The 

nitration of isoprene by trifluoroacetyl nitrate occurred specifically, 

52 

as in nitroacetamidation and nitroacetoxylation , at the more substituted 

double bond. Attack onto trans-penta-l,3-diene, as shown by the 

formation of two nitrodienes, was however non site-selective. This 

result is in contrast to the nitroacetamidation where a preference for 

attack at the most substituted double bond of trans-penta-1,3-diene was 

observed. Again, the high reactivity of trifluoroacetyl nitrate at 40°C 

may be cited for this lack of selectivity. The nitration of the 

diene-esters trans-methyl and ethyl penta-2,4- dienoate and 

trans, trans-methyl-hexa-2,4-dienoate occurred at the double bond furthest 

away from the ester group. This result was unexpected as the 

intermediate carbocation would be destabilised by the -J effect of the 

ester group. 

© n N 5c 
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A likely explanation for the observed selectivity is that the reagent 

2 

attacks the Sp carbon atom furthest away from the -I effect of the 

ester group, and hence is the most electron rich carbon atom. 

C O g R 

The key step in the preparation of nitrodienes was the efficient 

elimination of trifluoroacetic acid from the nitrotrifluoroacetate 

197 

adducts. By analogy with other nitro-oxygen substituted compounds it 

is likely that the elimination proceeds via carbqpion formation. 

OCOCF3 

OCOCF3 OCOCF3 

COCF3 ( o r " -

It was noted that the use of potassium acetate as base gave higher 

yields and product purity than when the more basic triethylamine was 

108 

used (pKa CHCOgH = 4*76,pKa R^N = 1 0 - 1 1 )- It is possible that the 

acetate ion is too weak a base to cause base-promoted polymerisation of 

the product. 
e 

^ N O z 

etc. 
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The predominant geometry of the nitrovinyl group of th^ nitrodiene 

products was found to be trans: i.e. 

This result is in accord with the finding that (3-nitrostyrenes, 

prepared by an addition-elimination reaction, are found to be 

100 

predominantly the more thermodynamically stable trans form 

4-2,3 Nucleophilic Additions to 1-Nitro-l,3-dienes. 

In contrast to the extensive coverage of nucleophilic addition to 

1-nitroalkenes in the literature, examples of nucleophilic addition to 

1-nitro-l,3-dienes are few. Russian workers^ have described the 1,4 

addition of ethyl nitroacetate and ethyl nitromalonate, in the presence 

of base to 1-nitrobuta-l,3-diene. 

NO 2 , R NO2 
N R \ / 

C 0 2 C 2 H 5 - - S ^ ^ ^ : ^ 0 2 ^ C 2 H 5 0 2 C ' ' ^ ^ 

R=H 32% 
Rz -CO2C2H5 35% 

A 1,4 addition is also observed in the reaction of ethanethiol to 

IQQ 
2,3-dimethyl—1-nitrobuta-l,3-diene . In contrast the addition of 

199 
ethanethiol to 1-nitrobuta-l,3-diene proceeds to give a 1,2 product 
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C 2 H 5 S H 

2 NaOCH. 

C g H g S H 

NaOCH. 

S C 2 H 5 

N O o 

S C 2 H 5 

10% 

31% 

A few other examples of nucleophilic additions to 1-nitro-l,3-dienes 

54 

are disclosed (briefly) in an American patent . Thus a variety of oxygen 

and carbon nucleophiles were claimed to add in a 1,4 manner to nitroisoprene. 

NoOCH. 

Some preliminary experiments were carried out on the addition of 

sulphur and nitrogen nucleophiles to 1-nitrobuta-l,3-diene. The reaction 

of thiophenol with trans-l-nitrobuta-l,3-diene (85) in the presence of 

triethylamine gave a mixture of 1,2 and trans 1,4 adducts, (102) and 

(103), with the former predominating. 

C g H s S H 

2 (CzHglN 

S C g H s S C s H g 

n02) (103) 
13%t 

The adducts were easily separated by chromatography and identified by 
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comparison of their^H nmr spectra with the 1,2 and 1,4 nitroacetamides 

(48) and (49). Addition of aniline to trans-l-nxtrobuta-1,3-diene (85) 

gave only the 1,4 adduct (104) which was characterised as the acetyl 

derivative (105). 

CeHsNH; I (CHjCOljO 
•NO2 " 

2 0 ° C N H C c H g N 

hOi) CgH; XOCH3 

5 7 % (1051 

The factors controlling the regiochemistry of nucleophilic addition to 

l-nitro-l,3-dienes are presently unknown but would certainly merit 

further study. 
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4- 3 Conclusions 

Mixtures of ammonium nitrate and trifluoroacetic anhydride reacted with 

dienes in warm dichloromethane to give mixtures of nitrotrifluoroacetates. 

The addition onto isoprene was site-selective, attack occurring at the 

most substituted double bond. Addition onto Ln3n5-penta-l,3-diene was 

however non site-selective, no preference for either of the double 

bonds was observed. The diene-esters; trans-methyl and ethyl 

penta-2,4-dienoate and trans,trans-methyl hexa-2,4-dienoate were 

nitrated exclusively at the double bond furthest away from the ester 

group. 

Treatment of the mixtures of nitrotrifluoroacetates with a base 

such as potassium acetate or sodium hydride gave high yields of 

l-nitro-l,3-dienes. The so-formed nitrodienes were predominantly of 

the trans configuration. 

Attempted nitrotrifluoroacetoxylation of alkenes gave complex 

mixtures of products. Treatment of these mixtures with a base also 

gave complex mixtures. 

The nucleophilic addition of thiophenol onto trans-l-nitrobuta-

1,3-diene in the presence of a base gave mainly a 1,2 adduct (102) 

together with the 1,4 adduct (104) as a minor product. Addition of 

aniline, in contrast, gave only the 1,4 adduct (104). 
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Chapter 5 

Experimental Procedures 
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5'1 Materials 

5"1,1 Purification of Solvents 

Acetonitrile (Fisons h.p.l.c. grade) was distilled from phosphorus 

pentoxide or calcium hydride and then stored over freshly activated 

3A molecular sieves Dichloromethane (May and Baker) was dried by 

distillation from phosphorus pentoxide and then stored over 4A molecular 

sieves. Nitromethane (Fluka puriss) was dried by storage over 4A 

molecular sieves. All other solvents were used as received or distilled 

prior to use. Ether refers to diethylether. 

5-1,2 Preparation and/or Purification of Electrolytes 

Lithium tetrafluoroborate (Aldrich, anhydrous) and lithium 

hexafluorophosphate (Aldrich) were dried under vacuum at 90°C immediately 

before use. Tetrabutylammonlum tetrafluoroborate, tetrabutylammonium 

hexafluorophosphate and tetrabutylammonium nitrate were prepared by the 

metathesis reaction of tetrabutylammonium hydrogensulphate (Labkemi, 

Sweden) and the appropriate sodium salt. The quaternary ammonium salts 

were recrystallised from dichloromethane-ether and dried under vacuum. 

5-1,3 Preparation and/or Purification of Starting Materials 

Most of the alkenes, dienes and arenes used in the study were purchased 

from commercial sources and dried by percolation through alumina. The 

solid alkenes, trans-stilbene and 1,4-diphenylbutadiene were stored in 

a desSicator containing phoshor^us pentoxide. Butadiene was dried by 

passage through a column of 4A molecular sieves. Cis-l-Phenylpropene 

143 

was prepared by the decarboxylation of 2-methylcinnamic acid by copper 

chromite in quinoline heated under reflux^^. G.l.c. analysis showed the 
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1-phenylpropene obtained in this way to contain about 90% of the cis 

isomer and 10% of the trans isomer. Trimethylsiloxycyclopentene and 

trimethylsiloxycyclohexene were prepared from the appropriate cyclic 

ketone, chlorotrimethylsilane and triethylamine in dimethylformamide 

according to the method of House et ai 

5-1,4 Handling of Dinitrogen Tetroxide 

Dinitrogen tetroxide is a toxic and corrosive gas/^^ thus, it was 

handled in a fume-cupboard. Typically, a lecture bottle of the gas 

(Mattheson) was placed in a bucket of ice for two hours. The liquidied 

gas was then poured out by opening and inverting the lecture bottle. 

After passage through a short column of phosphorus pentoxide the dried 

liquid dinitrogen tetroxide was stored in a small Carius tube fitted 

with a tap at -20°C. When needed, the dinitrogen tetroxide was allowed 

to warm upto 0°C and then dispensed with a cool gas-tight syringe fitted 

with a p.t.f.e. coated needle. The syringes and needles were made by 

Hamilton and were obtained through Fisons Scientific Equipment or 

V.A. Howe and Co. Ltd. 

S'ljS Purification and Handling of Nitronium Tetrafluoroborate 

The nitronium salt was obtained from the Aldrich Chemical Co. Ltd. and, 

as noted in Chapter 3, it was found that washing of the salt prior 

to use was essential. Typically, the salt (l-2g) was placed on a 

sintered glass filter funnel and washed successively with nitromethane 

(5 ml) and dichloromethane ( 2 x 5 ml) and then sucked dry under a stream 

of nitrogen. The salt was then quickly transferred to a tared round 

bottomed flask and dried under vacuum at 50°C until a fine, dry powder 

was formed (2-3 hours). On cooling, the flask was filled with nitrogen 

and weighed to obtain the weight of nitronium tetrafluoroborate. The 

184 



reactions were carried out by adding solvents and reagents to the flask 

without further exposure of the nitronium salt to air. 

5-1,6 Preparation and/or Purification of Other Reagents 

Trifluoroacetic anhydride was distilled from a mixture of phosphorus 

pentoxide and celite (3:1). Potassium acetate amd potassium propionate 

were fused, powdered and kept in an oven at 90°C. Ammonium nitrate was 

ground and dried at 90°C. Aluminium amalgam was freshly prepared from 

aluminium foil or coarse aluminium powder and mercuric chloride*^^. 

Active manganese dioxide was prepared by the method of Fatiadi^^\ All 

other reagents were obtained from commercial sources and were purified 

by distillation, where appropiate, or used as received. 

5-1,7 Apparatus and Equipment 

Electrolyses and voltammetry were carried out using a Hi-Tek DT2101 

potentiostat. The cells and electrodes were described in Chapter 2. 

For constant current electrolyses the anode was connected to the 

reference electrode terminal of the potentiostat, the cathode was 

connected to the secondary electrode terminal and the working electrode 

was connected to the reference electrode terminal via a 3R3 or a 4R7,1W 

resistor. 

N.m.r. spectra were recorded using a Bruker AM 360 or Varian 

XL 100 spectrometer, with a j&Uerium lock, or occasionally using a 

Perkin Elmer R24 or R12 machine. Tetramethylsilane was used as an 

internal standard. Infrared spectra were measured with a Perkin Elmer 

157 spectrophotometer and were calibrated against a polysbrene standard. 

Mass spectra were recorded with a Kratos MS 30 spectromer at 70 eV. 

Chemical ionisation mass spectra were run on the same machine using 

ammonia or methane. All melting points were taken in open ended capillary 
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tubes and are uncorrected. Elemental analyses were made at University 

College, London. 

G.l.c. analyses were made on a Pye 104 or Perkin Elmer CCD fitted 

with a Carbowax 20M column at 100 - 170°C, with nitrogen carrier gas 

and a flame ionisation detector. Preparative and analytical h.p.l.c. 

were run on a Waters machine fitted with a Du Pont Zorbax-Sil or 

Zorbax-Cyan column and a refractive index detector. Flash column 

chromatography was performed on Machnery Nagel silica gel 60. Neutral 

silica gel for the chromatographic separation of nitrodienes was 

prepared by neutralising a slurry of silica gel 60 in water with sodium 

carbonate. The liquid was removed by filtration and the silica gel 

reactivated by heating to 90°C overnight. Other chromatographic 

separations were performed on Florisil or Alumina Woelm N. super 1. 

All glassware used for electrochemical nitrations, and 

nitroacetamidations was baked overnight at 100 - 120°C and then allowed 

to cool under a stream of dry nitrogen. 

Note on presentation of data: Values for the frequencies of bands in 

infrafed spectra are quoted in cm ^ and are followed by s, vs, m, w or 

sh to denote strong, very strong, medium, weak or shoulder respectively. 

nmr spectra are quoted in delta against a tetramethylsilane internal 

standard followed in parenthesis by the integral, multiplicity and the 

assignment. The symbols s, d, t, q, and ab stand for singlet, doublet, 

triplet, quartet and AB system respectively. The coupling constant(s) J 

follows the symbol for the multiplicity. In the case of AB systems 

where the spectrum is second order the value of the largest observable 

13 

coupling J is recorded. C nmr spectra are quoted in delta versus 

tetramethylsilane internal standard. The assignment of each resonance 

follows the value. The symbol q refers to a quaternary carbon atom. 
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5-2 Electrochemistry Experiments 

5-2,1 Typical Electrolysis Method 

The cell, electrodes, magnetic followers and septa, which had previously 

been placed in an oven at 120°C, were assembled and allowed to cool 

under a stream of nitrogen. The anode and cathode compartments were 

filled with the appropriate electrolyte. After placing the cell in an 

ice-water bath the anolyte was charged with dinitrogen tetroxide which 

was given time to mix. The potentiostat was switched on and the current 

adjusted to the required value. After passage of 75 - 90% of the 

theoretical amount of charge the current was switched off. The anolyte 

was then removed with a syringe or pipette and placed in a dry round 

bottomed flask fitted with a rubber septum. 

The following compounds were prepared:-

Nicronium TeCrafiuoroborate at a current efficiency of 80% from the 

oxidation of dinitrogen tetroxide (0-25 M) in acetonitrile containing 

tetrabutylammonium tetrafluoroborate or lithium tetrafluoroborate (0*25 M), 

A^Cronium hexafJuorophospAate (0'2M) at a current efficiency of 90% from 

the oxidation of dinitrogen tetroxide (0*25 M) in nitromethane containing 

lithium hexafluorophosphate (0-25 M). 

DiniLrogpn pentoxide (0*15 M) at a current efficiency of 80% from the 

oxidation of dinitrogen^tetrabutylammonium nitrate (0*25 M) and 

tetrabutylammonium tetrafluoroborate 0-25 M. 

5-2,2 Analytical Method 

The concentration of nitronium salt present in the electplysed solutions 

was determined by estimating the amount of nitrobenzene formed by the 

nitration of benzene. 
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NOgX + *» + HX. 

The nitrobenzene formed was estimated by g.l.c. using a carbowax 20 M 

column. 

A known volume (typically 0*25 or 0*50 ml) of anolyte was added 

to a known volume (typically 0-50 or I'OO ml) of a solution of benzene 

(I'O M) in acetonitrile. The reactions were carried out in vials 

fitted with drilled caps and teflon-lined septa. The samples were gently 

shaken and left to stand for an hour. A known volume of the sample 

(typically 5*0 (Jl) was injected into the g.l.c.. The retention time for 

nitrobenzene was about 4 minutes on a carbowax 20 M column held at 130°C 

with a nitrogen flow-rate of 40 ml/min. Apart from a peak due to solvent 

and excess benzene, no other peaks were observed. The area under the 

nitrobenzene peak was calculated as the product of the peak height and 

the peak width at half height. The peak areas produced by the samples 

were normalised against the peak areas produced by a standard solution 

of nitrobenzene (0-10 M) in acetonitrile. 

Example of Calculation 

This is taken from an experiment in which a solution of dinitrogen 

tetroxide (0-25 M) in nitromethane containg lithium hexafluorophosphate 

(0-25 M) was electrolysed at constant current. Samples of anolyte 

(0*25 ml) were added to a solution of benzene (I'O M) in acetonitrile (0-50 ml). 

SAMPLE Area of C^H^N02 peak (mm') 

Anolyte before electrolysis (5pl) = 60 

Anolyte after electrolysis (5pl) = 260 

Repeat (5pl) = 272 

(5pl) = 260 + 272 
2 

= 266 mm' 
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Area due to electrogenerated 

nitronium salt = 266 - 60 

- 206 mm' 

.\ Concentration of C^H_NO„ = 206 x 0-10 
304 

= 0'068 M 

Concentration of nitronium salt = 0'068 x 0*25 + 0-5 

in original electrolyte solution 0-25 

= 0-20 M. 

The accuracy of the assay was tested by estimation of the 

concentration of nitronium ion in a solution of commercial nitronium 

tetrafluoroborate (0'65g) in acetonitrile (20 ml). The estimated 

concentration was 0-21 M compared to a calculated concentration of 0-24 M. 

T'he difference in values is likely to be due to volumetric errors or due 

to impurities in the nitronium salt. The purity of the nitronium 

tetrafluoroborate (Aldrich) was not known but chemically prepared 

nitronium salts are frequently impure 

5'2,3 Reactions of Electrogenerated Nitronium Tetrafluoroborate 

Irenes 

A'i trobenzene 

Benzene (0-2 ml, 2 mmol) was added rapidly to a solution of electrogenerated 

nitronium tetrafluoroborate (7 ml, 0"26M,1'8 mmol) in acetonitrile at 

-20°C. On warming to room temperature aqueous sodium hydrogen carbonate 

(20 ml) was added and the mixture extracted with dichloromethane (3 x 20ml). 
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Evaporation of the combined and dried (MgSO^) extract gave a crude 

product. Filtration chromatography on alumina (eluant ether) gave 

nitrobenzene (1) (0'18g 80%) which was identified by g.l.c. comparison 

with an authentic sample. 

N O 2 

2-Cyano-4-nitroto]uener2J 

A solution of 2-cyanotoluene (0'44g, 4 m mol) was added rapidly to a 

solution of electrogenerated nitronium tetrafluoroborate (15ml, 0-25 M, 

3'75 m Mol) in acetonitrile at -25°C. After warming to room temperature 

(2 hours) aqueous sodium hydrogen carbonate (3ml) and brine (20ml) were 

added. The mixture was extracted with dichloromethane (3 x 20ml). 

Evaporation of the combined and dried extracts gave crude 

2-cyano-4-nitrotoluene (2) which was recrystallised from ether (0'48g 79%) 

mp 104 - 106°C (lit^^^G 106 - 108°C); (CHCl^) 2250 w, 1530 s and 
max 

- 1 
1350 cm 6^ (CDCI3) 2-20 (TM.S.GHg), 7-65 (lH,d, J7Hz, ArH), 8-40 

(2H, m ArH); m/z 162 (4-1%), 116 (24), 39 (100). 

N 
/ - • 

B. With Trimethylsilylenolethers; Typical procedure:- A solution of 

substrate (1-2 equivalents) in dichloromethane was added rapidly to a 

suspension of electrogenerated nitronium tetrafluoroborate in acetonitrile 

(20ml of anolyte) and dichloromethane (20 ml) at -70°C. After 5 minutes 

aqueous acetonitrile (5 ml, 1:1) was added and the mixture allowed to 

warm to room temperature. The organic solvents were evaporated off and 

the residue extracted with dichloromethane (3 x 20 ml). Evaporation of 

the dried (MgSO^ ) and combined extracts gave a crude product which was 
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purified by crystallisation or flash chromatography on silica gel. The 

following compounds were prepared. 

er r ™ 

2-AitrocyclopenCanone in 95% yield from 

l-(trimethylsiloxy)cyclopentene, m.p. Ca 20°C (from ether-hexane) 

(lit.^^ below room temperature); (CHCl^) 1765 s, 1550 s and 1370 s 

cm"'; 6 j; (CDCl,) 1-9 - 3-0 (6H, m, RH), 5-08 (IH.t. JBHz, CHNO^). 

CJo 

2-A%CrocycjoAexanone fj; i" ^0% ye*ld from l-(trimethylsiloxy)c^loheene, 

m.p. 34 -35°C (from ether) (lit^^ 38 -40°C); (CHClg) 1735 s, 1660 s 

and 1370 cm"!; 6 (CDCl^) 1-6 - 3-0 (8H, m, RH), 5-30 (IH, dd, J 8,9 Hz, 

CHNOg). 

C. With Alkenes: The procedure above was used. The spectral properties 

of nitroacetamides (5) to (10) are described in section 5-3, 

5-2,4 Reactions of Electrogenerated Nitronium Hexafluorophosphate 
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NiCrodurene and diniCrodurene (JjU. A solution of durene 

(0-8g, 6 mmol) in dichloromethane was added rapidly to a solution of 

electrogenerated nitronium hexafluorophosphate (25 ml, 0*20 M, 5 mmol) 

in nitromethane at 25°C. After 30 minutes water (50 ml) and ether 

(50 ml) were added. The organic layer was separated, washed with water 

(50 ml), dried (MgSO ) and evaporated. The crude product was 

recrystallised from ethanol. The first two crops were dinitrodurene (13) 

(0-57 g, 51%) m.p. 213 - 214°C (lit^O* 211 _ 212°C); (CHCl^) 1535 s 

and 1365 s cnT^; 6^ [(CD^) SO] 2-05 (s, ArCH^). The third crop was 

nitrodurene (14) (20 mg, 2%) m.p. Ill - 113°C (lit^^^ 112 - 113°C). 

u (CHCl?) 1525 s, 1380 s and 1360 cm"!. 
max 3 

2,4-Dinitrotoluene (15) A solution of 4-nitrotoluene (0-8 g, 6 mmol) 

in dichloromethane (5 ml) was added to a suspension of electrogenerated 

nitronium hexafluorophosphate (0-96 g, 5 mmol) in nitromethane (25 ml of 

anolyte) at 0°C. After 30 minutes water (50 ml) and ether (50 ml) were 

added. The organic layer was separated, washed with water (50 ml), dried 

(MgSO^) and evaporated. Recrystallisation of the crude product from 

methanol gave 2,4-dinitrotoluene (15) (0*91 g, 100%), m.p. 73°C (lit^^^ 

%.°C);L^g^(CHCl2) 1610 s, 1540 s 1360 s cm"l; 6 ^ (CDCl^) 2-75 (3H, s, CH^), 

7-65 (IH, d, J 8Hz, ArH), 8-35 (IH, dd, J 8, 3 Hz, ArH), 8-70 (IH, d, 

J 3 Hz, ArH). 
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5'2,5 Reaction of ElectroRenerated PinitroRen Pentoxide 

ONOg 

(151 
NO, 

Threo-J,2-Diphenyi-J-niCro-2-niCroxyeChane A solution of 

Crans-stilbene (I'lg, 6-1 mmol) in dichloromethane was added to a 

solution of electrogenerated dinitrogen pentoxide (40 ml, 0-15 M, 6 inmol) 

in dichloromethane at -40°C. After 10 minutes the reaction was poured 

into water and the mixture carefully neutralised with aqueous sodium 

hydrogen carbonate. The organic phase was separated, dried (MgSO^) and 

poured into ether (100 ml). The electrolyte crystallised and was remo^^d 

by filtration. Evaporation and purification by flash chromatography 

(eluent 4:1 hexane-ether) gave threo 1,2-diphenyl-l-nitro-2-nitroxyethane 

(I'l g, 69%)m.p. 94 -95°C (from hexane) (lit^^ 96 - 97°C) (CHCl^) 

1660, 1560, 1360 s and 1275 s cm"!; 5% (CDCl^) 5-75 (IH, d, J 12 Hz, 

CH ONO JOg), 6-80 (IH, d, J 12 Hz, CHNOg), 7-20 (lOH, m, ArH), 

5*3 The Nitroacetamidation of Alkenes 

P r o c e d u r e /t f f e a c C i o n aC - 7 0 ° C ) 

A solution of alkene (ca. 10 mmol) in dichloromethane was added rapidly 

to a suspension of nitronium tetrafluoroborate (ca. 10 mmol) in a mixture 

of acetonitrile (20 ml) and dichloromethane (20 ml) at -70°C (bath 

temperature). After 5 minutes aqueous sodium hydrogen carbonate was 

added and the mixture was allowed to warm to room temperature. The 

organic solvents were then evaporated off and the residue was extracted 

with dichloromethane (3 x 20 ml). Evaporation of the dried (MgSO^) and 

combined extracts gave a crude product which was purified by 
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crystallisation and/or flash chromatography on silica gel (ethyl acetate 

eluant). 

Procedure B (ReacCion aC -40°C^ 

A solution of alkene (ca. 10 mmol) in acetonitrile (10 ml) was added to 

a solution of nitronium tetrafluoroborate (ca. 10 mmol)in acetonitrile 

at -40°C. The mixture was then allowed to warm up to -10°C whereupon 

aqueous sodium hydrogen carbonate was quickly added. After evaporation 

the residue was extracted with dichloromethane (3 x 25 ml). The 

combined extracts were dried (NgSO^) and evaporated giving a crude 

product which was purified by flash chromatography (eluant: ethyl 

acetate-methanol mixtures). 

The following compounds were prepared:-

NHCOCH3 

(51 

]i-(2-Nitro-l-phenylethyl) acetamide (5) 63% from styrene (procedure A) 

m.p. 135 - 138°C (from dichloromethane) (lit^^^ 138 - 139°C): 

(CHClg) 3440 m, 3320 w, 1675 s, 1550 s, 1495 s and 1370 s cm"!; 6% (CDCl^) 

2-02 (3H, s, CH CO), 4.84 (2H, m, CHgNC^), 5-75 (IH, m, CWMH), 6'80 

(IH, br, NH) and 7-40 (5H, s, ArH); G^/CDCl^) 170-05 (CO), 138-95 (q Ar), 

129-57 (Ar), 128-52 (Ar), 127-83 (Ar), 79-13 (CHgNO^), 52-18 (CMNH) and 

22-81 (CHg), m/z 162 (12-9%), 148 (1-7) and 120 (100). 

Q r ^ " ' n s . 

N 0 2 
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N-[2-#iCro-]-rniCropAenyJ) etAyj] aceCamide (18) (7%) from styrene 

(procedure B). (CHCl^) 3420 m, 3290 w, 1680 s, 1550 s, 1525 s, 

1495 s, 1370 s, 1350 m; 6^ [(00^)200 ], 1-90 (3H, s, CH^CO), 4-65 

(2H, m, CH2NO2) 5-95 (IH, m, C#NH) 7-1 - 7-8 (4H, m, ArH),4.9 (IH, br, 

NH); m/z 207 (14-8%), 162 (15-0) and 120 (100). 

NHCOCH 

N-[j-(4-Bromophenyi^-2-niCroeCAyij acecaauc^ (6) (84%) from 

4-bromostyrene, m.p. 135 - 138 °C (from dichloromethane) (Found: 0,41-6; 

H, 3'8; Br, 27-4; N, 9-7. H^^Br N2O2 requires C, 41-8; H,3'8; 

Br, 27-9; N, 9-7%); (CHCl^) 3430 m, 3310 w, 1685 s, 1560 s, 1495 s 

and 1370 s cm "1; 6^[(CD2)2C0] 2-00 (3H, s, CH^CO), 4-80 (2H, m, CH^NGyJ, 

5-75 (IH, m, C#NH), 7-28 (2H, d, J 9 Hz, ArH) 7-51 (2H, d, J 9 Hz, ArH) 

and 7.7 (IH, br d, J 8 Hz, NH); 6c[(CD2)2C0)] 170-29 (CO), 136-50 

(q Ar), 132-22(Ar), 128-74 (Ar), 122-48 (Ar), 78-05 (CH^NC^), 

51-06 (CHNH) and 22-88 (CH^CO); m/z 242 (2-8%), (4-7), 200 (35-1), 

198 (37-0) and 43 (100). 

N H C O C H 3 

'NO2 

(20) 

li-[2-Nitro-l-(3-nitrophenyl) ethyl] acetamide (20) 40% from 

3-nitrostyrene (procedure A), m.p. 122 - 123°C (from 

dichloromethane-methanol) (Found: C, 51-0; H, 8-5; N, 14-9. 

requires C, 51-1;H, 8-5, N, 14-9%): (CHCl^) 3420 w, 3300 w, 1680 s, 

1560 s, 1530 , 1510 m, 1370 m and 1350 cm-1; 6 % [(CD3)2C0] 2-00 
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(3H, s, CHgCO), 5-06 (2H, d, J 8 Hz, CHgNOg), 5-95 (IH, q, J 8 Hz, 

CHNH), and 7'6 - 8-4 (5H, complex, NH and ArH); 6 ^ [(CDg)2C0], 170-55 

(CO), 141-43 (q Ar), 134-66 (Ar), 134-51 (Ar), 130-98 (Ar), 123-81 (Ar), 

122-73 (Ar), 78-59 (CH^^NO,), 51-60 (CHNH) and 22-85 CH^CO); m/z 207 

(3-7%) 165 (80-2) and 43 (100). 

NHCOCH] 

N-/J-f4-MeChyi-2-ni&rophenyj^-2-nitroeChy]^ aceCamide (21) (51%) 

from 4-methylstyrene (Procedure A), m . p . 192 - 193°C (from 

dichloromethane-methanol). (Found: C, 49-0; H, 5-0; N, 15-6 C^^ H^g 

Nj 0^ requires C, 49-4; H, 4-8; N, 15-7%); (Nujol) 3270 m, 1665 s, 

1545 s, 1525 s, 1510 m, 1370 s and 1325 s cm"l;5H[(CD2)2C0] 1-90 

(3H, s, CHgCO), 2-46 (3H,s, CH^), 4-98 (2H, m, CHgNOg) 6-22 (IH, m, 

C#NH), 7-66 (2H, m, ArH), 7-84 (IH, d, ^2%^, ArH) and 8-1 (IH, br, NH); 

6c [(CD2)2C0] 140-01 (q Ar), 135-39 (Ar), 131-36 (Ar), 121-87 (Ar), 

125-75 (Ar), 78-08 (CHgNOg), 48-01 (CHNH), 22-61 (CH^CO) and 20-63 (CH^); 

m/z 221 (100%), 208 (9-1), 178 (66-3) and 165 (57-4). 

NHCOCH3 

(8) 

^-(J~Methyl~2-nitro-l-phenylethyl) acetamide (8) (28%) from 

2-phenylpropene (procedure A) m.p. 147 - 148°C (from dichloromethane) 

(Found: C, 59-2; H, 6-3; N, 12-5. C^^ H^^ N2O2 requires C, 59-5; H, 6-3%-

N, 12-6%): (CHCl ) 3440 m, 3340 w, 1680 s, 1550 s, 1500 s, and 1370 m cm"^; 

6 % [(CD2)2C0] 1-65 (3H, s, CH^), 1-96 (3H, s, CH^CO), 5-17 
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(IH, d, J 12Hz) and 5-64 OH, d, J 12 Hz) (both CHgNOg), 7-2 - 7-6(5H, 

m, ArH) and 7-62 (IH, br, NH); 6c[(CD ) CO] 170-50 (CO), 143-82 

(q Ar), 129-27 (Ar), 126-93 (Ar), 126-03(Ar), 125-74 (Ar), 80-65 

(CH2NO2), 58-40 (q), 27-58 (CH^) and 23-55 (CH^CO); m/z 176 (100%), 

134 (44-6) and 120 (95-1). 

O^ N H C O C H i 

^ N O , 

trans-N-(2-Aitro-j-phenyjcyciohexy]) aceCamic^ (22) (59%) from 

1-phenylcyclohexene (procedure A) m.p. 182 - 185°C (from 

dichloromethane) (Found: C, 63-7; H, 6-9; N, 10-5. C^^ H^g N2 Og requires 

C, 64-1; H, 6-9 N, 10-7%); (CHCl2):%30n^ 3%&w, %#5s, s, 1495 s 

and 1355 m cm ^ [(CD2)2C0] 1-40 - 1-90 (6H, complex, RH), 1-86 

(3H, s, CH CO), 2-70 (2H, br, C% CPh) 5-92 (IH, t, J 4-0 Hz, CHNO2) and 

7-2 - 7-6 ( 6H, m, ArH and NH); 5^ (CD CN -CD^OD) 171-10 (CO), 143-66 

(q Ar), 129-20 (Ar) 128-50 (Ar), 127-15 (Ar) 88-69 (CHNO2), 60-08 (q) 

28-26 (R) 26-59 (R) 23-97 (CH^CO), 21-24 (R) and 20-44 (R); m/z 216 

(27%), 174 (15-7) and 157 (40-6). 

NHCOCH3 

C e H s - ' T f71 

NO, 

threo-}^-( 2-Nitro-l -phenylpropyl) acetamide (7) (61%) from 

trans-l-phenylpropene (pwcedure A), m.p. 150 - 152°C (from 

dichloromethane) (Found: C, 59-3; H, 6-3; N, 12-8. Ĉ ^̂  N2 0^ 

requires C, 59-4; H, 6-3; N, 12'6%);u ^ (CHCl^) 3430 m, 3310 w, 1680 s, 

1550 s, 1495 s and 1365 m cm~^; 6^ [(CDg)2C0] 1-36 (3H, d, J 7Hz, CH^), 
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1-92 (3H, s, CHgCO), 5-12 (IH, m, CHNOg), 5-56 (IH, dd, J 10 and 7 Hz, 

C#NH) 7-3 - 7'6(5H, m, ArH), and 8-1 (IH, br d, NH);6c [(CD^jgCO] 

169-95 (CO), 139-04 (q Ar), 129-60 (Ar), 128-95 (Ar), 128-46 (Ar), 

81-10 (CHNOg), 56-93 (CHNH), 22-84 (CH^CO) and 17-37 (CH^); m/z 176 

(25-6%) 148 (7-0) and 134 (100). 

NHCOCH3 

(91 
NO, 

threo-f2-^^fro-J,2-dipAenyJeCAy]^ aceCamide (9) (72%) from Crans 

stilbene (procedure A) m.p. 176 - 179°C (from dichloromethane) (Found: 

C, 67-4; H, 5-7; N 9-8. C^^ H^^ N2 0^ requires C, 67-6; H 5-7; N, 

9-9%); (CHClg) 3440 m, 3300 w, 1670 s, 1550 s, 1495 s and 1360 m 

cm'l; S^^CDClg) 1-98 (3H, s, CH^CO), 6-00 (2H, m, 2XCH), 6-98 (IH, 

br d, J 10 Hz, NH) and 7-24 - 7-32 (lOH, complex, ArH); S^XCDClg) 169-82 

(CO), 136-82 (q Ar), 131-46 (q Ar), 130-07 (Ar), 129-89 (Ar), 127-33 

(Ar), 94-23 (CHNO ), 55-78 (CHNH), and 23-25 (CH^CO); m/z 238 (0-2%), 

196 (4-4), 148 (11-3) and 106 (100). 

(37) 

NHCOCH3 

N-(l-Nitrohex~2-yl) acetamide (37) (16%) from hex-l-ene (procedure 

B). m.p. 113 - 115°C (from dichloromethane) (Found: C 50-9; H, 8-5; 

N, 14-9. Cg 0^ requires C 51-0; H 8-5, N, 14-9%); (CHClg) 

3440 m, 3320 w, 1680 s, 1550 s, 1510 s and 1380 m cm"!; 6^ (CDClg) 

0-89 (3H, m, CH^), 1-2 - 1-8 (6H complex RH), 2-01 (3H, s, CH^CO), 4-45 
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(IH, m, CHNH), 4-56 (2H, m, CHgNOg) and 6-22 (IH, br, NH); 5^ (CDCl^) 

170.32 (CO), 78-07 (CH2NO2), 47-81 (CHNH), 31-15 (R), 28-07 (R), 23-16 

(CH CO), 22-88 (R) and 13-85 (CH^); m/z 142 (0-4%) 128 (1-7) and 43(100), 

NHCOCH3 

N-(j-A^CroocC-2-yj^ aceCamide (36) (28%) frcm oct-l-ene (procedure 

B). m.p. 119-5°C (from dichloromethane) (Found: C, 55-3; H, 9-1; N, 12-9. 

C^Q H2Q #2 Og requires C, 55-6; H, 9-3; N 13-0%); (CHClg) 3440 m, 

3325 m, 1675 s, 1550 s, 1500 s and 1375 s cm'l; 5% (CDCl^) 0-9 (3H, %, 

CH^) 1-2 - 1-4 (8H, complex, RH), 1-4 - 1-6 2H, m, (CH2CHNH), 1-98 

(3H, s , CH^CO), 4-4 (IH, m, CHNH),4'45(2H, m, br,NH);6(.(CDCl2) 

170-19 (CO), 78-05 (CH2NO2), 47-80 (CHNH), 31-56 (CH2), 31-43 (CH2), 

28-84 (CH ), 25-96 (CH2), 23-22 (CHg), 22-53 (CH^CO) and 14-01 (CH^); 

m/z 217 (0-2%), 170 (4-0), 156 (5-7), 128 (34-9), 43 (100). 

NHCOCH3 

N O g 

¥i-(l-nitro-3-octyl) acetamide (38) (9%) from oct-l-ene (procedure 

A, warm up to -40°C before quench), a low melting point solid; u 

(CHClg) 3430 m, 1670 s, 1550 s, 1505 m, 1370 m cnT^; S^^CDCl^) 0-90 

(3H, m, CH ), 1-30 (6H, m, RH), 1-40 (2H, m, CHgCHNH), 2-02 (3H, s, CH^ 

CO) 2-28 (2H, m, CE2CH2NO2), 3-98 (IH, m, C#NH), 4-46 (2H, t, J 7 Hz, 

CH2NO2) and 6-64 (IH, d, J 9 Hz, NH); 5^ (CDCl^) 170-62 (CO), 73-06 

(CH2NO2) 47-23 (CHNH), 35-08 (CH2CH2NO2), 32-88 (CH^), 31-57 (CH2), 25-62 

(CH2), 23-06 (CHgCO), 22-50 (CH2) and 13-92 (CH2); m/z 217-1469 (1-7%) 
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^^0 requires 04+ 1)217" 1482. 

CH3COHN tjJO; 

(39) 

N(4-^itroAex-2-yi^ aceCamide (39) (24%) frcm crans-hex-3-ene 

(procedure A, allowed to warm up to -20°C before quench) u ^ (CHCl^) 

3430 m, 3320 m, 1670 s, 1550 s, 1510 s and 1375. 6% (CDCl^) 0-92 

(3H, t, J 7 Hz, C# CH ), 1-19 (3H, d, J 6 Hz, C# CHNH) 1-70 - 2-20 

(4H, complex, RH) 1-96 (3H, s, CH CO), 4-10 (IH, m, CWNH), 4-48 

(IH, quintet, J 6 Hz, CHNO ) and 6-48 (IH, br d, NH) : ScCCDCl^) 170-48 

(CO), 87-83 (CHNO ), 42-89 (CHNH), 40-12 (CH CHNO ), 27-29 (CHg), 23-01 

(CHgCO), 21-10 (CHg), 10-04 (CH^); m/z 142 (9-7%) 86 (32-5) and 44 (100), 

( 1 MO) 
\ - - ^ N H C 0 C H 3 

}i-2-Nitrocyclopentyl) acetamide (10) (13%) from cyclopentene 

(procedure B) low melting point solid (lit^^ 113-115°C); (CHCl^) 

3440 w, 3340 w, 1670 s, 1550 s, 1510 m and 1370 m cm"!; 6^ (CDCl^) 

1-5 - 3-5 (6H, complex, RH) 1-9 (3H, s, CH CO) 4-5 (IH, m, CHNH), 5-0 

(IH, m, CHNO ) and 6-7 (IH, br, NH); m/z 172 (1-3%) 126 (12-9) and 84 (KD). 

N O 2 

(41) and (42) 

NHCOCH3 
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MCMiCrocycioAexyi^ aceCamides (41) and (42) 2C^ from cyclohexene 

(procedure B). (CHCl^) 3440 m, 3320 w, 1665 s, 1550 s, 1510 s 

and 1365 m cm 5^ (CDCl^) 1"2 - 2-6 (complex, R#), 1'97 and 1-99 

(both s, CH CO), 4-85 (m, C#NH) 5-20 (m, CHNOg) 6-3 and 6-6 (both br, 

NAV; 5^ (CDClg) 170-09 and 169-89 (both CO), 83-63 and 81-85 both 

(CHNO ), 46-97 and 45-47 (both CHNH), 30-31 (CH^,), 30-01 (CH^) 29-66 

(CH ), 27-86 (CH ) 26-86 (CH^) and 23-24 (CH CO); m/z 186-1185 (0.2%) 

Cg H^^ N2 Og requires M 186-1004. 
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5-3.1 The Epimerisation of Nitroacetamides 

Typical Procedure 

The nitroacetamide (ca. 1 mmol) was dissolved in saturated 

ethanolic sodium hydrogen carbonate and the solution heated under 

reflux for 12 hours. When the solution had cooled, one drop of 

concentrated hydrochloric acid was added and the ethanol evaporated 

off. The residue was dissolved in dichloromethane and the extract 

was washed with brine dried (MgSO^) and evaporated to give an oil. 

Flash chromategraphy [eluant dichloromethane-ethyl acetate (60:40)] 

gave a clean separation of both isomers; the epimers were slightly more 

polar than the original adducts. The following epimers were prepared. 

NHCOCH3 

N 0 2 

eTythTO-}i-(2-Nitro-l-phenylpropyl) acetamide (26) (24%) from 

threo-A'-(2-nitro-l-phenylpropyl) acetamide (7) equilibrium ratio 1:1-8 

(26) to (7) ra.p. 104 - 106°C (from ether) (Found: C, 59-2; H, 6-3; 

N, 12-7. N2 O3 requires C, 59-5; H, 6-3; N, 12-6%); 

(CHCI3) 3440 m, 3320 w, 1675 s, 1550 s, 1495 s and 1380 m cm'l; 

[(CD2)2C0] 1-58 (3H, d, J 7 Hz, CH^), 1-98 (3H, s, CH^CO), 5-14 (IH, m, 

CHNOg) 5-72 (IH, dd, J 10, 8 Hz, C#NH) 7-3 - 7-6 (5H, m, ArH) and 8-0 

(IH, br d, NH);6c [(CD^JgCO] 170-43 (CO), 138-78 (q Ar), 129-42 (Ar), 

128-88 (Ar), 128-02 (Ar), 86-72 (CHNO2) 56-41 (CHNH) 22-83 (CH^CO) and 

15-55 (CHg); m/z 176 (21-9%), 148 (16-6) 134 (96-5) and 106 (100). 
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N H C O C H j 

'CcH( 
(35) 

N O , 

erythro-N-Y2-#i&ro-J,2-djpAeny]eCAy]J acefamide, (35) ()%) 

from threo-A'-(2-nitro-l,2-diphenyl-ethyl) acetamide m.p. 176 - 177°C 

(from ethyl acetate), (Found: C, 67-0; H, 5-7, N 9-8. Og 

requires C, 67"6; H, 5-7; N, 9-8); (CHClg) 3440 w, 3310 w, 1680 s, 

1550 s, 1500 s and 1370 m cm"l; 6% [CDCl̂  - (CD^) SO] 1-66 (3H, s, 

CH CO), 5-95. (IH, d, J 12 Hz,CHN02) 6-06 (IH, m, C#NH), 7-22 (IH, br, 

NH) and 7*2 - 7-7 (lOH, complex ArH); m/z (chemical ionisation, NH^) 

285 (46-6%), 238 (33-3), 148 (100). 

, N H C O C H 3 

I " - 1231 

c±s~]s-(2-Nitro~l-pheny 1 c yclohexyl) acetamide (23) (81%) from 

Crans-M-(2-nitro-l-phenylcyclohexyl) acetamide. m .p. 141-142°C (from 

dichloromethane) (Found: C, 63-6; H, 6-8; N, 10-6. H^g 0^ 

requires C, 64-1; H, 6-9; N, 10-7%) (CHCl^) 3410 m, 1685 s, 1555 m, 

1495 s and 1370 m cm'l;6H [([1^)200] 1-4 - 2-9(6H, m, [CH^]]), 2-14 

(3H, s, CH^CO), 2-48 (2H, m, CA^CHNOg), 4-98 (IH, dd, J 12, 4 Hz CHNOg), 

7-2 - 7-5 (5H, complex, Ar) and 8-00 (IH, s, NH); 6^ (CD^CN) 170-41 

(CO), 141-95 (q Ar), 129-37 (Ar), 128-47 (Ar), 126-47 (Ar), 94-54 

(CHNOg), 62-20 (q), 32-85 (CHg), 28-13 (CHg), 23- 34 (CHg), 23-15 

(CHgCO) and 21-11 (CHg); m/z 262 (0-15). 216 (82-2), 43 (100). 
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5-3,2 Reduction of Nitroacetamides : Typical Procedure 

Strips of aluminium amalgam (l-Og) were added to a solution 

of nitroacetamide (1 mmol) in wet ethyl acetate (100 ml) and the 

mixture stirred until all evolution of hydrogen had ceased. The 

inorganic salts formed were then filtered off and thoroughly washed 

with ethyl acetate (3 x 25 ml). Evaporation of the combined filtrate 

and washings followed by azeotropic removal of the last traces of 

ethyl acetate with tetrachloromethane gave an oil. Trituration with 

ether gave the solid aminoacetamide. The following compounds were 

obtained. 

NHCOCH3 

1271 

N H 2 

threo-N-Y2-amino-J-phenyJpropyl) acetamide (27) (100%) from 

threo-A'-(2-nitro-l-phenylpropyl) acetamide (7) as an unstable, low 

melting point, solid, (CHCl^) 3400 m, 3320 m, 1660 s, and 1500 s 

cm'l- (CDCI3) 1-08 (3H, d, J 7 Hz, CH^), 2-04 (3H, s, CH^CO), 2-35 

(2H, br s, NH ), 3-29 (IH, m, C#NH2), 4-82 (IH, dd, J8, 4Hz(ZmH)cmd 

7*1 - 7'5 (6H, complex ArH and NH); m/z 174 (0-29%), 148 (5-2), 

106 (42-1) and 44 (100). 

NHCOCH3 

(29) 

N H j 

erythro-N-(2-Amino-J-pAenyjpropy]^acetamdd^ (29) (100%) from 

erytftro-A'-(2-nitro-l-phenyl-ethyl) acetamide (26), as an unstable, low 

melting point solid, (CHClg) 3400 m, 3320 m, 1660 s, and 1505 s 

204 
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SHCCDClg) 1-02 (3H, d, JTHz, CH^), 1-98 (3H, s, CH^CO), 2-2 (2H, br, 

NH2), 3-15 (IH, m, C#NH2), 4-84 (IH, dd, J 8 and 6 Hz, CHNH), 6-9 

(IH, br, N%) and 7-30 (5H, s, ArH); 6^ (CDCl^) 170-23 (CO) 139-51 

(q Ar), 128-34 (Ar) 127-74 (Ar), 127-35 (Ar), 59-34 (CHNH), 50-56 

(CHNH2), 22-97 (CH^CO) and 20-54 (CH ); m/z 174 (0-12%), 149 (7-8), 

106 (18-9) and 44 (100). 

N H C O C H 1 

(33) 
N H ; 

threo-N-(2-Amjno-J,2-djphenyiecAy]^ aceCamid^ (33) from 

cAreo-A^(2-nitro-l,2-diphenylethyl) acetamide (9) (100%) m.p. 120-121°C 

(from dichloromethane-ether) (Found: C 75-3; H, 7-1; N 10-8. C^^ H^g 

N O ) requires C, 75-6; H, 7-1; N, 11-0%); u (CHCl?) 3410 m, 1665 s 
z. ms X o 

and 1500 s, cm'!; 5% (CDCl^) 1'56 (2H, br, NH2), 1-87 (3H, s, CH^CO), 

4-28 (IH, d, J 6Hz, C#NH ), 5-12 (IH, m, GMNH) and 7.1-7-5 (IIH, 

complex ArH and NH); 5^ (CDCl^) 170-30 (CO), 142-11 (q Ar), 140-57 

(q Ar), 128-79 (Ar), 128-26 (Ar), 128-14 (Ar) 127-20 (Ar)127-04 (Ar) 

126-76 (Ar) 126-26 (Ar) 59-84 (CH), 59-39 (CH) and 22-77 (CW^CO); m/z 

254 (0-1%) and 106 (100). 

N H C O C H . 

C g H s Oil 

N H C O C g H j 

thTeo-l-Acetamido~2-benzamido-l,2-diphenylethane (34) benzoyl 

chloride (I ml) was added slowly to a suspension of the aminoacetamide 

(33) (0-45g) in aqueous sodium hydroxide (10 ml; 5% solution) and the 

reaction mixture was shaken for 30 minutes. The solid product was 
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isolated by filtration, washed [ ether (3 x 20 ml)] and recrystallised 

from ethanol-water to give t/5reo-l-acetamido-2-benzamido-l,2-diphenylethane 

(34) (0'5g, 79%), m.p. 246-248°C (litl^251°C); (CHCl^) 3440, 

3350 and 1660 cm"^; 6^ (CDCl^) 1-90 (3H, s, CH^CO) 5-42 (2H, m, 

2 X CH), 7"0-7-8 (17H, complex, ArH and 2 x NH) 

H 3 C . . C g H j 

1 — r 
MK/NH 1301 

trans-^, 5-Di6ydro-2, -5-pAenyi - JH-imidazoie (28) 

Threo aminoacetamide (27) (0'50g, 2-6 mmol) was heated under 

reflux in xylene (50 ml) for 72 hours. After having ox&ed the xylene 

solution was extracted with dilute hydrochloric acid (3 x 20 ml) and 

the combined extracts were washed with ether. The aqueous phase was 

neutralised (potassium hydroxide) and re-extracted with dichloromethane 

(3 X 20 ml). Evaporation of the combined dichloromethane extracts and 

then Kugelrohr distillation (oven temperature 84°C, 0-5 Torr) gave 

f:rans-4,5-dih]^o-2,4-dimethyl-5-phenyl-lH-imidazole (28) (0'45g, 99%) 

as a pale yellow oil. u (CHCl-) 3410 m, 3150 m and 1630 s cm ^; 
max 3 

(CDCl^) 1-28 (3H, d, J 6Hz CH^), 1-98 (3H, s, CH^C=N), 3-74 (IH, 

m, CffCH ), 4-36 (IH, d, J 8Hz, CHPh), 5-62 (lH,br, NH), and 7-30 (5H, 

s, Ph); 5^ (CDClg) 162-83 (C=N), 143-99 (q Ar), 128-43 (Ar), 127-10 

(Ar), 126-30 (Ar), 72-65 (CHPh), 67-30 (CHCH^), 21-48 (CH^) and 14-87 

(CH C=N) m/z 174-1097 (29-5%). C^^ H^^ N requires M, 174-1157. 

(28) 
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cis-4,5-Dihydro-2,4-dime&Ayj-5-pAenyj-j#-2midazole (36) was 

similarly obtained from erythro aminoacetamide (29) (80%) (distilled 

at oven temperature 100°C,0'1.Torr) (CHClg) 3410 m, 3160 s and 

1630 s cm-1; 6^ (CDCl^) 0-70 (3H, d, J 7Hz, CH^), 2-06 (3H, s, CH^ 

C=N), 4-26 (IH, m, CHCH^), 4-96 (IH, d, J lOHz, CHPh), 6-20 (IH, br, 

NH) and 7-1-7-4 (5H, m, ArH); 6^ (CDCl^) 164-98 (C=N), 138-21 (q Ar), 

128-84 (Ar), 128-46 (Ar) 127-76 (Ar), 127-45 (Ar) 126-59 (Ar) 67-11 

(CHPh), 60-03 (CHCHg), 17-33 (CH^) and 14-30 (CH^C^N); m/z 174-1242 

(33-0%); Ng requires M 174-1157. 

5'4 Nitroacetamidation of Dienes 

rypica] Procedure 

A solution of diene (ca. 10 mmol) in dichloromethane was added to a 

suspension of electrogenerated nitronium tetrafluoroborate (ca. 10 mmol) 

in a mixture of acetonitrile (50 ml of anolyte) and dichloromethane 

(50 ml). After 2 minutes aqueous acetonitrile (1:1, 5 ml) was added 

and the mixture allowed to warm to room temperature. Evaporation of 

the solvents under reduced pressure afforded a residue which was 

carefully neutralised with aqueous sodium hydrogen carbonate. Extraction 

with dichloromethane and work up afforded the organic products. The 

products were isolated pure following chromatography [ethyl 

acetate-methanol (20:1)] and crystallisation. 

Unless otherwise stated the mass spectra are chemical ionisation 

with ammonia. Buta-1,3-diene gave the following. 

N O z 

(48) 

NHCOCH3 NHCOCH 
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N-rj-MiErobuC-3-en-2-y]^ aceCamide (48 , 48%), m.p. 38-40°C (ether) 

(Found: C, 45-4; H, 6-3; N, 18*0. 0^ requires C, 45*6; H, 

6-3; N 17-7%); u ^ (CHCl^) 3420 m, 3310 w, 1670 s, 1645 sh, 1560 s, 

1500 s, 1370 s, and 935 m; 6% [(CD^) CO] 1-96 (3H, s, CH^CO), 4-72 

(2H, m, CH NO2), 5-18 (IH, m, GHNH), 5-20-5-44 (2H, m, vinyl), 5-96 

(IH, m, vinyl) and 7-6 (IH, br, NH); 6^ [(CDg)^,:^] 170-48 (CO), 134-

45 (vinyl), 117-81 (vinyl), 78-19 (CH^NC^), 50-65 (CHgNH) and 22-81 

(CH^CO); m/z 159 (100%, M + 1). 

(E)-N-(4-A^Cro-buC-2-enyi^acefamide (49) (51%) as an unstable oil, 

L' (CHCl^) 3450 m, 3320 w, 1670 s, 1555 s, 1515 s and 1375 s; 
max ^ 3 

6% [(CD2)2C0] 1-95 (3H, s, CH^CO), 3-90 (2H, m, CN^NH), 5-12 (2H, 

d, J 6Hz, CH2NO2), and 5-98 (2H, m, vinyl); 6^ [(CD2)2C0] 

170-26 (CO) 137-51 (vinyl), 120-67 (vinyl), 77-38 (CH2NO2), 40-70 (CH2 

NH) and 22-72 (CH CO); m/z 159-0860 (86-5%); C^ H^^ N2 O3 (M + 1) 

requires 159-0770. 

Isoprene gave the following. 

N O j 

'501 (511 

NHCOCH3 NHCOCH3 

}i-(2-Methyl-l-nitrobut-3-en-2-yl) acetamide (50) (39%), m.p. 81-82°C 

(ether) (Found: C, 49-0; H, 7-0; N 16-5. Cy H^2 ^2 ^3 requires C, 48-8; 

H, 7-0; N, 16-3%). (CHCl^) 3440 m, 3340 w, 1685 s, 1550 s, 1500 s, 

1365 m and 935 w; 6^ [(CD )2C0]. 1-54 (3H, s, CH^), 2'02 (3H, s, CH^CO), 

4-80 (IH, d, J lOHz) and 5-08 (IH, d, J lOHz) (CH^NO^), 5-26 (2H, m, 

vinyl), 6-06 (IH, dd, J 18, lOHz, vinyl) and 6-26 (IH, br, NH); 6q ^^^^3^2-

CO] 171-22 (CO), 140-52 (vinyl), 115-30 (vinyl) 80-45 (CH2NO2), 57-24 

(CHNH), 24.50 (CH3) and 23-90 (CH ); m/z 173 (69-2%) and 82 (100). 
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(E)-N-f3-MeChyi-4-niCrobuC-2-enyl^ acetamic^ (51) (50%) m.p. 

43-44°C (ethyl acetate); (CHCl^) 3450 m, 3320 w, 1670 s, 1550 vs, 

1510 s and 1375 s ; 6% [(00^)200] 1-82 (3H, s, CH^), 1'91 (3H, s, CH2_ 

CO), 3-90 (2H, dd, J 5, 6 Hz, CHMH), 5-06 (2H, s, CHgNOg), 5-72 (IH, 

m, vinyl) and 7-54 (IH, br, NH); 6^ [(00^)200] 170-78 (CO), 133-22 

(vinyl), 128-83 (vinyl), 83-85 (CH2NO2) 37-58 (CHNH) 22-73 (CH^CO) 

and 14-82 (CH^); m/z 173-0629 (6-6%) C^ H^^ N2 0^ (M + 1) requires 

173-0926. 

2,3-Dimethylbutadiene gave the following. 

(54) 

NHCOCH NHCOCH3 

N-Y2,3-Djmetbyj-J-niCrobuCen-3-en-2-yJ) aceCamide (54) (35% ) m.p. 94-

95°C (from ether) (Found: C, 51-5; H, 7-6; N, 15-2. Cg H^^ N2 0^ 

requires C, 51-6; H, 7-5; N 15-2%); u ^ (CHCl^) 3440 m, 3320 w, 1685 s, 

1550 vs, 1500 s, 1375 s and 910 m; 6% [(00^)200] 1-51 (3H, s, CH^), 1-81 

(3H, s, CH ), 2-01 (3H, s, CH^CO), 4-70-5-36 (2H, ab, J lOHz, CH2NO2), 

4-81 (IH, s, vinyl), 4-99 (IH, s, vinyl) and 6-33 (IH, s, NH);6^ 

CO] 170-48 (CO) 147-49 (vinyl), 111-08 (vinyl), 79-95 (CH^NC^), 58-49 

(CNH), 24-64 (CH ) 23-31 (CH^CO) and 19-33 (CH^); m/z 187 (28-5%, M + 1) 

and 84 (100). 

(E)~'R-(2,3-Din]ethyl-4-nitrobut-2-enyl) acetamide (52) (35%), m.p. 

81-82°C (ether) (Found: C, 51-4; H, 7-6; N, 15-2. Cg H^^ 0^ requires 

C 51-6; H, 7-5; N, 15-1%); ^ (CHCl^) 3450 m, 3320 w, 1670 s, 1550 s, 

1515 s, and 1375 s; 6% (CDCI3) 1-84 (3H, s, CH^), I"90 (3H, s, CHg), 

2-02 (3H, s, CH3CO), 3-96 (2H, s, J 6Hz, OfNH), 5-00 (2H, s, CH2NO2) 

and 6-3 (IH, br, NH);6c [(CD2)2C0] 170-21 (CO), 138-20 (vinyl), 122-64 
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(vinyl), 79-53 (CH2NO2), 42-08 (CHgNH), 22-70 (CH^CO), 17-43 (CH^) 

and 16-97 (CH^); m/z 187 (7-6%, M + 1) and 98 (100). 

trans-Penta-1,3-diene gave the following 

N O 2 

(56) 159) (60) 

NHCOCH3 NHCOCH3 NHCOCH3 

threo-N-(4-A^CropenC-J-en-3-yj) aceCamide (56) (26%) m.p. 88-90°C 

(ether) (Found: C, 48-9; H, 7-1; N, 16-4. Ng 0^ requires 

C 48-8, H 7-0 N, 16-3%) (CHCl^) 3440 s, 3320 m, 1680 s, 1640 

sh, 1550 s, 1500 s and 940 m 6^ [(CD2)2C0] 1-60 (3H, d, J 8Hz, CH^), 

1-96 (3H, s, CHgCO), 4-8-5-1 (2H, m, CHNO2 and CW^M) 5-16-5-46 (2H, 

m, vinyl) 4-90 (IH, m, vinyl) and 7-48 (IH, br, NH) 6^ [(CDg)2C0] 

170-23 (CO), 134-06 (vinyl), 118-78 (vinyl), 85-70 (CHNO^J 55-26 

(CHNH), 22-86 (CH^CO) and 15-99 (CH^); m/z 173 (4-9% M + 1) and 56 (100) 

X mixture of the nitroacetamides (59) and (60) (64%) which were 

separated in analytical amounts by h.p.l.c. (Zorbax-sil; ethyl acetate 

eluant). (E)-N-(4-Nitropenten-2-enyl) acetamide (59) an unstable oil, 

w (CHC1-) 3440 m, 3320 w, 1665 s, 1550 s, 1510 s, 1360 m and 970 m 
max 3 

[(€02)2^0] I'Gl (3H, d, J 6Hz, CH^), 1-92 (3H, s, CH^CO), 3-86 

(2H, dd,J6^Hz, C#2NH), 5-22 (IH, m, CMNOg), 5-92 (2H, ab, 15 Hz, 

vinyl) and 7-3 (IH, br, NH), 6^ [(CD )2C0] 170-42 (CO), 134-74 (vinyl) 

127-04 (vinyl) 84-73 (CHNO2) 40-65 (CHgNH), 22-76 (CH^CO) and 19-44 

(CHg) m/z 173-0991(6-4%) C^ H^^ N2 O3 (M + 1) requires 173-0926. 

(E)-N-(5-Nitropent-3-en-2-yl) acetamide (60) a low m.p. solid; u ^ 

(CHCI3) 3440 m, 3320 w, 1670 s, 1555 s, 1510 s, 1370 m and 970 m; 

6% [(CD2)2C0] 1-24 (3H, d, J 6Hz, CH^) 1-94 (3H, s, CH^CO), 4-60 

(IH, m, CHNH), 5-12 (2H, d, J 6Hz, CH2NO2) 5-98 (2H, ab, 15Hz, 
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vinyl) and 7-4 (IH, br, NH); 6^ [(003)200] 169-54 (CO) , 142-45 

(vinyl), 119-24 (vinyl), 77-54 (CHgNOg), 46-21 (CHNH), 22-91 

(CHgCO) and 20-32 (CH^): m/z 173-0970 (3-5%) H^^ Ng O3 + 1) 

requires 173-0926. 

trans trans hexa-2,4-diene gave the following. 

NO-

(61) 

NHCOCH. 

NHCOCH3 

(63) 

(62) 

NHCOCH3 

(64) 

NHCOCH. 
A mixture of threo and erythro (E)-N-(2-niCrohex-4-en-3-yi^ aceCamide 

(61) and (62) (6%) m.p. 118-120°C (ether) (Found: C, 51-3; H, 7-6; 

N, 15-2. Cg H., Oq requires C 51-6; H, 7-5; N 15-1%); u 
O 14 Z j M8X 

(CHCl ) 3440 m, 3320 w, 1680 s, 1670 s, 1550 s , 1500 s, 1370 m, 1360 m 

and 970 m: 6^ [(CD2)2C0] 1-46 (3H, d, J 6Hz,CH ), 1-68 (3H, d, J 5Hz, 

CHg), 1-94 (3H, s, CH CO) 4-84 (2H, m, CHNOg and CWNH) 5-30-5-98 (2H, 

m, 15Hz, vinyl) and 7-45 (IH, br, NH);6 ([1^)200] 170-13(C0), 

130-82 (vinyl), 126-74 and 126-56 (vinyl) 85-96 (CHNO^) 55-10 (CHNH), 

22-87 (CHgCO), 17-85 (CH ) and 15-90 and 15^0 (CH^); m/z 187 (0-4%, 

M + 1) and 70 (100). 

A mixture of threo and erythro 5-nitrohex-3-en-2-yl) 

aceCamides (63) and (64) (78%) m.p. 45-47°C (ether); (CHCl^) 

3440 m, 3320 w,16ms,^55s,15K)s,r#0in, 1360 m and 970 m 6% [([1^)2 

CO] 1-22 (3H, d, J 6Hz, CH ) 1-61 (3H, d, V 6Hz, CH ), 1-90 (3H, s, 

CH CO), 4-36 (IH, m, CHNH), 5-20 (IH, m, CHNO^,) 5-96 (2H, m, 15 

Hz, vinyl) and 7-2 (IH, br, WHO; 5^ [(€0^)200] 169-77 (CO) 139-45 

(vinyl) 125-41 (vinyl) 84-71 (CHNO2), 46-06 (CHNH), 22-89 (CH^CO) 

20-36 and 20-27 (CH^) and 19-49 (CH^); m/z 187-1039 (0-4%) Cg H^^ 

N2 Og (M + 1) requires 187-1083, 

211 



N ^ - N H (58) 

trans-4,5-Dihydro-2,4-dimeCAyi-5-eChyi-J#-imjdazole (58). Threo 

nitroacetamide (56) (0*24 g, 1*4 mmol) was added to a rapidly stirred 

suspension of aluminium amalgam (2-5 g) in ethyl acetate containing 

sulphuric acid (1 ml, 0*05 M). After 2 hours the organic salts were 

removed by filtration and washed with ethyl acetate (3 x 25 ml). The 

combined solutions were concentrated( to 20 ml) by evaporation under 

reduced pressure. Platinum dioxide (10 mg) was added and the solution 

stirred under overnight. Removal of catalyst by filtration and 

solvent under reduced pressure afforded a residue which was taken up 

in xylene (20 ml). After addition of p-toluenesulphonic acid (2 mg) 

the solution was heated under reflux for 8 h. and then cooled. Organic 

bases were removed by washing with dilute hydrochloric acid (3 x 20 ml). 

The combined aqueous solutions were washed with hexane (3 x 20 ml) then 

neutralised with potassium hydroxide solution and further extracted 

with dichloromethane. The combined organic solutions were washed with 

water, dried (MgSO^) and evaporated to afford an oily residue. 

Distillation (50°C/0'1 Torr) gave as a colourless oil trans 4,5-dihydro-

2,4-dimethyl-5-ethyl-lH-imidazole (58) (100 mg, 57%) u (CHCl^) 3430 m, 

1630 s;5Q (360 MHz, CDCl^) 0-94 (3H, t, V=8Hz, CH^), 1-29 (3H, d, J=6Hz, 

CHg), 1-45 (2H, m, CH^), 1'92 (3H, s, CH2C=N), 3-24 (IH, q, J=7Hz, 

CWCgH ) 3-52 (IH, m, CHCH ), 4-4 (IH, br, NH); m/z (ei) 126.1168 (31-7%) 

Cy N2 requires 126-1157. 
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H3C C3H, 

N ^ > x N H (66) N ( 6 5 ) 

cis and trans-4,5-DjAydro-2,4-djmeChyi-5-propyj-JA^dmick^:ole (65) 

and (66). Following the above procedure a mixture of erythro- and 

threo-acetamides (61) and (62) were converted to a mixture of cis 

and trans-4,5-dihydro-2,4-dimethyl-5-propyl-lH-imidazole (65) and 

(66) in 90% yield u (CHC1-) 3440 w, 1630 cm"^; 6% (360 MHz, CDC1_) 

0-9-1-5 (complex),1-94 (s, CH C=N), 3-32 (m, J=7Hz, CHPr, major 

isomer), 3-52 (q, J=7Hz,CHCHg, major isomer) 3-73 (m, CHPr, minor 

isomer), 3-91 (m, CHCH^, minor isomer). Integration indicated an 

isomer ratio trans : cis = 3:2; m/z (ei) 140-1335 (8-5%) Cg N2 

requires 140-1313. 

NHCOCH3 NHCOCH3 

(671 (581 

NHCOCH3 NHCOCH3 

(E)-N-(5-^^^cecamidoAex-3-en-2-yJ^ acetamides (67) and (68). 

Nitroacetamides (63) and (64) were reduced with aluminium 

amalgam using the conditions described above. The crude product of 

this reaction (0-17 g) was acetylated in acetic anhydride (2 ml) and 

acetic acid (1 ml). Work up by evaporation and chromatography on 

silica gel (eluant 1:1 ethyl acetate-ethanol) gave 

(E)-N-(5-N-acetamidohex-3-en-2-yl) acetamides (67) and (68) (0-2 g 

98%) as a white crystalline solid m.p. 177-181°C (from ethyl 

acetate-ethanol); u (CHC1-) 3440 m, 3310 w, 1665 s, 970m; 5% (CD 
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Clg) 1-22 (3H, d, J 7Hz, CH^), 2-00 (3H, s, CH^CO) 4-54 (IH, m, 

5-57 (IH, m, vinyl H), 5-9 (IH, br, NH); m/z (EI) 184-1314 (0-1%) 

H^g Ng Og requires 184-1338. 
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5'5 Oxidation and Reduction Reactions 

N H C O C H 3 

(71) 
0 

N-f2-oxo-J,2-dipAenyieCAy]^ aceCamide (71). 

cAreo-A^(2-nibD-^2-diphenylethyl) acetamide (9) (0*29 g, 1 mmol) was 

dissolved in a solution of potassium CerC. butylate (0-23 g, 2 mmol) 

in Cert, butanol (20 ml). After 10 minutes, ice cold ethyl acetate 

(100 ml), ice (50 g) and buffered (H^BO^) potassium permanganate 

solution(IO ml, 0-1 M) were added and the mixture stirred vigorously 

for 20 minutes. The reaction was stopped by the addition of aqueous 

sodium sulphite. The organic phase was separated off and the aqueous 

phase further extracted with ethyl acetate (2 x 50 ml). Evaporation 

of the combined and dried extracts (MgSO^) gave crude 

N-(2-oxo-l,2-diphenylethyl) acetamide which was purified by 

recrystallisation (0*24 g, 95%) m.p. 136-138°C (methanol) (lit^^^ 

135-136°C). u (CHC1») 3420 m, 1690 s, 1670 s and 1500 s cnr^; 
max ^ 3 

6 % (CDCl ) 2-01 (3H, s, CH CO), 6-64 (IH, d, J 8Hz, C#NH), 7-1-7-7 

(9H, complex, ArH and NH) and 8-00 (2H, m, ArH); m/z 253 (0-5%), 

14-8 (50-6), 106 (100). 

NHCOCH3 

. . . A . (70) 
0 

N-(2-0x0-1-phenylpropyl) acetamide (70) was similarly obtained 

from threo A^-(2-nitro-l-phenylpropyl) acetamide (7) in 99% yield m.p. 
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100-101°C (ethyl acetate) (lit^^^ 99'5-100'5°C), (CHCl^) 3420 m, 

1720 s, 1675 s and 1495 s cm"^ ; 6 (CDCl^) 2-00 (3H, s, CW^CONH), 

2-12 (3H, s, CHgCO), 5-57 (IH, d, J Hz, C%NH), 6-92 (IH, br, NH), 7-38 

(5H, s, ArH); m/z 192 (0-6%), 191 (0-1) 148 (37) and 106 (100). 

0 
A 

NHCOCH 

(74) 

3 

(E)-N-(5-0xoAex-3-en-2-yij aceCamide (74) A mixture of the 1,4 

nitroacetamides (63) and (64) (93 mg, 0-5 mmol) were dissolved in 

acetonitrile (2 ml) containg triethylamine (0-5 ml). A solution of 

eerie ammonium nitrate (0-28 g, 0*5 mmol) in water (1 ml) was added 

and the mixture heated to 50°C for 1 hour. On cooling the mixture was 

filtered and the organic solvents evaporated off. residue was 

extracted with dichloromethane (25 ml) and the extract was washed with 

dilute hydrochloric acid (25 ml),dried (MgSO^) and evaporated to give 

(E)-N-(5-oxohex-3-en-2-yl) acetamide (74) (70 mg, 90%) a low melting 

point solid. (CHCl^) 3440 m, 3330 m, 1695 sh, 1680 s and 1505 s 

cm-l; 6^ (CDCl ) 1-32 (3H, d, J 7Hz, CH^), 2-04 (3H, s, CH^CONH), 

2-28 (3 H, s, CH CO), 4-74 (IH, m, CHNH), 6-15 (IH, dd, J 16 and 2Hz, 

vin yl H), 6-62 (IH, br, NH) and 6-76 (IH, dd, J 16 ana 5Hz vinyl H). 

0 

(75) 

NHCOCH3 

216 



(E)-A'-('^-0xopenC-2-a3y_Z) aceCamide (75) was obtained on exposure of 

a mixture of (E)-N-('4-nitropent-2-enyl) acetamide (59) and (E)-N-

(5-nitropent-3-en4^yl) acetamide (60) to air and subsequent flash 

chromatography (eluant ethyl acetate). A low melting point solid, 

u (CHC1„) 3460 m,3320 w, 1680 s and 1510 s cm ^; 5^ 1-95 (3H, s, 
013 X O ii 

C% CONH), 2-21 (3H, s, C# CO) 4-00 (2H, m, CHNH), 6-08 (IH, dt, J 16 

and 2Hz, vinyl H) and 6-82 (IH, dt, J 16, 5Hz vinyl H); m/z (ei) 141' 

0975 (1:1%) N requires 141-0790. 

N H C O C H 3 

"NH. (76) 

acetamide (76). Strips of aluminium 

amalgam (1 g) were added to a solution of N-(2-nitro-l-phenylethyl) 

acetamide (5) (0-67 g, 3-2 mmol) in wet ethyl acetate (50 ml). When 

all evolution of hydrogen had ceased the inorganic salts formed were 

removed by filtration and washed with ethyl acetate (3 x 25 ml). 

Evaporation of the combined filtrate and washings followed by azeotropic 

removal of the last traces of ethyl acetate with tetrachloromethane 

gave N-(2-amino-l-phenylethyl) acetamide (76) (0-58 g, 100%) distilled 

at 160°C/0'1 Torr (lit^^i 185-190°C,0'25 Torr), u (CHCl2)3425 m, 

3400 m, 3320 m, 1665 s and 1500 s cm'l; 6% (CDCl^) 1-5 (2H, br, NHg), 

1-90 (3H, s, CHgCO), 2-90 (2H, d, J 6Hz, CHgNHg), 4-90 (IH, q J 6]&z, 

CHNH), 7-20 (5H, s, ArH) and 7-75 (IH, br d, NH); m/z 179(1-0%), 149 

(71-4) and 106 (100). 

NHCOCH 

(77) 
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N-r2-A^dceCamido-]-phenyJeLhyi^ aceCamide (77) N-(2-amino-l-

phenylethyl) acetamide (76) (0-2 g, 1-14 mmol) was dissolved in acetic 

anhydride and stirred for 12 hours. The white solid formed was 

collected by filtration. A further amount of solid was obtained by 

evaporation of the filtrate followed by trituration with chloroform. 

tw^ crops were combined and recrystallised from ethanol giving 

(7 7) (0-25 g, 96%) m.p. 156-158°C (ethanol) (litl79 152°C); (CHCl^) 

3450 w, 3340 w, 1670 s and 1520 s cm'*; 5% (CDClg-CD^OD) 1'95 (3H, 

s. CH^CO) 2-00 (3H, s, CH^CO), 3-55 (2H, m, CHgNHU,) 5-05 (IH, m, CH 

NH) and 7-30 (5H, s, ArH); m/z 220 (0-6%), 148 (22*6) and 106 (100). 

^ 6 ^ 5 

(78) 

4,5-DjAydro-2-meC^yi-4-phenyl-J#-imidazoie (78). A solution of 

#-(2-amino-l-phenylethyl) acetamide (76) (0'4 g, 2'3 mmol) in xylene 

(20 ml) was heated under reflux for 72 hours. On cooling the organic 

bases were removed by extraction with aqueous hydrochloric acid(3 x 25 ml). 

The combined aqueous extracts were washed with ether (25 ml), neutralised 

with solid potassium hydroxide and re-extracted with dichloromethane 

(3 X 25 ml). Evaporation of the combined and dried (MgSO^) organic 

extracts gave an oil. Kugelrohr distillation of the oil (oven 

temperature 92°C/0'1 Torr) yielded pure 4,5-dihydro-2-methyl-4~phenyl-

IH-imidazole (78) (lit^®b . p . 121-122°Cj 0-2 Torr); (CHCl^) 3430 m, 

3150 m and 1630 s cm"!; 6% (CDCl^) 1-88 (3H, s, CHgC:^), 3-37 (H, dd, 

J 12 and 8 Hz CH); 3-92 (IH, dd, J 12 and 10 Hz, CH), 4-82 (IH, dd, J 

10 and 8 Hz, CHPh) 5-50 (IH, s, NH) and 7-23 (5H, s, ArH); 6^ (CDCl^) 

144-39 (C=N), 128-81 (Ar), 128-54 (Ar), 127-14 (Ar), 126-68 (Ar), 126-

52 (Ar) 126-30 (Ar) 64-78 (CHPh), 59-64 (CH^) and 15-01 (CH^); m/z 
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160 (57%) 

N y N H (80) 

trans-^,5-DiAydro-^,5-djpAeny_Z-2-mef:AyJ-J^-imjdazoJe (80) was 

s imi l a r ly obtained from cAreo-N-(2-amino-l ,2-diphenylethyl) acetamide 

(33) in (40%) y i e ld . D i s t i l l e d at 110°C,0-5 T b r r . (CHCl^) 3430 m 

and 1630 s cm' l ; 6% (CDCl^) 2-00 (3H, s , CW C=:N), 4-66 (2H, s , 2 x CH), 

5-44 (IH, s , NH) and 7-1-7-6 (lOH, m, ArH); 6^ (CDCl^), 143-43 (C=N), 

128-68 (Ar), 127-88 (Ar), 127-49 (Ar), 126-54 (Ar) , 74-87 (CHAr) and 

14-99 (CH ); m/z 236 (19-3%) and 130 (100). 

^ 6 ^ 5 

N y - N H (79) 

2-Methyl-4-pbenyl~lH-imidazole ( 7 9 ) : 4,5-dihydro-2-methyl~4-

phenyl-lH-imidazole ( 7 8 ) (90 mg, 5 - 6 mmol) was dissolved in 

203 

dichloromethane (25 ml) containing highly a c t i v e manganese dioxide 

( 1 g). The mixture was heated under reflux for 30 minutes. On cooling 

the inorganic materials were removed by filtration and the solvent 

evaporated off. Column chromatography on neutral alumina [eluant 

methanol-dichloromethane (1:20)] gave crystalline 2-methyl-4-pbenyl-lH-

imidazole ( 7 9 ) (50 mg, 56%). m.p. 162-163°C (from dichloromethane-

raethanol) (lit^^^ 165°C) (CHCl^) 3460 m, 3150 and 1610 w cm 

6% [(CD )2C0] 2-3 (3H, s , CH^), 7-2-8-0 (7H, complex, ArH and NH); 

m/z 158 (100%). 
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5-6 Nitrotrifluoroacetoxylation : Preparation of Nitrodienes 

5-6,1 Typical nitrotrifluoroacetoxylation procedure:-

Ammoniura nitrate (l'6g, 0-02 moles) was added portionwise to a 

solution of diene (0'022 moles) in dichloromethane (25 ml) containing 

trifluoroacetic anhydride (5 ml) and fluoroboric acid (0*1 ml of a 

40% aqueous so lu t ion) a t 35°C. Addition was a t such a r a t e as to 

maintain gentle reflux. After the addition was complete the solution 

was allowed to cool to room temperature. Water (100 m l ) was carefully 

added to hydrolyse excess anhydride and then the aqueous layer \sas removed. 

Tt^ organic phase was washed with sa tura ted br ine u n t i l Che washings 

were neutral and then dried over magnesium sulphate. Removal of the 

solvent under reduced pressure af forded a r e s idue which was pur i f i ed 

by f i l t r a t i o n chromatography on s i l i c a gel or f l o r i s i l (e luant 

dichloromethane). The mixtures of nitrotrifluoroacetates were 

charac te r i sed by i . r . ; (CHCl^) 1780-1800 s , 1550^1570 s and 1360-

1370 cm ^ n . m . r . spectra of the crude mixtures proved difficult 

to interpret. 

4-Nitrobut-l-en~3-ol (83) and (E)-4-nitrobut~2-en-l-ol (84). The 

mixture of adducts obtained from the nitrotrifluor oa cetoxylation of 

butadiene (0-51 g, 2*4 mmol) were dissolved in methanol (20 ml) 

containing concentrated sulphuric acid (1 ml). After one hour at room 

temperature the solution was neutralised by the addition of sodium 

hydrogen carbonate solution and extracted with ether (3 x 20 ml). The 

combined extracts were dried (MgSO^) and evaporated to give a brown oil. 
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Separation by f l a sh chromatography [eluant ethyl acetate-hexane (1:1)] 

gave 4 - n i t r o b u t - l - e n - 3 - o l (83) (0-16, 57%) distilled at 78°C (oven 

temperature) , 0*9 Torr (CHCl^) 3600 w, 1550 s and 1370 m cm 

6 (CDClg) 3-42 (IH, s , OH), 4-46 (2H, m, CHgNOg), 4-88 (IH, m, CHOH), 

5-42 (2H, m, CH2=CH) and 5-74-6-20 (IH, m, CW^CHg); 

6^ (CDClg) 134-66 (v iny l ) , 118-50 (vinyl) 79-34 (CHgNOg) and 69-74 

(CHOH) m/z ( c . i . with NH ) 118 (2-3%) 43 (100) and (E)-4-ni t robut-

2 -en- l -o l (84) (0-10 g, 36%) u ^ (CHCl^) 3620 w, 1550 s and 1370 m 

cm'l; 6% (CDClg) 2-26 (IH, br, OH), 4-28 (2H, m, CHgOH), 4-98 (2H, m, 

CH^NOg) and 6-06 (2H, m, vinyl) ; 6 g (CDCl2)139-54 (v iny l ) , 118-79 

(v iny l ) , 76-99 (CH2NO2), and 61-84 (CHgOH); m/z 117-0452 (0-1%) 

Hy NOg requires M 117-0426. 

OCOCF3 OCOCF3 

The nitroalcohols were separately converted to their 

trifluoroacetate derivatives by treatment with trifluoroacetic 

anhydride in ether followed by evaporation. 4-Nitrobut-l-en-3-ol (83) 

gave 3-trifluoroacetoxy-4-nitrobut-l-ene (81): u ^ (CHClg) 1800 s, 

1570 s and 1375 s cm'l; 6% (CDCl^) 4-68 (2H, m, CHgNOg), 5-65 (2H, m, 

C#2=CH), and 6-08 (IH, m, CH0);6c (CDCl^) 128-72 (v iny l ) , 122-97 (vinyl) 

114-61 ( CF ) , 75-81 (RH ) and 74-26 (RH ) zn/z ( c . i . with NH )̂ 218 

(100%). 

(E)-4-Nitrobut-2-en-l-ol (84) gave (E)-l-trifluoroacetoxy-4-

niarbut^^ene fg2 ; : (CHClg) 1790 s , 1560 s and 1350 s cm'^; gp^CDClg) 

4-96 (4H, m,. CH2NO2 and CH^O) and 6-12 (2H, ab, J observed = 15 Hz,vinylk 

6c(CDCU^131-20 (v iny l ) , 124-61 (v iny l ) , 76-31 (CH^NC^) and 66-60 (CH2 

0) m/z 213 (0-6%) and 69 (100). 
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5'6,2 Typical Elimination Procedures 

A. With Potassium Acetate 

Anhydrous potassium acetate (ca. 20 mmol) was added to a solution of 

the crude nitrotrifluoroacetates (10 mmol) in dry ether (20 ml). The 

mixture was stirred at room temperature until all of the 

n i t r o t r i f l u o r o a c e t a t e was observed ( t . l . c . ) to have reacted ( typ ica l ly 

18 hours). The ether solution was then washed with brine (3 x 20 ml) 

and dried over magnesium sulphate. Evaporation afforded a crude 

product which was pu r i f i ed by Kugelrohr d i s t i l l a t i o n , f l a s h 

chromatography on neu t ra l s i l i c a gel and/or c r y s t a l l i s a t i o n . 'Die seme 

procedure was used i^^sn potassium propionate was used as base. 

B. Sodium hydride 

Sodium hydride (12.mmol) as a 55% dispers ion i n mineral o i l ) vms 

washed with pentane (5 x 10 ml) and then covered by dry te t rahydrofuran 

(20 ml). At -40°C the crude n i t r o t r i f l u o r o a c e t a t e (10 ,) was 

added dropwise. The addition gave rise to a fine, pale yellow 

suspension but was not accompanied by any gas evolution. The mixture 

was allowed to warm to room temperature over 30 minutes. The 

now dark red mixture was poured into saturated ammonium chloride solution 

(50 ml) and the aqueous solution was extracted with ether (3 x 50 ml). 

The combined ether extracts were dried over magnesium sulphate and 

evaporated to give a crude residue. Extraction of this residue with 

hexane (3 x 10 ml) gave, after evaporation of the hexane, the crude 

nitrodiene which was purified by distillation under reduced pressure. 

C. With triethylamine 

A solution of triethylamine (ca. 10 mmol) in ether (20 ml) was added 

dropwise to a solution of crude nitrotrifluoroacetates(10 mmol) in 
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ether (30 ml) a t -60°C. After 10 minutes the e t h e r solut ion was 

poured off from the precipitated ammonium salt and washed with dilute 

hydrochloric acid (50 ml) and brine (2 x 50 ml). Evaporation of the 

dried (MgSO^) ether phase gave a residue which was extracted 

with hexane (3 x 10 ml). Evaporation of the extract gave the crude 

ni t rod iene which was pu r i f i ed by d i s t i l l a t i o n a t reduced pressure . 

The following compounds were prepared. 

(85) 

(E)-l-AiCro6uCa-J,^-d2ene (85) from butadiene in 89% overa l l 

yield using potassium ace t a t e ; b.p. 40°C (oven temperature) a t 0-5 Torr 

( l i t ^ 56-57°C, 10 Torr) , (CHCl^) 1640 m, 1600 m, 1550 s and 1350 s cm'^; 

6^ (CDCl^) 5-86 (2H, m, C#2=CH) 6-54 (IH, m, CH=CH2), 7-20 (IH, d, 

J 13 Hz, CKNOg) and 7-60 (IH, dd, J 14 and 11 Hz, CH^CHNOg); 6^ (CDCl^) 

139-95 (CHNOg) 138-68 (v iny l ) , 131-18 (v inyl ) and 129-77 (v iny l ) ; m/z 

99 (27%) and 82 (100). 

N O 2 (88) 

(E)~2-Methyl-l-nitrobuta-l,3-diene (88) from isoprene in 55% 

overall yield using sodium hydride; b.p. 50°C ( oven temperature) at 

0-5 55-56°C a t 5 '%%T);^^ax (CHCl^) 1600 m, 1515 m and 

1350 s cm-1; 6% (CDCI3) 2-36 (IH, d, J 2Hz, CH^), 5-82 (2H, dd, J 18 

and 10 Hz, CH2=CH),6-42 (iH, dd, J 18 and 10 Hz, CH^CHg), and 7-12 (IH, 

br, CHNO2) 
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A mixture of (E)- and (Z)-2-metAy]-J-niErobuCa-j ,3-diene (88) 

and (89) in 42% overa l l yie ld using t r i e t h y l a m i n e ; (CHCl2),ia%)m, 

1590 m, 1515s, 13%) scaTl^^gOOX^g) 2-06 [d, J 2Hz, (89)] , 2-36 [d, 

J 2 Hz, CHg, (88) ] , 5 ' 3 - 6 ' l [complex, C#2=CH (88) eud (89)] 6-42 

[dd, J 18 and 10 Hz C#=CH (88)] , 6-98 [br , CHNCL,, (89)] 7-12 [br , 

CHNO2 (88)] and 7-60 [d, d, J 18 and 19 Hz, C#=CH^ (89) ] . 

N O 2 (90) 

(E)-2,3-D2mechyi-j-niCrobuCa-j,3-diene (90) from 2 , 3 -

dimethylbutadiene in 84% overa l l yie ld using potassium propionate b .p . 

50°C (oven temperature) a t 0-5 Torr ( l i t ^ ^ 63°C/5 Torr^ ^ (CHCl^) 

1600 m, 1510 s and 1330 s cm'^; 6^ (CDCl^) 2-00 (3H, d, J 4 Hz, CH^) 

2-38 (3H, d, J 2 Hz, CH^), 5-42 (IH, br s , v i n y l ) 5-60 (IH, s , v inyl) 

and 7 - 1 6 ( I H , br, CHNO^). 

NO, (92) 

{E,E)-2-Nitrobexa-2,4-diene (92) from trans, trans-hexa-2,4-diene 

in 75% overall yield using potassium acetate b.p. 60°C (oven 

temperature) at 0 - 5 Torr, v (CHC1„) 1 6 5 0 m, 1510 s and 1330 s cm ; 
^ ^ max 3 

6 ^ (CDClg) 1-94 (3H, d, J 4 Hz.CH^), 2-26 (3H, s , CH^), 6-30 (2H, m, 

J observed 15 Hz, vinyl), 7 - 5 6 (IH, br d, J 10 Hz, CE=N02); 5 ^ (CDCl^) 

144-99 (q vinyl), 143-62 (vinyl), 133-64 (vinyl) 125-35 (vinyl), 19-22 

(CH3) and 12-64 (CH^); m/z 127-0589 (4%) H NOg r equ i r e s M 127-0633. 
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NO; (93) 

A mixture of h-nitropenta-l,3-diene (93) and l-nitropenta-l,3-

diene (94) from trans-penta-1,3-diene using potassium acetate as 

base in 84% overa l l y i e ld , u (CHCl.) 1640 m, 1610 w, 1560 m, 
max 3 

1510 s , 1345 s , 1330 and 1315 cm'^; 6^ (CDCl^) 2-94 [d, J 6 Hz, CH^ 

(94) ] , 2 '38 [ s , CHg (93) ] , 5 ' 5 - 6 ' 8 [complex, v iny l (93) and (94)] , 

7-08 [d, J 12 Hz, CHNO2 (94) ] , 7-66 [d, J 12 Hz, CĤ CNOg (93)] , 7-70 

[m, CHkCNOg (94) ] . 

1-Nitrocyclohexa-l,3-diene (95) from cyclohexa-1,3-diene in 70% 

overall yield using potassium acetate; b.p. 70°C (oven temperature) 

a t 0-5 Torr; u (CHC1-) 1575 m, 1505 s and 1330 s cm"l ;6H (CDCl?) 
II13. X n J 

2'20^2'70 (2H, m, CHgCNOg) 2-70^3-10 (2H, m, C% ) , 6 '00 -6 '50 (2H, m, 

v i n y l ) , and 7-36 (IH, d, J 6 Hz, CHWCNOg); 6^ (CDCl^) 146-53 (CNOg), 

136-23 ( v i n y l ) , 127-86 ( v i n y l ) , 122-00 ( v i n y l ) , 23-93 (CHg) and 20-72 

(CHg); m/z 125-0547 H^ NO2 requi res 125-0477. 

(96) 
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j-NiCrocycioocCa-J,3-diene (96) from cyc looc ta - l , 3 -d iene in 70% 

overall yield using potassium acetate; b.p. 70°C (oven temperature) 

at 0*5 Torr; (CHCl^) 1520 s and 1335 s cm ^; 6^ (CDCl^) 1-66 (4H, 

complex, 2-26 (2H, m, CHg), 2-79 (2H, m, CHgCNOg), 6-01 (2H, 

m, v inyl ) and 7-53 (IH, d, J 4 Hz, CHkCNĈ  ) ; 6 ^ (CDCl^) 150-29 (CNO ,̂) 

138-50 (v inyl ) 130-25 (v iny l ) , 121-90 ( v i n y l ) , 29-11 (CH^), 26-23 

(CHg), 22-30 (CH2) and 21-91 (CH^); m/z 153-0824 (2-5%) Cg NO2 

requires 153-0790. 

(97) 

(E,E)-5-#iCropenCa-2,4-dienoic ac id eCAyi esCer (97) from Crans-

ethyl penta-2,4-dienoate in 35% yield overall using potassium acetate: 

m.p. 105-106°C (from e the r ) ( l i t . ^ '3ioi_l02°C); (CHCl^) 1720 s , 

1610 m, 1525 m and 1325 s cm' l ; 6% (CDCl^) 1-34 (3H, t , J 7 Hz, CH^), 

4-29 (2H, q J 7 Hz, CHg), 6-48 (IH, d, J 15-5 Hz, CHCOgEt), 7-36 (2H, 

m, CH=CHC02Et and CHNO2), and 7-64 (IH, t , J 12-5 Hz C%=CHN02); 6^ (C 

DClg) 165'0 (CO), 144-4 (CNO2) 135-2 (v iny l ) 135-0 (v iny l ) 133-2 (vinyl) 

61-2 (CH2) and 14-0 (CH^); m/z ( c . i . with CH^) 172 (47-6%) and 79 (KD). 

198) 

( E , E ) -5-Nitropenta-2,4-dienoic acid methyl ester (98) from 

trans-methyl penta-2,4-dienoate in 77% yield using potassium acetate 

m.p. 129-131°C (from ethyl acetate-hexane) 1725 s, 1610 m, 1525 s and 
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1320 s cm 6% (CD^CN) 3-78 (3H, s , CH^) 6-56 (IH, d, J 15 Hz, CHCOg 

CH ,6 '2 -6 -9 (3H, complex, CHNC ,̂ CW=CHN02 and Câ CHCOg CH )̂ 

(99) 

(E,E)-5-#i t roAexa-2,4-djenojc ac id meCAy] e s t e r (99) using 

potassium acetate in 94% yield from trans, trans-methyl h e x a - 2 , 4 -

dienoate m.p. 123-124°C (from e t h e r ) ; ^ (CHCl^J 1720 s , 1620 s , 
max 3 

1525 s and 1310 s cm' l ; 5% (CDCl^) 2-40 (3H, s , CH^CNOg), 4-84 (3H, 

s , CH 0) 6-38 (IH, d, J 15 Hz, CMCO2CH2), 7-43 (IH, dd, V 15 and 12 Hz 

C%=CHC02CH2) and 7-58 (IH, d, J 12 Hz, CH=CN02); 6 (CDCl^) 165-78 

(CO), 152-46 (CNO2), 136-01 ( v i n y l ) , 130-77 ( v i n y l ) , 129-11 (v inyl ) 

52-09 (CHgO) and 13-25 (CH^); m/z (ci with CH^) 172 (41-0%), 171 (96-7) 

and 93 (100). 
5- 6,3 Nucleophillc Addition Reactions 

N O ; 

(102) < (1031 

S C g H j S C g H s 

4-Nitro-3-(phenyltbio)but-l-ene (102) and (E) l-nitro-4-

(phenylthio)but-2-ene (103). A solution of (E)-l-nitrobuta-l,3-diene 

(85) (0-16 g , 1-6 mmol) and 3,5-di-tert-butyl-4-cresol (1 mg) in ether 

(20 ml) was added dropwise to a solution of thiophenol (0-17 g, 1-6 

mmol) and triethylamine (0-16 g, 1-6 mmol) at -40°C. The solution 

was allowed to warm to room temperature and after one hour at that 

temperature was washed successively with dilute sulphuric acid (50 ml) 

and then brine (2 x 50 ml). The solution was dried over magnesium 

sulphate and then evaporated to give a crude product which was separated 
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by flash chromatography [eluant hexane-ether (5:1)] to afford: 

4-nitro-3-(phenylthio)but-l-ene (102) (0-18 g, 54%) distilled at 80°C 

(oven temperature) at 0"5 Torr; (CHCl^) 1555 s and 1375 s cm"^; 

5% (CDClg) 4-32 (IH, m, CHS) 4-54 (2H, m, CH2NO ), 5-26 (2H, m, 

=CH), 5-80 (IH, m, CA^CHg) and 7-40 (5H, m, ArH);^^ (CDCl^) 134-30, 

133-09, 131-24, 129-25, 129-15, 129-00, 128-83, 119-03 (vinyl), 77-62 

(CHgNOg) and 48-14 (CHS) ; m/z (ci with NH^) 209-0491 (39%) C^^ H^^ 

^2 0^ S requires M 209-0510; and (E)-l-nitro-4-(phenyl thio)but-2-ene 

(103) (43 mg) distilled at 90°C (oven temperature) at 0-5 Torr; 

(CHC1_) 1550 s and 1370 s cm'^; 6% (CDC1-) 3-56 (2H, d, J 5 Hz, 

CH2S), 4-82 (2H, d, J 6 Hz, CH2NO2), 5-84 (2H, m, 16 Hz, vinyl), 

and 7-32 (5H, m, ArH);6c (CDCl^) 135-89, 131-01, 129-12, 127-08, 121-

42, 76-81 (CH2NO2) and 36-03 (CH^S); m/z 209-0480 (26%) c^^ H^^ N2 0^ 

S requires 209-0510. 

J 
N O 2 N O 2 

(10 A) (105) 

C g H s C O C H 3 

(E)-l-Nitro-4-N-(phenylaniino)but-2-ene (104) and (E)-N-(4-nitrobut-2-

enyl)-N-(phenyl)acetamide (105). Aniline (0-38 g, 4 mmol) was added 

to a solution of (E)-l-nitrobuta-l,3-diene (85) (0-2 g, 2 mmol) in 

ether (20 ml). After 10 hours the ether solution was washed with brine 

(20 ml), dried (MgSO^) and evaporated giving a crude product. Separation 

of the product from excess aniline by flash chromatography (eluant 

dichloromethane) gave (E)-l-nitro-4-N-(phenylamino)but-2-ene (104) (0-

22 g, 57%) which was immediately dissolved in acetic anhydride and 

stirred for 10 hours. Evaporation of the acetic anhydride followed by 

flash chromatography (eluant ether) gave (E)-N-(4-nitrobut-2-enyl)-N-
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phenyl)acetamide (105) as a low melting point solid; u ^ (CHCl^) 

3440 w, 3320 w, 1650 s, 1595 s, 1555 s, and 1375 m (CDCl^) 

1-89 (3H, S, CHgCO), 4-46 (2H, d, J 5 Hz, CHgN), 4-91 (2H, d, J 6 Hz, 

CH2NO2), 5-9 (2H, m, J observed 16 Hz, CH=CH) and 7"1-7-6 (5H, m, 

ArH); m/z 234-0996 (0-01%) 0^% H^^ N2 0^ requires M 234-1004. 
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