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Secondary Free Radical Intermediates in the Synthesis of
2-methyl-6-nitroinédazole

Sl W i he N

I. INTRODUCTION

The chemistry of nitro and nitroso groups is important
in synthetic routes to new energetic materials. The synthesis
cf 2-methyl-é-nitroindazole by two methods (both requiring
cyclization inveolving a nitro group) has been reported.l
The mechanism of formation was shown to reqguire basic
conditions and was suggested to involve an N-oxide inter-
mediate. The synthesis of 2-methyl-6-nitroindazole from
4-nitro-N,N-dimethylbenzylamine as the starting material was
performed. The final reaction preduct was monitored by
electron spin resonance (e.s.r.) and nuclear magnetic
rescnance {(n.m.r.) spectroscopies during a time period of
several weeks. Free radical intermediates were detected when
the reaction was started bv nitrating 4-nitro-N,N-dimethyl-
benzvliamine to form an isomeric mixture of 2,4 and 3,4-dinitro-
N,N-dimethylbenzylamine. No free radicals were detected when the
Teaction was started by mixing separately prepared 2,4-4dinitro-
N,N-dimethylbenzylamine and 3,4-dinitro-N,N-dimethylbenzylamine.

e

}

II. RESULTS AND DISCUSSION

An isomeric mixture composed of 2,4-dinitro-N,N-
dimethylbenzylamine (II) and 3,4-dinitro-N,N-dimethyl~
benzylamine (III) 1s produced by nitration of 4-nitro-N,N-

imethylbenzylamine (I) as shown in equation (l1). The
dominant isomer 1s the 2,4-iscmer. Proton nmr spectra of
these isomers show different chemical shifts. For
2,4-dinitro-N,N-dimethylbenzylamine the reak assignments are:
a singlet peak at 6=2.43 for -CHz- and a singlet peak at
$§=3.78 for -(CH3)2. For 3,4-dinitro-N,N-dimethylbenzylamine
the peak assignments are: a singlet peaxk at §=3.88 for -CHp-
and a singlet peak at $§=2.32 for -(CH3);. The conversion
of 2,4-dinitro-N,N-dimethylbenzylamine into 2-methyl-6-nitro-
indazole requires ca. 2 mcnths (as determined by proton and
C~-13 n.m.r. spectra). A solution of the 2,4 isomer (in
acetonitrile) was found toc convert into the indazole more
slewly than a solution composed of an equimolar mixture of |
2,4 igsomer and 3,4 isomer. In further studies we found that ;
d¢ ethylbenzylamine itself catalvzes the ceonversion ;
suggesting that the catalysis is due to the basic Droperb‘-
of the added material. We alzo fcund that the addition of

Manuscriot approved November 20, 19585,

1

-------
-----

~
.f
::‘Pf. ‘L"‘.A"i"::" 5 "



g el ot e al e e b bl B k- Rt A B S B Aed & Sl B A i S i A AANI B S ar e i Gl e ML I Atk SV RSE nAs GAd ASE Rea ko Al EOR N "‘r"""‘""'"j

.ﬂ" A A % 286G _——%

w.«f,g\_.,.&‘v‘{“‘j‘ A \ 7 / .‘\ J!

—'”
— 1.8G Y
ll' Y
FPig. 1. The first derivative e.s.r. spectrum of an iminoxy

radical is shown. The spectrum is composed of 9
lines. A second free radical signal is also recorded.

i l H3C CH.,
i 4 { EXPERIMENTAL \N / ¥
[ N
{

i 0
A , |

AN
,«_//‘\/W' ‘V‘ \j /\/’ ]

SIMULATION

Fig. 2. The first derivative e.,s.r. spectrum of a dimethyl
nitroxyl radical is shown. This spectrum remains
atable for ca. 390 minutes. A simulated spectrum
using the couplings listed in the text i3 shown for
compariscn.
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electron acceptors tetracvanoethvlene (TCNE) and dicyano-

- dichiorobenzoquinone (DDQ) inhibited the ccnversion to the
indazole {(after 12 days proton n.m.r. indicated only the
presence of the starting 2,4-derivative). A CDCl3y solution
of the 2,4-derivative and the electron acceptor is a dark red
color. A soluticn ¢f 3,4 isomer does not convert to
indazole.

CHN(CH3),  CHaN(GH), GHaN(C H3);

o~ NOy A~ equation
2 WNG3 + " —CHy (1)
NC, ON

NO2 NO, NO, :
I II ITI v

2-methyl=-6-nitroindazole

Analysis of the Esr Spectra

Free radicals were detected at sequential time periods
during the converaion of the isomeric solution mixture to final
-+ 1 indazole product (when the reaction was started by nitration of
el 4-nitro~N,N-dimethylbenzylamine in equation 1). The first e.s.r.
: spectrum was recorded £ollowing nitration and within 10 minutes
after removal of ether from the reaction product (but was not
reproducikle)., PFig. 1 shows the e.s.r. spectrum recorded from
an 0.1 ml sample of the reaction oproduct dissolved in
acetonitrile. The spectrum shows two different free radical |
signals. Cne signal is composed of 9 sharp lines each with a |
s linewidth of 0.5G (G=Gauss). This 9 line spectrum is consistent ‘
with a free radical having two inequivalent lay (z=1) hyperfine
couplings. The larger coupling is 28 G. This coupling is
assigned to an iminoxy free radical. Iminoxy radicals have l4yn
$ coupling values in the range of 28 to 33 G. The smaller
o coupling of 1.8 G is assigned to the second 14N nucleus. No
- 1y hyperfine couplings were detected. (*H <couplings appear as
integral multiples of overlapped doublets usually with large
hyperfine couplings for 8-protons).2 Based upon the l4N
coupling values the radical having the structure R-N=N-O- 1is
assigned to this spectrum [where R is O3N(CgH3)CHN(CH3)3].
A similar spect*um of the CgHg-N=N-0- radical has been reported
eizewhere.~“ This radical decays within several 3seconds and was
not always detected during each experimental run.
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The intensities of the second set of broad peaks in Fig. 1
continued to increase with time. After ca. 15 minutes the
spectrum appeared as shown in Fig. 2a. A computer simulated
spectrum of the major spectral ccmpeonent of Fig. 22 is shcwn
in Pig. 2b. This pattern is assigned to two different
nvperfine couplings. A 15.6 G coupliing i3 assigned tc an
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TARRTAY
The first derivative spectrum of an ovérlapping

signal from free radicals which remain stabilie
for several days after the synthesis.

The spectrum in a) was recorded by using a
modulation amplitude of 5G. This spectrum clearly
shows the major couplings.

The reaction product was dissolved in CCly
and the spectrum of this sample is shown.
This spectrum is attributed tc a single free
radical =ignal.

The spectrum in c) was 3aimulated using the
couplings a-, a2, and a3
text.

listed in the
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14y nuclaus and contrilsutes a i:l:l triplet splittiang. The
second coupling of 12.2 G is assigned to € equivalent protons
which contribute a 7 line splitting with the relative

intensity ratios 1:10:15:20:15:210:1. This i3 consistent with

a dimethylnitroxyl radical, (CHa)aNO-. An equivalent

spectrum of this radical has been reported.4 The
dimethylnitroxyl radical is likely formed by dissociation of the
benzylic C-N single bond in the amine II and migration of oxygen
£rem the nitro group.

The spectrum in Fig. 2a remained stable for 30 minutes.
Afterwards, a different free radical signal, as shown in Fig,
3a, was recorded. {(The same spectrum, in Fig. 3b, was recorded
by using a Zeeman modulation amplitucde of 5 G, Overmcdulation,
as in FPig. 3b, artifactually broadens the linewidth so that only
major spectral couplings are resolved.) Two hyperfine couplings
were measured from the modulation broadened spectrum. These
couplings are al=20.8 G {assigned to a single froton, I =1/2,
coupling) and a<=z9.48 G (assigned to a single in, 1=1,
coupling). Proton couplings can vary an order of magnitude
depending upon their proximity to the unpaired electron site.?
Protons having an isotropic coupling of ca. 20 G can be
attributed to «¢-pretons in carhon centered radicals® (RR'CH), o
e-protons in alkylamino cation radicals® (RR'NH*); and 3-proten
in certain nitroxyl radicals’ (-CH-N-0). 14N couplings for
nicroxyl radicals usually have a value near 16 G. If the
nitroxyl group is adjacent to a conjugated ring (such as a
phenyl ring;, then the liy c¢oupling has been reported to range
from ca. 9 to 11 G.3:8 Another example of an 14N coupling having
this value has been reported for cyclic imino nitroxyl radicals
(having two 14N couplings, e.g. Structure V)3,

3.9G
TN 956

I 9.25G
Qe

T
S

Structure V

rom the high magnetic fizld and lcw magnetic field regions
of Fig. 3a, two_additional couplings werz2 measured. These
couplings are a3=3.06 G (assigned to two equivalen:

protons) ané a%=1.05 G (assigned to a 14N coupling). Two
equivalent protons contribute triplet 1:2:1 intensity ratio
to “he spectral pattern. A coupiing of 3.06 G is commecn £for
protons on _an argmatic ring which is adjacent to a nitroxyl
function.10 A liN coupling of 1.05 G is small and cccurs
for radicals having two acdjacent nitrogens. An 2xample has
been raported £or diazacyclopentadiencne anion radicals and
Zor other nitreoxyl radicals having adjacent nitrogens.Z2.1l 2
£4fth coupling, a~, was estimatzd Sy using coinputer
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simulations 2f the linewidth and spectral intensities, This
coupling is assigned to a proton coupling having a value of
0.5 G. After 5 days the spectrum was recorcded showing little
change in t“he relative peak intensities in the high and low
magnetic field regions ¢f the spectrum. Differences in peak
intensities near the center field region of Fig. 3a indicated
an cverlapping spectral pattern from other free radical
signals. The existence of a broad single line pattern
{linewidth of 8 G) overlapping the center field region orf the
spectrum in Fig. 3a was confirmed by recording a spectrum
0of this single line radical sianal after all other spectral
components had decayed (several weeks after the synthesis).

In a separate experiment a 3ubstance was extracted from the
indazole reaction product mixture and was then dissolved in
CClya. This gave a spectrum which is attributed to a single
radical species (shown in Fig. 3¢). The following couplings were
assigned to this spectrum: one 1y coupling egual_ tc 20.8 G; one
idy coupling equal to 9.48 G; and two equivalent +H nuclei with a
cgupling equal to 3.06 G. (These couplings are identical to al,
a<, ard a3 measured from Fig. 3a-b.) A computer simulated
3pectrum based upon these ccupling values is shown in Fig. 3d.
A suggested assignment based upon the magnitude of these
couplings is indicated by Structure VI. A similar free racdical
has been reported by Janzen, Lai, and Snetty.l2 This structure
i3 shown by VII.

CHO crRo
N—N— -

()2h4 é) A R ? H
Vi o vir  ©

The nitroxyl group 14N couplings in both structures are
similar values (%.921 G for ¥I and 7.93 G for VII}, and are both
less than the typical nitroxyl coupling value of ca. 15.0 G.
Lixewise a small proton coupling of ca. 1 to 3 G is=
atztributed to aromatic prston couplings in both structures.
St-ucture VI has a second 1in coupling from the amino alkyl
group adiacent to the aitrexyl function. This liy coupling
{1.05 G) is a value similar to previousl{ reportad couplings
frem radicals having adiacent nitrogens. 1 The largest
preton coupling in Structura VI (20.2 G) is gresater than tae
e-proton coupiing in VII, but within the range of some
3-7roton couplings., Structure VI 1is regarded as tentative.
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3uggestad Mechanism of Cycliczcaticn.

Cyclization reactions involving nitro groups occur via
formation of both radical and non-radical intermediates.
One non-radical example is the conversion of 1-(2,4-
dinitrophenyl)-2-methyl-3,3-pentamethylenediacziridine into
2-methyl-6-nitrobenzotriazole-l-oxide.?!

The pcssible mechanism, as outlined in reference 13, involves
bond formation between an oxygen of the nitro group and a
polarized carbon site. This step is followed by elimination
of a cyclic ketone to give an -N=N-R functional group which
cyclizes with the -N=0 function (left from the nitrec group)
to give the cyclic benzotriazole-oxide.

Cyclizations involving radical intermediates have been
reaported to involve formation of cyclic alkoxy nitroxvyl
radicals. This nas been shown by intramclecular trapping of
B-substituted carbon centered radicals by an crtho-
substituted nitro iroup to form 6-membered ring alkoxy
nitroxyl radicals. In another revort, the formation of
alkoxy nitroxyl radicals was demonstrated frem intramolecular
trapping ¢f e¢-alkoxvalkyl radicals by an certho-nitro
group.l It has also been shown that benzovl radicals are
capable of abstracting oxygen atcms frcm an ortho nitro group
Dy a two-step radical addition-cleavage mechanism.19 These
results may be summarized as:

P
[
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This overall evidence points toc the participation of an
ocxygen from the nitro group with a reaction center (in the

roup ortho to the nitro greoup's location) as a major 3tep
toward cyclization.

In this reaction spectral observation of the (CH;),NO*
radical indicates such a reaction step. It 13 not possible teC

CHy CHy

1
N, C HaN=CH, CH, N-CH,
‘ & - ——— (')
0,NTN—0 0,N N

conclusively link a free radical mechanism to this rzaction
because the cbservation of the free radicals requires nitraticen
cf 4-nitro-N,N-dimethylbenzvliamine as the first reaction step (as
shown in equaticn 1). When the reaction is started by mixing

2,4 and 3,4-dinitro-N,N-dimethylbenzylamine no free radicals are
observed.

III. ZXPERIMENTAL

Spectra were recorded by using an ER 200 IBM Bruker 2sr
spectrometer, The instrument secttings were 20 mw of incident
microwave powar, 0.63 Gpr of modulation amplitude (at 100 kHz
modulation frequency), a 1 sec time_constant and a 500 sec 3can
time with a sweep width of 100 G. 132¢c ana proton nmr srectra
0% the rezaction precducts were racorded »y using a JIZOL-PS-109 nmr
sgectrometear,

B . - 1 ~ - .
2-Methvyl-6-nitreindazole, IV:+ To 8 ml cf 6°5% IZuming
zulfuric acid, <ooled to -3 to 0°C, was acdcded = ml 90% fuming
nizric acid, drcpwise with stirring., The soluticn was stircTad at
28YC Zor 30 minutes. The scliuticn was cccled Lo 19°C ang
8
;.-_:’-_;.'.'{-_" R PRI T et A" . n. A _-.-. “. < '\_\_ ‘;“-:_ DY \' ~1\ _.“. -
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R t-nitro-N,N-dimethylrenzylamine (1. g, mel} w23 22222 drcpwise,
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After addition the sclution was stirred at 25°C tW0 hours,
and then at S0°C for 30 minutes. The resactiocn mixture was ccolead
to room temperature, poured onto crushed ice, made basic with
NapCO3 (added slowly in small amounts until solution Is

slightly basic, pH 7 or 8), and extracted with 2ther (2x1C0 ml).
The combined ether extracts were washed thrice with water, dried
(Na3sS04). The solvent was removed under vacuum to give a red

0il of 2,4-dinitrc-N,N-dimethylbenzylamine. This compound slowly
converts to 2-methyl-s5-nitroindazole.
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