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PREFACE

In the Introduction to this thesis, some general remarks
on the significance of the chemistry of aliphatic nitro compounds
will be followed by a brief review of some synthetic methods avail~-"
able in the field. The specific problems that were studied will |
then be outlined in the context of investigations performed earlier
in thié laboratory and elsewhere. The research carried out and the
results obtained will be described in tHe chapter entitled
"Discussion'", which will precede the recording of the experiments
in the "Experimental" section, A Summary, including Cla.iir;s to

Original Research, will conclude the thesis.




ii

ACKNOWLEDGMENTS

The author wishes to express his thanks to
Professor Hans H, Baer for his guidance, patience and

encouragement throughout the whole process of this research,

The author is obliged to the Department of Chemistry,

University of Ottawa, for making this research work possible,

Thanks are also due to Mr, F'\.y)I:ienzle for proof-
reading and Mrs, A, Eriksen for typing the thesis,.




iii

- TABLE OF CONTENTS

PREFACE

ACKNOWLEDGMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF CHARTS

INTRODUCTION:

l.

Methods for Introducing a Nitro Group .
into Aliphatic Compounds: ’

a) The Victor Meyer reaction

b) Oxidation of tertiary carbinamines

c)A Oxidation of oximes |

d) ’Nitration by alkyl nitrate

e) Nitration pf alkenes

f) Vapor phase nitration of alkanes

Some Reactions of Aliphatic Nitro Compounds:

a) Salt formation and nitro-aci-nitro tautomerism
b) The Né}f rea.ctio'n

c) The Henry reaction

Page No,

ii

iii

14

14
15

16




iv
Pagé No.
Introduction (2) ctd.
d) The synthesis of nitroalkenes - 19
e} Mannich reactions 21
f) Addition to the carbon-carbon double bond
in nitroalkene 24
g) Reduction of aliphatic nitro compounds 26
THE SUBJECT OF THE PRESENT STUDY IN THE
CONTEXT OF PREVIOUS INVESTIGATIONS . 26
RESULTS AND DISCUSSION , ‘ 35
The Reaction of Methyl 2(1~-Methoxy-2-Nitroethyl)~
benzoate with Sodium Methoxide 35
The Reaction of Methyl o-Ph’cha.laldehydate with
Nitromethane catalyzed by:
a) Ammonium Acetate and Acetic Acid 46
b) Sodium Acetate and Acetic Acid 49
c) Trimethylamine 50
d) Dimethylamine , 53
e) Pyridine : : 53
f) Piperidine 53
g) Sodium Bicarbonate 53
h) Sodium Methoxide ' 53

i) Benzyltrimethylammonium Hydroxide ('Triton B') 54




Page No.

The Synthesis of Methyl and Phenyl , o .

2~(2-nitroethyl)benzoates o - 57
2-Nitroindanones by Ester Cyclization ‘ 64
Preliminary Studies concerning the Synthesis of

2-Nitrocyclopentanone ' 70
2-Nitroindanone by Oxidation of Z-Oximinoindanoné o 72
Mass Spectral Studies of the Nitro Compounds 77
Mass spectrum of 2-(1, 3-dinitro~-2-propyl)benzoic acid 79
Mass spectrum of methyl 2~(1, 3-dinitro-Z-propyl)benzoaﬁe_ 82
Mass spectrum of 3-nitromethyl-2-nitroindanone - 85
Mass spectrum of 2-nitroindanone . . 88
ADDENDUM: An Investigation conéerning the Reaction

of Nitromethane with 5~-Hydroxypentanal _ 91
EXPERIMENTAL | - - S . 96
Methyl 2-(l-methoxy~-2-nitroethyl)benzoate(XVII) 96
Cyclization of methyl 2~(1-methoxy~2~nitroethyl)benzoate

in the presence of sodium methoxide: 3-Methoxy-2~

nitro-2-(2-nitroindanone~3-~yl)indanone (XX) 97
Methyl o-phthalaldehydate (XXII) ‘ 98

Reaction of nitromethane with methyl o-phthalaldehydate
in the presence of ammonium acetate and acetic
acid: 2=(l-Amino~-2~-nitroethyl)benzoic acid lactam
(XXV) o 99




vi

Reaction of nitromethane with methyl o-phthalaldehydate
in the presence of sodium acetate and acetic acid:
3, 3'=Diphthalidylnitromethane (XXVII)

Reaction of nitromethane with methyl o-phthalaldehydate
in the presence of trimethylamine: 3, 3'-Diphthalidyl-
nitromethane (XXVII)

Attempted condensations of nitromethane with methyl
o~phthalaldehydate in the presence of various
catalysts:

Dimethylamine
Piperidine
Pyridine
Sodium methoxide
Sodium bicarbonate
Reaction of nitromethane with methyl o-phfhalaldehydate
in the presence of benzyltrimethylammonium

hydroxide ('Triton B'): 2+(l, 3~-Dinitro-~2-propyl)-
benzoic acid (XXIX)

Methyl 2-(1, 3~-dinitro-2~-propyl)benzoate (XXIXa).
Isochromanone

2-(2-Bromoethyl)benzoic acid (XXX) |

Methyl 2-(2~bromoethyl)benzoate (XXXI)

Reaction of sodium nitrite with impure methyl
2-(2~bromoethyl)benzoate in dimethylsulfoxide

Methyl 2-(2<nitroethyl)benzoate (XXXIW)

Page No,

100

100

102
103
104
104
105

106
107
107
108

108

110

11




Reaction of sodium nitrite with 2-(2~bromo-
ethyl)benzoic acid

Phenyl 2-(2~-bromoethyl)benzoate (XXXV)
Phenyl 2-(2-nitroethyl)benzoate (XXXVI)

Reaction of sodium methoxide with methyl
2-(2=-nitroethyl)benzoate: 2-Nitroindanone (II)

Reaction of sodium methoxide with the mixture
presumably containing methyl 2-(2-nitroethyl)~
benzoate

Reaction of sodium methoxide with the mixture of phenyl .
2-(2-nitroethyl)benzoate and phenyl 2-(2-bromoethyl)-
benzoate

3-Nitromethyl-2-nitroindanone (XXXVII)

Attempted preparation of methyl 5-nitrovalerate (XXXIX)

Reaction of sodium methoxide with impure methyl
5-.nitrovalerate

Attempted preparation of 2-nitroindanone:

a) By conversion of 2-bromoindanone to
Z-nitroindanone

b) By nitration of indanone
1. with acetyl nitrate

2. with butyl nitrate in the presence of
potassium t-butoxide

¢) Oxidation of 2-oximino-l~indanone by
manganese dioxide

d) Oxidation of 2~oximino-l-indanone with
peroxytrifluoroacetic acid: 2-Nitroindanone (II)

Page No.

112
112

113

115

115

116
117

118

119

119

120

121

122




viii

Condensation of 5~hydroxypentanal with nitromethane
in the presence of sodium hydroxide: 2-Nitro=-
methyltetrahydropyran

Acetylation of the syrupy product (A) from the
preceding experiment

Reaction of sodium bicarbonate with the diacetate (B)
in benzene (Schmidt~-Rutz reaction)

SUMMARY AND CLAIMS TO ORIGINAL RESEARCH

BIBLIOGRAPHY

Page No.

123
124

125
127

130




LIST OF FIGURES

Figure No.

10.

11.

12,

N.M.R. spectrum of 3-methoxy~2~-nitro=-2-
(2-nitroindanone~3-yl)indanone (XX) in
deuterochloroform

U.V. spectrum of 3-methoxy-2-nitro-2-
(2-nitroindanone-3~yl)indanone (XX) in methanol

U.V. spectrum of 3, 3'-diphthalidylnitromethane
(XXVIIl) in methanol

N.M.R. spectrum of 3-nitromethyl-2-nitro-
indanone (XXXVII) in deuterated dimethylsulfoxide

I.R. spectrum of 3-nitromethyl-2-nitroindanone
(XXXVII) in nujol

N.M.R. spectrum of 2~-nitroindanone (II) in
deuterochloroform

I.R. spectrum of 2-nitroindanone (II) in nujol

U.V. spectrum of 2-nitroindanone (II) in methanol

Mass Spectrum of 2-(1, 3~-dinitro~2-propyl)benzoic
acid (XXIX) :

Mass Spectrum of methyl 2-(1, 3-&initro-2-propyl)-
benzoate (XXIXa)

Mass Spectrum of 3-nitromethyl-2~nitroindanone
(XXXVII) "

Mass Spectrum of 2-nitroindanone (II)

Page No..

39

41

52

66

67

74
75

76

80

83

86

89




LIST OF CHARTS

Chart No.

1. Fragmentation pattern of 2~(1, 3~-dinitro-2-
propyl)benzoic acid (XXIX)

2. Fragmentation pattern of methyl 2-(1, 3-dinitro- -

2-propyl)benzoate (XXIXa)

3. Fragmentation pattern of 3-nitromethyl-2-
nitroindanone (XXXVII)

4. Fragmentation pattern of 2-nitroindanone (II)

Page No.

81

84

87

90




e

INTRODUCTION

In the early development of organic chemistry, the
importance attached to aliphatic nitro compounds was small in
comparison to that of their aromatic counterparts, Doubtless this
was due in part to the fact that the latter were easily accessible by
the nitration of aromatic hydrocarbons and their derivatives,
while no equally convenient route to the former existed. Moreover,
the great utility of aromatic nitro compounds as intermediates,
especially in the dyestuff industry whose rapid expansion in the
second half of the nineteenth century dominated the interests of
organic chemists, apparently contributed to a measure of ne.glect
suffered by the chemistry of aliphatic nitro derivatives, The
foundations in this field nevertheless were laid by early investigators
such as V. Meyer, A.R. Hantzsch, J.A, Wislicenus, L. Henry and
J.,U. Nef. However, it was not until the advent in the 1940's of the
vapor phase nitration of paraffins (H, B, Hass) that nitroalkanes,
nitroalkenes, and many types of their derivatives began to enjoy
extensive use in the laboratory as well as in industry,

The nitro group, because of its activating and directing
effects and its convertibility into other nitrogenous functions,
endows compounds with great versatility for synthetic purposes.
Suitably substituted aliphatic nitro compounds undergo, for example,
aldol~type condensations, Mannich reactions, Michael additions and
Diels~-Alder reactions (1, 2,3,4). Many of them show promise as
bacteriostatic and fungicidal agents as well as pesticides and
insecticides (5), and the discovery during the past fifteen years of a
considerable number of natural products containing an aliphatic nitro

group has further stimulated interest in the field (6).

-




Since this thesis deals with certain synthetic
problems in the realm of the cherriistry of the aliphatic nitro
group, it is deemed appropriate to give, as an introduction, a
brief review of some of the more important syntheses that are

available in this area.




1, Methods for introducing a Nitro Group into
Aliphatic Compounds

(a) The Victor Meyer Reaction

The nucleophilic displacement by nitrite ion of
halogen in alkyl halides was discovered by Victor Meyer (7) and
has since been widely used in the laboratory. Silver nitrite
and ether solutions of alkkyl bromides or iodides are most frequently
employed. Because of the ambident character of the nitrite ion,
mixtures of nitroalkane and alleyl nitrite usually result, and the
separation of such mixtures may present considerable difficulties,

o — O=N-0+-R+X"
RX+ [0=N-O] —1.

— O =N-R+X"

O .

With primary alkyl halides the formation of nitro-
alkanes is usually favored over that of the nitrite esters, whereas
with secondary halides the reverse is true. Tertiary halides tend
to give olefins along with nitrite esters, and tertiary nitroalkanes
are not obtained.

The Victor Meyer reaction was considerably improved
by Kornblum who introduced the use of sodium nitrite in dimethyl-
formamide or dimethylsulfoxide as solvents (8). The reaction is
faster under these conditions and good yields of nitroalkanes are

obtained, although competing nitrite formation is also obsexrved.




Another side reaction is nitrosation of the nitroalkanes produced,

to give nitrolic acids or pswudonitroles according to the following

equation (9):

: NaNO
2 .
RR!'CHNO, + RR'CHONO —— RR!C(NO)NO, + RR*CHOH

(R = alkyl, R' = alkyl or hydrogen)

The nitrosation is slower than the nitroalkane
formation and can be minimized by prompt work~up. The addition
of a scavenger such as phloroglucinol or resorcinol has also proved
useful to forestall undesirable effects of nit;cite esters, Kornblum
and co~workers have also shown that sulfonate esters can be used,
instead of allkyl halides, for displacement reactions with sodium
nitrite, Furthermore, they have applied the reaction to e~halo esters
and thus elaborated the only convenient, general route to a-nitro

esters,

(b) Oxidation of Tertiary Carbinamines

Whereas tertiary nitro compounds cannot be generally
obtained by the Victor Meyer reaction, they are accessible through
permanganate oxidation of tertiary carbinamines (10).

KMnO 4'
RR'RVCNH, ————5 RRIR'CNO, 2

Peracetic acid can also be used to oxidize the aliphatic amines to the
nitro stage, but the permanganate method has been reported to be

more convenient (11).




(c) Oxidation of Oximes

There are two principal methods for oxidizing
oximes to nitro compounds,

One method, developed by Emmons and Pagano, can -
be applied to oximes that possess an ester function in alpha '
position to the oxime group. The oxidant is peroxytrifluoroacetic
acid in a solvént such as chloroform or acetonitrile and in the
presence of sodium bicarbonate or disodium hydrogen phosphate (12).
The first product is the aci-form of the nitro compound which is

then isomerized to the nitro form, e.g.

CF3CO5H

HO-N = G(GO2CpHs), ————> HO-N = C(CO,C,Hz),
, | I .
——> O,NCH(CO,C,H:), |

The method is sirhple but has the disadvantage of being rather |
sensitive to steric hindrance.
The other method, which was developed by Iffland,
is a more complicated, three-step procedure but is suitable for
oxidizing sterically hindered oximes (13, 14, 15), The oxime is
first treated with either N-brornosuécinimide or N-bromo-~
acetamide and the resulting bromo nitroso compound is oxidized
to the bromo nitro compound by a mixture of nitric acid and 30%
- hydrogen peroxide, " The bromo nitro compound is then debrominated

with sodium borohydride,




-6 -
R Br HNO Br
g wo - . 3
Sc =n-o 1.3;""‘” > R-C-NO Sorm o R -C - NO,
R/ amide R b H,0, R
H
NaBH4 R.-CII:-'NOZ
R

The procedure can be used for the synthesis of secondary nitro-
alkanes including nitrocycloalkanes; it fails, however, with

aldoximes and aromatic ketoximes.,

(d) Nitration by Alkyl Nitrate

The nitration of reactive methylene compounds such
as arylacetonitriles, arylacetic esters or fluorene by efhyl nitrate
in the presence of pdassium ethoxide was carried out by Wislicenus
and his co-workers (16, 17, 18). The reaction involves, in essence,
2 nucleophilic displacement in the alkyl nitrate by the anion which

is being nitrated:
AH + RO™ ——> A" + ROH
A” + RONO; ——= ANO, + RO~
(A = reactive methylene ﬁasidue)

In the alkaline reaction medium, the primary or secondary nitro
compounds formed exist as alkali nitronates. Acidification leads
to the free nitro compounds but may be accompanied by extensive
decomposition to aldehydes or ketones, since nitro derivatives of

reactive methylene compounds are particularly labile. Bromination




e

at the nitronate stage, a virtually quantitative reaction, has been

employed as a device of estimating the yields in the nitration, e.g.,

p—

—

\ NOz 1,\‘702 -

Amyl nitrate _ | i ' -

NCCH>CH,CH>CH,CN =~ s | NCC-CH,CH,-C-CN| 2K¥
2 (CH3)3COK 2~2
NO NO
Bry | ¢ p e
> NC -C -CH, ~CHp ~-C -CN
l !
Br Br

The nitration with alkyl nitrate has been used for the
synthesis of cyclic nitro ketones. Wieland and co-~workers, nitrated
cyclopentanone and obtained 2, 5~dinitrocyclopentanone, Cyclohexanone
gave the dipotassium salt of dinitrocyclohexanone a.r‘xd oﬁly a small
yield of mononitrocyclohexanone (19).

Very recently, the mononitration of several cyclic
ketones has been successfully carriéd oxit by Feuer and Pivawer, who
used equivalent amounts of ketone and amyl nitrate and a 50% excess
of sublimed potassium t-butoxidé in tetrahydrofuran. The reaction
mixtures were acidified with glacial acetic acid prior to work-up (21).
However, the nitration was found to lead not only to cyclic a~nitro

ketones but also to open~chain w-nitro esters,

s,

# 2,5-Dinitrocyclopentanone is reported to be stable only at dry-ice
temperature {(20).




-3 -
o O
ll tl
° NP .
‘ 1. Me3COK f//
RONOZ s \ /f + OZNCHZ(CHZ)ne-lCOZR
(CH,)7 2. AcOH (CH),

n=3, 4,5, 6, Tor?9 ' R = alkyl

The ring opening was found to occur during the nitration step.
Feuer and Pivawer proposed a mechanism that assumes the formation
of an intermediate (I) which may have some stability at - 509, the

temperature at which the nitration is carried out,

(CH ‘
2) o . CH,
N _
+ N - OR -
o) o-
- |
C —C — N - OR
Il | (l)l I'[I i)
H O
I
Ibl
-Ht+, -OR- _
+OR'
- OR™ -
LHa)4 (CH2IMN cpen <‘
o)
C~—C C —OR'
1 AN - I
o) N-O o)




This intermediate may give the nitrc ketone salt by abstraction
of the e~hydrogen and expulsion of alkoxide ion (route *at),

Alternatively, it may incur alkoxide attack at the carbonyl group

s

leading to cleavage of the carbon-czrbon uvond and elimination of
the alkoxyl group from the nitrogen atom (route !'b'). In cases where
the intermediate (I) possesses an a~alkyl group instead of 2 a-

hydrogen atom (i.e., when a tertiary nitro ketone should be formed),

the reactinn cannot proceed to a nitronate along route 'a! and
consequently gives rise to a high yield of cleavage product (route
b}, That the cleavage occurs by direct alkoxide attack was
supported by the finding that 2-bromo-2-nitrocyclooctanone on treatment
with a mixture of potassium t-butoxide and absolute ethanol, gave
ethyl 8-bromo=-8-nitro-octanoate. _

The mononitration of'aryl alkyl ketones such as
a~-tetralone and propiophenone procéeds more slowly than that of
other ketones; a~-tetralone was thve only ketone tﬁa‘c did not undergo

the cleavage reaction..

(e) Nitration of Alkenes

Several methods are available for introducing nitro
groups into alkenes., Nitric acid, nitrogen tetroxide, nitryl
chloride, or acetyl nitrate may be used for this purpose. In most
of these nitrations one obtains saturated nitro compounds, but
nitroolefins-are sométimes formed as seécondary products or may

be made by subsequent conversions of the nitroalkane derivatives

(sce Scction 2, d).
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Nitric acid reacts with isobutylene to give
l-nitro-isobutylene (22), presumably as a result of the addition
of dinitrogen pentoxide with subsequent elimination of nitric

acid from intermediate nitro nitrate ester:

; CH, CH-
| NG = CH, + 2HNOy ———n—> "¢ — CH,NO
- 2’ 3 -H,0 P 272
CH3 CHy /
OI\iO2
CH, — T
- J v
HNOs °>c = CH-NO,
CHjy
The procedure has also been applied to unsaturated acids and
alkyl arylidene ketones (23, 24).
HNO, ,
(CH;),C = CH-COOR ————> (CH,),C =G - COOR
‘ NO,
. e .NO> _ :
CH=CH-COOH CH=C{ 555 CH=CH-NO>
HNO3 -CO>
Yo
CH=CH-COCH3 CH=C-COCH3 CH=CH-NO,
HNO3 NN HO N
—_— ’ ; ' +CH3;COOH
/ /
C KX -
(unstable) O2N
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The addition of dinitrogen tetroxide to ethylenic

compounds results in the formation of various nitrogenous

products as shown in the following scheme {25, 26).

CHZ = CH,
I .
J l !
&LZO

C~12 - CH> CH, ~CH> CH,; - CH CHp - CH>
l | i i I |
NO3 ONO NO;y CH NO ONO» NO; NO

| Y .

lNZO4 -HNO3
Cty - CH; CH, = CH;
i .
! l
NOZ ONO; NO

The B-nitroalkyl nitrites arising from un-

symmetrically substituted olefins always bear the nitro group on

the more hydrogenated and the nitrite group on the less hydro-

genated carbon atom.

‘Nitryl chloride reacts at 0° with olefins to give

f-nitroalkyl chlorides (27) -

R-CH =CH, + NO,Cl —— RCHC1 - CH,NO,




In monosubstituted ethylene derivatives the
nitro group becomes attached to the terminal carbon of the
couble ’t;ond, whatever the nature oi the substituent. Thus
propylene, methyl acrylate and vinyl bromide all give primary

nitro compounds (28, 29).

NO,Cl

CH, = CH-CHy ———>  O,N-CH,-CHCI-CHj
NO,Cl

CH, = GH-CO,CH; ————— OpN-CH,-CHC1-CO,CHj

NO,Cl
CHZ = CH-Br —_— O?_N-CHZ—CHC].BI‘

On the basis of this, the authors’ suggested that the
addition reaction of nitrvyl chloride involves a radical mechanism.

The nitration of alkenés with acetyl nitrate has
been studied by Bordwell and Garbisch (30, 31, 32, 33). The
reaction yields f-nitroalkyl acetates, P-nitroalkyl nitrates, and -

a -nitroalkenes:




i
CH3-C = CH, + CH4-C-ONO,

L£cCH - A0

Y

, -20 to 6°
CH,
© ,
O-C-~CHj L ' ONO,
CHj3-C-CHpNO,  + HyC = C-CHNO, + CHj3 -C-CH,NO,
CHjy CHz - . CHj

l-Acetoxycyclohexene was nitrated with acetyl

nitrate to give a 40% yield of 2~-nitrocyclohexanone (34).

O-C-CHy i

OCOCH; , — - +O-C~CHj

O
I NO,

CH3C-ONO,

~,
o>

NO,

NO
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(f) Vapor Phase Nitration of Alkanes

Although not a convenient laboratory method,
the vapor phase nitration of alkanes, which was developed by
Hass (35), has become the best industrial source of lower
nitroalkanes which are nowadays produced in large quantities
for use as solvents and reagents. The procedure involves the
-apid bubbling of the hydrocarbon vapor through a hot con-
centrated nitric acid (temperature 108°C) and the vapors are
passed through a reactor maintained at 420°C, Nitration as
well as chain fragmentation occurs, and from medium sized
hydrocarbons one obtains mixtures of nitromethane, nitroethane,

1~ and 2-nitropropane and some higher homologs.

2, Some Reactions of Aliphatic Nitro Compounds

(a) Salt Formation and Nitro-aci-nitro Tautomerism

In nitroalkanes the nitro group exerts a powerful
activating effect on a-hydrogen atoms, Primary and secondary

nitroalkanes therefore have acidic properties and readily form

alkali salts known as aci-nitro salts or nitronates. The resonance-

stabilized anion of such a salt gives, upon cautious acidification,

an unstable nitronic acid which tautomerizes to the nitroalkane.
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o o
V4 -
R-CHZ-:'/ __base | R -CH-N
\__ _H-i- -
o o
OH o
+ T
R -CH=N S R -CH=N
- HT
o o)

Recent studies by Russian{36) and American
workers (37) have afforded new insights into the mechanism of this

long-known rea ction.

(b) The Nef Reaction

When acidification of an alkali nitronate is carried
out with strong mineral acid in excess, hydrolysis to a carbonyl

compound may occur. This is known as the Nef reaction (38).

2R-CH = NO,Na + 2H3SO4 —— 2R+CHO + 2NaHSOy4 + NZO + H>0

ZRZC = NOZNa. + 2H2504

> 2R2CO + ZNaHSO4 + Nzo + Hzo

Kornblum has pointed out that this reaction can some-

times be brought about with weak acids such as acetic acid or even
carbon dioxide (39). On the other hand, certain alicyclic nitro
compounds, e, g. nitroinositols, have been found to resist the Nef

reaction (40). An alternative way to convert nitroalkanes into

carboayl compounds is their oxidation with permanganate at a slightly

alkaline pH (41).
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(c) The Henry Reaction

The most versatile method of synthesizing
B-nitroalcohols is the aldol-type addition of nitroalkanes to
aldehydes, which was discovered by L, Henry (42). The reaction

is base-catalyzed and proceeds via the nitronate anion.

b = +RICE -
R-CH,NO, ———> R-CHNO, FRCHQ R’-ClJH-CIJH—NOZ-—:fR' ~-CH-C=NO,
-t l |

c R OH R

With excess aldehyde, a second addition can take
place, and in the case of nitromethane and 'formaldehyde the tris-~
methylol derivative can be obtained.-

NO,
RiCH ‘
ARCEO, Ri-cH-C-CH-R!

b P 1 |4
OH R OH R ' - OH R O

R-CH-C=NO, ¢«— RI!-CH-C-NO;

CH3NO, + 3HCHO — O,NC(CH,OH);

The isolation of the nitroalcohols formed necessitates
acidification of the alkaline reaction mixtures. With reaction
products possessing a primary or a secondary nitro group, this
involves a risk of losses due to Nef recaction, but it can usually be
accomplished by choosing mild conditions., Another complication is
occasionally encountered, namely a dehydration to e -nitroalkenes,
which may take place when B-nitroalcohols are liberated from alkaline
solution. Although in alkyl-substituted B-nitroalcohols this is rarely
of significance, e-aryl B-nitroalcohols tend to lose water spontaneously

and thus, to yield B-nitrostyrene derivatives:
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o
ArCHO + RCH,NO, + KOH —> ArCH-C=NO,K 2ol

OH R

ArCH=C-NO, + KCL + H0
R

B3-Nitrostyrenes are also obtained by the con-
densation of aromatic aldehydes with nitroalkanes in the presence
of zinc chloride (43, 44), amines (45), or amraonium acetate in
glacial acetic acid (46).

| A useful modification of the Henry reaction was
devised by Kamlet (47) who empioyed the aldehyde component as
its bisulfite adduct and the nitroalkane as its sodium salt so that
excess alkali was avoided and the pro&uct was obtained without need

of acidification.

R-CH-SO3Na + R1-CH=NO,Na —> R-CH-CH-NO, + Na,S0,
-
OH | OH R!

One area in which the Henry reaction has been used
extensively in recent years is the chemistry of carbohydrates.
Numerous aldoses have been converted to l-nitro-l-deoxy-alditols
which, in turn, have beén converted to sugars by Nef reaction in a

sequence affording a convenient lengthening of the carbon chain (48).

i
CHSNOZ CHOH

Ao e
S, HY (excess) X

Nei reaction

CHO CH,NO» | CHO
|
I
|
I
|

1

!
I
!
i
!

e
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Cyclization of 6-nitro-6-deoxy-hexoses led to
nitrodeoxyinositols (49),and the reaction between nitromethane
and "sugar dialdehydes' was used widely to introduce nitrogen

into pyranose rings (50, 51, 52).

CH,NO
252 OH
OH
OH
CHO : O,N
OH : -
HO | _ HO \@H
]
H OH
R
@)
l OR!
R CH3NO,
CHO i >
HO

The cyclization of glutaric dialdehyde with nitro-
methane led to 1, 3-dihydroxy-2-nitrocyclohexane (53, 54),and
glyoxal gave 1, 4-dinitro-2, 3,5, 6—tetra.hydroxycyclohexa.ne (55).

A
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CHO
Bas‘,
+ CH3NO, NO,
CHO
OH OH
CHO~CHO _
O,N-CHj, CH3NO, —
CHO-CHO
(4) The Synthesis of Nitroalkenes

As has been mentioned in the preceding section,
some B-nitroalcohols, especially those ca.rrying an aromadtic
substituent, dehydrate easily or even épontaneously to e-nitro-
alkenes, In other cases the use of a dehydrating agent such as
zinc chloride (56), phthalic anhydride (57) or acetic anhydride {57)
is required. The result of attempted deliydration may depend on.
the stereochemistry of the nitroalcohol, The action of acetic
anhydride and sodium ac etate upon the three stereoisomeric methyl
4, 6-O-benzylidene~3-deoxy-3~nitro-f-D~hexopyranosides of

luco, manno and galacto configuration is an interesting case in
- 2 & o

point, The gluco isomer gives its 2-O=~acetate without apparent
dehydration; the manno isomer, however, also gives the gluco

2-O-acetate instead of the expected manno 2-O-acetate and it has




been shown that the latter results from acetoxylation of
intermediate nitroolefin ; the galacto isomer, finally, is de-

hydrated to the nitroolefin and no 2-O-acetale is obtained (58).

O—
/ ] R OCH3
ACZO
Ph NO2 NaOAc
\
b
OH
O
Q OCH3
Ac30
Fh NOZ OF NaOAc
Acp0
NaOAc

OH

HOAc

Ph

e e A
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The most commonly used route to e-nitroolefins
is the dehydroacetylation of B -nitroalkyl acetates with solid
sodium bicarbonate or potassium carbonate in an inert solvent.
(Schmidt-Rutz reaction) {59).

(o]
R-CH-CH,NO, + NaHCO3 B0, R-CH=CH-NO, + NaOAc + H,0 + CO,

QAL

The reaction can be periormed in a continuous.
process by passing vapours of the nitro ester over hot catalysts
such as alkaline earth salts (60). The acetic acid which is
liberated acts, if allowed to remain in the reaction mixture, as an
inhibitor of polymerization of the nitroalkene produced.

Related possibilities of preparing a-nitroaikenes
are the dehydrohalogenation of B-nitroalkyl halides, performed by
pyrolysis or by the action of basic reagants such as pyridine,
aliphatic amines and scdium acetate {61, 62, &3),and the alkaline

elimination of nitrous acid from B-nitroalkyl nitrites (25).

(e) Mannich Reactions

Mannich bases derived from formaldehyde and
secondary aliphatic amines react with nitroalkanes to give B~

nitroamines:

R,NH + HCHO ——> R,N-CH,0H

R;N-CH,OH + RICHNO,; ——5 RN-CH,-CHRINO, + H0
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The same nitroamine is obtained in the reaction
between the secondary amine and the methylol derivative (i.e,
the product of Henry addition of formaldehyde) of the nitro-

alkanes.
R,NH + HOCH,-CHR!NO, ——— R,N-CH,~-CHR'NO; + H,0
Primary aliphatic amines and ammonia undergo

analogous condensations, which have found extensive applications

in the synthesis of hexahydropyrimidine and oxazoline systems (64).

' CH \I/R
R T~ R\ / 2=+ AN
_CH, +3HCHO + 2RNHp —>  C _CHp + 3Hz0
O,N - OzN"  TCH—-NT - -
. R
| cH N/R
R ~ R\ 7 2 \,
_ CHj + 3HCHO + RNH, —> Py . _CH, + 2Hp0
O,N ‘ O,N’ CH,;— O :

Azomethines (Schiff bases‘) add nitroalkanes to give

f~nitroamines, too.

Ar-CH=N-Ar + CH3NO ;—> Ar-CH-NH-Ar
CH,NO,




- ~ B T

— ——>|CgH5-CH=C
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The B-nitroamines,when heated or acted upon
by mineral acid,eliminate a molecule of amine and yield a-
nitroolefins (65-69)., Some PB-nitroamines are so unstable that
spontancous decomposition occurs. For example, the reaction

of benzalamine with ethyl nitroacetate proceeds as follows (70):

NO,
/
C¢H;CH = N-R + CH; - COOR! — Cg¢Hs - CH - CH
1 [ . ~
NO, NHR: COOR!
Ne2 NO, NO3
-RNH? NO, CH,~-COOR! “CH-CH-CH

~ COOR!
L |

The initial addition product spontaneously loses

amine which catalyzes the addition of a second mwolecule of ethyl

nitroacetate to the intermediate ¢-nitrocinnamic ester, the end

product being diethyl 2,4-dinitro-3~-phenyl glutarate. If, however,

the reaction is carried out in the presence of acetic anhydride,
the catalytic activity of the amine is relinquished by acetylation,

and the reaction stops at the stage of the nitrocinnamate. An

analogous reaction has been described using nitroacetone in place

of ethyl nitroacetate (70).

/1 ~
'RIOOC  CgHg
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() Additions to the Carbon-carbon Double Bond
in Nitroalkenes

Because of the strong electron~-withdrawing effect
of the nitro group, electrophilic additions to the carbon-carbon
double bond in nitroalkenes occur more slowly than in ordinary
alkenes., Nevertheless, chlorination or bromination is possible,
and leads to dihalonitroalkenes (71, 7la), Conversely, nucleo-
philic additions take place with great ease and are of considerable
importance for various synthetic purposes, Nucleophiles such
as amines, alcohols, thiocalcohols, and reactive methylene and
methine compounds readily add to the ecthylenic double bond in

the presence of a basic catalyst,

R N —0 Nu O

e

/=C/\ — N
R \RO . R R

For example, B-nitrostyrene adds sodium methoxide

instantaneously at room temperature:

PhCH = CH-NO, + CH;0Na ~——> PhCH-CH = NO,Na
ocHy
Some of the original olefin remains in the
equilibrium, from where it is removed bky another nucleophilic

addition reaction, namely with the anion of the methoxy adduct,

so that a dimeric product finally results (72):

[ WO
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O,N-CH=CH + O,N-CH-CH-Ph —> ~OZN=CH-(!3H-CH-ClZI-I~Ph
1 | .

Ph OCH3 Ph OCH,

This example illustrates two very common
reactions of nitroalkenes; first,the formation of §~-nitroalkyl
cther structures, and secondly the formation of 1, 3-dinitro-
alkanes by Michael-type additions (73, 74). Another example
is the production of 1, 3~dinitro-2, 2-dimethylpropane from
acetone and nitromethane (75). Henry addition leads to nitro-
t-butanol which loses a molecule of water to give l-nitro-2-
methylpropene, This intermediate then adds nitromethane

(which is present in excess) to furnish the dinitro compound:

CH3NO
(CH3)2C=0 ——u> (CH3)2-C CH2NOp —> (CH3)ZC C—NOZ
OH
CH,NO, | ,
?1-13
O,N - CH, - <l:-- CH, - NO,
CH,

Similarly the reactive methylene compound,

nitroacetone, adds to nitroalkenes to give a4y ~-dinitroketones (76).

.(C2H5)3N ' IFOZ
R~-CH = CH-NO,; + RICOCHNO) — R‘COCH—CIJH-CHZNOZ
. : R
Another well-known consequence of the reactivity
of a-nitroalkenes is that they can act as dienophiles in Diels-

Alder reactions.




{g) - Reduction of Aliphatic Nitro Compounds

Nitroalkanes arce easily reduced either catalytically
or chemically to the amine stage and the reduction cannot usually
be arrested at the intermediate nitroso and hydroxylamino stages.
On the other hand, the reduction of nitrocalkenes may lead to
different products depending upon the ‘structure of ﬁhe nitroalkene
and the reaction conditions. Reduction of nitroolefins with
aluminum amalgam in ether or zinc dust in acetic acid gives the
oxime which can be further reduced. to amine by sodium

amalgam (78, 79).

Al-Hg S * Na-Hg
R-CH=CH-NO» —— > R~ CHZ—CH-—NOH —s R- CHZ—CHZ—\JHZ
Znt+AcOH |

Nitroolefins are s:onvérte'd by iron and hydrochloric
acid into ketoximes and ketones,depending on their structure. The
reaction can be controlled‘ to yield almost exclusively ketone
when sufficient hydrochloric acid is einployed, and almost ex~
clusively ketoxime when a minimal qué.ntity of acid is present
(1, 44, 80).

Fe + HC1 HCl

R-CH=C-NO) —— > R-—CHZ—CIJ=NOH —_— R-CHZ-—(lZ\-R’
| .

s

R ' ' R? ' o

R = alkyl, aryl, heteryl; R! - alkyl.
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Hydrogenation by lithium aluminum hydride,
lithium borohydride or sodium borohydride can lead to
different types of compounds. For instance, with lithium
aluminum hydride, nitroolefiﬁs give amines at 359, oximes at
0° and nitroparaffins at ~40 to -70° (81, 82, 83).

Nitroolefins are converted into nitroparaffins
by palladium black or platinum oxide (84, 85). However, the
produc"c is an amine when hydrogenation is carried out in the

presence of platinum oxide under a pressure of 2-3 atmospheres

(86).

: Pd/C
R - CH = CH - NO, —————> R - CH, - CH; - NO,
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The Subject of the Present Study in the Context of Previous
Investigations

In 1910, Thiele and Weitz carried out a nitro-~
methane condensation of o-phthaladehyde (I} in the presence of
alcoholic potassium hydroxide (87). They observed the
precipitation of a salt which was acidified, without prior
isolation, to give a yellow crystalline compound. Acetylation
of the compound furnished a moncacetyl derivative. The authors
assigned the structure of 2-nitroindanone (II) to the condensation
product and believed the acetate to be 3-acetoxy-2-nitro-

indene (III), that is, the enol acetate of II.

f

CHO
1. KOH =
CHO 2. HCL .
- o
I 11
Ac,0 — NO,

OAc
111
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No explanation for the seemingly abnormal
course of this nitromethane condensation was offered until,
in 1959, Campbell and Pitzer (88) proposed a mechanism
according to which the initial reaction product, correctly
surmised to be the salt IV, would lose a molecule of water
and then undergo a hydranion shift to give the salt (Ila) of 2~

nitroindanone. However, it was found in 1963 by Achmatowicz (89)

o /CHO _ = &H H,0 CH
. -
CH,NO, l \c—\oz \\C—NO7

CHO NS C

|
I IV OH

CH CH?_
— C—NO2 < > c-—- NO. 02
l

Ila

/
BN

and independently by Lichtenthaler (90) that the product claimed
by the earlier authors to be 2-nitroindanone (or tautomeric 3-
hydroxy-2-nitroindene) actually is an isomer, namely l-hydroxy-
2-nitroindene (VI). It was demonstrated in a detailed study by
Baer and Achrnatpwicz (91} that the reaction proceeds in an
expected manner via the salt IV and the colorless diol V (which

were both isolated):




OH

CH
-H,0
HC-NO, —>

CH
OH

It was shown, furthermore, that condensation of 1 with nitro-

methane under aprotic conditions leads to the lactol VII of

2-(l-hydroxy=-2~nitroethyl)benzaldehyde (91). -

—_—
Dry NayCO4

OH
CH-CH,NO

\cHo

(34

CH-CH,NO,

/‘ \O,
X ?{

VII

2 -Nitroindanone was not encountered in these studies nor has it,

apparently, been described elsewhere,

Therefore, one of the

projects for the present thesis was to, attempt its synthesis,
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' In order to set forth more detailed objectives
of this thesis it is necessary, first, to describe additional
results that arose from the work just mentioned., Potassium
dichromate oxidation of the lactol VII had given 3-phthalidyl-
nitromethane (VIII) (91). This compound was well documented
in the literature (92, 93, é4) and had been previously obtained

by condensation of nitromethane with o-phthaladehydic acid (IX). .

[ OH ]
CHO _CH-CH,NO
1. CH3NO,, OH" = 22
2 BT l —>
0,H NS co,H
IX :
CH-CH,NO,
5 < chr2§7 -
o
H
o
VIII

Evidently unaware of the previous work and without reference

to it, Japanese workers (95) carried out the same nitromethane
condensation of IX and reported the product to be 2-(2-nitro-
vinyl)benéoic acid (X), obviously in analogy to the formation (96) -
of the isomeric 3~ and 4~(2-nitrovinyl)benzoic acids (XI, XII) from

m- and p-phthaladehydic acids,respectively.
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J
i
COOH X
CH=CH-NO,
HOOC
XI1

Prompted by this report, Baer and Kienzle
(97) investigated a possible occur£é11ce of X under certain
conditions although there was no -doubt that the isolated reaction
product was 3-phthalidylnitr:omethane ”(VIJ.I). Tihey established
that action of aqueous alkali upon VII causes"lactone opening
by B-elimination and momentarily‘regen.e'ra.:tes the 2-(2-nitro~
vinyl)benzoate ion (XIII), which is theﬁ rapidly attacked by
hydroxide ion to give the étaBle dianion XIV, Acidification of
the alkaline solution to pH 5 or below results in a complete re~
generation of VIII, even if this is done while intermediate XIII is
still existing, Omnly when a fré sh solution that contains XIII is
at once buffered to pH 6, an a.ppréciable part of the material -
about 10% - retains the nitrovinyl structure in an equilibrium
with predominant VIII, Isolation of free 2-(2-nitrovinyl)benzoic

acid {X) could not be achieved.




CQ:CHZNOZ

0
C/ NGO H

(-H*)

>

I
CH- CHNOo

N

CH=CH-NO2 -

S-o
0

XL




Similar experiments using sodium methoxide
in methanol instead of aqueous alkali resulted in methoxylation
of the intermediate XIlI,and acidification afforded the free

2-(l-methoxy=~2-nitroethyl)benzoic acid (XV}.

OCH,

{ <

|
CH-CH,NO,

C - OH

XV

At the outset of the present work, the
observation was made that addition of sodium methoxide to a
methanolic sulution of this acid (XV), which had been stored
for a day, caused the appearance of an ultraviolet absorption
peak at 370 mp. This absorption could hardly be due to the
generation of a nitrostyrene structure, since the nitrostyrene
chromophore is known to absorb in the region of 31l mp (96, 98).
It was therefore decided to investigate the phenomenon and to
see what consequences it might have £rdﬁ1 a viewpoint of

preparative chemistry.




RESULTS AND DISCUSSION

The observation, mentioned at the end of the
Introduction, that addition of sodiwmmdhoxide to 2 methanolic solution
of 2-(l-methoxy-2-nitroethyl)-benzoic acid (XV) caused appearance of
an ultraviolet absorption peak at 370 mp, drew attention to the
possibility that a structure similar to w-nitroacetophenone (XVI) might
1ave been generated. w-Nitroacetophenone is reported (88) to absorb
at 352 myp in alkaline solution. As a working hypothesis it was
therefore considered that the acid XV had become esterified and that

the ester XVII had cyclized to give a nitro ketone (XVII).

C-CH,NO, -
o 2
XVl O
CH-CH,NO, | CH-CH,NO,
CH40H
: —_—
'CO,H A CO,CHjy
XV - XVII
| o ~-ut
OCH, o
| ‘ , QCH3
CH - CH-CH-NO,
\\CH—NOZ -
(/ -0 CH3 ,
. B e ]
C-OCH

i
X VIII O
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Such a reaction would be analogous to a Dieckmann
condensation., Dieckmann condensations are cyclizations of dicarboxylic
esters in which a reactive methylene group in alpha position of one

ester function attacks the second ester function.

> |

moor | i
|

O _ O

However, no instances appeared to have been reported in the literature
of similar cyclizations involving a methylene function activated by‘ a
nitro instead of an ester group. The closest analogy that could be found
is a condensation, described by Dornow and Lipfert (99), of nitro-

alkanes with ethoxymethyléne derivatives of B-dicarbonyl compounds.

R -~ (%O NO» ~HOGC,H;s R - (i:O ?IOZ
C = CH-OC2H5 + > C =CH~CH-R
1 - base l

R - CO CHZR R ~ CO

The authors employed the ethoxymethylene derivatives
of acetyla.cetoné, benzoylacetone, ethyl acetoacetate and ethyl oxalo-
acetate which they regarded as vinylogous esters, and they pointed out
the similarity of this reaction to the Claisen ester condensation.

In order to establish whether derivatives of Z-nitro-
indanone such as XVIII can in fact be synthesized by a Dieckmann-~type
condensation as proposed above, the ester XVII,nethyl 2-(l-methoxy-2-~
nitroethyl)benzoate, was prepared by esterification of the acid (XV) with

diazo m ethane. The ester was obtained as a colorless, crystalline
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compound (m.p. 98°) exhibiting infrared bands at 1720 cm-1 (ester
carbonyl stretching vibration) and 1560 cm™t (nitroalkane stretching
vibration).. In neutral methanolic solution, no long wave-length
absorption in the ultraviolet region was seen.

The nuclear magnetic resonance spectrum taken in
deuterochloroform showed an intensity ratio of 4:3:3 for the signals
attributable to the aromatic protons (multipiet at 2.227) and the two
methyl groups (singlets at 6.67Tand 6.72 T), Owing to magnetic non-
equivalence of the two nitromethyl protons, the three remaining
protons gave three quartets that were observed at 4.26 7 (the tertiary
proton) and at 5,30 Tand 5. 42 7(the nitromethyl protons).

Treatment of the ester with sodium methoxide in
methanol at room temperature caused, within a few minutes, high-
intensity absorption with a maximum near 370 mp. Following de-
ionization with a cation exchange resin a crystalline substance,

m.p. 1649, was isolated. The product, however, did not prove to be
3-methoxy~2~-nitroindanone (XVIII). Its methoxyl content was found

to be 9.2%, and a molecular weight determination* gave a value of

380, whereas the values calculated for XVIII are 15% and 207,
respectively, A nuclear magnetic resonance spectrurn taken in
deuterochloroform revealed an intensity ratio of 8:3 for the signals
atributable to the aroma‘cig protons (1nult'1ple‘é centered at 2,28 7T) and
to the methoxyl protons (sihglet at 6,69 7). On the basis of these data
it was felt that a dﬁnerization might have occurred, possibly according

to the following scheme:

* The author is indebted to Dr. R.K.Hulyalkar, National Research
Council, Ottawa, for having done this determination by osmometry in
acetone solution.
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OCH;
CH-CHzNO,

- Base
————
! -CH30H

AN C-OCH3
1
XV O

=

XVII + XIX
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" Base

—
? CH3
CH

' -~ CHACH

CHNO 2 Cl
/ ‘

C .

.

O

N

XIiX

The elemental analyses of the reaction produét agreed

with its formulation as 3-methoxy-2~nitro~2-(2-nitroindanone-3-yl)~

indanone (XX). The n.m.r. spectrum exhibited, in addition to the

signals for the aromatic and methoxyl protons mentioned above, signals

for three more protons as required by structure XX. They appeared

at 4,52 T(singlet, 1 H) and 4,43 T(singlet, 2 H)., The protons at C-3

in ring A and C-2 in ring B can reasonably be expected to resonate in

this region(  21.).

The signai for the proton at C-3 in ring B
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might have been thought to occur at higher field and to be split by
vicinal coupling. Apparently it has been shifted downfield, possibly
through the influence of the two ncighboring nitro groups, 8o as to
coincide in a fortuitous way with the signal of the neighboring proton;
no coupling would then be observable.

The mass spectrum of XX did not show the molecular
jon peak expected to occur at 382 m/e, but an intense peak at 336 m/e
corresponding to the loss of a nitro group (46 mass units) was observed.
Though few data only are available on the mass spectrometry of
aliphatic nitro compounds, the facile cleavage of nitro groups in nitro-
alkancs is well known (100), Further fragmentation of XX resulted in
a complex spectrurﬁ that was difficult to interpret in detail. There
were, however, two intense peaks at 175 and 160 m/e, which may have
been caused by a cleavage of the fragment of 336 mass units with a . -

loss of one hydrogen atom.

OCHs

m/e 382

N\ 7 vo,

m/e 160 m/el75
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The reaction sequence leading to XX would imply,
first, the formation of monomeric nitro ketone XVIII, Elimination
of a molecule of methanol from part of XVIII would give the inter-
mediate nitroolefin XIX, and subsequent Michael addition of
surviving XVIII to XIX would then lead to the dinitro diketone XX,
In support of such a sequence reference is made to the analogous reaction

of 1-phenyl-lemethoxy-2-nitroethane which was discussed on page 25.

CH30" ‘ + HF

CgHsCH = CH-NOz —  CgHsCH-CH - NO3; T céHS?ﬁ-CHZNoz
' - HF
OCHj H OCH;3
NO»

- » | '
C6H5(|3H—CH = NO, + CH = CH-NO, — C6H5(%H—CH-(|3H—CH = NO3 -
I ‘ -
In view of these results it was reasoned that nn-
substituted methyl 2-(2-nitroethyl)benzoate (XXI) - as opposed to its
methoxy derivative XVII - should be capable of cyclization to the simple
nitro ketone, 2-nitroindanone (I1I), without a subsequent complication

such as arose in the case of XVII owing to a partial B-elimination of the

ether function and an ensuing Michael addition (XVIII -~ XIX - XX).

CH,-CH,-NO, CHz

’ —_—s ~CH-NO,
C-OCHj4 C/
{ I

O o

XXI I
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Methyl 2-(2-nitroethyl)benzoate (XXI) could thus be

the key to one of the main objectives of this thesis, the synthesis of

2-nitroindanone. The ester XXI has not been reported in the

literature, and considerable efforts were therefore expended in its

preparation,

Two synthetic routes for the preparation of the ester

XXI were attempted. One was to be the condensation of nitromethane

with methyl o-phthalaldehydate (XXII) to give methyl 2-(2-nitrovinyl)-

benzoate which, on selective reduction, should lead directly to XXI

(route A),
Route A
CHO
/
| + CH3NO,
J
C-OCH3
@)
XXII
HZ/Cat.
—_

XX1

CH=CH-NO,

C-OCHj3

XXIII

CH,-CH,-NO;
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The second procedure involved the cleavage of
ijsochromanone to 2-(2-bromoethyl)-benzoic acid with hydrogén )

bromide, followed by esterification and treatment of the bromo

ester with a nitrite (route B).

Route B
=~ | HBr/AcOH
~ O
O
CH,~CH,-Br
M-~NO,
ﬁ:-—OCH:),
Q

I,,,,._u__-rv..:,‘—~ e

/

e e N AR A F TR A T L

CHp-CH,-Br

\

CH,-CH,-NO,

C-OGCHj3

XXI
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Route A

Although B-nitrostyrene (2-nitrovinylbenzene)
is readily I.;orepa.red by condensation of nitromethane and benzaldehyde,
its o-~carboxy derivative [2-(2-nitrovinyl)benzoic acid, X] cannot be
obtained in an analogous fashion from o-phthaladehydic acid (IX),
because lactonization to 3-phthalidylnitromethane (VIII) takes place
as outlined on page 31. It was thought, however, that the methyl
ester (XXII) of o-phthaladehydic acid might undergo nitromethane
condensation affording the nitrovinyl compound XXIII without com-

plication, provided that the ester group could be retained by choosing

suitable reaction conditions.

Preparation of méthyl o~p11thalaldehyda’ce {XX1II)

The normal methyl ester.‘of o-phthalaldehydic acid
has been obtained by treatment of the silver salt of the acid with
methyl iodide (101) and by. Rosenmund r;edﬁcti_on of o-carbomethoxy-
benzoyl chloride (102). No details weré ‘given for the former method,
whereas the latter procedure was reported‘ to gi\:(e the ester in an 80%
vield. Other methods of esterification yield the pseudo-ester, 3- .
methoxyphthalide (101). Since the Rosenmund approach appeared to be
laborious, the choice fell on the silver salt x"ne'thogl, which proved to
be satisfactory, furnishihg XXII in a yield of 78%. The ester had
b.p. 136-138°/13 mm. in agreement with the literature (101, 102). The
infrared spectrum, which had not been previouély recorded, showed
strong bands at 1695 and 1720 cm~! as expected for the aromatic
aldehyde and ester carbonyl groups,. respectively. There was, however,

an additional weak band at 1770 em~} which was probably due to the
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p‘resence of a small amount of pseudo-ester, 3-methoxyphthalide.
(The corresponding ethyl derivative, 3-ethoxyphthalide, showed
carbonyl absorption at 1775 em™} (103) ).

Reactions of Methyl o-Phalaldehydate with
Nitro-methane '

Reactions of nitromethane with methyl o-phthal-

aldehydate (XXII) were carried out in the presence of the following

agents:
a) Ammonium acetate and acetic acid;
b) ' Sodium acetate .and acetic a_cid;
c) Trimethylamine in methanol;
d) Dimethylamine in methanol;
e) Piperidine; |
f)_ Pyridine; .
| g) Sodium bica.rbon.at.e;
h) Sodium methoxide;
i) Benzyltrimethyla mumonium hydroxide (*Triton BY).

However, methyl 2—(Z—nitfoviny1)benzoate “gould not

be isolated in any of these reactions, althou'gh séveral products were
obtained whose formation was explicable on the basis of its presence
as an intermediate, . |

(a) Ammonium Acetate and Acetic Acid - Customarily
the condensation of nitroalkanes with benzaldehyde and its substitution
products is performed with catalysis by alkalifsor amines. However,
C.B. Gairaud and G.R. Lappin (46) have reported that in certain cases’
ammonium acetate in glacial acetic acid is a more satisfactory agent,
The condensation of methyl o-phthalaldehydate with nitromethane was |

therefore investigated, using those authors'® method. The reaction

Ty

ke rrrm—
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mixture did not develop any ultraviolet absorption in the 300-390 mp
region, which would have been indicative of the formation of a nitro-
vinyl grouping. A colorless product of m.p. 193° was isolated in low
yvield. Its elemental analysis indicated an empirical formula
CQH8N203' Methoxyl was absent and the oxygen to nitrogen rgtio
allowed for the presence of only one nitro group, and it had to be
considered possible that amine nitrogen had entered the molecule. The
infrared spectrum in Nujol exhibited bands at 3225 c:m"l, 1720 e~} and
1550 cm™!. The absorption at 1550 cm~! was assigned to a nitro group,
whereas the bands at 3225 and 1720 cm™} pointed to the presence of a
five-membered lactam, (dilute solution in chloroform exhibited the
carbonyl band at 1710 cm-l, in fair agreement with the reported value
0f 1700 cm™) for the carbonyl absorption in phthalimidine [104]). On the
basis of these data, it was concluded that the product was 2~(l-amino-

2-nitroethyl)benzoic acid lactam (XXV, 3-nitromethylphthalimidine-).

The lactam XXV may arise by the following mechanistic

pathway:

[
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The formation of XXV can be rationalized as
follows: nitromethane addition to the aldehydo ester (XXII)
gives a nitrohydroxy ester XXIV which loses a water molecule
to form the desired nitrovinyl derivative (XXIII), The latter,
however, reacts further by adding ammonia that originates

from the ammonium acetate, and the resulting nitroamino

(b) Sodium Acetate and Acetic Acid ~ In view of
the undesired introduction of ammonia in the preceding experi-
ment, a similar reaction was carried out with sodium acetate
in place of ammonium acetate, No mefhyl 2-(2-nitrovinyl)=-
benzoate could be isolated, but a new compound was obtained in’
very poor yield. It proved to be identical with the product that -
arose, in higher yield, in a similar reaction using trimethyl-
amine as a catalyst, and its structure (XXVII) will be discussed

in the next paragraph.

ester undergoes internal aminolysis leading to the lactam (XXV). -

e
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(c) Trimethylamine - Methyl o-phthalaldehydate
(XXI1I) apd nitromethane were allowed to react in methanolic solution',
in the presence of almost one mole of trimethylamine. Upon work-
up, 73% of the starting ester was recovered but, in addition, a new
crystalline compound was isolated in a yield of 20%. The purified
product melted at 230°, It did not contain any methoxyl, Elemental
analysis indicated an empirical formula C17H11NO6 » in accordance
with which the mass spectrum showed a parent peak at m/e 325, The
infrared spectrum exhibited bands attributable to the nitro group
(1560 cm ™) and the carbonyl group (1760 cm_l). The ultraviolet
spectrum in methanol solution exhibited maxima at 276 and 283 my.,
the absorption curve being nearly‘identical with that of known (97)
3-phthalidylnitromethane (VIII). On the basis of these data it was con-
cluded that the reaction product was 3, 3'—diphthalidylnitr.omethane
(XXVII), Itis presumed that XXVII arose by the following sequence of

reactions:




2 CHO rl -CH2NO2 -CHZ NOo
“~ |l +CHzNOp —— on CHsOH C[
%‘OCHa ' OCH3
102
H~CH—CH
XXV + XXOI —> "OH HO
E-OE"L C
o ~) u
| © -2CH OH
CXXVIOT

oo b. ! ‘ : O . ’
| "1‘{02 o /—CHsoH
CH—CH—CH
X2XT + YT ——> OH O/
' _ _94mH§§p ‘
o 6
BEY]




"fouRyIeW Ut uoHNIos Wp-01 {IIAXX) oueyrowo ruldpireqiydip-~,¢ ‘¢ Jo umaoadg "A°'n ‘¢ "9

{SNOUDWITIWE HIONIHAYM

Oom IS TSP Pt O IS SO aeteas st Rseee 51

51 m N TRl S AU St SCTONNE WU S o ‘ ‘. .
R R L e e s
4

o

¥

-y

1'6} e e
Q] SIS S Sy S D L O N S S U TS R O e SR [0)0
AN .




!
un
w

!

Again, the first step is formation of the nitro-
hydroxy ester XXIV. Internal transesterification of XXIV leads
to the lactone, 3-phthalidylnitromethane (VIII), which then adds
a second molecule of XXII giving the intermediate XXVI, and a
second lactonization produces the final product, XXVII.
Alternatively, the reaction could well proceed from XXIV via the
dihydroxy diester intermediate XXVIII,

(d) Dimethylamine - Catalysis by dimethylamine of
the reaction between methyl o-phthalaldehydaté (XXII) and nitro-
methane led to the isolation of a small amount of 3~phthalidyl~-
nitromethane (VIII). Its origin can be explained by the scheme
described in the preceding section ''¢', The reaction mother liquor
showed an ultraviolet absorption i)eak at 370 mp, in contrast to the
experiments reported under a, b and ¢. A yellow solid mass was
isolated by thin layer chromatography, and although it did exhibit
the peak hlentioned, proper characterization could not be
accomplished,

(e) Pyridine - The use of pyridine as a condensing
agent was unsuccessful, and starting material was recovered.

(f) Piperidine - This base likewise failed to catalyse
the reaction, .

(g) Sodium bicarbonate - The nitromethane con-
densation of XXII was attempted in anhydrous benzene in the presence
of sodium bicarbonate, but no reaction took place.

(h) Sodium methoxide - Methyl o-phthalaldehydate
(XXII) and nitromethane were allowed to react with sodium methoxide

in methanolic solution at -5°, Upon deionization with a cation exchange
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resin, an amorphous product was obtained which failed to crystallise,
Its infrared spectrum exhibited a nitro band at 1550 crn"l but the
ultraviolet spectrum did not reveal the presence of a chromophore
attributable to a nitrostyrene moiety. Possibly the material was
of a polymeric nature; it was not investigated further.
A modification of the procedure just described is the

method of Kamlet (47) in which sodium methanenitronate is prepared
by the interaction of nitromethane and sodium methoxide, and the
solid nitronate is addedlin an equimolar amount to the bisulfite addition
compound of the aldehyde. The method was tried with the aldehydo ester
XXII, but no pure reaction product could be isolated, and no‘evidence
for the formation of a nitrostyrene derivative was obtained.

(1) Benzyltrimethylammonium hydroxide (!*Triton B') -~
The condensation of nitromethane with methyl o-phthalaldehydate (XXII)
was carried out at 0 to -3° in the presence of benzyltrimethylammonium
hydroxide (40% solution in methanol, commercially known as
"Triton B'), After neutralisation with hydrochloric acid, the reaction
mixture yielded a colorless, crysfalline solid of m.p. 139°, Elemental
analysis corroborated by mass spectrometry ( p.79 ) indicated an
empirical formula CyoH;gN,Of. The infrared spectrum in nujol showed
absorption maxima at 1680, 1560 and 155 0_,c:rn"1 (shoulder) as well as
a broad band at 3300-3000 cm~!. The maxima at 1560 and 1550 cm~1
could be regarded as asyntmetric nitroalkane stretching vibrations, The
appearance of a shoulder (the band as a 'doublet) possibly (but not
necessarily) meant that two non-conjugated nitro groups were present
in different structural environments. The absorption at 1680 em=L should
be due to the carbonyl stretching vibration of an aromatic .carboxylic

acid rather than an aromatic ester, since aromatic carboxylic acids
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and their esters are reported to absorb at 1700-1680 cm ™! and

1730-1717 em™! respectively. This suggested the loss of the ester

group under the reaction conditions. The broad band at 3300-3000 cm=1
indicated the presence of hydrogen-bonded hydroxyl. The nuclear
magnetic resonance spectrum in deuterochloroform confirmed the loss
of the ester group by not revealing any absorption for methoxyl

protons, although we could not observe a signal for the carboxylic
proton. Lack of the ester grouping and the presence & six oxygen and
two nitrogen atoms suggested that two molecules of nitromethane had
condensed with one molecule of methyl o-phthalaldehydate., Based on
the above data, we propose the struc’curg XXIX, 2-(1, 3-dinitro-2-propyl)-
benzoic acid for the product which probably arises through a nitroolefin
intermediate, Two alternate pathways can be envisaged, in both of
which the first step would be the formation of the hydroxynitroester -
XXIV. B |
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The hydroxynitro ester XXIV, by internal
transesterification, forms the lactone VIII which undergoes base~
catalyzed B-elimination to yield the nitroolefin XII (97). The
latter reacts with nitromethane to form XXIX (Michael addition). In
the second pathway, a nitroolefinic ester (XXIII) may be initially
formed and then undergo Michael addition of nitromethane and
subsequent hydrolysis, to give XXIX.

The n.m,r. spectrum of XXIX in deuterated acetone

showed an intensity ratio of 4:4 for the signals attributed to the

‘aromatic protons (multiplets at 2.51 T and 3.1 %) and the nitromethyl

protons (doublet at 5.5 T ). There is also a multiplet at 5.2 T, with
an intensity equalling one proton, which is ascribed to the tertiary
proton. ‘

As a confirmation of structure XXIX, the acid on
treatment with diazomethane gave the methyl ester, XXIXa, m.p. 90°
in 71.5% yield. Elemental analysis and the mass spectrum (p.82 )
were in agreement with the molecular formula CllleNzoé- The ester
showed absorption at 1720 cm™L (aromatic ester carbonyl) and 1570 |
and 1560 cm ! (shoulder) for the two nitro groups. The nuclear
magnetic resonance spectrum taken in deuterochloroform revealed
an intensity ratio of 4:3 for the signals attributed to the aromatic |
protons (multiplet at 1,9 T and 2, 6 T) and the methoxyl protons (singlet
at 6.1 7). A -doublet at 5,08 T corresponded to the nitromethyl protons
and the tertiary proton signal was at 4.88 T (multiplet).

Route B

_Synthésis of 2-{2-bromoethyl)benzoic acid {XXX)

Isochromanone was obtained by the oxidation of iso~
chroman with selenium dioxide according to the method of J. Cologné

and P. Boisde (105),
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P. Maitte (106) has reported that isochromanone
can be converted directly into 2-(2-bromoethyl)benzoic acid, in
quantitative yield, by treatment with a saturated solution of hydrogen
bromide in acetic acid in a sealed tube at 150°, However, full
details of the reactidn conditions have not been described, When
the preparation was attempted using a commercial 30% solution of
hydrogen bromide in acetic acid and allowing reaction times
from one to six hours, the bromo acid was produced in extremely
poor yields. A good yield (75.5%) of crystalline bromo acid (XXX) |
(m.p. 93°) was finally obtained by the use of a hydrogen bromide-
acetic acid reagent that had been saturated at 00© with hydrogen

bromide gas.

Methyl 2-(2~bromoethyl)benzoate (XXXI)

2-(2-Bromoethyl)benzoic acid (XXX) was esteri-
fied with diazomethane. The crude reaction product was a liquid
whose methoxyl content of 12. 5% (calculated, 13.3%) indicated that
esterification had been accomplished. rHowever, purification by
vacuum distillation proved to be precarious in that the ester tended
to suffer an unexpected change. In early experiments, distillation
was carried out at an oil-bath temperature of 140-160° and a liquid
boiling at 108-110°/0, 8 mm. was collected. Since, after one such
distillation, the infrared spectrum seemed reasonable for a
sufficiently pure ester, the material was used in the next synthetic
step which, however, revealed a considerable contamination by iso-

chromanone (see p.62 ). An analytical sample was distilled thrice,
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whereby the ester, instead of being purified, was almost
completely converted into isochromanone®, Later it was found
that the.crude ester may be distilled without apparent ill effect
from a short-neck bulb at 0.3 mm and a bath temperature of
95-110°, The product so purificd gave an infrared spectrum quite
different from that of isochromanone, 4especia11y in the region
from 1400 cmm~! to 650 cm=!. The nuclear magnetic resonance
spectrum in carbon tetrachloride showed an intensity ratio of

4:3 for the signals assigned to the aronﬁatic protons (two multiplets
centred at 2.0 and 2.66 T ) and to the methoxyl ﬁrotons (singlet
at 6.15 7). In addition to these signals, the spectrum showed a
symmetrical multiplet centred at 6,46 T with a total intensity
corresponding to four protons. It must be due to the bromoethyl
group. )

It is not known by what mechanism the bromo ester
is converted into isochromanone at higher temperatures. One might
speculate that departure of 2 bromide ion is aided by the formation
of a resonance-stabilized oxonium ion (XXXII) and that the l'atter
subsequently releases a methyl ion, thus giﬁng rise to iso~

chromanone and methyl bromide as illustrated,

ot
e

This was ascertained by microanalysis and by the infrared and
n.m,r. spectra which proved the identity of the product (see
Experimental).
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Alternatively, one rﬂight assume an elimination
of hydrogen bromide. Hydrogen brbxhide is known to be capable |
of cleaving carboxylic esters to giv’é carbdxylic acid and methyl
bromide. The 2-vinylbenzoic acid’ (XXXIII) so produced might

then cyclize to isochromanone.
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Methyl 2-(2-hitr oecthyl)benzoate (XXXIV)

A preparation of methyl 2-(2-trancethyl)-
benzoate that had been distilled once at a bath temperature of
140-160° and presumably contained a considerable amount of
isochromanone (p.58 ) was a‘.ll‘owed to react with sodium nitrite
in dimethylsulfoxide* according to Kornblum (8). A colorless
liquid boiling at 112-117°/0,5 mm was isolated. The product
showed infrared absorption at 1720 em™! for aromatic ester
carbonérl and 1550 cm=-! for the nitro group. Its nuclear magnetic

resonance spectrurh was complex, but it did reveal the presence of

The use of dimethylformamide was unsuccessful.
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H
isochromanone. Isochromanone has a characteristic, easily

recognizable ApX7 spectrum which consists, in the aliphatic proton
region, of two symmetrical triplets with spacings of 6 cps. at
5.58 T and 7.00 7T, A partial separation of isochromanone by thin
layer chromatography confirmed the impure nature of the nitro
ester., Since complete separation, either by fractional distillation
or by chromatography, could not be effected, the crude mixture
itself was used for a subsequent cyclisation reaction. The success
of that reaction (p.65 ) confirmed the presence of at least some
XXXIV, . ,

When pure XXXI (p. 59) was treated with sodium
nitrite in dimethylsulfoxide, XXXIV was obtained as a colorless,
crystalline solid of m.p. 55-56°. It showed infrared bands at
1720 crnf1 for the aromatic ester carbonyl and at 1550 cm™! for the
nitro group.

An attempt to carry out a displacement reaction
on 2-(2-bromoethyl)benzoic acid (XXX) itself rather than its methyl

ester led to the isolation of isochromanone as the only product.

Phenyl 2-(2-bromoethyl)benzoate (XXXV)

Since in the earlier stages of this investigation the

purification of the methyl ester of 2-(2—-bi-omoethy1)benzoic acid

(XXXI) was attended with the undesirable formation of isochromanone,

the synthesis of the phenyl ester was undertaken., 2-(2-Bromoethyl)-

benzoic acid (XXX) was converted into the acid chloride by refluxing

with thionyl choride and the acid chloride, on treatment with phenol
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in the presence of pyridine, gave phenyl 2-(2-bromoethyl)benzoate
(XXXV), m.p. 84°, in a yield of 60% (yield based on the starting
acid). - The ester gave a correct elemental analysis and showed

infrared absorption at 1730 cm ~t (aromatic ester carbonyl).

Phenyl 2-(2-nitroecthyl)benzoate (XXXVI)

The reaction of sodium nitrite with (XXXV) in
dimethylsulfoxide for four hours at room temperature gave a
colorless crystalline product with a sharp melting point of 71°,

The product showed infrared absorptions at 1730 cm™t for the
aromatic ester carbonyl and at 1550 am ™! for the nitro group. The
clemental analysis, however, suggested that the product was a
mixture of the starting bronio ester and the nitro ester, apparently
in a ratio of 1:1, since the carbon content was half-way between those
calculated for the brorr;o and nitro esters and the nitro;gen content
was one-half of the expected. Sefaration by thin'-layer chromato-
graphy on silica gel resulted in the isolation of pure phenyl
2—-(2-nitroethw,‘rl)benzoa.te (XXXVI), m.p. 81°, which showed
satisfactory analytical values.

It seemed an obvious way to attempt a complete

conversion of the bromo into the nitro ester by prolonging the

'reaction time, However, a reaction time of 24 hours gave a brown

oil from which no pure product could be is'oléted, although the

expected infrared bands were observed.

[ -
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2-Nitroindanone by Ester Cyclization

. It has been shown on page 37 that the action of sodium
mecthoxide upon methyl 2 -(l-methoxy-2-nitroethyl)benzoate (XVII)
leads to a product (XX) whose formation was explained by
assuming an intermediate generation of 3-methoxy~2-nitroindanone
(XVIII). With methyl 2-(2-nitroethyl)benzoate (XXXIV), phenyl
2-(2 -nitroethyl)benzoate (XXXV]) and methyl 2-(1, 3-—dinitro-2-
propyl)benzoate (XXIXa.) at hand, our attention was now redirected.
towards this cyclization,

Treatment of crystalline methyl ester of 2-(2-nitroethyl)-
benzoic acid (XXXIV) in methanolic solution with sodium methoxide
at room temperature, followed by deionization, afforded cry~
stalline 2-nitroindanone (II) in a 62% yield. The identity of the
product was established by comparison with a specimen synthesized

in an independent way as outlined on page 73 .

CHj-CH, -NO2 Z CHz
1. CH3ONa \ \CHNOZ
Cl%-OR 2. HY o NN (l:l
o ) S o}
XXKIV R = CHj o
XXX VI R = CgHg 11




When the impure methyl ester {that contained iso-

%

chromanone (cf. p.62 )] was used, Z-nitroirdanone was zlso
isolated in crystalline form although, naturally, in a poor yield
(¢ci. Experimental),

Since only a srall, analytical sample of pure phenyl

2-(2-nitroethyl)benzoate {XXXVI) had been isclated by thin-

layer chromatography, the crude product which éppeared to be

an addition compound between the phenyl nitro ester and its
precursor (XXXV) was employed for \.ycllzauon. Treatment
with methanolic sodium methoxide at room temperature |,
followed by deionization, gave 2-nitroindanone (II).

The reaction of methyl 2-(1, 3-dinitro-2-propyl)benzoate

{XXIXa) with methanolic sodium methoxide was carried out at
ice-bath temperature, and a product melting at 118-119° which was
presumed to be 3-nitromethyl-2-nitroindanone (XXXVII) was
isolated in 43% yield. The structure was assigned on the basis of
elemental analysis and spectroscopic evidence, The product ex-
hibited infrared bands at 1725 and 1550 cm ™! in line with the
presence of a cyclic, five-membered a, f~unsaturated ketone
moiety and the nitroalkane groups. It exhibited an ultraviolet
maximum at 370 mp. ( £, 8400), at the same wavelength as 2-
nitrotetralone (21). The n.m.r. spectrum taken in deutersted
dimethylsulfoxide showed a multiplet centred at 2.19 7 for the
aromatic protons, a doublet at 3. 97T (splitting, 4 c.p.s.), and

several poorly resolved signals in the region of 4.3 - 5,3 T , °

| CH- CH;VOZ
KxXla —> (/A\\] CP@NOZ

\

XXX VI O

faicdy
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The doublet at 3.9 7 must be due to Hy, Its intensity, if the
aromatic proton signal is taken to represent ;Eour hydrogens,
corresponded to 0,75 proton only, Possibly, this low value can
be explained by a partial enolization, as has been done (21) for
other cyclic nitroketones. The group of signals at higher field
corresponded in intensity to slightly less than three protons,
No resonance attributable to a methyl ester group was present.
The success of these reactions demonstrated that
suitably constituted nitro esters can in fact be cyclized to a-
nitro ketones in a Dieckmann-type reaction, in accordance with
the proposition outlined on page 35, After this possibility had
been established in principle, work by Severin and Adhikary (107)
dealing with a related reaction came to the author's attention.
These workers showed that certain @ -nitro esters obtained by
the condensation of 1-nitro-2-dimethylaminoethylene with cém-—
pounds of the type XCHZY conta.iriing activated methyl or methylene
groups also undergo cyclization reéctibhs. For instance, when
ethyl acetonedicarboxylate was reacﬁed with 1-nitro~2-dimethyl-
aminoethylene in the presence of potassium ethoxide, the product
was ethyl 2, 4-dihydroxy-5-nitrobenzoate. The authors postulated
a reaction sequence proceeding via the intermediate XXXVIilwhich
has a reactive nitronate group at one end of the chain and a carbo-
ethoxy group at the other end. This aci-nitrointermediate cyclises

to give a nitro diketone which tautomerizes to the final product.
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COZCZHS
|
CH,
| C2HgOK
CcC=0 + (CH3)2N-—CH = CH-NO, —
I
CH,
I
COZCZHS

COZCZHS

HO
NO,
OH

These results and our own appear to be in harmony, although for -
the former reaction the aromatization of the system certainly

provided a major driving force which is absent in our case.

]

CO2C2Hs

o
S O

Hzé | éH:NééK*
CO,CzHg
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Preliminary Studies concerning the Synthesis of
| Z2Z-Nitrocyclopentanone

It appeared interesting to investigate whether the new
! synthesis of cyclic a-nitro ketones can be applied to purely
aliphatic systems. An application to the synthesis of 2-nitro-
cyclohexanone might perhaps have had the greatest chance of
success, that ketone being fairly stable and well-documented in
the literature (19, 34, 21). However, it was more stimulating to
try the synthesis of 2-nitrocyclopentanone for which no
satisfactory method exists up to date. Feuer and Pivawer (21)
have nitrated cyclopentanone with amyl nitrate in tetrahydro-
furan, but upon work-up, during which they added glacial acetic
acid and ethanol at 0°, they obtained amyl and ethyl 5-nitro- |
pentanoate (cf. Introduétion, page 8). It was concluded that 2-
nitrocyclopentanone is an'ex’cremely unstable substanice prone to
undergoing ring cleavage. -

It was proposed to prepare methyl 5-nitropentanoate
(XXXIX) from the corresponding commercially available bromo

ester (XL) and to attempt its cyclization to 2-nitrocyclopentanone.

| S
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Treatment of methyl 5—5roihop‘entanoate with sodium
nitrite in a mixture of dimethyisulfoxide ‘and dimethyl-
formamide gave a colérless liquid which exhibited infrared
absorption at 1730 cm ™! for the ester car_bényl and at 1550 cm ™1
for the nitro group. The e‘léménta..‘rylana'lysis,‘ however,
suggested that the product may have been c‘olnt.aminated with
some methyl 4-pentenoate, since the ca_r_bpn i)er centage was too

high and the nitrogen content too low, :A‘ctem‘ptsv to fractionate

the mixture were unsuccessful,
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Assuming that the mixture, nevertheless, contained
the desired n.itro ester, XNXXIX, it was treated with sodium
methoxide in methanol, whereupon an absorption maximum at
345 mp developed. This may be taken as evidence for the
formation of the ketone nitronate, XLI, as Feuer and Pivawer (21)
have reported similar values for the potassium sé.lts of several
homologous a-nitro ketones. However, deionization resulted in
the formation of the starting material as judged from the infrared

spectrum.,

2-Nitroindanone by Oxidation of 2-Uximinoindanone

The following three alternative syntheses of Z2-nitro-

indanone were attempted:

1) Conversion of 2-bromoindanone into 2-nitroindanone;-
2) Nitration of indanone;
3) Oxidation of 2-oximinocindanone.

Where-as the first two projects failed, the third succeeded.
Although sodium nitrite in dimethylsulfoxide or di-
methylformamide has been widely used as a reagent for the
conversion of secondary halides into nitro derivatives (8), its
reaction with 2-bromoindanone did not afford the desired product,
Brown syrups were obtained which failed to show any nitro group

frequencies in their infrared spectra.

[
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Attention was then focused on the direct nitration
of indanox_'xe. For similar purposes acetyl nitrate in glacial acetic
acid (34) and alkyl nitrates in the presence of alkoxides (21, 25)
have previously been employed. In fact, Campbell and Pitzer (88)
tried to nitrate indanone itself under a variety of conditions but
failed, We used acétyl nitrate in glacial acetic acid, n-butyl nitrate
and potassium t-butoxide in tetrahydrofuran, as well as 2-‘-octy1‘ '
nitrate and sodium methoxide in ether, but in all of these cases no
identifiable products could be isolated.

ter these failures it was thought worthwhile to

attempt the oxidation of ZQO}:iminoindanone. This compound is
available by nitrosation of indanone (108). Oxidation of oximes to
nitro compounds has been performed previously with manganese di- -
oxide (109), and peroxytriﬂuoioa.cetic acid (12), In the present case,
the first oxidant did not yield the exﬁecfed product, The use of
peroxytrifluoroacetic a.cid finally brought success, despite a dis-
couraging report by Campbell and Pitzer (88), who have been unable
to oxidize 2-oximinoindanone with this reagent., These authors con-
ducted their oxidation in boiling acetonitrile, which procedure had
been recommended (12) for other oximes. Presumably, their negative
reVSult was due to instability of the oxidation product under the
reaction conditions. In this cmnection, the great reactivity towards
acid of 2-nitrocyclopentanone may‘be recalled. It wés therefore
decided to carry out the oxidation at room temperature, but for a
longer peri;)d of time. It was found that, after eight hours, 2-nitro-

indanone (II) could be isolated in a yield of 18%. The product formed

L]
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colorless plates of m.p. 81°, showed infrared absorption at

1740 cm™! for the carbonyl group and at 1550 cm ™! for the nitro
group, and gave an ultraviolet absorption maximum at 373 my

(£ = 8600 in methanol)., Elemental analysis and mass spectrum
were in agreement with the expected composition, C9H7NO3. A
nuclear magnetic resonance spectrum taken in deuterochloroform
revealed an intensity ratio of 4:2 for the signal assigned to the
aromatic protons (multiplet centred at 232 T) and that of the
benzylic protons (quartet at 6.2 T), A quartet at 4.49T corresponded
to the proton on the carbon bearing the nitro group. Its intensity
was, however, 25% less than calculated for one proton. This can
be explained by a partial enolization of the tertiary proton. In
fact, the signal largely disappeared when the solution was ‘shaken

briefly with deuterium oxide.

Mass Spectral Studies of the Nitro Compounds

Mass spectra of compounds II, XXIX, XXIXa and
XXXVII were taken as a matter of general interest. The frag-
mentation patterns were exa.mine.d in order to see whether they could
be rationalized in terms of the proposed structures. Unfortunately,
no useful metastable peaks were found that would have estabiished
definitively some of the fragmentation reactions. It is, therefore,
admitted that the reaction schemes given in the following charts. have
to be tentative. With this understanding, however, rea sonable

assumptions can be made that explain most of the more significant
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peaks, Those peaks in the spectra which relate to specifie
structures in the reaction schemes have been marked by
their m/e figures. The peaks not so marked are not discussed.
In the reproduction of the spectra, peaks of an intensity smaller
than 5% of the base peak are omitted. No attempts were made to
discuss the low-molecular fragments below approximately 100
mass units. | ‘ B

The fragments that give rise to spectral lines are
ions or radical ions. Since the locations of their charges and
unpaired electrons are in most instances difficult to pinpoint (if
indeed they are fixed), they a‘re.not'indica.ted in the charts.
The device of enclosing the.sfructuzés'infbra'ckjets and denoting
ionic and radical states without‘ refe'rgncé’to' specific atoms has

been omitted for simplicity.,

[
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Mass spectrum of 2-(1, 3-~dinitro-2-propyl)benzoic acid (XXIX)

(Fig. 9 and Chart l)

2~(1, 3«Dinitro-Z~propyl}benzoic acid {(XXIX) does
not give the molcedar ion peak in the mass spectrum. The
highest peak, which is of very weak intensity, is observed at
208 m/e (a). This corresponds to a loss of 46 mass units (NO5).
Cyclisation of 2 with elimination of water leads to the fragment b
(m/e 190), which, after loss of a hydrogen atom, rearranges to
c(m/e 189). The latter can lose nitric oxide to give d (m/e 159),
which breaks down further into e (m/e 131), and £ (ni/e 103)by a
twofold loss of carbon monoxide.

The fragment b also gives rise to a species g

(m/e 173) by the loss of hydroxyl.

The intense peak at m/e 161 (i) is derived by the loss

of nitrous acid from fragrhent a. Decarboxylation of fragment i
and then loss of a molecule of hydrogen leads to the fragment k
(m/e 115) which may in an alternate way arise by dehydration of
i followed by loss of carbon monoxide, _ '
The fragment e (m/e 131) may also be arrived at

through intermediate i by loss of methylene and oxygen.

——r
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Mass spectrum of methyl 2-(1, 3-dinitro~2-propvyl)benzoate (XXIXa)

(Fig. 10 and Chart 2).

The molecular ion peak expected at 268 m/e (2) is not
observed. Instead, the ester exhibits a peak at 237 m/e (b) of
medium intensity, correspoanding to the loss of the methoxyl group.
The fragment b eliminates nitrous acid to give an intense pezk at
190 m/e (c). The ester molecule, in an alternate degradation, loses
a nitro group to give a peak of strong intensity at 222 m/e (d). The
species d may further fragment to £ (175 m/e), or e (176 m/e) by the
loss of nitrous acid, or a nitro group, respectively. The absence
of the peak at 173 m/e suggests that the decomposition should not
occur via the cyclic species as in fragment b in the acid,

The intermediate f further breaks down to give a peak
at 16l mfe.

The fragments n {m/e 144) and m, (m/e 143) are also
derived from the intermediate f. The rest of the pattern is similar

to that described for the acid.

[T
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Mass spectrum of 3-nitromethyl-2-nitroindanone (XXXVII)

(Fig. 11 and Chart 3)

In contrast to the two preceding
compounds, 3-nitromethyl~2~nitroindarnone shows the molecular
ion ‘p\-zak, which occurs with weak intensity at 236 mfe (a). In
that regard the compound behaves in the same manner as 2-
nitroindanone. I'ragrnentation appears to occur zlong three
different routes. Loss of oxygen from the molecular ion leads
to a fragment b (m/e 220) which then eliminates nitric oxide to
give ¢ (m/e 190), The fragment 1 zlso eliminates nitrous acid to
give the species d (m/e 173) of very strong intensity, Decomposition
of the molecular ion a by way of losing a nitro group or nitrous
acid results in the formation of ¢ (m/e 190) or f (m/e 189),"
respectively, The intermediate f can lose nitric oxide to give the

fragment g (m/e 159) which further breaks down into the species i

(m/e 131),
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Mass spectrum of 2-nitroindanone {II)

(Fig. 12 and Chart 4)
The mass spectrum of II exhibits the molecular ion

peak g_'at 177 m/e. Fragmentation appears to occur by three

t routes as shown in the chart. I.oss of oxygen leads to
b (16l m/e) which, after isomerizing to the oxime, undergoes a-
cleavage to form the fragment ¢, m/e 144, The latter loses carbon
monoxide to give the ion d (m/e 116), The fragment ¢ (131 m/e)
seems to be derived either directly from the molecular ion a by
the les s of the nitro group, or from the intermediate b, -It loses
either acetylene or carbon monoxide to give g (m/e 103) or {
(m/e 105). The molecular ion is also found to form a fragment of
130 m/e (h) by the loss of nitrous acid, Fragment h decomposes

to i (m/e 104),
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ADDENDUM

Investigation concerning the Reaction of Nitromethane with 5-
Hydroxypentanal '

J. Cologne and P. Corbet reported the synthesis of
2 -nitromethyltetrahydropyran (110) by base-catalysed condensation
of nitromethane with 5-hydroxypentanal, the latter having been
obtained by acid hydrolysis of dihydropyran. The nitro compound

was isolated by steam distillation of the acidified reaction mixture.

1. Base
——y
~— O+CH3NQ2. 2. Acid | . .
OH. CHO . . CH,NO,
o) - | H R o :

XLII

The authors did not comment on the mechanism of formation of the
ether (XLII). One may envision formation of XLII at three stages of

the operation:

a, In the alkaline medium of the nitromethane condensation .

according to the following scheme:
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+ CH,=NG, -OH |
CHO ” CH-CH=NO> CH=CH-NO,
OH NOH | OH
OH
XLIII - XLV

-H+

P——— —_— -
H=CH-NO, CH-CH=NO,
XLII'(as nitronate)
b. Immmediately upon acidification of the normal

* nitromethane condensation product, the 2,6~

dihydroxyhexanenitronate (XLIII), if the liberated
2, 6-dihydroxy-l-nitrphexane (XLIV) were capable
of rapid, acid-catalysed internal etherification

in the cold: -
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H+ . -HpO
H-CH=NG, CH-CHZNO, (HT) { CHj-NO,
|
O on OH on
X LIII ~ XLIV ' XLII
C. During the steam distillation of the acidified

reaction medium.,

A study of this reaction was of interest because it
represents a model for the internal anhydride formation observed
in certain l-deoxy-l-nitro-hexitols., Such nitro sugar polyols oh
week-long standing in alkaline medium form cyclic anhydrides, but
careful acidification after a relatively short exposure to alkali
regenerates the open-chain nitropolyols. The latter are fairly
stable in neutral and weakly acidic agqueous media in the cold, but
are cyclized to 2, 6-anhydrides at reflux femperatures (111, 112, 13),
For a future determinati'on of the effect that varying numbers and

sites of hydroxyl substituents may have on such carbohydrate
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reactions‘, the above model reaction will have to be studied in
detail. For the present thesis, only a preliminary investigation
was undertaken to establish the existence of XLiIV in the acid-
ified nitromethane condensation mixture and to confirm the con-
version of XLIV into XLII at elevated temperature. .In addition,
the synthesis of the nitroolefinic alcohol XLV was attempted.

Equimolar quantities of 5-hydroxypentaha1 and
nitromethane were condensed in the presence of aqueous sodium
hydroxide at 0°, After a reaction time of four hoﬁrs, the solution
was neutralized either by the addition of‘hydrochloric acid or by
cation-exchange. A brown syrup was isolated; it was readily
soluble in water, and its infrared spectrum indicated the presence
of hydroxyl (3350 cm-l, broad band) and nitro g.roups (1550 cm"l).
These propertieé suggested the syrup to consist largely of XL1V,
rather than XLII (which is water~insoluble)., When the product was
distilled in vacuo at 115 -1170/21 mm., XLII was obtained as a
colorless liquid, identified by its boiling point, refractive index.
and absence of an OH-band in its infrared spectrum.

Since the purification of the presumed dihydroxy
compound XLIV proved difficult, the crude ‘material was acetylated‘
with acetic anhydride in the presence of boron trifluoride-
ethereate. Unfortunately, the acetylated product did not crystallise
either, but the success of the acetylation was comoborated by the
absence of -hydroxyl absorption and the presence of the expected

carbonyl (1735 cm-}) and nitroalkane (1555 cm"l) bands in the infrared.
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. Presuming the acetyiated material to represent -
the diacetate of XLIV, its dechydroacetylation to the acetate of
XLV was attempted. Pyrolysis in the presence of sodium acetate
(114, 115, 116) led to polymeric material, but refluxing in benzene
solution in the presence of sodium bicarbonate {59), -did seem to
produce nitroolefin, as evidenced by a gradual diminution of the
nitroalkane peak (1555 cm"l) with concomitant appearance of peaks
at 1648 cm=l (C = C) and 1525 cm~L (nitroalkene). However, the
nitroalkane band did not disappear completéy, and as the reaction
continued it grew in intensity again and, at the same time, the
new peaks attributed to nitroolefin diminished., This tends to
indicate that the nitroolefin produced is rather unstable and suffers
changes under the condition of its formation, pe'rha_ps in the

nature of polymerizations or Michael additions, "
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EXPERIMENTAL

Methyl- 2 -(1-methoxy-2-nitroethyl)benzoate (XVII)

2-(1-Methoxy-—'2 ~nitroethyl)benzoic acid (0.8 g.,
3.5 m mole) is dissolved in ether (75 ml), and a solution of diazo-
methane in ether is added until the yellow colof persists, After
being kept in the refrigerator for one hour, the solution is evap-
orated to dryness and the solid residue obtained is crystallized
from methanol, The yield of the methyl ester, m.p. 98° (color~-
less plates), is 0.602 g. (71%).

Analysis:
Cy1H13NOg (miol, wt; 239,23)
Calculated: C, 55.24; H, 5.48; N, 5,85,
Found: C, 55.31; H, 5.46; N, 5,98,

The ester exhibits infrared bands at 1720 cm™!

(aromatic ester carbonyl) and 1560 crn"‘l (nitroalkane).

L
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Cyclisation of methyl 2-(1-methoxy-2-nitroethyl)benzoate
in the presence of sodium methoxide.
3-Methoxy-2 -nitro~2~(2-nitroindanone¢=-3-yl)~indanone (XX)

Methyl 2—(1—methoxy-2-ﬁitroethyl)benzoate (1.195'g.,,
5 m mole) is dissolved in methanol (100 ml) and a solution of
sodium methoxide (0,444 g., 7.5 m mole) in methanol (10 ml) is
added over a period of half an hour. The solution is alloWed to
stand at room temperature for eight hours and is then deionised
with ion-exchange resin, Rexyn 50 (H+). Evaporation of the solvent
leaves a solid which, on crystallisation from methanol, gives

colorless prisms of m.p. 164° (0.475 g.).

Analysis:

Calculated: C, 59.69; H, 3.66; N, 7.3; OCHs, 8.0.
Found: C, 59,56; H, 3.97; N, 7.5; OCH3 , 9.20.

The product shows absorption in the infrared at
1750 cm -1 (CO) and 1550 em L (nitro groups), and it has an absorption
maximum at 372 mp ( €= 8300 in methanol)} in the ultraviolet
spectrum.,

The mass spectrum does not show the molecular ion
peak; an intense peak at 336 m/e corresponding to the loss of one

nitro group is observed;

b e
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Methyl o-phthalaldehvdate (XXII)

o-Phthalaldehydic acid (15.0 g., 0.l mole) is
dissolved in water (100 ml) By warming. The solution is cooled
to room temperature and a solution of potassium carbonate
(6.91 g., 0,05 mole) in water (15 ml) is added gradually. The
filtered solution is heated to about 70° and a hot solution of
silver nitrate (17.88 g., 0.105 mole) in water (25 ml) is added
all at onée, with vigorous stirring, whereby the white silver salt
of o~phthalaldehydic acid precipitates. The beaker is covered
to prevent exposure to light, and the mixture is allowed to cool,
The precipitate is filtered, washed with water and then alcohol
and dried at 80-90°, The dry silver salt is boiled under reflux
with ether (200 ml) and methyl iodide (21.4 g., 0.177 mole) for two
hours, After cooling', the silver iodide is filtered off and washed,
thoroughly with ether, and the eher solution is dried.over anhydrous
sodium sulphate. Removal of the solvent under reduced pressure
gives a pale yellow liquid which is distilled at 13 mm. o-Phthal-~
aldehydic acid methyl ester boiling at l36-i38° is collected in a yield
of 12.9 g. (78.6%). [Boiling points reported in the literature:
136-138° (13 mm), 146-147° (17 mm) (101, 102)]. The infrared spectrum
exhibits strong absorption bands at 1695 em™! (aromatic CHO),
1720 em=l '(aromatic ester} and a weak band at 1770 em=t (a, B-un-~

saturated y-~lactone due to the presence of a small amount of y-ester),
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Reaction of nitromethane with methyl o-phthalaldehydate
in the presence of ammonium acetate and acetic acid,
2-{l-Amino~2-nitroethyl)benzoic acid lactam (XXV)

A mixture of methyl o-phthalaldehydate (0. 75 g),
nitromethane (0.75 ml), ammonium acetate (0.3 g) 'and acetic acid
( 3 ml) is refluxed for two hours, The palé byellow solution is
cooled and then poured over crushed ice. ; The‘aqueoué mixture is
extracted with chloroform (25 ml).  The chlorof‘orm extract is
washed twice with water and dried . over anhydrous sodium sulfate.
The solvent is evaporated to give a semi~solid product. Upon
trituration with ethyl acetate (2 ml) a crude product (0,102 g) of
m.p. 175-185° is isolated. Recrystallisation from ethyl acetate

gives colorless needles (78 fng) of th}e lactam, melting at 193°..
Analysis: | |

CgHgN,03 (mol. wt, 192.1)

Calculated: C, 56.25; H, 4.16; N, 14.57.

Found: C, 56.22; H, 3,94; N,‘ 14. 82, |

Characteristic infrared bands in nujol are at
3255 cm ™t (N-H), 1720 cm-L (amide-I) and 1550 (NOj). (A dilute
solution in chloroform exhibited the carbonyl band at 1710 cm"l).
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Reaction of nitromethane with methyl o-phthalaldehydate
in the presence of sodium acetate and acetic acid,
3, 3'-Diphthalidylnitromethane (XXVII)

Methyl o-phthalaldehydate (0.75 g), nitromethane
(0.75 rai), sodium acetate (0.3 g) and acetic acid ( 3‘ ml) are re-
fluxed for two hours, Removal of the solvent by evaporation in
vacuo gives a yellow solid which is partially dissolved in dry benzene,
The filtered benzene solution is concentrated and a few drops of
petroleum ether (b.p. 30-60°) are added. On allowing the solution
to stand for a few hours, colorless crystals (75 mg, m.p. 175-190°)
are deposited. Recrystallisation from acetonitrile raised the
melting point to 226°. The infrared and ultraviolet spectra of the
compound are identical with those of the product obtained in the next

experiment,

Reaction of nitromethane with methyl o~phthalaldehydate
in the presence of trimethylamine.
3, 3'-Diphthalidylnitromethane (XXVII)

A solution of methyl o-phthalaldehydate (4.92 g,
0.03 mole) and nitromethane (2.8 g, 0. 046'Amole) in methanol (50 m1l)
is cooled in an ice water bath, and a 5% solution of trimethylamine in
methanol (30 ml) is added dropwise with stirring in the course of 30
minutes, The mixture is then stirred for five hours at room
temperaturé, cooled aga;in to 0° and neutralised with cold N hydro-

chloric acid to about pH 4. Most of the methanol is removed by

.
- e
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evaporation, and the remaining, largely agueous solution, is
extracted with ether (100 ml). The ether solution is washed twice
with water, dried over anhydrous sodium sulfate and evaporated
to leave a yellow oil which on distillation at 20 mm gives 3,6 g of -
unreacted starting ester, b.p. 150-151°, The residue in the:
distilling flask is treated with benzene (2 ml) ar}d a2 few drops of
petroleum ether (b.p. 30-60°) which causes colorless f;':rystals |
(250 mg) of m.p. 175-185° to be deposited within a few hours. Re-
crystallisation from acetonitrile gives 125 mg of colorless prisms

melting at 23090,

Analysis:
C17H;1NOg (mol. wt. 325.2)
Calculated: C, 62.77; H, 3.38; N, 4.3
Found: C, 62,.88; H, 3.28; N, 4,41,

The mass spectrum shows a molecular ion peak at
m/e 325, The product exhibits infrared absorption at 1760 em=-l

(a, B~unsaturated y-lactone) and 1560 cm™! (nitroalkane), and in

methanol solution it shows ultraviolet maxima at 276 mpu ( € = 5300) and

at 283 mp ( € = 5200).
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Attempted condensations of nitromethane with methyl
o-phthalaldehydate in the presence of various other
catalysts.

Dimethylamine: Methyl o-phthalaldehydate
(0.4 g, 2.4 m mole) and nitromethane (0,22 g, .3. 6 m mole) are
dissolved in methanol { 5 ml}), and difne‘chylamine (2.5ml of a
5% solution in methanol) is added slowly with stirring. The mixi;ure
is stirred at room temperature for seven hours. On evaporating
the solvent and the dimethylamine, a syrup is obtained which
exhibits ultraviolet absorption with a maximum at 370 mp. The
syrup is dissolved in benzene (2 ml) and the solution is stored at
room temperature. A yellow solid is dbepo‘sited and is isolated; it
melted at 120-1.250. Its ultraviblet énd infrared spectra are
identical with those of 3-phthalidylnitromethane. The filtrate
from this material contains the species absorbing in the 370 mp
region. In an attempt to isolate this compound, its solution was
evaporated to a syrup which was chromatographed on a thin layer
plate of silica gel with a solvent i’nixture of n-heptane and m ethyl
ethyl ketone in a ratio of 1:4 (v/v). The forerun did not show any
absorption in the 300-390 mp region. The slowest-moving band gave
a small amount of a yellow solid that did show the 370 mis
absorption. However, the material, which decomposed on heating
above 250°, was not obtained in crystalline £6rm and could not be -

properly characterized.

premy
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In a repetition of the experiment, a shorter
reaction time (3.5 hrs.) was employed. - The syrupy reaction
product, which again exhibited ultraviolet absorétion at 370 mp.,
was subjected to vacuum distillation at 0,5 mm. At an oil-bath
temperature of 120-150° a white sublimate appeared which was
identified as 3-phthalidylnitromethane, (m.p. 125°, X _ .. 276,

283 my). The species which absorbs at 370 mp could not be
distilled and apparently decomposed.

Piperidine: Methyl-o-phthalaldehydate (0..16‘4 g,
1 m mole), nitromethane (0.075 g, 1.2m mole) are dissolved in
benzene (10 ml), and piperidine (0.085 g., 1 m mole) is added
"~ dropwise with stirring, The mixture is stirred at room temperature A
for 22 hours and then acidified by shaking with N hydrochloric acid.
The benzene layer is separated, dried over anhydrous sodium
sulfate and evaporated to give a ycllow syrup that shows no absorption
in the 300-390 mp region. On distilling the syrup at 18 mm, the
starting ester (0.1 g) is recovered., The dark brown distillation

residue was not investigated further.

Pyridine: A mixture of methyl o-phthalaldehydate
(0.4 g, 2.4 m mole) and nitromethane (0,15 g, 2.4 m mole) is cooled
to Q.—‘%O and pyridine (0,15 ml) is added dropwise with stirring. The

mixture is allowed to come to room temperature and stirring is

L.
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continued for six hours. The solution is then cooled in ice water,
acidified with cold N hydrochloric acid, and extracted with ether
(25 ml). The ether extract is washed with water and dried over
anhydrous sodium sulfate. After removal of the solvent, a pale
yvellow liquid is obtained whose infrared spectrum éhows no ab-

sorption for the nitro group and is identical with that of the starting

ester.

Sodium methoxide: Methyl o-phthalaldehydate

(0.82 g, 5 m mole) and nitromethane (0.35 g, 5.7 m mole) are
dissolved in methanol { 10 ml) and cooled to ~5°, An icefcoid
solution of sodium methoxide (0,64 g, 11 m mole) in methanol { 5 ml)
is added dropwise with stirring in the course of 90 minutes., The
mixture is stirred in the ice-bath for another hour and is then de-
ionized by the addition of a cooled slurry of ion-exchange resin,
Rexyn 101 (H*). The solution is filtered, and the filtrate, after
removal of the methanol, lecaves a yellow solid residue., The infra-
red spectrum shows absorption for the nitro group at 1550 em™! but
no sbsorption in the ultraviolet range of 300-390 my is observed.
Purification by crystallisation from various solvents could not be

effected. The product is probably a polymer.
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In a2 modification (47) of this procedure, nitromethane
(0,183 g., 3 m mole) is added slowly to a well-stirred solution
of sodium methoxide (0.170 g., C.31 m mole) in methanol {1.7 ml).
The precipitated sodiufn methane~nitronate is dissolved by the
addition of excess methanol (3,3 ml), A mixture of methyl o~
pithalaldehydate (0,541 g., 3.3 m mole) and sodium bisulfite
(0.378 g., 3.6 m mole) in water (5 ml) is added gradually, with
stirrﬁ1g, over a period of thirty minutes, and stirring is then
continued for twenty four hours, The reaction mixture is then
poured over ice and extracted with ether (50 ml.). The ether
extract is washed twice with water {20 ml), dried over anhydrous
sodium sulfate and evaporated to yield a syrup whose infrared
spectrum shows a very weak absorption for the nitro grdup. No

absorption is observed in the 300-390 mp range in the ultraviolet.

Sodium bicarbonate: Methyl o-phthalaldehydate (0.8

g->

4.8 m mole), nitromethane (0.35 g., 5.7 m mole), sodium bi~-
carbonate (0.4 g., 4.7 m mole) and dry benzene (25 ml) are stirred
together for eight hours at room temperature, The mixture is
filtered and the filtrate, on evaporation of the solvent, gives a

liquid whose infrared spectrum is identical with that of the starting

ester.
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Reaction of nitromethane with methyl o-phthalaldehydate
in the presence of benzylirimethylammonium hydroxide
('Triton B'). 2- -(1, 3-Dinitro-2-propyl)benzoic acid (XXIX)

A solution of methyl o-phthalaldehydate (2.46 g,

0. 015 mole) in nitromethane (.12. 5 g, 0.2 mole) is added dropwise
during a period of two hours to a stirred mixture of nitremethane
(18.3 g, 0.3 mole) and Triton B (6 ml of 40% methanolic sol‘ution,
technical grade) which is kept at 0 to -3°, When the addition is
complete the mixture is stirred for another fifteen minutes and is
then neutralised with cold N hydrochloric acid, The reaction
mixture is extracted with ether (100 ml), and the ether extract is
washed with water and dried over anhydrous sodium sulfate, By
evaporating the ether and nitromethane under reduced pressure, a
pale yellow semi-solid is obtained. The product is triturated with
benzene (5 ml) and a solid (2.15 g) of m.p. 125-127° is isolated. After
two crystallisations from benzene the colorless needles show m., p.
138-139° (1 g.). Another crop of crystals (0,245 g) melting at
132-134° is obtained from the mother llquor. '
Analysis:

C10H10N206 (mol}. wt., 254,18).

Calculated: C, 47.22; H, 3.94; N, 11,03,

Found: C, 47.44; H, 4.09; N, 10,82,

The product exhibits absorption in the infrared spectrum

at 1680 cm=! (aromatic carboxyl), 1560 cm ™! (nitroalkane) , 1550 cm-
(NO;; shoulder) and a broad band at 3300-3000 em™! (OH).
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Methyl 2-(1, 3-dinitro-2-propyl)benzoate (XXIXa)

2-(1, 3-Dinitro-2-propyl)benzoic acid (0.610 g,

" 2.4 m mole) is dissolved in ether (50 ml) and a solution of diazo-

methane in ether is added until a yellow color persists. The
solution is allowed to stand in the refrigerator for one hour.
Evaporation of the excess diazomethane and ether under reduced
pressure leaves a solid which crystallises from methanol in
colorless plates (0. 460 g), m.p. 90°.
Analysis:

Calculated: C, 49.26; H, 4.51; N, 10.44..

Found: C, 49.49; H, 4.7; N, 10.50,
Infrared spectrum: 1720 cm~L (ester CO), 1570 cm -1 (NO3) and

1560 cm ™1 (NO; ; shoulder),

Isochromanone

Isochromanone was prépared.by the oxidation of
isochroman with selenium dioxidekvaccording to the method of

J. Cologne and P. Boisde (105),
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2-(2-Bromoethyl)benzoic acid (XXX)

2-(2-B;on10ethyl)benzoic acid was prepared by the
method of P. Maitte (106), with minor modifications.

A 30% solution of hydrogen brormide in acetic acid,
which is commercially available, is saturated at 0° with hydrogen
bromide gas. Isochromanone (10 g) is heated with 40 ml of the
saturated hydrogen bromide solution in a sealed tube at 150° for
three hours. After the reaction the tube is allowed to cool to room
temperature and then chilled in'dry ice before opening. Acetic acid
and hydrogen bromide are removed by vacuum distillation and the
residue is crystallised from carbon tetrachloride. The yield of
2-(2-bromoethyl)benzoic acid (m.p. 93°) is 11.7 g [Literature -
m.p. 93.5° (106)]. R

Methyl 2-(2~bromoethyl)benzoate {XXXI)

2-(2-Bromoethyl)benzoic acid (3 g, 13 m mole) is
dissolved in ether (75 ml), and a solution of diazomethane in ether
is added until a pale yellow color per siéts.l The solution is kept in .
the refrigerator for one hour. Upon removél of the solvent, a pale
yellow liquid is obtained which is distilled at 0.8 mm. The product
(2.6 g) distills over at 108-110° (bath-temperature 140-160°), 1Its
infrared spectrum exhibits absorption at 1725 cm™! for the aromatic

ester carbonyl. This material was used for the next synthetic step.

| O
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However, a sample which was distilled three‘
times for analysis showed data which very nearly corresponded

to those calculated for isochromanone.

Analysis:
C10H)BrO, (mol. wt. 243.1).
Calculated: C, 49.40; H, 4.55; Br, 32.87.
Found: C, 73,34; H, 5.90; Br, 0,42

Analysis for isochromanone:

C, 72.97; H, 5.40

The infrared spectrum of the analyti'cal sa.inple was
identical with that of isochromanone.
When the crude ester, whose methoxyl content was
.12, 5% (calculated, 13, 3%), was distilled from a short neck bulb
at 0.3 mm and a bath temperature of 95-110°, the pure ester was
obtained which had an infrared spectrum quite different from that

of isochromanone, especiallyin the region from 1400 ecm-! to

750 cm~!. The nuclear magnetic resonance spectrum did not show

the signals attributed to the aliphatic protons in the isochromanone.

| PP
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Readction of sodium nitrite with impure methyl
2 {2-bromoethyl)benzoate in dimethylsulfoxide

Impure methyl 2~(2-bromoethyl)benzoate (distilled
once at 0.8 mm) (2.2 g, 9 m mole) is stirred with sodium nitrite
(1.1 g, 16 m mole), phloroglucinol (0.5 g) and dimethylsulfoxide
( 5 ml) at room temperature forA eight hours. The solution is poured
over crushed ice, and the mixture is extracted with ether (100 m1l).
The aqueous layer is extracted again with two 20 ml portions of
ether. The combined ether extracis are washed with water, dried
over anhydrous sodium sulfate and evaporated to leave a brown
liquid which is distilled at 0.5 mam.. A product (1 g.) with a boiling
range of 112-117° is obtained, whose infrared spectrum shc;wed bands |
at 1720 cm=! (aromatic ester carbonyl)‘a.nd 1550 em ™! (nitroalkane).

Thin layer chromatography of the product on silica
gel using a solvent mixture of chloroform, cyclohexane and acetone
(5:3:0,5, v/v) shows two major spots vefy close to each other.
Attempts to obtain a better separation by varying the solvent com-
position were unsuccessful. A preparative thin-layer separ;tion
using the above solvent system was then tried., The band containing
the migrated substances was divided into a lower and an upper part
which were individually eluted with chloroform. On evaporation, the
eluate from the lower part left a small amount of a liquid whose
infrared spectrum was completely identical with that of isochromanone.
From the upper part a liquid was obtained whose infrared spectrum
s'howed a nitro band at 1555 ecm™L, However, the liquid did not give a
clear single spot on rechromatography and therefore appeared to be a
mixture. The nitro compound contained in it was presumed to be

methyl 2-(2-nitroethyl)benzoate.

B
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Substitution of dimethylformamaide for dimethyl-
sulfoxide in the reaction just described did not lead to the desired
conversion of the bromo into the nitro ester. Treatment of the
bromo ester (0.243 g.) with silver nitrite (0.2 g) in ether (15 ml)

for eight days at room temperature resulted in the recovery of the

starting material only,

Methyl 2-(2-nitroethyl)benzoate (XXXIV)

Pure methyl 2-(2-bromoethyl)benzoate (0.71 g,
2.9 m mole) is stirred with sodium nitrite (0.350 g, 5.1 m mole)
phloroglucinol (0.166 g) and dimethylsulfoxide (3 ml) at room
temperature for eight hours. The solution is poured over crushed
ice, and the precipitated solid material (0, 375 g) is collected. The
crude nitro ester melts at 45-48°, Crystallisation from methanol .
gives colorless rods, mp 55-56°, The product shows infrared
absorption at 1720 cm~! (aromatic ester carbonyl) and 1550 cm 1

(nitro group).

Analysis:
C10H11N04 (mol, wt, 209,18).
Calculated: C, 57.41; H, 5.29; N, 6,69,

Found: C, 57.19;- H, 4.8; N, 6.3.

| PTS——
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Reaction of sodium nitrite with 2~(2-bromoecthyl)-benzoic acid

2-(2-Bromoethyl)benzoic acid (0,458 g, 2 m mole) is
stirred with sodium nitrite (0.208 g, 3 m mole), urea (0.25 g) and
dimethyls wlfoxide (5 ml) for eight hours at room temperature, The
mixture is poured over ice and immediately extracted with ether
{50 ml). The cthereal layer is washed with water twice and then
dried over anhydrous sodium sulfate, After removal of the solvent
a brown liquid is obtained, whose infrared spectrum is completely

identical with that of isochromanone,

Phenyl 2.—(2-brornoéthyl)benzoate (XXXV)

2-(2-Bromoethyl)benzoic acid (0,508 g) is refluxed
with§thionyl chloride ( 2ml) for one hour. The excess thionyl.
chloride is removed by distillation and the organic acid chloride is
taken up in pyridine (5 ml). Phenol (0.209 g) is added, whereby heét
is evolved and a crystalline substance (pyridinium salt) is deposited.
The mixture is allowed to stand at room temperature for one to two
hours and is then filtered. The filtrate, after removal of the pyridine
in vacuo, leaves a solid which, on érystallisation from ethyl alcohol,

gives colorless, hexagonal plates of the phenyl ester, m.p. 84°.

The yield is 04 g.
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Analysisi
C15H]_3Br02 {(mol. wt. 305,1i8).
Calculated: C, 59.00; H, 4.29; Br, 26.17.
Found: C, 59,23; H, 4.16; Br, 26,06,

The infrared spectrum of the product exhibits absorption

at 1730 cm—l {ester CO).

Phenyl 2-(2-nitrcethyl)benzoate { XXXVI)

Phenyl 2-(2-bromoethyl)benzoate (0.305 g) is stirred
with sodium nitrite (0.1l g) and dimethylsulfoxide (5 ml) for four hours
at room temperature. The mixture is poured over crushed ice, aﬁd
the product is immediately extracted with ether (50 ml). The aqueous
layer is extracted twice more with ether (20 ml). The combined ether
extracts are washed twice with water, dried over anhydrous sodium
sulfate and evaporated to give a2 colored solid (155 mg) which crystallises
from ethyl alcohol as colorless prisms, m.p. 71°. The product
exhibits infrared absorptions at 1730 cm"l (ester CO) and 1550 em-l
(nitroalkane), ‘ '

Analysis: .
For phenyl 2-(2-nitroethyl)benzoate - C;5Hj3NO4 (mol.wt. 271,26)
Calculated: C, 66.4; H, 4.83; N, 5,16,
Found: C, 63,35; H, 4.78; N, 2.47.
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The analysis suggeste the product to be a
mixture, the carbon value lying half -way between those calculated
for the bromo and nitro esters, and the nitrogen content being
about one-~half of the expected.

Thin-layer chromatography of the product on silica
gel with cyclohexane-chloroform (2:3, v/v) shows two major spots.
A large scale separation of the mixture (0.250 g) was undertaken.
The forerun is scraped off, extracted with chloroform and the
solution filtered. Evaporation of the filtrate gives unreacted bromo
ester (77 mg). The middle fraction, on similar work-up, gives the
nitro ester (60 mg) which crystallises from methanol as colorless
prisms of m.p. :81° and shows satisfactory analytical values.
Analysis: | | |

Found: C, 66.20; H, 4.86; N, 5,33,

In 2 repetition of the experiment a longer reaction
time of 24 hours was used. A brown oil was obtained, from which
no pure product could be isolated, although it showed the same infra-

red bands as the above product.

[—



- 115 -

Reaction of socium methoxide with methyl 2-(2-
nitroethyl)benzoate., 2Z-Niiroindaocone

1Y
fil

Methyl. 2-(2-nitroetizyl)benzoate (50 mg) is
dissolved in methanol {5 ml) and 2 solution of sodium methoxide

(13 mg) in methanol (L ml) is added. A yellow precipitate is

formed after five minutes., The mixture is stirred for six hours

at room temperature, cooled in ice-water and neutralised with
cold N hydrochloric acid, The sclution is evaporated to dryness
and the residue is extracted with boiling petroleum ether (60-80°),
On evaporation, a white substance (26 mg) is obtained, which, on
recrystallisation from petroleum ether (60-80°) gives white plates,
m.p. 80-81° The infrared and ultraviolet spectra are identical

with those of 2-nitroindanone prepared by an alternative method

(see pagel2?2),

Reaction of sodium methoxide with the mixture presumably
containing methyl 2-(2-nitroethyl)benzoate

The reaction product (b. p.o-"5 1,n]i,]i]Z--ll7°) described
on pagelll (0.209 g) is dissolved in methanol ( 5ral) and a solution
of sodium methoxide (0.054 g) in methanol (1 ml) is added. A
vycllow precipitate is formed after five minutes., The mixture is
stirred for six hours at room temperature and the yellow solid

(67 mg) is then collected. The solid is dissolved in methanol (20 ml)
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containing a few drops of water and the solution is cooled to 0°,
acidificd cautiously with cold N hydrochloric acid, and then
evaporated to dryness, The residue is extracted with boiling
petroleum ether (b.p. 60-80°), On evé,pora‘cion, the extract
yvields a white substance (17 mg) which, on recrystallisation from
petroleum ether, gives white plates (11 mg) of 2-~nitroindanone,
m.p. 80-81°. The infrared and ultraviolet spectra are identical
with those of 2-nitroindanone prepared by an alternative method

(sce pagel22).

Reaction of sodium methoxide with the mixture of phenyl :
2 -(2-nitroethyl)benzoate and phenyl 2-(2-bromoethyl)benzoate

The mixture (90 mg., m,p. 71°) of the nitro and
bromo esters described on pagel3is dissolved in methanol (5 ml)
and a solution of sodium methoxide (20 mg) in methanol (0.5 m1l)
is added. A yellow precipitate appears. After stirring of the reaction
mixture for one hour at room temperature, it is cooled with ice
and acidified with cold N hydrochloric acid. Evaporation to dryness
affords a white residue which has a phenolic odour. The residue is
extracted with boiling petroleum cther {(b.p. 60-80°). The extract
is concentrated and, on cooling, deposits crystals (13 mg) of Z-nitro-
indanone, The compound is identical with the specimen of 2-nitro-
indanone described on pt;xge 122with regard to its melting point (81°),

infrarcd spectrum and ultraviolet spectrum.
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3-Nitromethyl-2~-nitroindanone (XXXVII}

To an ice-cooled solution of methyl 2-(1, 3-dinitro-
2-propyl)benzoate (380 mg., 1.4 m mole) is added a ‘solution of
sodium methoxide (160 mg., '3 m mole) in methanol ( 3 ml ) over a
period of fifteen minutes. The mixture is stirred for one hour at
0° and is then acidified with cold N hydrochloric acid. The residue
obtained, upon removal of the solvent in vacuo, is extracted with
chloroform (50 ml). The chloroform extract is washed with water,
dried over anhydrous sodium sulfate, concentrated to a srnali volume,
and cooled in the refrigerator. Yellow crystals (135 mg) (43%) of
m.p. 116-117° are deposited, Recrystallisation from chloroform giv'es

bright yellow plates (75 mg) of m.p. 118-1199,

Analysis:

CyoHgN,O5 (mol. wt. 236,2)
Calculated: C, 50,84; H, 3.4i; N, 11,85,
Found: C, 50.90; H, 3.60; N, 11.98.

The product shows absorption in the infrared at
1725 cm~L (carbonyl) and 1550 cm-1 (nitroalkane) and exhibits an

ultraviolet maximum at 370 my (€ = 8400) in methanolic solution.
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Attem}ited preparation of methyl-5-nitrovalerate {XXXI1X)

Methyl 5-bromovalcrate (4.2 g, 2.1 m mole) is

stirred with a mixture of sodium nitrite (2.8 g, 4 m mole),

phloroglucinol (1.75 g}, dimethylsulfoxide (28 ml) and dimethyl-

formamide (7 ml) at room temperature for five hours, The brown
solution is poured over crushed ice and the agqueous mixture is
extracted with ether (100 ml). The ether layer is washed twice

with two 30-ml portions of water, and dried over anhydrous sodium
sulfate, Removal of the solvent under reduced pressure: gives a
brown liquid which is distilled at 0.8 mm. A colorless liquid (5 g)
is collected at 100 to 102°. The product exhibits infrared absorption
at 1730 cm L (ester CO) and 1550 crh"l (nitroalkane). .

Analysis:
CeH;INO4 (mol.wt. 161,2)
Calculated: C, 44.75; H, 7.32; N,>8.68.
Found: C, 47.77; H, 7.59; N, ‘7.92.

The high carbon and low nitrogen content suggests that
a small amount of unsaturated ester, CHp ='-CH-CH2-CH2—COOCH3 )

may be present in the product.




Reaction of sodium methoxide with impure methyl-
5-nitrovalerate

The reaction product { bO. 8 mm 100-102° ) from
ithe preceding experiment (0.105 g, ) is dissolved in methanol
(2 ml) and a solution of sodium methoxide (0,035 g) in methanol
(0.5 ml) is added. The solution is kept at room temperature for
eight hours. The ultraviolet spectrum of the alkaline solution
shows an absorption maximum at 345 mp indicating the presence
of sodium 2-ketocyclopentane nitronate. The alkaline solution is
deionized with ion-exchange resin, Rexyn 101 (H+). After filtration
and evaporation of the solvent under reduced pressure, a colorless
liquid is obtained. It has no absorption in the 300-390 myp region

and its infrared spectrum is completely identical with the starting

material,

Attempted preparation of 2-nitro-l-indanone

(A) By conversion of 2-bromo-l-indanone to
2 -nitro~-l-indanone )

2-Bromo-l-indanone (0.211 g), sodium nitrite (0.1 g)
and urea (0,15 g) are stirred with dimethylformamide (5 ml) at room
temperature. After half an hour a solid precipitates. The mixture
is stirred for three more hoﬁrs and then filtered. The solid product
does not show any absorption for the nitro group in the infrared

spectrum. The filtrate is poured over crushed ice and the mixture
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is extracted with ether (50 ml). The ether solution is washed
twice with-water and dried over anhydrous sodium sulfate., Removal
of the solvent gives a thick syrup which does not exhibit any nitro
group absorption in the infrared spectrum.

Repeating the experiment with dimethylsulfoxide as
the solvent and with addition of phloroglucinol did not give the

desired conversion,

(B) By nitration of 1-indanone - (1) with acetyl nitrate

Fuming nitric acid (0,5 ml) is added to a solution of
l-indanone (0.5 g) in glacial acetic acid (2 ml.). The temperature
rises rapidly to 32° and is maintained at 32° by external cooling.

After about five minutes the temperature begins to drop. The

mixture is allowed to stand at room temperature for half an hour

and is then poured over crushed ice, A semi-solid is formed, which
is filtered and thoroughly dried. The infrared spectrum of the product
does not show any absorption for the nitro group. -

(2) with butyl nitrate in the presence of potassium
t-butoxide ‘

A solution of l-indanone (0.132 g) in tetrahydrofuran
( 3 ml) is added dropwise, over a period of {-;hirty minutes, to a
solution of potassium t~butoxide (0,180 g) in tetrahydrofuran (5 ml)
which is maintained at -30°, A solution of butyl nitrate in tetra-
hydrofuran (3.5 ml) is then added dropwise in half an hour, the

temperature being maintained at =309, After the addition is completed,
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the reaction mixture is allowed to warm up to 259, and is then
filtered. "The filtrate is cooled and acidified with cold N hydro-
chloric acid, Removal of the solvent in vacuo affords a residue
which is extracted with ether. The tther extract is dried and
evaporated to give a black solid, which does not show any nitro
group absorption in the infrared. |

In a similar run, with the acidification effected by
ion-exchange resin, Rexyn 101 (H+)_. a syrup is obtained whose
infrared spectrum shows a very weak absorption for -the nitro
group. However, no ultraviolet absorption in the 350~390 mp region
is observed, '

Nitration of l-indanone with dl-2-octyl nitrate in
ether in the presence of sodium methoxide at room temperature was

also unsuccessful,

(O Oxidation of 2-oximino-l-indanone by manganese
dioxide :

A mixture of 2~oximino-l-indanone (0. 32 g), manganese
dioxide (0.1 g) and acetic acid (20 ml) is stirred for twenty-four hours:
at room temperature, The solution is filtered and the filtrate is |
diluted with water, The organic material is extracted with ether,
and the ether solution dried over anhydrous sodium sulfate. Evap-
oration of the dry ether solution gives a brown oil which does not

show any nitro group in the infrared spectrum.
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(D) Oxidation of Z2-oximino~l-indanone with
peroxytrifluorocacetic acid, 2-Niitroindanone (II)

Trifluoroacetic anhydride (0,504 g, 2.4 m mole) is
added in one portion to a stirred, ice-cooled solution of 98%
hydrogen peroxide (0.068 g, 2 m mole) in acetonifrile (5 ml.). The
solution is allowed to come to room temperature and is then added
dropwise, with stirring, to a solution of Z-oximino-l-indanone
(0.161 g., 1 m mole), urea (0.15 g) and acetonitrile (15 ml) during
a period of one hour, After eight hows the mixture is poured over
crushed ice and extracted with ether. Evaporation of the dried
(sodium sulfate) ether solutionvlleaves a brown residue which is
extracted with boiling petroleum ether (b.p. '60-800). The petroleum
ether is evaporated, leaving a pale yello{av solid (71 mg.). Re-
crystallisation from petroleum ether g.ives‘ 2 -nitroindanone (32 mg)

as colorless plates of m.p. 81°.

Analzsis:
CgHyNO3 (mol. wt. 177.1).
Calculated: C, 61.01; H, 3.95; N, 7.91.

Found: C, 61,15; H, 3.99; N, 7.81. |
The product shows abs‘or.ption in'thé infrared spectrum
at 1550 em=l (NO, group)and 1740 cm-l (cafbonyl absorption) and it
has an absorption maxirhun; in the_ ultraviolet at 373 mp.

(& = 8600 in methanol),
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Condensation of 5-hydroxypentanal with nitromethane in
the presence of sodium hydroxide, 2-Nitromethyl-
tetrahydropyran

Nitromethane (0.33 g, 5.4 m mole) is added to a
solution of 5-hydroxypentanal (0.51 g, 5 m mole) in methanol
(5 ml) and the mixture is cooled in ice-water, A sdlution of sodium
hydroxide (0.2 g, 5 m mole) in methanol (3.5 ml) containing a few
drops of water is added, with stirring, over a period of half an hour.
The reaction mixture is stirred for four hours, allowing the
temperature to rise to 259, Removal of the solvent under reduced
pressure gives a pale yellow solid, the nitronate, (0.9 g).

An ice-cold solution of the nitronate (0,45 g) in
methanol (5 ml) is deionized with ion-exchange resin, Rexyn 101 (H+).
Evaporation of the solvent leaves a brown syrup (0.33 g) (A), whose
infrared spectrum shows absorption at 3350 cm'1 (OH, braad band),
and 1550 cm~! (nitroalkane). |

Alternatively, the nitronate (0.45 g) is dissolved in
water (5 ml), the solution is cooled in ice and neutralised with cold N
hydrochloric acid. The solvent is removed under reduced pressure,
and the residue is extracted with ether. The ether extract is dried
over anhydrous sodium’ sulfate, Evaporation leaves a brown syrup
(0.3 g), whose infrared spectrum is identical with that obtained by the

ion-exchange procedure, .




PR~

) The syrup (A) (2.2 g.) is distilled at 21 mm. A
colorless liquid (1.3 g.) distills over at 115-117°, nZD-’3 1.4600. It

exiibits absorption at 1550 em ™t (nitroalkane) in the infrared spectrum

and is identical with 2-nitromethyl tetrahydropyran with regard to

its boiling point and refractive index (110).

Acetylation of the syrupy product (A) from the preceding
experiment

The syrupy product (A) (3 g.) from the preceding -
experiment is dissolved in acetic anhydride (7 g.) and a few drops
of boron trifluoride ethereate is added, The solution, which
becomes warm spontaneously, is allowed to stand for half an hour
and is then poured over crushed ice. After the excess acetic

anhydride is hydrolysed, the mixture is extracted with ether, the

ether extract thoroughly washed with water and dried over anhydrous

sodium sulfate. Evaporation of the solvent gives a brown syrup,

the diacetate (B) whose infrared spectrum shows absorption at

1735 cm™! (acetoxy CO), at 1555 em™ (nitroalkane) and no absorption

for the hydroxyl group. -
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Reaction of sodium bicarbohate with the diacetate (B)
in benzene (Schmidt-Rutz reaction)

A soluﬁon of the diacetate (B) (1 g) in dry benzene
{10 ml) is refluxed, with magnetic stirring, in the presence of dry
sodium bicarbonate (5 g). Small test samples are withdrawn
occasionally, cleared from suspended bicarbonate, allowed to
evaporate and inspected by infrared spectroscopy. A grédual de-
crease in the intensity of nitroalkane absorption at 15655 cm™! and
the appearance of an olefin peak at 1648 cm™! and of a new nitro

peak at 1525 em-l

indicates the progress of the reaction. The
completion of the reaction would be signiﬁ:ed by the absence of the
nitroalkane peak., In a trial experirrient it fwas found that refluxing
the mixture for "forty-eight hours caused reappearance of the nitro-
alkane peak and a complete disappearance of the olefin and nitro-
alkene peaks that had been engendér ed.initially. Hence, the
reaction is carefully‘followed spect;'osclv:;pically, and it is stopped
when it is estimated that there is a maxi;nuniamou.nt of nitroolefin
present. The time varies from twelve hours to twenty hours,
depending on the stirring efficiency ‘and traces of moisture present,
The bicarbonate is filtered off and thoroughly washed with dry
benzene, Removal of benzene from the'filtrate‘in vacuo gives the
syrupy mixture (C) (0.75 g), presumably containing the nitroolefin,

The infrared spectrum shows absorption at 1735 am-l (acetoxy CO),

L.



1648 cm ™} {(olefinic double bond), 1555 e¢cm=1 (nitroalkane, weak)
and 1525 cm™t (nitroalkene,strong).

The product C is presumably a mixture of the di-

acctate B and the nitroolefin.
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SUMMARY AND CLAIMS TO ORIGINAL RESEARCH

A novel reaction was discovered in which the methyl
and phenyl esters of 2~(2~nitroethyl)benzoic acid undergo a base-

catalyzed, Dieckmann-type cyclization furnishing hitherto unknown

2-nitroindanone:

X X

| i

CH-CH-,NO CH

2 2 _ = N
OCH- [ HC-NO,

C - OR XX

1 I

0] O
R=CH301‘C6H5, X =H

R

H

CH3 3 X = CHzNOZ or OCH3

Two new derivatives of 2-nitroindanone were obtained analogously.
Thus the methyl ester of 2-(1, 3~-dinitro-2-propyl)benzoic acid gave
3-nitromethyl-2 -nitroindanone, In the case of the methyl ester of
2~(l-methoxy-2-nitroethyl)benzoic acid the reaction proceeded in a
more complicated manner, in that 3-methoxy-2-nitroindanone,
presumed to be the primary product, reacted further to give 3-

methoxy~2-nitro-2-(2-nitroindanone~3~yl)indanone:
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In preliminary investigation, methyl 5-nitro-
pentanoate was treated with base, and spectrosopic evidex_mce _
1or cyclization to a nitroketone was found, although 2-nitro-
cyclopentanone could not be isolated.

The esters required for these cyclizations had
not been described previously, They were obtained as follows,

The methyl and phenyl 2-(2~-nitroethyl)benzoates

were made from the corresponding 2-~bromoethyl esters by dis-

—

slacement with sodiwm nitrite in dimethylsulfoxide. Methyl
2-{l-methoxy-2-nitrocthyl)benzoate was prepared from the known
acid by freatment with diazomethane. 2-(1; 3-Dinitro-2-propyl)-
benzoic acid arose when methyl o-phthalaldehydate was condensed
with nitromethane in the presence of Triton B; the acid was
then esterified with diazomethane, |

The nitromethane condensatiofx of methyl o~
phthalaldehydate was studied using a large variety of catalysts,
and in addition to the dinitro acid just mentioned, two other, new
products were obtained, They were 2~(l-amino~2-nitroethyl)-

benzoic acid lactam, which arose by catalysis with ammmonium




CrTIERmmetires

acetate~acetic acid, and 3, 3'-diphthalidylnitromethane, which
arose by catalysis with trimethylamine or with sodium acetate-~

acetic acid.

NO,
, |
CH-CH,NO, CH—CH—CH

e N 4
ﬁ/ ff/ \ ‘ﬁ
o ‘o) o)

2-(l-amino-2~nitroethyl)-

3, 3'-diphthalidylnitromethane.
benzoic acid lactam o . :

Methyl 2 -(2-nitr o.v-inyl)benzoate could not be isolated in any of
these reactions, |

An independent synthesis of Z2~nitroindanone was
accomplished by oxidation of 2-oximinoindanone with peroxy-
trifluoroacetic acid, _

A preliminary study was undertaken concerning the
mechanism of the formation of 2-nitromethyltetrahydropyran

from 5-hydroxypentanal. and nitromethane.
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