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“his reasctlon hag been used exbtensively in the field of
carbohydrate chemistry. Dxemples of ite application to
simple dialdehyder are very few,

The prossnt work, whiéh.is a part of the broadey
propram of studies carried out Llu thig laborctory, was une
dertalen with the purvsse of studying further gsimnle diale
denydes applicebls to the eyclization reactlon with nitro-
methiane, with particular view of obizining flve=- and sevenw

embered ring aysienf.

oy

AT Rt 13
A AGILIIG T

-

The aobhior wishes Lo exypress hor sincere pyatle
tude ho Professor ung i, aer Tor hip guidance and pae

Lignce a8 reseprcen dAirectol,

jors




11 -

TABLE OF CONTENTS

PREFACE
TABLE OF CONTENTS
ABSTRACT
INTRODUCTION
EXPERIMENTAL
A, Condensation
Nitromethane
B. Condensation
Nitromethane
DISCUSSION
A. Condensation
Nitromethane

l. Formation

of Phthalic aldehyde with

of Adiplc aldehyde with

of Phthalic aldehyde with

of five—membéred ring

2. Formation of Internal Hemliacetal of

2« (l-hydroxy-2-nitroethyl)-benzaldehyde

B. Condensation of Adiple Aldehyde with

Nitromethane

CLAIMS TO ORIGINAL RESEARCH

BIBLIOGRAPHY

ii
i1i1

15

16

26

30

31

38

47
L9




O & § S
ABSTRACT

Phthelaldehyde was found to react with nitro-
methane, in methanolic solution and in the presence of
sodium methoxide, to glve the sodium salt of 2.aci-nitro-
{ndandiol-1,3, It was found that this salt, on acidifica-
tion with ion exchange resin, afforded a mixture of Z2-nitro-
indandiol-l,3 and 2-nitroindenol-3, which were separated by
fractional crystallisation., The structures of the compounds
obtained were established by nuclear magnetic resonance
apectroscopy. Hense, the applicability of phthalaldehyde in
the coﬁdensatton with nitromethane, to form s five-.membered
carbocyclic ring, was shown, On the other hand, when the
reaction between phthalaldehyde and nitromethsne was carried
out without solvent, in the presence of sodium carbonate,
the hemiacetal of 2+(l-hydroxy-2-nitroethyl)-bengzaldehyde
was exclusively formed. The structure of the latter was
proved by nmeans of chemical transformations leading to the
iscquinoline system,

For the study concerning the closure of a seven
membered ring, adipic sldehyde was chosen, Under all condie
tions investigated, no formation of a seven-membered carboe-
cyelic ring wes noticed, It 18 believed tha; the fatlure was
due to a more repid formation of other compounds, namely
1,8-dinitrooctane-2,7-d101 and the product of internal aldol
condensation of adipic aldehyde, cyclopentene~l-aldehyde,




INTRODUCTION

Primary and secondary nitroparaffins, wvhen allowed

to react with aldehydes in the presence of basic catalysts,

afford nitroalcohols:
OH f’

RCHO + R'CH,NO R°CH — CH —XNO

272

2

RCHO + CHR'R"NOZ-—A—-R-?H CR? sz

\
OH R"

The reaction was discovered in 1895 by Henry (1l). He con-
denszed nitromethane with aceteldehyde, propionaldehyde and
isobutyraldshyde in the presencse of sodium carbonate and ob-
tained'the sodium salts of the corresponding nitroalcchols

vwhich were liberated by acidification with mineral acid,

3 OH O¥a  HC1 OH

0 Naeco
V4 ' i / i

Later he extended the reaction uaing othser nitroparaffins

such &8s nitroethamne end nitropropane (2),

The first condensation of nitromethane with an
aromatic aldehyde and with the use of a bhasic catalystﬂ was
porformed by Thiele (3). He noticed the formation of the
sodium salt (I) of a nitroalcohol (II) as in the case of
aliphatic aldehydes, but acidification led directly to a
dehydration product, the nitroolefin (III), ‘

# Previously the same reactgon had been done by Priebvs (I),

but at high temperature (160?) in a sesled tube and with
ZnCI2 a8 a catalyst. i




CHO CH-CH /O
-4 s H—(, =N .
KOH ~0 HCi
+ CHsNOl - ¢ -
I
QH
CH-CH5NO, CH=CH-NO,
— H — u.l

The remarkeble instability of nitroalcohols derived from
aromatic aldehydes turned out to be one of their general
properties, although, under gentle conditions of acidifi-
cation, the isolation of aromatic nitroalcohols(II) was
also posaidle (5).

Soon many other examples were studied, both for
aliphatie (6,7,8) and arometic (9,10,11) aldehydea, and in
all cases the course of the reaction was as described above.
It is worth mentioning that in aromatic aldehydes, substitu.
ents in the ring have a pronounced influence on the yield of
the substituted nitrostyrene that is formed (16). Formaldee
hyde (12,13,1,15) provides a notable exesption to the
usual course of thé nitromethane condensation, since more
than one molecule of the aldehyde tends to condense with one
molecule of nitromethane even in the presence of a large
excess of the latter, When squimolar quantities of formaldee
hyde and nitromethane are allowed to react, the following
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approximate percentages of the thres possible condensation

products are cbtained (15):
OH

‘ !
% 13% 78%

Even when a five molar excess of nitromethane is empleyed,
the yield of 2-nitroethanol by this reaction is only about
4L0%. With homologs of either nitromethane or formaldehyde,
the tendency for more than one molecule of aldehyde to con-
dense with one molecule of nitroparaffin decresses sharply
with incereasing molecular weight or complexity of either
component,

Many different basic catalysts have been used to
promote the condensation reection (17). They inelude sodium
and pctassium carbonate, socdium and potassium hydroxide in
water and aleoholic solutions, caleium, barium, strontium
hydroxides, rare earths, alkoxides and various secondary and
tertiery amines,

ﬂmanbceaenry conditions for a successful condensation
reaction are invariably nild, since several competing reosce
tions oeccur, The aldehyde component may undergo inter-
molecular aldol condonsation or, as in case of formaldehyde
and aromatic aldehydes, the Cannizzaro reaction, WNitro.

paraffins and particularly nitromethane are, moroover, scnsi.

tive to the action of alkaldl. Nitromethane.forms successively
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metagonic acid (IV) (18,19) and nitroacetic acid (V) (20),

while its higher homeologs yleld trialkylisoxaszoles (VI)
(21,22,23).

26H3N02 %B-Cﬂnﬂﬁzﬂa + 2H20

NOH
IV

ﬁH-CHﬂWOQNa —— HaOOCCH=NO,Na
|

NOH v

CH
\ 3

¥—2~0

BCHBCﬂaﬂog

Vi

Moreover, the condensation products are not stable in the
presence of strong alkall since the condensgsation tends to be
reversed by atrong alkali, and even sliphatic nitroalcohols
may undergo dehydration with the formation of nitroolefins,
Vanderbilt and Hass (17) gave a useful aurmary of the reaction
conditions, based on 27 examples of the condensation leading
to the formation of nitroalcohols with yields of 88-98%,

Sinee the universality of the rsaction of nitroparaf-
fin with aldehyde wes esatablished and becauss of high ylelds
and preparative simplieity, it finds numerous applications
in synthetic worlk: |

(a) Preparation of f@-nicroalcohols.
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(b) Preparation of nitroolefins, In the aromatic series,
unsaturated compounds are the main products. The nit o=
alcohols derived from aliphatic aldehydes may be readily
transformed into corresponding olefins (VIII) through their
acetyl derivatives (VII) which readily lose the elemsnts of
acetic aclid on treatment with godium bicarbonate (Schmidte
Rutz reaction )(2l),
(l)COCH 3
RCH-~CHA10;

R-CH=CHNO, + CH,COOH
H

VII VIII

{c) Selective reduction of ths double bond in a nitroolefin

affords the corresponding nitroparaffin, which‘otherwiee mney
not be easily accessible (29),

HQ/PG
RCHzCHNOz~——-*—RCH2052N02

(d) Reduction of nitroparaffin or /A =hydroxy-nitreparaffin

is in turn the source of amines or M «hydroxyamines,

(8) Controlied catalytic hydrogenation of nitroparaffing may
produce corresponding oximes,

Ho/Pd
R=CHpwCHy=NO, ———— ReCH,CH,=N-0H

(f) The primary and secondary nitroparaffins are typiecsl
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psoudo acids forming salte when treated with base.

RCH2N02 + NeOH RCHBNO‘?NG

Acldification of these nitronic acid salte may lead to a
variety of products, depending on the nature and strangth
of the aclds employed,

l. Weak acids, such as acetic or carbonic acids, in generasl
regenerate the nitroparaffins, although 1t has been re-
ported (26), that Nef reaction (ef.l) may be caused even
by weak acid,

2. Warm mineral aclds hydrolyse the salts of primery aci-
nitroparaffins to produce fatty acids and salts of
hydroxylamine, The same reaction oceccurs when the

primary nitroparaffins themselves ars warnmed with cone

centrated minerel acid (27),

ReCH=N

w
0
HBO

RCOOH + WH?OH'H 30

2°°L

3. Under controlled conditions, intermediate hydroxamic

acids are produced (28,29).

H,S0 0
R-CH=NOH MBS0y RCOH=NOH — o Ro(-NH-OH

4o Great attention has been gained by the Nef reaction (30),
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named so after its discoverer", When the nitronates of
primary and secondary nitroparaffins are decomposed by
- acids, there are produced aldehydes and ketones, res.

pectively. The yield may bo as high as 85.90%,

2RGHhN02Na + ZHQSOu

2RCHO + 2NGHSO) + Np0 + Hy0

2RIR"C=NO Na + 2HpS0) —— 2RR"CO + 2ReHSO) + Ny0 + Hy0

The Nef reaction was used to obtein simple aldehydes
and ketonea (30,33,3)) and has schieved considereble
importance in carbohydrate chemistry as a result of the
work of Sowden and Pischer (cf.p.B8).

. Recently, an effective general method was developed
for the oxidation of salts 6f mononitro compounds with

neutral permanganate to aldehydes or ketones (3%5).

3R'R"C=N02K + ZKMnOu + EZO-—a—R'R"Cao + 2M302 + 3KNO

+ 2KOR

2

This reasction has the advantage that it may be success-
fully applied to those nitrocompounds which are stable

under the conditions of the Nef reaction,

A W W G WD T W SN G OB NP G G O a Y P O A I A RS Aran W ED SPER NG WO G G G e OB 08 a9 B OO e G B U B AP P R S WD W e

s In 1893 (31,32) Konovalov, on treatment of potassiumele
phenyl-nitromethane with dilute sulphurie, nitric and acetie
acld, or oven passing C0O» into an alcoholic solution of the
potaasium salt, obtained a mixture of the deasired l-phenyle
nitromethane and acetophenone, It was Rof, however, who
studled end established the generality of the reaction,
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The Nitromethane Synthesis in Suger Chemistry

The nitromethane condensation with aldshydes has
found wide application in sugar chemistry, The first attempt
to produce higher-carbon sugar alcohols by means of nitro.
methane synthesis was done in 1921 by Pletet and Barbier (3¢6),
but their experiments di{d not demonstrate that nitromethane-
aldose sugar condensation had been achieved., As a first
successful example may be quoted the reaction performed by
Sowden and Fischer (37), in which L,6<benzylidene«2,3,5«
triacetyl-D~glucononitrile (IX) was treated with sodium
methoxide in methanol solution, in the presence of nitroe

methane, to give finally l.nitro-l.desoxy-Demannitol (X),

(IZN CH,NO, CI H,NO,
. l b
H—C - 0Ac HO=C~H H o—cl —H
| 1 A
AcO-C-H HO—C—H _, HO-C-H
| CH3NQ, _ ) He30y 3
H—C‘:“O cryoNa H=-C-0O H—(f—OH
|
H-C-ORAc CHC H H-(l;—QH CH CHs H—?—OH
‘ .
H,C- 0 H,C~O H, C-OH
L X

Soon 1t was shown thet substituted aldoses with free roducing
groups as well as unsubstituted sldose sugars will undsrgo

nitroparaffin condensations (38). This, in combination with
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the Nef remction, has become a key method for the leng-thening
of aldose cheins., For instance, Sowden (39) prepared l-nitro-
l-desoxy-D-arabltol (XII) and l.nitroel-desocxy-D-ribitol
(X1I1), starting from 2,j-benszylidene<D-orythrose (XI) in

the sequence of reactions outlined below, The nitro sugar

alcohols were then converted into pentoses by Nef reactions

(h1,42),

C, Ci,NO,
[ HaNOe CHO oqehe
H-C~cH 1 HC-C-H
] H"C_O. — '.‘. N
ioee H-C-oH CHEH e
H~C-0H CoHe P N
H—é—Ol:i/\CHCéHS H L([: 0/ 675 H‘(T“OH/&,HCGSHS-
- 2Y HaC-C
i, C-0 -
\ CH Ny LN /
H-C -CH HG- ¢ -H
H- ¢ -0H H-C~OH
H"LF*CH H"C“OH
HzC-0n X Ho (-~ OH X

It 18 important to nots that nitromethane condensations,

apart from the good ylelds, generally afford both spinmers,

although in verying ratios. The ratio of tsomers produced

has, in some cases, beon found to dtffer sonsiderably fron

that produced in the X4liani cyanohydrin synthesis of sugars

(40), so that the two methods mey be regarded es complementary,
Another aspect of the nitromethane synthesis in

the fleld of earbohydrates is the preparation of l-clu sugers,
Isotopically labellsd compounds are finding extensive eppli-
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cation in the sluecidation of both bilologleal and cheomical
processes, snd for such purposes the nitromethane synthesis

has opened a new route for introducing clk into suger moleculen,
It was possible, for instance, to obtain l-clh-glucose (L3,44),
10 pomennose (43,44) and 1-Cthepexylese (45).

The Cyeilzation of Sugar Dialidenydes with Nitromethanes

In 1948, Grosheintz and Fischer (46,47) were able
to prepare nitrodesoxyinositols from 6-nitrodesoxyaldohexoses,

as illustrated by the following reaction acheme.

H-C-0 H-C-0 |  CHe
g0 H-c-0 H-C-CH
HG-éﬂﬁ HO—é—H l . HC-C -H e
H-C-0 H -C-0 — H C OH N1
H-C-CH H-C-OH H-G -CH
C Hy CH I'ﬁ CH,NO, Ci,NG,
?b(OAc},(fQ‘c
T H-CC_, | CrO
et H-c-oX | - oot
H"C'*O‘ Ic.n_;NO;_ g+0—-(l/—H ‘ S HC"—(",*H . ,/L-_-—‘\>HNO“
h0<c_H CHONG H-—’l A i (_" OH j\».l______‘/ <
| l ¥ .
H-C-C— HC-C-H HO-C- it
CHO éHJ_NOL éHZNOZ

A new application of the nitromethano condensation was found

by Baer and Fischer (48,49), They achieved one-step condensa.




tionsbetween sugar dialdehydes and nitromethane with formatijon
of pyranoside ring structures. As starting materisls were
used methyl pentopyrancaides (XVII), which were oxidized with
two moles of perlodate, glving the corresponding dialdehyde
(XVIII), which in turn, on treatment with nitromethane, 1in

the presence of sodium methoxide, formed salts of cyeclic aci-

nitrocompounds (XIX).

_HOCH,— — CHO CH
' CHOCH, |

CroH | I CHGH

| ‘ CHO j

CrtoH | Naloy CcriaNO: O =N, iNa

| ¢ CHC O NaocH, | C

ChHCH é | i CHGH
I - A :

l | CH, |

Oty oo L CHZ__

XV X Sare

The salts (XIX), on acidification, yielded free nitroglyco-
sides, which were readily hydrogenated catalytically to the
correspending amino glycosides,

Thus, the new reaction opened the poasibility of
synthesizing not only 3-nitro, but also 3-amino sugars, The
latter class of compounds is of considerable biologleal 5ig=-
nificance, since many 3-amino sugars have been discovered to
be constituents of antibiotics. No facile and general methods
for their synthesis had been avallable previously.

Since then, the nitromethane cyclization wes studied




on many other dialdehydes derived from sugars, and 1ta
general applicadility was established,

Application of the method made possible the SN
thesis of 3enitro end 3-amino derivatives of D. and L.ribose
(49), D~ end Lexylose (49), D= and Le-arabinose (50), Demane
nose, D-glucose, D-galactose, D-talose (51,52,53), as well
as nitrogenous derivatives of various 2,7-anhydro-(6-n-
heptulopyranoses (54). OFf particulsr interest was the
facile preparation, by this method, of 3«amifiow3ednoxyuDa
ribose (49), 3-sminc-3-deoxy-Deglucose (55) and 3-aminoe3,é-
dideoxy-Deglucose (56), which sre components of the anti-
blotica puromyecin, kenamyein (57,58) and magnamyein,

Apart from the synthesis of 3eamino sugars, tha
new reaction may lead to labelling sugars with clu in the
3-poaition,

Cyclization with NMitromethane of Simple Dialdehydes

Whereas the nitromethane cyelization of disldehydes
has been used successfully in numerous cases in carbohydrats
chemlstry, there have been known only three oxamples of its
application to the "simple" dialdehydes,

Recently, Lichtentheler and Fischer {59) prepared
a mixture of stereoisomsra of l,hnd1n1tro-tetrahydroxyc&clo-
hexane (XXI) by condensing two moles of glyoxal with two moles
of nitromethane, The acetyl derivative (XXII) was readily
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aromatlzed by neating in pyridine to gilve theo escetate of
2,5~dinitrophenol (XXIII), This provad the cyclic struce
ture .of compound (XXI). Reduction with Raney nickel in
dimethyl formemide-acetic scid solution of (XXI' ) gave, iIn
excellent yield (90%), dismine (XXIV),

Nol NQ;
CH ACo QA
vl -
ocH HeO e " ko
OCH CH HCO Ao OAcC
o, o,
© % XXT
2. \
Y Xﬂ %)
& »
an NO&
HO _~"\_ cH {IjizzIOAc
HO~ “OH ‘ .
N NO,
X XX

Thiele and Weitz, in 1910, condensed phthalaldehyde with
nit omethsane and claimed to have obtained compound (XX) (9).

8]
i
C

CHC ‘-.\
LrgNe, 0; —0 CH-NOy
CHE NL\Cri MecH LH/ Ve

CH,
oot
The structure proposed is difficult to reconcile with the

well-established general pattern of the nitromethane eyclia
zation (see Discussaion),

Finally, in 1961, Lichtenthaler obtained, from
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glutaric sldehyde and nitromethane in water solution at

pH 10, a mixture of 2.nitro-cyclohexanediols-l,2, from
which he isolated the isomer (XXV) in L% yield.

HO
CHO
CHO

In the light of the knowledge aveileble at the

beginning of the present work and delineated in this Intro-

duction, 1t appeared to be of interest to investigate the

following problems:

1.

24

All the nitromethane cyclizations of dialdehydes, with
the one exception of phthalie aldehyde, have led to sixe
membered ring systems, Before any more thorough studies
of the synthesis of five-mombered ring systems could bve
undertaken, it was desirable to reinvestigate the nitro-
methane condensation of phthallc aldehyde with view of
some justifiable doubts that existed in the structure

of the product,

The possiblility of cyclizing dialdehydes to form sevene
membered rings was to be studied with adipie aldehyde

as the simplest compound available for this purpose,
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EXPERIMENTAL®
General

Nitromethans and phthalic aldehyde were reagent
grade and were used without further purification. Adipiec
aldehyde was freshly prepared for each experiment from
frens.l,2-cyclohexanediol obtained according to the procedure
described in Organic Syntheses, Vol, III, p. 217. For thin
layer chromatography (T.L.C.), silica gel G (acsording to
Stahl) was used, The procedure was as follows, The plates
were covered with a layer (about % mm,) of a slurry made
from silica end water (1:2), dried in the air and activated
for two hours at 80°C. As developing solvent systems, cyclo
hexane-chloroform-acetone mixtures (S:li2ly 6:3:2; hL:ly:2) were
applied. The posltions of the spots on the plates were found
by spraying the plates with 1% cerium sulphate solution in
10% sulphuric acid and heating for 17«20 minutes 4in the oven
at 1200. Because of unreproducibility of Rp values in thin
layer chromatography, the mobilities of the compounds were
examined only by direct comparison with samples of reference,
Catalyst for the hydrogenations was freshly prepared before
each reaction by shaking Pbo2 in e hydrogen atmosphere, The
hydrogen uptake was recalculated for normal conditions,  Mele
ting points were measursd in capillary tubes end are uncor-

rected, Infrared spectra were taken in nujol mull on Perkine
.&,L-'_" -

#The Roman mumerals of the corpounds deseribed relate to the
Discussion, not the Introduction,




| S

Elmer Infracord spectrophotometer Model 137. Nuclear magnetic
resonance spectra were measured on the Varian HR60 instrument
in CD013'aolution with tetramethylsilane as internal standard,
Chemical shifts are given in parts per million (7 values) (63),

A. Condensation of Nitromethane with Phthalaldehyde

Method 1
2=-Nitroindenol-3 (I)

A mothanolic solution (17 ml.) of phthalaldehyde
(1.0 ge; 7.5 mmoles) and nitromethane (2,0 g., 3y3 mmoles)
was cooled in ice water and 30% ethanolic potassium hydroxide
(1.7 ml,) was added dropwise. The mixture, when stirred,
solidified te a colorless gel. Then‘crushed ice (60 g.) was
added and triturated with the gel. The reaction mixture stili
containing some ice was made scidic with LN hydrochloric acid .
(60 ml.). The solution almost immediately turned greenish
and after a short time, yellow needles separated, They were
filtered off, washed with water on the suction funnel, and
dried in a vacuum dessicator. The erude product (0.8 g.,
77.8%) melted st 135-140°(dec,); it appeared to be homogeneous
in thin layer chromatography. Recrystallization from benzenee
petroleum ether (b.p. 850-100°) afforded an analytical sample

of m,p, 140-141°, The yellow needles were soluble in cold
alcohol, chloroform, and benzene, sparingly solubls in petro-

leum ether, and almost insoluble in water. .
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Analysisy
Caleulated for c937o3m (177): ¢, 61,01%; H, 3.95%; N, 7.91%.
Found: C, 60,05%; H, 3.71%; N, 7.72%.

Acetylation of 2.nitroindenol~3 (I)
ZoNitroindenol~3-acetate (III)

2eNitrolndenol-3 (1006 mg.) was dissplved in scetie
eanhydride ( 1 mi.} end a smell drop of sulphuric acid was
added. The mixture wes heated on the steam bath for 15 nine
utes, After cooling, ethanol (1 ml,) was added end the re-
sulting mixture put aside for % hour in order to decompose
the excess of acetic anhydride. Then it was youred on crushed
ice, made alkaline with sodium earbonate, and ex racted four
times with chloroform. The combined chloreform extracts (60
ml,) were dried with megnesium sulphate, filtered snd evapo-
rated under reduced pressure, The residue consiszted of a
yellow orystalline solid (100 mg., 81%), mep., 125-120°. The
crude Ze.nitroindenole3-acetate was dissolved in gyclohexane
and heated with ectivated charcoal on the stoam bath for 3
minutes, then filtered while hot., On cooling, the solution
deposited yellowish needles, m.p. 126-130°. Further recrys-
tallization did not change the melting point,



ethod 2
Sodium Salt of 2.Nitroindenediolel,3 (V)

Phthalaldehyde (670 mg., 5 mmoles) was dissolved
in methanol (15 ml.) and nitromethane (305 mg., 5 mmoles)
was added at once, To the 1ce-cold mixture, a solution of
sodium methoxide (prepared by dissolving 105 mg. of sodium
in I ml. of methanol) was added dropwise. A white, corystale
line precipitate appeared immediately, which was filtered
off and washed with fce cold ethanol. All attempts at ro- :
erystallization led to decomposition of the product., It
was unstable on heeting at 80° for a fow hours, snd on rapid
heating decomposed without melting from ~ 150°, For analysis,
the sodium salt (V) was dried in s vacuum dessicator over
phosphorus pentoxide at roonm temperature.

Analysis:
Caleulated for CQHGOHNNa (217) ¢

C, L49.76%; 1, 3.69%; N, 6.45%; Na, 10.6%.
Found: C, UB.37%; H, L.08%; N, 6.,24%; Na, 9.4L%,

Acidification of Sodium Selt (V) with Jon Exchange Resin,
2-Nitroindanediol-l,3 (VI)

Freshly prepared sodium salt (V) (1.00 g.) wes
suspended in methanol (50 ml.) and 10 ml. of ion ex hange
resin, Rexyn RG-50(H'), was added. The mixture was then
stirred for 10 minutes., The crystals of the salt dissolved
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and the solution turned yellow., Thse resin was filtered off,
washed with methanol (10 ml,), and the cambines methanol
sointions were evaporated to dryness, The resulting cryse
talline produet (700 mg.) was oxamined by thin layer chroma-
topgraphy. It showed ths presence of tuo compounds, one of
them having a mobllity 1dentical with thot of 2-nitroindce
nol-3 (I)., 2«Nitroindanediol.l,3 (VI) appoarcd as a slower
spot. A crude soparation of both compounds was achleved by
meens of their different solubilitics in Yenzene, 2-nitroe
indenvl-3 being casily soluble. Final purificstion was DPel™
formed by recrystailization: 2Z.nitroindenediolel,3 (300 mg.),
after several crystalllisations from ethanol«chloroforn, scpe
arated as colorloss neodles of m.p. 162-5%(dec.), It gave
& singls spot in thin layer chromatography.
Analysiss
Galculated for C.H,0,N (195)s C, 55.39%; H, L.61%,

. Pound: €, 55,1775 i, L79%.

2-Nitroindenole3 (390 mg.) crystallized from oyelohoxonoe
benzene mixture as yellow needles, m.p, W0-11°%, It wes
fdenticael in all respocts with that prepered in the provious
oxperiment (m.pe., mized m.p,, mobility &n thin layer chromae

tography, infrarsd spectra)l,

dcotylation of Z2«.litproindanediol.l,3 (VI)
csllitroindancdiolel, J-4iccetats {VII)

2elidtroindanediolsl, 3 (50 ung.) wos dizsolved in
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acetic anhydride ( 1 ml.) with a small drop of sulphuric
acld, The mixture was heated on the steam bath for 3 hour,
coolod to room temperature and after addition of etheanol

(1 ml,) was allowed to stand for % hour. The solution was
poured on ecrushed ice and neutralized with sodium blearboe
nate. A crystalline precipitate separated and was filtered
off and washed with cold water on the suction fumnel., After
drying in a vacuun dessicator, 2.nitroindenedicl-l,3-diace=
tate (60 mg.) formed fine, colorless nesdles meiting at
82-5%, An analytical sample wes prepared by two recrystale
lizations from cyclohexane and drying at 102 mm, at room
tamporature*. It showed m.p., 90-91°,

Analysiss T

Calculated for C

1311370ty 55.99%; , 4707,
Pounds C, 56.62%; H, L4.80%,

Hethod 3
femiacetal of 2-(l-lydroxy-2-nitroethyl)-benzaldehyde (IX)

To the nixture otﬁpht%plaldehyﬂe {100 mg., 0.75
mmoles) and nitromethane (éébjgéz;,}wﬁfémﬁies), powdered
enhydrous scodium carbonate (200 mg., 1.9 mmoles) was added.
The reaction mixture was atirred overnight at room tempera-

ture, Sodium carbonate was filtered off and the oxcess of
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# Aftor drylng overnight at room temperature, the crystals
turned from colorless into brown-purpls color.
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nltromethane evaporated under reduced pressure on the water

bath (40°C). The residue (110 mg.) was recrystallized seve-

ral times from benzene. The hemiacetal (IX) formed color-

loss needles of m.p. 120-123°, which were readily soluble

in alecohol, but only moderately scluble in chloroform and

benzene.,

Analvaigt

Caleulated for Coil,0) W (195)3 ©C, 55.4%; H, L.61%; N, 7.2%,
Found: ©, S5.1%3 H, L.50%; W, 7.1%.

2,li= Dindtrophonylhydrasone (VIIIa) of 2-(1-Hydroxy-2
nitroethyl)-benzaldehyde (VIII)

Hemiacetal (IX) (100 mg.) was added to the solu-
tion of 2,L~dinitrophenylhydrazine (105 mg.) in methanol
(5 ml.) with sulphuric acid (0.2 ml.). The mixture was
heated on the steam bath for five minutes and then cooled
to room temperature. Immedlately, red crystals precipitated
whlch were filtered and washed thoroughly with ethancl.
The crude product (200 mg.) had m.p. 195-200°, Recrystel-
1lization from chloroform-dimethylformamide mixture afforded
en analytical semple of m.p. 205-208°C, The rod prisms
were hardly scluble in all common solvents except dimethyle-
formamide,

Anglyelss:

Caloulated for CygHy 00Ny (375): W, 18.5%;.) C, 450 ,H 1
Found: M, 28kF, C 4504 M35

(§. 54
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Catalytic Hydrogenation of Hemiacetal (IX),

To the suspension of platinum catalyst (100 mg.
of Pt0,, prehydrogenated) in acetic acid-water mixture
(10 ml. + 10 ml.), hemiacetal (IX) (390 mg., 2 mmoles) was
added, The hydrogenation was stopped as soon as 3 molar
equivalents of hydrogen were absorbed. The catalyst was
filtered off and washed with water., The ninhydrin-posi.
tive fllirate was evaporated to dryness under reduced prese
sure. The residue (300 mg.) after trituration with benzene
crystallized partially. Recrystallization from othanol=-
ether gave colorless erystals of m.p. 150-151%, which

showed a negative ninhydrin test. The product was presumed
to be (Xa).

Pilcrate:
To an sthanolic solution of 25 mg. of the above
product, picric acid in ethanolic solution was added in

| 8light excess. The nmlxture was heated on the steam bath
for three ninutes and then put aside. On cooling, yellow
prisms separated (30 mg.) which, after recrystallization
from ethanol, melted at 169-171°, The nitrogen content of

| the material was in agreement with formula C H,0.N of a 4-

hydroxy-dihydrolsoguinoline plerate, Calc. 11,389, found,1l..79;.

Oxidetion of Hemiacetal (IX). Lactone of 2-(l-Hydroxy=-
2-nitroethyl) benzoic acid (XI)

Potassium dichromate dihydrate (600 ng.) was
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dissolved in water (3 ml,) and conecentratsd sulphuric

acld (0.5 g.) was added, Into this solution, 600nmg. of

powdered hemiacetal (IX) was introduced in small portions,

The reaction mixture was heated at 80° with stirring for

1 hour, Then the crystalline precipitate was filtered

off and washed with water, After drying, the erude pro-

duct (470 mg., m.pe 131-132°) showed o single spot in

thin layer chromatography. Recrystallization from ethanol

pave colorless prisms of (XX) showing m.p. 132°C,

Analysis:

Caleudated for CoHl,O)N (193): C, 55.9%; H, 3.6%; W, 7.2%.
Found: C, S6.1%; H, 3.7%; N, 7.0%.

Partlel Catalytic Hydrogenation of Lactone (XI), Lactone
of 2-(1-Hydroxy-2-aminoothyl)-benzolc Acid Hydrochloride

(X11)

To the suspension of platinum catalyst (SC mg.)
in en acetic scideuater mixture (5 ml, + 5 ml,) was added
100 mg, of the lactone (XI). The hydrogenation was stopped
a8 soon as 3 molar equivalents (85 ml,) of hydrogen were
consuned. The catalyst was filtered off and washed with
water, The combined filtrates were treated with sodium
carbonate until the solution bscams slkaline, Thon the
anine was extracted with chloroforr and dried with sodium
carbonats, After oveporation of solvent, the amine did
not crystallize. Concentrated hydrochloric acid (0.1 ml.)
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was added to the syrup and thus a erystalline precipitete

was obtained (50 mg.), which after recrystallization from

sthanol gave colorloss needles of m.p.~ 260°C,

Analysis: o ';; | - o
Caloulated for CgHgO,N+HCL (199): €, Sh.h#s; H, 5,028%; N 7.0k C£/7§

Found: C, 53.8%3; H, 5.06%. Y
Rt FHSH F, 540, N TAR;CCIT8Y

Exhaustive Catalytic Hydrogenation of Lactone (XI).
Qetahydroisccarbostyrile (XIXI).

To the suspension of platinum catalyst (150 mg.)
in acetic acid-water mixture (30 ml, + 15 .1,), the lace
tone (500 mg.) was added. The reduction was carried out
exhaustively (2l hours) and 250 ml, of hydrogen was con-
sumed, The catalyst was filtered off and vashed with
weter, The combined filtrates after ovaporation left a
residue which on contact with ethanol crystallized par~
g tielly to give 50 mg. of an unidentified product of m.p.
155°. The rosidual oil was a mixturs of several compounds
according to thin layor chrometography. The 01l was suse
pended in water and made slightly acidic with 1¥ hydro.

chloric ecld., Extraction with benzene resulted in a cryse

talline colorless product (150 mg.), mepe 1&6-149°G.,

which was finally purified by sublimation at 120°C. and

9 mm. Hg. The product was octahydroisoecarbostyrile (XIiI).

Anelysis: €. o5 §.97 |

Caloulated for GHyNO: ¢, awodf; H, 9:@;%7 v, g
;Ezrv&udtfg" C 7005 4 q.75 4, 9.0

[
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Found: ¢, 70.59%; H, 9,80%,

Reduction of Octahydroisocarbostyrile (XIIX).
Decahydrolsoquinoline (XIV)

Octehydreisosarboatyrile (80 mg,) was dissolved
in anhydrous tetrahydvofuren (10 ml,) and an excess of
1fthium aluminum hydride (100 mg.) was sdded. The mixe
ture was refluxed with stirring for two hours under oxe
clusion of molsture, then cooled In an fce-bath, and wet
ethor {130 ml,) was added dropwise with stirring, Vhen
the evoiution of lydrogen had ceased, the 1inorgenic naw
terinl was filterod off and washed with chloreform. The
combined solutions were evaporeted to dryness under roe
duced pressure, The residue (72 mg.) was distilled
(90-120°/20 mn, Hg) giving 38 ng. of a colorless oil.

Plerate of Transedecshydroisoguinoiine (XIVa),

The 01l (38 mg.) obtained in the provious exe
poriment was dissolved i{n a few drops of methanol and a
hot solation of plorie acid (100 mg.) in methanoel (2 ml,)
vas added. To the warm mixzture, water was added drop-
wise, until the solution became turbid, Upon scratching
with 2 spatula theore began crystallization. Crude pice
rate {65 mg.) was separated by decantation and recrystal-
lizod several times from methenol., It formed yellow

prisms, mepe ,156-15’80, which were easily soluble in metha-

i
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nol and insoluble 4in water,

Hydrochloride of cis-Decahydroisoguinoline (XIVb)

The mother liquor from whick the abovs plerste
had been removed was paased over & swall ¢olunn containing
an anion exchenge reain in the chloride form (Dowox.l
{C1")). The column was eluted with methenol. The nearly
colorless effluent was concentrated and, on cooling with

fce, deposited about 6 mg. of colorless needles melting
at 175-1739°.

Reaction of polyphosphoric acid on amino-lactone (XI1I)

The sminolactone (XII) (50 mg) was suspendsd 4in s
water - sthanolic solntion (10 ml.) of sodium hydroxide (135 mg)
and refluxed for tuwo hours., The mixture was eveporated to
dryness in vacuo and axcess of polyphosphoric acid was
added carefully. The mixture was heated on the steam bath
for % hour. Then water (20 nl) was added and ths sroduct
was extrected with chloroform (6 x 20 ml). Evaporetion of
combined chloroform extracts gave an olly product (6 mpg),

which showed in IR, absorption at 1650 cm'l.

B, Gondensatich of Nitromethene with Adiple Alddehyde

Praparation of Adipic Aldehyde

To an 4ce~cooled solution of sodium metepers
fodate (2.1 g., C.01 moles) in water (30 ml.), trans-l,2-
cyclohexanediol (1.2 g., 0.01 moles) was added portion-
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wise. The mixture was a.z.lmvod to stand in the daviz at
room LHemperature, and the presence of pericdate was exe
amined with stareh paper that was saturated with a water
golution of potassiunm lodlde and excess of scdiun bicare
bongste, When the test bscame negotive (15 min,), tue
reaction mixbture was extracted 8ix tlmes with ethiyl ace=
tate (200 rl.). The olhyl acelate extracte were coxbined
and dried with wmasnesium sulnhate, n evaporation under
reduced pressure to dryneas, they left a colorlesns oil
(1,2 2.} Adinie aldehyde mavy be distilled at 91-94%/

5 rm, Uz, Toually it was used for the condensations
freshly prepored without dletillistion, The product gove
a crystalline bise{2,=dinitrophenylihydrasone) of ri.De
210-215%,

Condengsation 1

To the mizxiure of adipie aldeliyde (1.5 S.p 13e%
pmoles) and nitromethane {T.0 ge, 13.2 mwcles), cooled in
lee, mebhanoliec sodiwm methoxlide (4,03 . Ha (1,3 rmoles)
in 1 wi, of methancl) was added dromurise. The preciple
tate that aopeared wasg dipscived by sdditlon of methanol
(10 »1,), The nixbure was kepb at 0°0,, with sbirring,
for ong hoar, thaen fbowas dilubed with nmethonol (25 ni,)
and nouvtrallized with an exceosp of e lon exehanse realn
(Ine120{i*))} o Tae vesin wes filicred off and washed with

methanol, The sorblined mebhanslic solutions wWere ovepo=-
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rated to dryness and left a yellowish oil (2.4 g.) vwhich,
when exemined In T.L.C., showed the presence of 9 compo=
nents, This mixture could not be induced to oryatallize,

nor could it be separated by distillation.

Condengation II
Proparation of 1,8-Dinitro.2,7-dihydroxyoctane

To a mixture of adipie aldehyde (1.5 g., 13,1
mmoles) snd nitromethane (7.8 g., 130 mmoles), cooled in
1ce, & 37 methanolic sodfum methoxide solution was added
dropwise to adjust the pH to 8. The precipitete formed
was dissolved by addition of methanol (5 ml,). The mix-
ture was kept at room temperasture for half an hour, then
1t was dlluted with methenol (25 ml,) and neutralized
with excess of ion exchange resin (IRX-120(HY)). The res-
in was flltered off and washed with methanol., The come
bined methanolic solutions were cvaporated to dryness and
left & yellowlsh o1l (2.7 g.), which in T.L.C. showed the
presence of one major spot accompanied by six minor spots,
The o1l partielly crystallized when it was kept overnight
In the refrigerator. The crystals were separated by
washing with 2-propenol. Recrystallized thres times
from the same solvent, thoy formed colorless needles of
m.p. 99-100°C, Further crops were obtained from the

mother liquor, giving a total yleld of 50% of 1,8-dinitro-
2, T=-dihydroxyoctane,
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Anelysis:
Caleulated for CgHyeOpNs (236): €, 40.67%; H, 6.33%,
Pound: C, L41,00%; H, 6,47%,

Acetylation of 1,8-Dinitro-2,7-dlhydroxyoctans
1,8-Dinitro-dihydroxyoctane-2,J-dlacetate

1,8«Dinitro~2,7-d4hydroxyoctane (100 mg,) was
dissolved in acetic anhydride (1 ml,) with a small drop
ef sulphuric acid, Ths mixture was heated on the stesm
bath for % hour, cooled to room temperature, and after
addition of ethanol (1 ml,) was sllowed to stand for %
hour, The solution was poured into crushed ice and
neutralized with sodium bilcarbonate, The solution was
extracted six times with chloroform. The combined chlo-
roform extracts were dried with caleium chloride and
evaporated to dryness, lsaving a syrup which orystallized
on scrateching, The colorless prisms (105 mg.) were roe

erystallized twice from cyclohexanc-chloroferm and then
mlted at 110-1129C,

Analyeist
Caleulated for CyaEan0:N; (320):

C, 45.01%3 B, 6.25%; W, 8.7%.
Found: C, U4,83%; H, 6.65%; W, 8.2¢
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DISCUSSION

A Condensation of Phthalalde@yde with Nitromethane

The choice of phthalaldehyde as an object of this
study was made for the purpose of investigating the poastbility
of closing a five~membered ring in the nitromothane.dialdo-
hyde condensation., Although this particular exsmple had been
reported long ago by Thiele and Weltz (9), 1t was felt that
a rainvestigation was warranted for the following reasons:
the structure of the condensation product, as gilven by the
early authors, was at vartance with thet to be expected from
the usual course of the reaction, which has been well estabe
lished in the acyclic series. An explanation, involving a
hydride shift, for the formation of the produet, was offered
by Campbell emnd Pitzer (60), but was not supported by experi.
mental evidence, It was of interest, thersfore, to prove or
disprove the structurs of Thiele and Weitz's product, and to
iInvestigate whether sdditionel reaction products botwesn
nitromethane and phthalaldehyde are obtainable, and if so,
to elucidate their structures.

The condensation reection botween phthalaldehyde
and nitromethane was tried under several different conditions,
involving chanpges of the molar proportions of reagents, of
the solvent and the emount of catalyst, We will discuss

here only thres oxperiments that led to different products,
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1., Formation of Five-membered Ring

At Pirst we repeated the experiment described by
Thiele and Weitz (9); that is, we carried out the reaction
in methanolic solution and in the presence of potassium
hydroxide. On acidification with 1N hydrochloric acid, we
obtained a product which, judging from its melting point, was
identical with that of Thiele and Weltz, but for which we
established the structure of 2-nitroindenole3 (I) instesd of
2-nitroindenol+l (II), as proposed by those authors,

2 N02 — NOl
3 ~
~ OH _ CA'C,
1 jii}
CH O OAcC
i
\ NO, H'2—ND, NQOy.
H H H H #H

=
=l

Structure (I) follows from the evidence summerized
below. The preduct, m.,p, 1L0-141° {(reported luzo))analyzed
correctly for 09H703N. It showed infrared absorption at
3350 emot (OH), 1600 and 1500 em> (arom, skeletal), 1550
and 1350 omi 't (N0,), and 770 omyt (arom., outeofeplane),
Acetylation with acetic anhydride gave the monoacetyl derivew
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tive, m.p. 126.130° (reported 127°), which showed Infrared

absorption at 1740 cm?l (C=0) and 1230 cm:l (C=0 of acstate)
and lecked OH absorpticn, in agreement with structure (III).
The abasence of C=0 absorption in compound (I), which has been
previously noticed by Campbell and Pitzer (50), is not sufe
ficiant to reject formula (II), because one could well assume
complete snolization, However, the carbonyl band in the
acetate (III) 1s too low for a vinyl type ester such as (1v),
for which the range 1770-1800 emt! was noted (61), Also,
C-0 atrotching vibrations in snel acetates ars near 1205 cm?}
that is, mch lower than we found for acetate (III),
Conclusive ovidence came from the NMR spectrum of
compound (I) and 1t3 acetats (III), The spectrum of (TI)
(Table I) showed & singlst at 2,12 T (IR), a multiplet cone
tered at 2,49 T (LH) and a broad stnglet at he38 T (1H), This
accounts for all protons but one, Missing is obviously the
hydrogen of?%ﬁ group, owing to the fast exchange with solvent,
The acetate (IIT) stmilerly has a einglat st 2,11 ¢
(1H), e singlet at 2,51 (LE), a singlet st 3.17°T(1¥) and a
sharp singlst at 7,817 (3¥), which sgein ececounts for alil

protons present in the moleculs.

The signals corresponding to LH can immediately be

assigned to tha aromatie protons, The signal at lowost

field in both apccira comes from thae clefinic proton at Cwl,

Although the corresponding proton in indene apposars at V3.8
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(62), the downfield shift observed in our case may be expec-
ted because of an anisotropic effect of the nitro group.
The absorption at }.38 T arises from the prrton in «-position
to the hydroxyl group which, in acetyl derivative 1s shifted
downfield to 3.17T, as it may be predicted (63)., The signal
corresponding to three protons in acetates is due to the
hydrogens of the acetyl group. These findingsfit formula
(I); they are in disagreement with compound (II) which pos-
sesses no olefinic protons, but has two aliphatic protons
in both the ketonic and the enolic form' .

2-Nitroindenol-3 (I) may be considered as arising
from a dehydration of 2-nitroindandiol-l,3 (VI), that should
be obtained as & primary product of condensation between
phthalaldehyde and nitromethane.

, OH CAc
_kho \ '
@\ i CH;NO:;_ @j}- NO, .i“‘_o, NO:{
> Ncho , /
Oh OAc
l(OH—) N \ i
Cit
CH 5H
Y I

% After the present work had been concluded, Lichtenthaler

), in a preliminary communication reported the same struc-
ture for the cyclization product forwarding arguments similar
to those presented in this thesis., He also obtained an
analogous product from 2,3-naphthaldehyde,
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Oour next attempt was to isolate compound (Vi) fron the
reaction mixture,

Upon condensation of phthalaldehyde with nitro-
mothane in methanolic solution in the presence of sodium
methoxide, the sodium salt (V) crystallized in form of
fine, coclorless needles, which were isolated, and without
further purification analyzed correctly for Ggﬁaouﬁﬂa.

¥hen & suspension in ethanol of this sodium salt
(V) was stirred with a cation exchange resin (Rexyn RG5O
(H*)), there was obtained in good yield a product which,
acoording to thin.layer chromatography, consisted essen-
tially of two components. These were separated by frace
tional crystallization from benzene and sthanolchloroforn
mixtures? The more soluble corpound, which accounted for
~bout 50% of the product, was revealed to be identical
with previously obtained 2.nitroindenol.3. This was estab-
lished by direct comparison of the melting points, infrared
spectre and chromatographic mobilities. Thoe second product
was less soluble and less mobile in thin layer ch omatography;

# It 18 worth mentioning that application of colum
chromatography for the purpose of purification and tsolation
of the reaction products was impracticable in all cases,
owing to the instability of the condensation products on cone
tact with alumina or silica gsl, Even fast runs om thin-
layer chromatography plates suffered from some decomposition

of product, although 1t was possible to use this technique
for analytical purpose.
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after crystallization from ethanolichloroform mixtures it
formed colorlsess needles of m,p., 162-5° {(deec.) and showed
the following infrared absorption peeke: 34,00 em.=l (OF),
1550 o&.'l and 1370 em,"1 (NO,). It formed a dlecetete that
enalyzed correctly for cgngohn and showed IR-absorption at
1720 om."! (C=0) snd 1220 om,~} (C~0), 1550 em,~% (BOE). No
hydroxyl absorption was found, These data indicated struce
ture (VI) for the leosas soluble product obtained from the
salt (V), and structure (VII) for 1ts diascetate., Finsl
proof was furnished by means of NMR spectroscopy. The NMR
spectrum of (VII) showed the presence in the molecule of
four types of protons in the proportion )4:2:1:6 (Table 2),
At lowest field there was & singlet at 2.57— (4i), whickh
accounts for the aromatic protons, Then there was a doube
let at 3.387T (2B) with splitting ] 5«6 c.p.s. This signal
corresponds to the hydrogens at C-l and C.3,

The aplitting into a doublet proves the presencs of one hy-

drogen at (-2, The triplet at L.83 T is due to the hydrogen
at Cw2 (3'5-6 CePsBe)o At highest field there was a sharp
singlet corresponding to & protons of the two acetyl groups.

These features of the NMR spectrum proved structure (VII) for

the acetate, from which follows structure (VI) for the pro-
duct of condensation. It is mlso apparent from the NMR spece
trum that both acetoxy groups must be on one side of the -
five-membered ring. This follows from the identical chemical
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shifts of the acetoxy groups, and from the splitting of the
hydrogen at C-2 into a triplet with an intensity 1:2:1, which
must be due to two ldenticel protons. Therefore, one can
assign compound (VI) either the all-trans configuration (A)
or the all-cis configuration (B). Although we cannot at
present decide between these stereochemical possibilities,

the configuration (A) would appear to be more likely because
of the quasl.equatorial disposition of all bulky substituents,

Formation of Internel Hemfacetal of 2-(l-hydroxy-2-
nitroethyl)~benzeldehyde

When a solition of phthalie aldehyde in nitro-
mothane was stirred with solid sodium carbonate at room
tempersature for 12 hours, a condensation product different
from (I) end (VI) was formed in 80% yleld, It was isolated
as colorless crystals melting at 120-1230. This product
wad shown, on the strength of the followlng esvidence, to be

the internal hemlacetal (IX) of 2-(l-hydroxy-2-nitroesthyl)-

benzaldehyde (VIII).
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Product (IX) analyzed correctly for C9H9°u R

Its infrared spectrum exhibited bands at 3300 emsl (OH),
1550 emsd (N0,), 760 emsl (aromat.), but lacked carbonyl
absorption, However, on treatment with 2,li-dinitrophenyl-
hydrazine, it afforded a crystalline 2,Lj-dinitrophenylhydra-
zone whose analysis was in agrecment with the assumed formue-

la (VIia).

' » oH
/CHO O ‘\
TCH_,;NO: — —— O
CHO C H—CHENOL “ CHENQZ
{
OH .
Vi JES

[ oo
' .
Vil a

Catalytic hydrogenation of (IX) with platinum
catalyst led to various products, depending on the reaction
conditions, The solution beceme ninhydrin-positive, which
suggested that the amine (X) was an initial product. Howe
sver, a crystalline and ninhydrin-negative product melting
at 150-151° was obtained upon work-up. Possibly this product
was Lehydroxy=-3,L-dihyroisoquinoline (Xa), which 18 a Schiff
base arising from the aldehyde form of (X). Although a
cryatalline pilcrate could be prepared from the presumed isoe
quinoline derivative (Xa), these hydrogenation experiments

did not furnish conclusive evidence as to the structure of
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the nitro compound (IX) becsuse of unsatisfactory elemental

analyses of (Xa).,

OH

{><1
[
O

More successful was the oxidation of (IX) fol-
lowed by hydrogenation., With potassium dichromete in sul
phuric acid, (IX) gave a highly erystalline lactons (XI) in
quantitative yield. Theo more important bands in the infra=
red were at 1750 omyl ( y ~lactons, o , 4 -unsaturated), 1600
em?l (arom, skel.), and 1550 omzl(Nba); On titration the

lactone consumed 1,1 equivalents of alkall.

OH

—=Q

Kz(;\‘g_ 07 5 HJ_SO‘)

G

| CH,— Noi’. \ZC

T O
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The lactone (XI) was hydrogenated catalytically
in the presence of a platinum catulyst, Wheti the hydrogenae
tion was interrupted after three moles of hydrogen had been
consumsd, an amlnoiactons (XII) was isolubed that will be
desorivsd further below,., When, oh the other hand, the hydro-
genation was allowed o proceed Lo completion, the product
wes octahydrolsocarbostyril (XIII), It was tentatively idone
tified on the basis of its analytical data, melting point
and Infreped spectrum. The melting point rscorded In tho
literstura (85) for cectzhydroisccarbostyril 1s 147°C,
whereas our product melted at 1&5-1&903 it must have cone
talned some of the cis isomer as became apparent from the
subsequent experiment,

Since suthentic samplss of comparison of oectal
hydroisocarboetyril were unavailable, the product was con-
verted, by reduction with lithium aluminum hydride, into
enother known compound, decehydrolsoquinoline (XIV). The
reductlon product consisted mainly of the trans isomsr,
which was chearscterised ns ite crystalline plerzto of m.p.
156=158% {reported (6}, m.pe 159-120%), Prom the wmother
Llquor the pis Isomer was icolated as & crystalline hydro-

chloride of m.p. 1751789 (reported (66), m.p. 176°.




(/}k\wa LiAlH, NH _
m

Xii

The aminolactone (XII) that was obtained as a
primary product in the hydrogenation of the nitrolactone
(XI) was characterized as a oryatalline hydrochloride mel-
ting at 260°, The infrared spectrum revealed the presence
of a Z -lactone grouping (1750 cmrl) end an amino group
(3450 cm?l), and showed the absence of a nitro group. An
attempt to convert this amine lactone into {socarbostyril
(XVI) by treatment, first with alkeli to produce the salt
(XV), and then with polyphosphoric scid to achieve ring
closure and dehydration to (XVI), did not result in the
formation of an idontifieble product, although the infrared
spectrum of the product obtained showed an absorption at

1650 em. which may correspond to a eyclic lactan,
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The sequence of reactions carried ocut with the
phthalic aldehyde-nitromethane condensation product (IX),
leading to the lsoguinoline system, proves that only one
aldehyde function of phthalic aldehyde had undergone Henry
condensation with nitromethane, while the other remained
available for a subsequent oxidation to the carboxylic
acid stage. Reductlon of the nitro group in (XJ) to an
amino group then made possible the closure of the lactam
ring which constitutes part of the isocarbostyril deriva-
tive that was ultimately obtained. The fact that the
second aldehyde group of phthalic aldehyde did not con-
dense with nitromethane can be explained by a rapid forma-
tion and -~ in tho absence of hydroxylic solvents -- great
stabllity of the internal hemiacetal (IX),
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B. _Condensation of Nitromsthane with Adipic Aldeshyde

In our attempt to obtain & seven-membered cyclic
condensation product of niltromethane with adipic aldehyde
according to the reaction scheme given below, we inveatigated
various reaction conditions which had been successful in the

formation of five~ and six-.membered rings,

OH
CHO
H (CH™)
b H-C-NO,  ——— NO,
H
CHO
CH

Using stolchiometric amounts of adipic aldehyde
and nitromethanc we obtained, regardless of solvent and kind
and amount of catalyst, oily products which were revesled by
thin layer chromatography to be mixtures of up to ten compone
ents, Judping from the intensities of ths chromatographic
spote these components arose in comparable quantities although
some variation occurred with changing reasction conditions.
¥o ecrystalline product could be isolated, and chromatography
on & prepavatory scale proved unsuccessful, The olls preduced
always seemed to contain a component which also arose when
nitromethane was omitted from the roaction mixture: from 1ts

infrared spectrum as well as from i{ts benzaldehyde-lile smell
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thls substance appeared to be oyclopentene<l-aldehyde, being
produced by an intramolecular aldol condensation of adipic
aldehyde,

When adipic aldehyde was reacted with a tenfold
excess of nitromethane, agein there was produced a mixture of
products, with one component being in preponderance. This
chief product was 1solated in crystalline form in L40% yield.
It snalyzed for CGH16°6N2 and showed hydroxyl and nitro bandse
in the infrared spectrum (3040 emtl (OH); 1535 em?: (NO2)).
The elemental composition of the product suggested that the
dieldehyde had reacted with two nitromethane molacules to
give 1,8.dinitrooctandiol«2,7 (xvi),

OH | ' ?Ac
) .
—CHO CH-CH2NOZ -——CH—-CHZNOZ
i) | Ac.O
+ 2CH, NO, T
| i
OH CAc
YN XYL

The structure of (Xvii) was confirmed by the NMR spectrum of
a crystalline diacetate (Xvii) that was obtained from it. The
spectrum exhibited four groups of signals with intensities
corresponding to 2, lj, 6, and 8§ protons., There was an unrow
solved multiplet centered at 4 507(2H), being attributable to
the hydrogens at C~2 and C-7; a sharp doublet at 5,457 (4H)
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with a spacing of;} 6 c.p.8., corresponding to the hydrogons
at C-1 and C-8; a sharp singlet at 7,957 (6H) being dus to the
protons_of the acetyl groups; and finally a broad signal
around 7,9-gs7(8H) originating from the protons of the four
methylene groups,

From the results of the experiments with adipic
aldehyde it may be concluded that the nitromethane cycliza-
tion to form a seven.membered ring is a more difficult propo-
sition than the synthesis of five- or six-membered rings,
which 1s in keeping with genheral obaervations in organic cheme
istry. Possidbly, the formation of seven-memhered rings might
be facilitated by using dialdshydes that are substituted in
~ 5 x’=position. Adipic aldshyde derivatives so subatituted
would be barred from undergoing intérnal aldol condensation,
and it is known, moreover, that substitution generally tends

to favor the cyclization of open-chain compounds,




1.

2e

3.

L

CLATHS TO ORIATINAL RESEARCH

The_atructura of a product of condensation batueen
phthalaldshyde and nitromethane, which had been claimed
by, J. Thiele and E. Weltz to be Z2-nitro-indencl.l,

was established to be 2-nitro-indenocl-3.

Tt wes shown that the cyclization wlth nitromethane of
phthelaldehyde proceeds in the normal way, giving rise
to a primary product whédh wes isolated and proved to
be 2«nitro-indanediol-l, 3. Elimination of water from
this product thon leadsa to Z-niteceindenol-3, rathsr
than to 2-nitro.indenoll.

A4 third product of condensatlon between phthaleldehyde
and nitromethane was obtained, and its structure was
shown by e series of reactions leading to decahydroiso-
quinoline, to be that of an internsl hemiacetal of

2= (1l=-hydroxy-Z-nitroethyl)-bensaldshyde.

an attempted cyclirzatior with nitromethane of adipic
aldehyde feiled to produce tho desired seven.mombersd
ring syeton but afforded, ingtead, hitherto unimouwn
1,8~é1nicro-2,7~61hydroxyoctans.

The following compounds are described for the first time
in thia thesisa:

{a) 2«Nitroindanediol.l,3
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{b) 2-Fitroindanediol-l,3~diacotate ,
(c) Hemlacetal of 2-{l-hyﬁroxyuznnitroghyl)-benzaldehyde
{d) 2,L-Dinitrophenylhydrazone of 2= {lahydiroxyw2-nitro-

 ethyl)-benzaldehyds
(e) Lactone of 2= (l-hydroxy-2-nitrosthyl) ~benzote scld
{f) Lactone of 2= (1l-hydroxy-2-aminoethyl)-hengoic aecld
(g) 1,8-Dinitro-2,7.d1hydrozyoctane
(h) 1,B-Dinitro-dihydroxyoctanc-2,7-dlacetate
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