[ R e Rt T o R LI S e et SRR T I o ol Eatn bl Dol AR alS S i B A alialN dar oo Jis Sgh, St S U s s i AL S | PIMRTRNASAY YL ONRMLX X

SECUNTY CLASSIFICATION OF THIS PAGE (Wken Data Entered)

i REPORT DOCUMENTATION PAGE éﬁp‘gg'g’ggf,gfgggg"sm
i 1. REPORT NUMBER 2, GOVT ACCESSION NO.}J 3. RECIFIENT'S C'ATALOG NUMBER
i -
4. TITLE (end Subtitle) S. FAREPORT & PERIOD COVERED
:;; Nitrolysis of the CN Single Bond and Re- fé;?%i - 12/31/84
lated Chemistry of Nitro and Nitroso .
'\ Groups €. PERFORMING ORG. REPORT NUMBER
o= 7. AUTHOR(s) . CONTRACY OR GRANT HUMBER(S)
O J. H. Boyer N00014-82-K0210
A NR659~800
< 9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::ggﬂ.ﬂwl E.LEMENT P!;‘O.J!ERCT TASK
l [University of Illinois at Chicago ORI UNIT NUMBERS
D Box 4348
Chicago, Illinois 60680
< 11, CONTROLLING OFFICE NAME AND ADDRESS i 12. MEPORT DATE
Department of the Navy February 1985 At
Office of Naval Research Coce 432 13. NUMBER OF PAGES

Arlington, Virginia
14. MONITORING AGENCY NAME & ADDRESS(i! ditlersnt trom Controlling Olllce) 1S, SECURITY CLASS. (ol this report)

Unclassified .
- T5a, DECLASSIFICATION/ DOWNGRADING
SCHEOULE
16. DISTRIBUTION STATEMENT 7af thia Rennri)
Thix document has been -approved
for public releaxs cnd sals; ia
distribution s unlimited. =
17. DISTRIGUTION STATEMENT (2f the aoatracl ontered in Slocx.20, ! dilferent 1om rteport \ ‘D

ELECTE
MAR 2 6 985

18. SUPPLEMENTARY NOTES ’

AB RACT (Continue on reverse side If necessary and identify by block number)
ror the efficient conversion of mono-tert-amines to nitros-

amines treatment with dinitrogen tetroxide in an inert solvent]
at 0-45% has been dev/ei.ﬁi'{ The replacement of dinitrogen

o E
2- :
8 . Tx‘zv woap (Continue on reverse side il necessary and ldentily by block number)
5 Tgrt-Amn}e S, Ritrocyanocarbenes;,
wd .N}trosailm:.nes_J Snnl and related reactionS/
wed Nitramines, Electron transfer,
(wweN) 9\4 d-Substitution in Nitrosamines, Barrelene derivative s/.&
E |

tetroxide with other reagemts led to lower yields and compli-
cated _product m:.xtures

wa_.h/Attempts to ox:.d:.ze the new R-salt carbinols A to RDX-ketones
B have been unsuccessful. Apparently the heterocycl:.c ring wa#

DD ‘:2:'5” ]473 EDITION OF 1 NOV 65 IS OBSOLETE , 5 ”2 @'ﬂ 0 lﬂn

$/N 0102-LF.014.6601 e e N

1" e “a'm it a®a®aT e AL T -'l'--t-rn e "-r-:.. -"\'J-"'r.‘.r R S G D I I S A




P— Col = ol e adit TN AR T T e Calis Al i s i ol o o d . e W Lt piiC i st atd I i ey
It e A o
d -

. -

> -

Py P
.

e .

a.m_r 2

i}

et
P

.r'rTT-wv-rv —;
el . . .

e o

o

v
ey

INMCLATEIFIL

& . v

2w~
& Lt 8 L Tt

.t ELIT Are Tats Friee

. T &LV L adr Nt e

\

s KEY AWIPD: 1Conuirver

20. B.

!

20 ABSTRACT (Continuea:’

Continued

attacked and degraded.

VS N

ONN jINO O,NN NNO,
'\N CH(OH)C,H, X-Pp I\N)cocsrgx-p
NO NO,
A B
X = H, NO2 X = H, N02

New attempts to achieve C-functionalization of RDX will be
examined.

Uncatalyzed debromination of nitrodibromoacetonitrile by treat-
ment with tetramethylethylene, dimethyl sulfide, and tri-
ethylamine under mild conditions gave respectively 3-cyano-
4,4,5,5-tetramethylisoxazol-2-ine-2-oxide, dimethylsulfonium
cvanonitromethylide, and triethylammonium cyvanonitromethylide.

(Cu_), C—=CCN
372 N

(cH.).C N —0 . - .
3°2 \O/ (\-H3)2§-C(CN)N02r (C235)3N—C(LT\)N02

» Base c2talysed conversions (Sgyl and related reactions) of

nitroacetonitrile and phenvlnitroacetonitrile were examined.
Benzoyl cyanide was obtained from phenylnitroacetonitrile and’

from nitrodibromoacetonitrile in banzene.

Cu Cu
CGHSfHNOZ —E;Eg~> CGHSCOCN <-—-—-——--—-C6H6 + Br2C(CN)NO2
CN
™
3
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D. ‘The known compounds 5,7-dioxo[2,2,2ibicyclooct-2~ene and 2,6,7-
trioxo[2,2,2lbicvclooctane were prevared for investications da- r
sianed to provide nitro derivatives. Oxime derivatives have
been prepared for conversion to nitro derivatives. 7% -~ | . ~
: . o - N : : .

X
Oy
i )
o
(0]
] X
5 X = O, NOH
£ E. Collaboration with Dr. M. D. Pace of the Naval Research
F Laboratory on the elucidation of electron transfer to give ra-
‘ dical intermediates in the spontaneous conversion of N,N-dime-
: thyl-2,4-dinitrobenzvlamine to 6-nitro-2-methvlindazole con-
tinued.
Il. .
CH,N(CHy) - o N
/ ‘ 2 372 25 . - . NC"{_
; O )
0.8~ No, 0.1~ Uy _
]

F. The writing of a book, "The C-Nitro Derivatives of N- and N,O-
Five-membered Heterocycles" was completed. The book will bze
published by VCH Publishers, Inc. (was Verlag Chemie Interna-
tional, Inc.) in 1985,
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A. Nitrosamines and Nitramines from Tertiary Amines.

With T. P. Pillai and V. T. Ramakrishnan

The following two reports were accepted for publication.

Nitrosamines from Tertiarv Amines and Dinitrogen Tetroxide

(J. Chem. Soc.)

Abstract. A preparative nitrosolysis of aliphatic acyclic
and cyclic tertiary monamines to nitrosamines was brought about
by treatment with dinitrogen tetroxide in carbon tetrachloride
at 0-45°, Dealkylation was restricted, where apvlicable, to de-
methylation. Competitive oxidation to an amide was observed in
the formation of di-n-butylformamide from tri-n-butylamine. Di-

amine dinitrate salts, without nitrosamine formation, were ob-

tained from 1,4-dimethylpiperazine and 1,4-diaza(2,2,2]bicyclo-
octane; however, each dinitrate salt thermolyzed at 180-200" to

give a small amount of 1l,4-dinitrosopiperazine. In acetic an-

5 hydride dinitrogen tetroxide converted amines 1less efficiently,
gave lower yields of nitrosamines, was less selective in dealky-

lation, and introduced the formation of by-products.

',li-‘-'f‘:'Jf".' “-_','.1‘- . LRI

’
e

Introduction. Both nitrolyses to give nitramines and nitrosoly-

9 ses to give nitrosamines from aliphatic tertiary monamines have

' been erratic and often inefficient. To €fulfill a need for *h=

Y AL

nrenarative conversion of trialkvl amines to nit.raminesl a

search for a reagent as an alternative to nitrous acid to give

M DA AR

an improved nitrosolysis was undertaken. For the subsequent

conversion of a nitrosamine to a nitramine efficient oxidations g

b e e o e 20 i h ARRAS
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are known.2

Over 50 trialkyl and arylalkyl tertiary monamines showing a
wide variety of structures have been investigated for nitrosoly-

sis by nitrous acid. Under optimal conditions the amines

1 2,3

RR*NCHR“R” and nitrous acid (4 to 10 molar ratio) in acetic acid

(adjusted to pH 3.7 to 5) at 90° for 3 to 16 hours gave nitrosa-
mines RRlNNO (7% -~ 70%) and carbonyl compounds R2R3CO (up to
3-6

80%), often with low conversion of the amine. A reaction be-

tween tri-n-butylamine and nitrous acid gave di-n-butylnitrosa-
mine (6%), n-butyraldehyde (7%), di-n-butylamine (2%), an unsa-
turated tertiary amine, three aminoalcohols, and an aminoke-
tone.4

Unstable complexes bhetween a tertiary amine and dinitrogen
tetroxide were formulated as R3§NO ONO and  RyN+nN,04 (n >

2
7-10

1) Transnitrosation from triethylnitrosammonium nitrate

was proposed to account for N-nitrosation of a secondary amine

in the presence of triethyl amine and dinitrogen tetroxide in an

inert solvent at -60° to 20°., Triethylamine was recovered.11

There 1is only one report of nitrosolytic dealkylation of

wv',,,
e .-t
{ o

M f

tertiary amines by treatment with dinitrogen tetroxide. N,N-Di-

methylaniline and 1its 4-nitro and 2,4-dinitro derivatives in

YV 7

Py carbon tetrachloride were converted to N-methyl-N-nitroso-2,4-

hthe §

L dinitroaniline; rina nitration and nitrosolysis also occurred
with the 4,N,N-trimethylaniline but the 2,4,6-trimethyl and the

° 2,4,6~-trichloro derivatives of N,N-dimethvlaniline underwent ni-

T
‘ I

trosolysis only and N,N-dimethylpicramide and benzyltrimethylam-
12

monium chloride were each unreactive.

. I |
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Explanations for nitrosolyes of tertiary amines by nitrous »
acid correlated structural effects and kinetic results in mecha-

, . e . +
nism variations which held in common an iminium cation, R2N=CR
3-6

o
as a key intermediate. It was presumably formed by an elimi-
nation of nitroxyl from a nitrosammonium cation, produced from
the amine and the nitrosonium cation, eq (1).3

An alternative source of the iminium cation intermediate
was proposed for the very poor conversions of tertiary aliphatic
amines in mixtures of nitric and acetic acids in acetic anhydr-
ide to formamides, acetamides, and nitrosamines. It involved a-
oxidation initiated by radical a-hydrogen abstraction by nitro-

.13 This a-oxidation was

gen dioxide generated in situ, eq (2)
not, however differentiated €rom a~hydrogen transfer from an '
aminium cation radical provided for by either an electron trans-

fer from the tertiary amine14

or by homolytic dissociation of a
nitrosammonium cation, eq (3,4).15 Since amine radical caticns r
abstract hydrogen from CH bonds to form ammonium cations, eq )
(4),14 presumptive evidence for the presence of a dimethylani- |

| line radical cation, from the amine and dinitrogen tetroxide, is
now found in the formation of the nitrated nitrosamine 4.

The conversion of an iminium cation intermediate to a ni-

trosamine and a carbonyl compound has been accounted for by two

e e A AP et

routes. In one hydrolysis to a secondary amine and a carbonvyl

compound was followed by nitrosation of the amine, eq (5).3’6

In the other a dissociation of a hemiaminal nitrite ester occur- l

red, eq (6).4'5 In at least one example kinetic requirements

disallowed the intermediacy of a secondary amine.5a

. PR .
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+

NO ﬁ - NOH ﬁ
RCHzNR2 > RCH2 (NO)R2 _—> R2 =CHR eq (1)
+
RCHZNR2 + 2N02(N204) —> R2N=CHR + HNO2 A eq (2)
ONO
N204 ﬁ +
R2NCH2R _— R2.(NO)CH2R M— RZNCHZR + NO
ONO2 ONO2 eq (3)
1
+ +
= m—— + e 4
1l ~» RzN CHR + RZNHCHZR RZNTHR + RZNCHZR HNO3 q (4)
ONO2 ONO2 OZNO
+
ﬁ H20 NO
R,N=CHR —pcpg—> R,NH o > R,NNO eq (3)
..H+
HONO ;
R, N=cHR > R,NCHR > R,NNO + RCHO eq (6) ]
2 -y 2 2
ONO
Results and Discussion. Preparative conversions of tertiary

aliphatic monamines 2-7 by treatment with dinitroqen Letroxide

in carbon tetrachloride at 9°-45° gave nitrosamines 8-13, eq

R Y%

(7), (Table). A compmetitive oxidation to an amide was detected

in the formation of di-n-butylformamide 14 (40%) €from tri-n-bu-

tylamine 3. Attemots to extend the nitrosolysis to 1l,4-dime-

e L ABNER & o Teat

thylpiperazine 13 and to 1l,4-diazal2,2,2]bicyclooctane 16 were
unsuccessful; instead the diamine dinitrate salts (35%, 743%)
were obtained. Thermolysis of each dinitrate salt at 180°-200"

gave a small amount of 1l,4-dinitrosoniperazine 17, eq (8).




Table

Nitrosamines from Tertiary Amines :

A. With Dinitrogen Tetroxide in Carbon Tetrachloride

. RN “ .o .
- - YL - ST - R e SR . el s .
Toa” P PR AT SN WA NAE. W WL AP, eGP ant Al PR YU WA WAL U AL TR . S/ SOy S Uy S Uy T Jour iy |

XY2N XYNNO

NO. X Y Z NO. vYield, &2 bo, °C(torr)
2 C,H. C,H, C,H, 8 70 (51) 84-86 (50)P
3 n-C4Hgq n-C,Hy  n-C,Hy 9 52 (42) 67-70 (0.4)¢+4
4 C,HcCH, CH, CH, 10 89 (84) 80 (0.3)¢

5 CgHCH,CH,  CH, CH, 11 81 (70) 117-118 (2)f
6 (CH, )y CH; 12 42 (30) 103-105 (20)9
7 (CHj) g CH, 13 82 (58) 95-96 (12)h
B. With Dinitrogen Tetroxide in Acetic Anhvdride?

Amine 2 3 4 5 2 A 19
Nitrosamine 8 9 10 11 12 13 10

vield, 33 567 423K gskem g3k 40 343 23T
vield,'s® 163 ol g7%rn  gadrk P 109 okrS

3yields determined by gc analysis of product mixture; lower yields in
parentheses represent isolation by distillation. Thermolysis during
distillation left intractable tar residues. b174.5° (777 mm) report-
ed: A. I. Vogel, J. Chem. Soc., 1948, 1833. SW. D. =Zmmons, %. S.
McCallum, and J. P, Freeman, J. Orag. Chem., 1954, 19, 1472. d
tylformamide 14 (40%) was also produced (see Experimental). °D. 3ce-
bach and D. Enders, Chem. Ber., 1975, 108, 1293, fD. Seebach and D.
Enders, Anagew. Chem. Internat., Ed4. Enal., 1972, 11, 301. 9p.a.s.
Smith and H. G. Parr, J. Ora. Chem., 1959, 24, 1325. h218° (760 mm)

reported: C. Paal and W.-N. Yao, Chem. Ber., 1930, 63, 57. iHydro-

Di-n-bu-

chloric acid in the reaction mixture (see Experimental). JAmine con-

version comolete. k

Small amounts of unidentified by products were al-
so detected. 1Amine recovered {88%). Mamine recovered (42%). nAmine
recovered (19%). %Amine recovered (18%). pAmine recovered (19%).

I9Amine recovered (45%) rBenzaldehyde (58%) produced. SAmine recover -

ed (60%; benzaldehyde obtained (13%).
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Bach amine 2-7 was comnletely consumed and gave a remarka-
bly clean reaction. Analysis by gas chromatography of that por-
tion of each product mixture insoluble in water revealed no ad-
ditional products. By-products from alkyl group oxidation es-
caped as gases or were discarded with the water laver during
workup. In one experiment with the amine 4 water was rigorously
excluded from the reaction and was not added during workun. Gas
chromatographic analysis of the residue which remained after the
removal of volatile materials showed the presence of the nitros-
amine 10 (91%) and did not detect the presence of another pro-
duct. The fate of the methyl group lost in the reaction was not
determined; presumably it was converted to formaldehyde and/or
other oxidation products.

Favorable conditions permitted the expectation of an inter-
mediate Zormation of iminium nitrate and nitrite salts (hemiami-
nal nitrate and nitrite esters), eq (l1-4) and an equilibration
cetwaen Lhoem alntained by the presence of dinitrogen tetroxide,
eq (9). Nitrosamine formation was then accounted for by a ther-
molysis of the hemiaminal nitrite ester as was previously pro-
posed, eq (6). Thermolysis of a hemiaminal nitrate ester to
a nitramine was not observed. A greater thermal stability of a
nitrate ester was shown by the conversion of Eschenmoser's salt
18 to both the hemiaminal nitrate and nitrite esters by treat-
ment with silver nitrate and nitrite, eq (10,11). Dissociation
was observed only for the nitrite ester which gave dimethylni-

trosamine. A similar observation of the areatcer thermal stabil-

ity of a hemiaminal nitrate ester relative to a nitrite ester

R -~ L T .

lLuL.

kL
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U1 RIS

e oy AW

s IR

s e 4.




was previously reported.16 .

CC14
XYZN + N,O0, ——-> XYNNO + [ZO0NO.,]
274 0-45° 2
2 -7 8 - 13 eq (7)
(n-C4H9)2NCHO XN(CHZCHz)zNX N(CH2CH2)3N (CGHSCH2)2NCH3 '
14 15 x = CHy 16 19 J
17 X = NO 7
19° (HNO, ) —l§0—0—> 17 < 16 *(HNO,) eq (8) ]
— 3°2 - = 372 1
R g.l—C‘{R + N,O ﬁO 6NO) —R -{I—C‘IR + [N,0.] 2q (9) i
2N=Ct 204 (N0, — RpN=C 295 =q (¢ :
ONO ONO
[0}
N AgNO 25
(CH3)2N=CH21 “aqT > [(CH3)2NCH20N02] ﬁ—-> (CH3)2NNO2 eq (10)
L2 | '1
]
AgN02 250 v -
18 ——=%—> [(CH,),NCH.ONO] —22—> (CH,),NNO eq (11) ]
— 3°2 2 3’2 “
-AgI D
Dinitrogen tetroxide 1in acetic anhydride also converted f
amines 2-7 to nitrosamines 8-13 but failed to convert dibenzyl- q
i
methylamine 19 to benzylmethylnitrosamine 10 (Table). Small 3
amounts of oxidation products (carbonyl derivatives) were de-~ :
tected by ir absorption but were not characterized Ffurther. .
Acetic anhydride was judged inferior to carbon tetrachloride as
1 solvent since the former failed to nromote complete convor -
'

sions of the amines and afforded lower yields of nitrosamines.

Comparable results were obtained from the amines treated with

AN ST VR S WA WP
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(N

nitric acid in acetic anhydride.13'18 .
Addition of hydrochloric acid to the reaction mixture in
acetic anhydride retarded amine conversion (except for amines 2
and 5) and lowered the yield of nitrosamine (except for nitrosa-
mines 10 and 1l1l) (Table). A reportedl3 promotion of nitrosamine
formation from tertiary amines 2 and 3 by the presence of hydro-
chloric acid in reactions brought about by treatment with nitric
and acetic acids in acetic anhydride under conditions whereby
nitrogen dioxide was produced in situ was found to be incorrect
for the amine 2 and marginally effective for the amine 3;17 An
absence of nitramine formation was evidence for an absence of

the formation of a secondary amine as an intermediate insofar as

the chloride anion was known to be an effective catalyst for the

nitration of a secondary amine to a niitramine,18

v, e .

The addition of dinitrogen tetroxide to a tertiary amine,
eg, 2 ov 7, in Zimashrl suvilomidz {DMSO) at -20° brcught zscut a

violent reaction with a spontaneous combustion. Although the

N L e TR ¥

reaction was moderated by diluting dinitrogen tetroxide with
DMSO the system was not investigated further since the efficien-~
cy of nitrosamine formation was low.

Dinitrogen tetroxide and nitrous acid were further compared
in the nitrosolysis of amines 4 and 5. Under the recommended

optimal conditions3

nitrous acid afforded the nitrosamines 10
(68%) and 1l (82%) with recovery of the amines 4 (41%) ;nd 5
(50%). A complete conversion of amine 5 was achieved with a 30
molar ratio of nitrous acid but gave a slightly lower yield

(74%) of the nitrosamine 1l. As shown in the Table nitrosolysis
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by dinitrogen tetroxide completely converted these and other ’
amines with the formation of nitrosamines in high yields. In
further contrast witn the results afforded by nitrous acid,4 a
minimum of co-products from oxidation in an alkyl group in the
reactions with dinitrogen tetroxide is advantageous.

To account for the sole example of the detection of an
amide from a tertiary amine and dinitrogen tetroxide in carbon

tetrachloride the formation of di-n-butylformamide 14 (40%), was

attributed to an a-oxidation.13 The lack ©of detectable forma~

tion of formamides and/or other oxidation products in the simi-

lar reactions with znines 2, 4-7 was unexpected.

The formation of the dinitrate salts 15°2HNO, and 16-2HNO,

from the diamines and dinitrogen tetroxide in carbon tetrachlor-

ide was seen as another example of hydrogen abstraction from CH

bonds by an amine radical cation, eq (4). In these examples a-

hydrogen transfer to leave an iminium cation, eq (4), was not

detected.

Certain observations need further clarification. There was

unexpectedly an absence of aromatic ring nitration during the

e »Y
5@

¥, nitrosclysis of amines 4 and S with dinitrogen tetroxide in car-

%E ben tetrachloride to nitrosamines 10 and ll. In contrast a si-

é& milar treatment of dimethylaniline gave N-methyl-N-nitroso-2,4- j
dinitro aniline (62%).12/19/20
é; Nitrosolysis with dinitrogen tetroxide occurred with a

%é strong but unaccounted for predominance of demethylation over

;; alternative dealkylation to give the nitrosamines 10-13. A si-

b -

milar result was encountered in the nitrosolysis of these and
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other tertiary amines by nitrous acid.3-®
Apparently the formation of l-nitrosopiperidine 13 (82%) in
greater efficiency than was observed for l-nitrosopyrrolidine 12

(42%) revealed a ring-size effect. A similar effect was previ-

ously noted. sb

Experimental
Caution. Nitrosaminés may be carcinogenic.

Instruments included Pye-Unicam SP-200 i.r., Varian A-60
and T-60 n.m.r. spectrometers. Elemental analyses were provided
by Micro-Tech Laboratory, Skokie, Illinois. Product identifica-
tions and yields were determined by gc analysis by comparison
with values obtained for the known compounds and were obtained
from a HP-5790 instrument with a HP-3390A integrator (column: 3%
OvV-17 on 80/100 Gas. Chrom Q, stainless steel 6 ft x 1/8 in;
carrier gas nitrogen; column temp. between 110° and 150°C, with
FID).

The amines 2, 3, 4, 6, 7, 15, 16, and 19 and Eschenmoser's
salt were commercially available. N,N-Dimethyl-g-phenethylamine
5 was prepared from g-phenethylamine and formaldehyde.2l The
nitrosamines 8-13 were prepared by vublished procedures (Ta-
ble). Dinitrogen tetroxide (99.5%) was obtained from Matheson
Chemical Co. and used without further purification except where
noted otherwvise. Dimethyl nitramine and dimethylnitrosamine

were obtained £from dimethylcarbamoyl chloride and silver ni-

trate. 22

General Procedure. Dinitrogen tetroxide (excess) was added to a
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e AL

stirred solution of a tertiary amine (l5mmol) in carbon tetra- :
. chloride (15 ml) precooled to 0°. During the addition the tem-

perature rose to 40-50°, The mixture was cooled to 25°, stirred

Noat ot

for 14 hours, treated with water (50 ml), and extracted with
ether (3 x 100 ml) to give the mitrosamine (Table).

From the tri-n-butylamine 3 a mixture of di-n-butylforma-
mide 14 and di-n-butylnitrosamine 9 was isolated after removal
; of ether and co-distilled at 62-64° (0.2 mm).23 The distillate
was shown by gc analysis to contain the amide 14 (40% yield) and

the nitrosamine (42% yield).

T R —a—y Y R B P PP P O R T Dl e

The mixture of 1,4-dimethylpiperazine 15 (1.71 g, 150 mmol)

and excess of dinitrogen tetroxide in carbon tetrachloride (15
ml) at 0° gave an immediate precipitation of the diamine dini-
trate, lg:(HNO3)2. After sevaration by filtration the slightly
hygroscopic salt was dried in a vacuum desiccator for 6 hours to

give 1.23 g (35%), mp 212-214° (dec) after recrystallization

P S L

from ethanol. @Anal. ¢aled for CgHygN,Og: C, 30.00; H, 6.71; N,
23.32., Found: C, 29.55; H, 6.92; N, 23.50. The same Aiamine

dinitrate was quantitatively obtained from the diamine 15 (150

- v Y -0

mmol) and nitric acid (100%, 2 ml) in dry ether (30 ml) at 0°, .
Similar treatment of 1,4-diaza{2,2,2]bicyclooctane 16 (a)

with dinitrogen tetroxide in carbon tetrachloride gave the dia-

e —— S, ® &

mine dinitrate }ﬁ:(HNO3)2 (74%), mp 185-186° (dec) after recry-

stallization from ethanol and (b) with nitric acid (100 %) in
ether gave the dinitrate salt quantitatively. Anal. Calcd for
CeH14N40g: C, 30.25; H, 5.92; N, 23.52. Found: C, 30.13; H, i
5.96; N, 23.46.

o m el Vv e m

- e, - et ta e e T L T I R T e I SR S S TR I S WL AT

" ' " 1 ‘e T w "-‘-" -."l'.“~".".’ '.' .-‘ """""" Ll '-'-“'.' o, ‘-'..-'_ . -'.-'.-,,-',-'. oyt e, e a W e, ‘,.-_' - 3 e ',* ‘n

q ', . 'J- oy W it aT gt p ST P ORISR PRI S P N N SIS R R S e
'_\- rE' N SN I DA- 0 U W SN el TV Yhat ) 2. I It e e R T e s ¥ BV R - 3




v - - A L0 Ben Bt i ol
mmr_-.v Y e SATY P ARt s Wi g sl e e oy Ra- Dt st g el 2l g e T A Loged e v I Sl M eI 1 e ARG JDA el T MO A S (o

12

- mee s e _ e e

When the diamine 15 (150 mmol) and excess of dinitrogen te-

- e cw -

troxide were mixed at 15 to 20° (no solvent) a violent reaction
occurred with an evolution of flames and brown fumes and left an

intractable tar in the flask.

Thermolysis of each salt .lg;(nuo3)2 and _;g;cnno3)2 (150
mmol) in a small r.b. flask heated to 180-200" evolved copious
amounts of brown fumes and left a tar residue. A chloroform ex-
tract from the residue gave an ir spectrum that was superposable
throughout with an authentic spectrum obtained for 1,4-dinitro-

sopiperazine 17 prepared from piperazine and nitrous acid, 2%

To achieve rigorous exclusion of moisture in one experiment

- et - v — e @ = - e newr e Wt

glassware was baked at 90° for 14 hours prior to use, dinitrogen
tetroxide was passed through phosphorus pentoxide before it en-
tered the reaction vessel, a tube of anhydrous calcium chloride
protected the system from atmospheric moisture, carbon tetrz- ’
chloride and dimethylbenzylamine 4 were both ranhydrous, and the

system was flushed with nitrogen after il was dried by passing

through Drierite. Water was not added during workup; instead

the excess dinitrogen tetroxide and other nitrogen oxides (if

ey

PRI S

TS,

N 1
present) were removed under vacuum. Gas chromatographic analy- :

A 1
B

sis of the residue showed the presence of the nitrosamine 10

-

ﬁ (91%); no other material was detected. :
5 1
E Acetic anhydride as solvent. A mixture of dinitrogen te- 3
N — ' :
» . . . , !
- troxide (excess) and N,N-dimethylbenzylamine 4 (15 mmol) in ace- l
N i :

E tic anhydride (150 mmol), prepared at -5° and stirred at 25° for .
o .
] '

.

14 h, gave the nitrosamine 10 (65%), a trace amount of amides
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(ir 1635 and 1705 cm

), and recovered amine 4 (42%). Gc failed \
to detect benzaldehyde (10'7 mole would have been noted). Simi-
lar reactions with amines 2, 3, 5, 6, 7, and 19 were carried out
(Table).

A mixture of dinitrogen tetroxide (excess), N,N-dimethyl-
benzylamine 4 (15 mmole), concentrated hydrochloric acid (5
mmole) and acetic anhydride (150 mmole), prepared at -5° and
stirred at 25° for 14 h, gave the nitrosamine 10 (87%), trace
amounts of amides (ir 1635, 1705, 1760 cm-l), and recovered
amine 4 (19%). Gc did not detect benzaldehyde. Similar reac-
tions with amines 2, 3, 5, 6, 7, and 19 were carried out (Ta-

ble).

Nitrous acid reactions. A solution N,N-dimethylbenzylamine

4 (2.7 g, 0.02 mol) in acetic acid (60%, 100 ml) buffered to pH

4 -~ 5 with sodium acetate (13.6 g) was stirred and heated. So-

dium nitrite (13.8 g, 0.2 m) in water (50 ml) was adde

(45 minutes) and the mixture was stirred at 90° for two hours.
It was cooled, diluted with water (50 ml) and extracted with |
ether (3 x 100 ml). The ether extract was washed with potassium
carbonate solution (10%) until the aqueous layer was basic and
with saturated salt solution, and dried (MgSO4). Removal of the
solvent left a yellow oil of benzylmethylnitrosamine 10 (1.20 g, |
68%). The aqueous lavar was made basi¢ with potassium hydroxide
and extracted with ether to recover dimethylbenzylamine (1.12 g,

41%).

A similar reaction with N,N-dimethyl-g-phenethylamine 5
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gave the nitrosamine 1l (82% based on 50% recovery of the amine .

5).
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Nitrate and nitrite esters form Eschenmoser's salt.

.

+

Equimolar portions (5 mmol) of Eschenmoser's salt [(CH3)zn=
CH, 1], nmr (CF4CO.H): §3.16 (s,6) and 6.46 (br s,2), and sil-
ver nitrite in acetonitrile (10 ml) was stirred at 25° for 16

hours. Precipitation of silver iodide was noted after 5 minutes

E
E
)
!

and became quantitative. Dimethylnitrosamine was detected after

10 minutes and identified by tlc comparison with an authentic

sample. In similar experiments Eschenmoser's salt failed to re-
act with silver nitrate in acetonitrile at 25° for 5 days; how-
ever, in dry THF (10 ml) at 25° for 16 h a reaction gave a mix-

Y

+ -
ture of the hemiaminal nitrate ester {(CH3)2N=CH2 NO3 <—>

Ofic mugh 4 wop e ni g s ot

T L

(CH3)2NCH20N02], nmr (CF3C02H): 83.36 (s,6) and 7.50 (br s,2),

et

and silver iodide (quantitative), Dimethylnitramine was not de-

tected by either tlc or nmr; the authentic nitramine gave ninr

(CF3C02H): §3.40 (s).
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Nitrosamines and Nitramines from Tertiary Amines %

{Synthesis)

In a newly developed preparative reaction tertiary alipha-
tic amines have been converted by nitric acid in acetic anhy-
dride to nitrosamines. The method is a modification and exten-
sion of an isolated report on the oxidation of triethylamine 2
to diethylnitrosamine 8 (23%3) and amides (15%) and of tri-n-bu-
tylamine 3 to N,N-di-n-butylformamide (major product) with small
amounts of other amides and di=-n-butylnitrosamine 9 by treatment
with a mixture of nitric and acetic acids in acetic anhydride at
500.13,25

The new method offers a preparative alternative to unrelia-
ble nitrosolyses of tertiary amines by treatment with nitrous
acid. For example tri-n-butylamine 3 and nitrous acid (50°, pH
3, 90 minutes) gave the nitrosamine 9 (6%), n-butvraldehyde
{7%), di-n-butylamine (2%), an unsaturated tertiary amine, three
aminoalcohols (trace), and an aminoketone.?

Since oxidation of a nitrosamine to a nitramine is availa-
bleza'b an overall conversion of a tertiary amine to a nitramine
is also offered. A general need for the conversion of a tertia-~
ry amine to a nitramine has been cited.}

The amines examined included 2, 3, N,N-dimethylbenzylarin~-
4, N,N-dimethyl-g-phenethylamine 5, N-methylpyrrolidine 6, N-me-

thylpiperidine 7, N,N'-dimethylpiperazine 15, 1,4-diazabicyclo-

(2,2,2)octane 16, and N,N-dibenzylmethylamine_lg.

7
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A mixture of nitric acid in acetic anhydride (acetyl ni-
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16

trate) and a tertiary amine, e.g., compound 4, was found to bhe
stable at 25° for over ten hours. The mixture was activated by
warming at 50° until the evolution of brown fumes of nitrogen
dioxide became vigorous. Nitrosolysis, the major reaction, was
detected for N-R bonds in amines 2 and 3 and for N-CH; bonds in

amines 4 - 7 and accounted for the formation of nitrosamines_§:

13 (Table) and aldehydes (undetected).3'4 A competitive oxida-

tion accounted for minor amounts of amides.25

1 1 1
R Ac.,0O R [O] R
~ 3 2 N _ N
N—-CH,R™ ———> N—NO > N—NO
27 R TaNo T 2y 22/ 2
-R3CHO
2 -7 8 - 13 21, 22

The diamine 15 gave the expected N,N-dinitrosopiperazine 17
(27%) but the structurally related bicyclic amine 16 gave an in-
tractable mixture with no trace of the formation of the dinitro-

samine 17.

ZN (CH,CH, ) )NZ N(CH,CH,) 4N

15 2 = CHy 16

17 2 = NO (CgHgCH, ) ,NCH
19

Addition of hydrochloric acid to the reaction mixture in-

troduced the Aqua Regia reaction and lowered the temperature re-

quired for the vigorous evolution of nitrogen dioxide. Contrary
13,25

to an earlier claim

it did not improve the efficiency in
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Table » 5
!
Tertiary Amines R'RZNCH,R? to Nitrosamines RIRZNNO ﬁ
]
1]
Amine R r2 R}  Nitros- Yield 8 ' bp, °C (mm) ;
amine )
gc observed %
distilla- 1literature ;
tion K
24 174.5 (777)26 i
35 62-64 (0.2)23 H
58 80 (0.3)27 :
5 cHy CgHsCH,CH, H 11 84 117-118 (2) é
73 100 (0.1)28
6 (CHy), B 12 18 103-105 (20)
13 104-106 (20)2°
7 (CH,) H 13 43 95-96 (12)
_— 2’5 - 30
32 218 (760)

the conversion of an amine to a nitrosamine with the possible

exception of tri-n-butylamine 3 which gave the nitrosamine 9 in
47% yield in the absence of hydrochloric acid and 62% yield in
the presence of hydrochloric acid; corresponding yields of 5%

and 82% were previously reported.l3725 A low conversion (14%)
of N,li-divenzylmethylamine 19 to benzaldenyde (33%) and the
nitrosamine 10 (44%) was afforded by a similar reaction in the
presence of hydrochloric acid. Nitric acid (100%) and anhydrous

hydrogen chloride in acetic anhydride converted N,N-dimethylben-

NORE Hits ar ooy A o) (SR SN ARl o B gt

zylamine 4 to benzaldehyde (69%) and the nitrosamine 10 (26%).

o IR AT S S T YT LYY, NS 200 T T Y TN YL I T D DO T

§

i This result sharply contrasted with the conversion to the ni-
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trosamine 10 (54%) with no detectable formation of benzaldehyde .
by treatment with nitric acid (70%) and hydrochloric acid (39%)
in acetic anhydride. The formation of dimethylnitrosamine 20 in

the former reaction was confirmed by tlc comparison with an

authentic sample of the nitrosamine,

—> (CH4),NNO + C H.CHO
CHgCHN(CH,), — 20 }
4 —> CgHgCH,N(NO)CH, + (CH,0] ;

10

The nitrosamines 10 and 1l were oxidized by peracetic acid

to N-methyl-N-nitrobenzylamine 21 (R' = CgHgCH,, R? = CH;) and

N-methyl-N-nitro-8-phenethylamine 22 (R' = CgHgCH,CH,, R? = CH3).

The amines 2, 3, 4, 6, 7, 15, 16, and 19 and the nitrosa-
mines 8 and 9 were commercially available. N,N-Dimethyl-g-phe-

nethylamine S5 was prepared from f-phenethylamine and formalde-

hyde.?! Authentic samples of each nitrosamine 52331 ll?a igjzg

13,23 and 17 (mp 156-156.5° cC)2% were obtained from the '

appropriate secondary amine and nitrous acig.?! Dimethylnitros-~

- amine was obtained from dimethylcarbamoyl chloride and silver '

{-" : ] ‘. ’ ) s . . . ]
y n1trate.22 Caution is advised in working with nitrosamines i
4 . . . . . |

L which may be carcinogenic, Polynitrosamines may be explosive. ;
-. r
) ;
- .
3 Amines and nitric acid in acetic anhydride. General Procedure.

e . . —_ . .

4 Caution, Mixtures of nitric acid and acetic anhydride

'
-5

(acetyl nitrate) can be explosive at higher temperatures.32

A summes e W e e e W emmm— v Y

S N ORI

e e e A A e e um e i - S R N e fe P i e S L [T D T L

i. ., g o o : '_. 5 .',-...'.._.}'_". wr {:... :.:-':.:-_._-‘.‘-_._; - ':fv:*f-:ﬂ'. R A ., 3 J' ASEE L o 4 -’{ S ‘{4‘ Tt -.,)J,L._/., A S
Wty e e e NSNS e + .

ez ) Y PR RS o




e T R TAT M SR R Rt ol WU W WL e L N ST AR S TR NI AR L AT R AT T TN LT S OACELE R o s 20 S Al @ANMRILD DAt RIS B

19

Nitric acid (70%, 6.2 ml, 0.09 mol) was added dropwise with 1)
stirring to acetic anhydride (30 ml, 0.3 mol) maintained at
0°. An amine (0.03 mol) was added dropwise (about 10 minutes),

the reaction mixture was warmed and kept at 50° for 30 minutes

AL Tt e T I NS DG AT P T

(evolution of dark brown fumes of nitrogen dioxide) and then

stirred at room temperature for 16 hours. The mixture was pour-
ed onto crushed ice, treated with an excess of solid sodium hy-
droxide and thoronghly extracted with ether. After drying
(MgSO,) and concentration analysis by gas chromatography (gc)

and distillation determined identification and yield of the ni-

o PRI | g L

-,

trosamine (Table). The gc data was obtained from a HP-5790 in-

strument with a HP-3390A integration (column: 3% OV-17 on

80/100 Gas. Chrom Q, stainless steel 80 cm x 0.31 com; carrier

L s o 3 DO gl

gas, nitrogen, column temp. between 110° and 150° C, with

T

FID). Product identification and yield were determined by com-
parison with authentic data. Lower yields by distillation were
attributed to thermolyses to intractable tars. The reaction
with N,N~dimethylbenzylamine 4 also gave benzaldehyde (28%).
The mixtures obtained from amines 2 - 7 also contained

amides,13'25 detected by ir.

Amines with nitric and hvdrochloric acids in acetic anhydride.

After a stream of anhydrous hydrogen chloride bubhled through a

AT THEYL T O, AT T S S T TG,

solution of N,N-dimethylbenzylamine 4 (4.05¢g, 30 mmol) and ni-

LS

tric acid (100%, 6.2 ml, 150 mmol) in acetic anhydride (30 ml,

[

]

30 mmol) at 0° for 15 minutes, the mixture was stirred at 25° i

3

)

for 16 hours. After the usual workup benzaldehyde (69%) and the N,

N

;

K

k
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nitrosamine 10 (26%) were obtained.

In a related experiment nitric acid (70%, 6.2 ml, 90 mmol)
and acetic anhydride (30 ml, 30 mmol) were mixed at 0°; the a-
mine 4 (4.05g, 30 mmol) was added (10 minutes) and the mixture
warmed to 50°. Hydrochloric acid (39%, about 0.5 ml) was added
dropwise as a vigorous reaction with evolution of brown fumes of
nitrogen dioxide occurred. The reaction mixture was cooled to

25° and hydrochloric acid (39%, 9.5 ml, 9.5 mmol} was added

dropwise, After the reaction mixture was stirred at 25° for 16

hours 36% of the amine 4 was recovered and 54% was converted to
the nitrosamine 10. Conversion to benzaldehyde was not detected

(gc was sensitive to 1077 mole). There was an unidentified pro-

duct (<5%).

An experiment with methyldibenzylamine 19 .and nitric acid
in acetic anhydride with hydrochloric acid at 25° for 16 hours

after mixing at 0° gave a low conversion (14%) to N-nitroso-N-

methylbenzylamine 10 (44%) and benzaldehyde (33%). Neither di-

benzylnitrosamine nor formaldehyde was detected.

Oxidation of nitrosamines to nitramines. WN-Nitroso-N-methyl-g-

phenethylamine 11 (0.55g, 3.3 mmol) dissolved in glacial aceétic
acid (10 ml), was treated with hydrogen peroxide (30%, 1 ml)
dropwise, neated at 90° for 7 nours, cooled, diluted with crush-
ed ice, and extracted with ether (3. x 50 ml). The ether ex-~
tracts were washed with water, aqueous sodium bicarbonate, dried
(MgS04), and evaporated to.give N~-nitro-N-methyl-g-phenethyla-
mine 22 (0.51g, 85%) as a yellow o0il which crystallized from low

boiling petroleum ether as a colorless solid mp 39-40°. Anal.

o LT
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n calcd for CgH;,N,0,: C, 59.99; H, 6.71; N, 15.55. Found: C, v
59.95; H, 6.71; N, 15.55. (Elemental analyses were obtained
from Mictro-Tech Laboratories, Skokie, Illinois). Ir(CHCl3):
1510(s) and 1290(s) cm™l (NNOy). Nmr (CDCly): 62.95(t, 2H),
3.18 (s, 3H), 3.90(t, 2H) and 7.16(5H). (Spectroscopic data was
obtained from Pye~Unicam 3-1200 ir and Varian A-50 nmr spectro-

meters).

When similarly treated N-methyl-N-niirusobenzylamine 10
é gave the nitramine 21 (87%) as a yellow oil, bp 95-97° (0.05
 torr); lit bp 94-96° (0.05 torr);33 ir (CHCl3): 1510 (s) and
1285 (s) cm™l (>NNO,); nmr (CDCl3): & 3.37 (s, 3H), 5.02 (s,
2H), 7.37 (s, 5H).

Investigations on the diamines 15 and 16 and other un-
published results indicate important contrasts in reactivity

with the monamines. The investigation should be extended to

poly~tert-amines.
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B. C-Functionalization of R-Salt and RDX

with G. Kumar
A report published in Heterocycles and one published in J.

Label. Cpd. and Radiopharm. follow.

Alkylatizn of CZyclic Gem-Dinitrosamines

L .t e et e e e et e
R P T A e T D I I I I . S I AR P A YR athncnibi

(Heterocycles, 1984, 22, 2351)

Abstract - Alkylations with benzaldehyde catalyzed by potassium

tert-butoxide converted 1,3,5-trinitrosohexahydro-1l,3,5-triazine

1l, 1,3-dinitrosoimidazolidine 3 and 1,3-dinitrosohexahydropyri-

midine 4 to the 2-hydroxybenzyl derivatives (76 - 88%) and, in
one instance, to the dialkylated product, 2,4-di-(hydroxyben-
zyl)-1,3,5-trinitrosohexahydro-1,3,5-triazine (40%). Lithium
diisopropylamide was a less effective catalyst in alkylations
with benzaldehyde or methyl iodide and was converted to diiso-
propylnitrosamine by transnitrosation. A catalytic amount of
triethylbenzylammonium chloride promoted efficient mono-a-ben-
zylations of nitrosamines 3 and 4 in aqueous sodium hydroxide at
25°C; however, simple nitrosamines failed to react and the tri-

nitrosamine 1 was decomposed by the alkaline medium.

We wish to report the first examples of a-alkylation of
polynitrosamines.1 The project was undertaken in a search for
ways to incorporate functional C-substituents in 1,3,5-tri-
nitrosohexahydro-1,3,5~-triazine 1 for oxidation to derivatives
of 1,3,5~-trinitrohexahydro-1,3,5~triazine 2 (RDX).

Both 1,3-dinitrosoimidazolidine 3 and 1,3-dinitroshexahy-
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dropyrimidine 4 were readily converted to 2-alkyl derivatives.
In tetrahydrofuran (THF) at -78°C potassium t-butoxide catalyzed

alkylations with benzaldehyde to give the hydroxybenzyl de-

rivatives 5 (88%) and 6 (76%). Attempts to alkylate further the

dinitrosamines 5 and 6 in vreactions with benzaldehyde and

potassium t-butoxide at temperatures from -78° to -60°C were
unsuccessful; the starting materials 5 and 6 were nearly
quantitatively recovered. Lithium diisopropylamine (LDA) was

less effective in a reaction (-80°C) with benzaldehyde to give

the product 5 (42%). It also promoted a similar reaction with

methyl iodide to give

(60%). TInstead of catalyzing methylation or benzylation of the

dinitrosamine 4 LDA (-80°C) underwent transnitrosation to N-

nitrosodiisopropylamine _8_(20%).5 Efficient benzylations of the

dinitrosamines 3 and 4 were brought about at 25°C in a phase

transfer reaction with benzyl bromide in sodium hydroxide (50%)

containing triethylbenzylammonium chloride. After 12 h 2-

benzyl-l,3-dinitrosoimidazolidine 9 (79%) and 2-benzyl-1,3-di-

nitrosohexahydropyrimidine 10 (50%) were obtained. The latter

vield was raised to 75% when two moles of benzyl bromide were

initially present. Attempts to alkylate simple mononitrosamines

in similar nhase transfer reactions were unsuccessful.

Instead of promoting alkylations of the trinitrosamine 1,
LDA underwent transnitrosation to the nitrosamine 8; the best

yield of 8 (80%) was obtained from an excess of LDA (3.3

equivalents) at -80°C in the absence of an alkylating agent.

The trinitrosamine 1 proved Lo be an efficient transnitrosating

2-methyl-1l,3-dinitrosoimidazolidine 7
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agent toward amine anions; the highly hindered lithium 2,2,6,6-
tetramethylpiperidide6 was converted (40%) to the nitrosamine
1.’

Sodium hydroxide solutions slowly dissolved the trini-
trosamine 1 with an evolution of an ammoniacal odor indicating
ring degradation. At room temperature the trinitrosamine was
unaffected by either sodium or potassium hydride but decom-
position on heating with sodium hydride was slow, faster with
potassium hydride.

Alkoxides catalyzed mono- and dialkylation of the trini-
trosamine 1 with benzaldehyde to give 2-hydroxybenzyl- 12 and
2,4-dihydroxybenzyl-1, 3,5-trinitrosohexahydro-1,3,5-triazine
13. Potassium t-butoxide at -80°C afforded the monoalkylation
product 12 (79%) and in a separate operation catalyzed the con-
version of the latter to the dialkylated oroduct 13 (40%). The
assignment as a 2,4-disubstituted derivative 13 rather than a
2,2-disubstituted isomer 1is tentative. It was supported by
examples in which axial but not equatorial hydrogen at an
adjacent carbon atom was replaced by an alkyl group in similar
reactions with cyclic mononitrosamines.8 Also the replacement
of only one hydrogen (presumably axial) at C-2 in the
dinitrosamines 3 and 4 was noted. An unresolved complexity
of 15 and L3 ame spectra was prartially attribuzed to the
presence of geometrical nitrosamine isomers.? .
Attempts to further alkylate compound 13 with benzaldehyde

at low temperatures under the catalysis of potassium t-butoxide

led to the recovery of compound 13 (75%). At higher temp-
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; eratures complex mixtures were obtained as shown by tlc. Rever-
sibilitylo of the alkylation with benzaldehyde was demonstrated
by treatment of product 12 in t-butyl alcohol with a catalytic
amount of potassium t-butoxide at 25°C to give benzaldehyde,
identified by nmr and the dinitrophenylhydrazone derivative, and
the trinitrosamine 1.

Attempts to achieve other base catalyzed reactions between
the trinitrosamine 1 and methyl iodide, ethyl iodide, benzyl
bromide, formaldehyde, n-propyl nitrite, p-toluenesulfonylazide,

and O-methylhydroxylamine were unsuccessful.

Y
o,,rm/‘\mon (c{),, N>_x
k\N/LX N

NO, NO

1 n=1,X=Y==H 3 n=2,X=H

2 n=2,X=Y==H 4 n=3,X=H
: 12 n =1, X = CH(OH)CgHe, Y = H 5 n =2, X = CH(OH)C4H
€ 13 n =1, X = Y = CH(OH)CH, 6 n =3, X = CH(OH)C H,
) _7_ n = 2, X = CH3
- (\CH,1.CH ) NNO (\ 2 = 2, X = CHyCeHg ]

Ch, i, . d

¢ : (CHJ§\N/J@HJ: 10 n =3, X = CH,C,Hg b
- 8 NO -Iv
% 1 ;
- ]
- y
E.
s :
- A
: 5
} \
¢ '
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EXPERIMENTAL >

Preparations of 1,3,5-trinitroso-1,3,5-triazine i}g and 1,3-di-

nitrosohexahydropyrimidine _g}l followed literature procedures.

Instruments included spectrometers: Pye-Unicam ir SP200, and

Hewlett-Packard GCMS 5985, Elemental analyses were provided by

h

) Micro-Tech Laboratories, Skokie, Illinois.

F 1,3-Dinitrosocimidazolidine 3. To a mixture of ethylenediamine

1 (30.0 g, 0.50 mol) and aqueous formaldehyde (37.5 g, 0.50 mol) f

i; prepared and stored at 0°C for 2 h a solution of sodium nitrite i

; (69.0 g, 1.0 mol) in water (200 ml) and sulfuric acid (26%, 235 4
ml) were added simultaneously as the temperature was kept below J

5°C. After the mixture was stirred at 5°C for 1 h the product 3

was separated as a light yellow solid (20.0 g, 31%) mp 38-40°C

—_— g P
. . ETI

after purification by recrystallization from a mixture of ether
and petroleum ether; ir (KBr): 1440 em™t (NO). Anal. calcd. for
C3H6N402: c, 27.70; H, 4.65; N, 43.06; found: C, 27.56; H, 4.71;
N, 43.11.

2-Hydroxybenzyl-1,3-dinitrosoimidazolidine 5 .- To LDA (0.59 g,

5.5 mmol) in THF 140 ml} at -90°C 1,3-dinitrosoimidazolidine ?

NS PRusia ey \ g

(0.65 g, 5.0 mmol) in THF (5 ml) followed by benzaldehyde (0.33

g, 5.0 mmol) were added and the mixture was stirred for 3 h.

a saturated solution of sodium chloride, dried, and evaporated

[ Acetic acid (0.33 g, 5.5 mmcl) was added and the solution was
b
L- allowed to warm to 25°C. THF was removed by evaooration and the
.
; residue dissolved in methylene chloride (50 ml) was washed with
5

to give the product 5 as a yellow gum which became a yellow
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solid (0.50 g, 42%), mp 87-90°C after recrystallization from a
mixture of ether and petroleum ether. Ir (KBr): 3380 (OH), 1440
em™l (NO); m/e (70 ev): 237 (M+1)T (2%), 206 (M-30)" (1%), 79
(CgHy)T (100%) Anal. Calcd for CjgH ,N,0,: C, 50.84; H, 5.12; N,
23,72, Found: C, 50.76; H, 5.10; N, 23,74.

2-Methyl-1l,3-dinitrosoimidazolidine 7. A similar procedure gave

the product 7 as a yellow oil (60% yield) purified by pot to pot
short path distillation (bath temperature 110-130°C, 0.1 Hg
mm). Ir (thin film): 1440 cm™l (NO); m/e (70 ev): 144 M% (23),
114 (7%), 70 (100%). Anal. calcd for C4H8N402; C, 33.33; H,
5.59; N, 38.81. Found: C, 33.69; H, 5.54; N, 38.37.

2-Hydroxybenzyl-1,3-dinitrosoimidazolidine 5. A mixture of 1,3-

dinitrosoimidazolidine (0.65 g, 5.0 mmol) and benzaldehyde (0.53
g, 5.0 mmol) in THF (5 ml) was added to notassium t-butoxide
(0.56 g, 5.0 mmol) in THF (50 ml) at -78°C and the mixture was
held at this temperature for 2 h. After workup as described
above the product 5 was obtained as a light yellow solid (1.04
g, 88%), mp 86-90°C. A tlc analysis and ir analysis showed the
product to be identical with the samople onreviously obtained,

2-Hydroxybenzyl-1,3-dinitrosohexahvdrooyvrimidine 6. A similar

procedure gave the product as a yellow gunm (763%). Treatment
with acetic anhydride gave the acetate ester derivative as a
yellow solid, mp 110-114°C after recrystallization from ether.
Ir (XBr): 1750 {COY, 1450 c::n—l {NO). Anal. calca for
C13H1gMN404: C, 53.42; H, 5.52; N, 19.17. Found: C, 53.36; H,
5.58; N, 19.21.

2-Benzyl-1,3-dinitrosoimidazolidine 9. A mixture of 1,3~
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dinitrosoimidazolidine 3 (0.65 g, 5.0 mmol), benzyl bromide
(0.86 g, 5.0 mmol), and a catalytic amount of benzyltriethyl-
ammonium chloride in sodium hydroxide (50%, 5 ml) was stirred
for 16 h, diluted with water (25 ml), and extracted with ether
(2 x 25 ml). The organic layer was washed with water, dried,
and evaporated to leave the product 9 as a yellow viscous oil
(0.87 g, 79%) which solidified on standing and gave a mp 70-72°C
after recrystallization from a mixture of ether and petroleum

1 (NO); m/e (70 ev): 220 M* (0.07%),

ether. Ir (KBr): 1450 cm~
91 (100%). Anal. calcd for C10H12N4023 C, 54.54; H, 5.49; N,
25.44, Pound: C, 54.64; H, 5.56; N, 25.33.

2-Benzyl-1,3-dinitrosohexahydropyrimidine 10. - A similar pro-

cedure with two equivalents of benzyl bromide gave the product
10 (75%) as a yellow viscous oil. Ir (thin film): 1450 em™!
(NO); m/e (70 eV): 235 (M+1)* (0.1%), 91 (100%) Anal. calcd for
C11H14N402: Cc, 56.40; H, 6.02; N, 23.92. Found: C, 56.49; H,
6.07; N, 23.69.

2-Hydroxybenzyl-1,3,5-trinitrosohexahydro-1,3,5-triazine 12 . -

A mixture of 1,3-5-trinitrosohexahydro-1,3,5-triazine 1 (0.87 g,
5.0 mmol) and benzaldehyde (0.53 g, 5.0 mmol) was added to
notassium t-butoxide (0.56 g, 5.0 mmol) in THF (50 ml) at =-78°C
and stirred at this temperature for two hours. Acetic acid
(0.30 g, 5.0 mmol) was adde!' 23 *he mixture was warmed to
25°7. THF was removed by evaporation and the residue diséolved
in methylene chloride (50 ml) was washed with a saturated
solution of sodium chloride, dried, and evaporated to give the

product 12 as a light yellow solid (1.10qg, 79%), mp l123-126°C
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after recrystallization €from a mixture of ether and petroleum
ether. Ir(KBr): 3450 (OH) and 1500 cm™! (NO); m/e (70 ev): 281
(M+1)*  (0.13%), 107 (100%). Anal calcd. for Cy H ,NO,: C,
42.86; H, 4.28; N, 30.00. PFound: C, 43.00; H, 4.27; N, 30.31.

2,4-Di(hydroxybenzyl)-1,3,5-trinitrosohexahydro-1,3,5-triazine 13

. = In a similar reaction the monoalkylated trinitrosamine 12
was stirred at -78°C for three hours and stored at -60°C for 2 h
before proceeding as described above to give a mixture after
washing with a saturated solution of sodium chloride, drying,
and removing methylene chloride by evaporation. The crude mix-
ture was applied to a silica gel column. Methylene chloride
eluted unreacted benzaldehyde (40%) and the trinitrosamine 12
(29%). Further elution gave the product 13 (40%) as a light
vellow gum which hecame a vowder, mp 166-169°C after tritura+ion
with a mixture of ether and vetroleum ether. Recrvstallization
from a mixture of ether and petroleum ether gave a yellow solid,
mp 170-174°C. Ir(KBr): 3450 (OH) and 1500 cm_1 (NO); m/e (70
eV): 107 (100%). Anal. calecd for Cy7H gNgOg: C, 52.85; H, 4.70;

N, 21.75. Found: C, 53.23; H, 5.10; N, 21.89.
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%
1,3,5~-Trinitroso- and 1,3,5-Trinitrohexahydro-l,3,S-Triazine-zﬂﬁ ' .

(J. Labelled Compounds and Radiopharmaceuticals, accepted).

Summary. Perdeuteration of 1,3,5-trinitrosohexahydro-1,3,5-tri-

.'-I.A .

azine was brought about by treatment with potassium alkoxide in

A

CH302H(99.5%). The important high energy compound, 1,3,5-trini-

NI ol W

trohexahydro-1,3,5- triazine (RDX), was obtained in 1its per-

2

deuterated modification (>99% “H) by oxidation of the per-

sl

deuterated trinitrosamine with a mixture of nitric acid (100%)

and hydrogen peroxide (30%).

T TR

We wish to report a preparation of 1,3,5-trinitrosohexa-

hydro-l.3,5-triazine-2H6_li by deuterium exchange and its sub-

sequent oxidation to l,3,5-trinitrohexahydro-1,3,5—triazine—2H6
(RDX‘2H6'.£2) (>99% 24). This prevaration of the nitramine 15
offers several advantages over an alternative preparation from
0=c%H,, N%H;, N2H,NO;, CH;CO,%H, and 2HNO;.12 1t removes the

possibility of contamination by 1,3,5,7-tetranitro-1,3,5,7-te-

traazacyclooctane-2H8 (HMX-zHS) an expected by-vroduct since HMX
formation can accompany RDX formation in the nitrolysis of hexa-

methylenetetramine.13

Also it is more economical in the con-
sumption of deuterium; its efficiency is greater (74% vs 58%),

and it is a convenient overation.

j
!
1
\
3
]
'

The base catalyzed a-deuteration of simple nitrosamines was

first revorted 1in 197013 and reviews of the reaction have ap-

peared.3’4

- Lt

Monofunctional nitrosamines generally resist

alkaline degradation, have Dbeen distilled from 3N sodium

14

hydroxide and have undergone a-deuteration in NaOZH/zﬂzo at
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100°, 274
Attempts to deuterate 1,3,5-trinitrosohexahydro-1,3,5-tri-
azine 16 in the presence of either aqueous alkali or lithium di-
isopropylamide were unsuccessful and resulted, instead, in ring
degradation. As the nitrosamine was consumed on treatment with
sodium hydroxide (40%) at 25° an ammoniacal odor was noted (a
similar degradation of 1l-nitroso-3,5-dinitrohexahydro-1,3,5-
triazine when heated in sodium hydroxide (10%) was report-
ed).13 Extensive transnitrosation to the lithium amide gave di-
isopropylnitrosamine (18), isolated in good yield. Similar re-
actions were known to be competitive with a-deuteration when
certain simple nitrosamines were treated with lithium amides.3
Potassium tert-butoxide or methoxide catalyzed deuterium

2H (99.5% 2H) and 1,3,5-trinitroso-

exchange at 25° between CH;0
hexahydro-1,3,5-triazine (16) to give quantitatively the per-
deutero modification 1. Progress of the reaction was monitored
by the disappearance, complete in 15 minutes, of 1y nmr signals
at 6 5.66, 6.28, and 6.92 characteristic of the nitrosamine
léfls Recyclization insured the quantitative formation of
analytically oure product 14, C32H6N603'

Oxidation of the trinitrosamine 14 by a mixture of nitric
acid (100%) in hydrogen peroxide (30%) gave RDX-2H6 15 (70%). A
similar oxidation 16 » 17(74%) was reported.2 The FD mass spec-
trum showed the molecular ion 4% at 228 (100%) and contained no

evidence for the presence of contamination with partial deuter-

ation products with masses 222-227.
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14, X =1, H = °H
O,N /\NNO,l 15, X = 2, H = 2y (RDX—ZHG)
NO, 17 x =2, H = 'H (RDX)

((CH3)2CH)2NNO

18

EXPERIMENTAL

Melting points were determined from a Thomas-Hoover mp
apparatus and are uncorrected. NMR spectra were recorded on a
Varian EM 360A spectrometer usiang TMS as an internal standard.
Mass spectra were obtained from a Field Ionization and from a
Field Desorption mass spectrometer (see Acknowledgment).

The 1,3,5-trinitrosohexahydro-1,3,5-triazine (16) was pre-
pared from the condensation of formaldehyde and ammonia followed

13a 2

by the nitrosolysis of hexamethylenetetramine. Methanol-0-"H

(99.5% 24) was obtained from Aldrich Chemical Company.

1,3.5—Triwitrosahexahvdrohexahvﬂro—l,3,5-triazine-2H (

14.

3

A solution of the nitrosamine 16 (0.174 g, 1.0 mmol) and po-
tassium methoxide (1.0 ml of a 0.001 M solution of potassium
methoxide in CH;0%H) in CH30°H (5.0 ml) at 25” completed deute-

rium exchange within 15 minutes as shown by 1

H nmr monitoring.
After tne solvent was re2moved by evaporation, the residue, dis-
solved in methylene chloride, was washed with 2H20 and dried.

Removal of methylene chloride by evaporation left perdeuterated

1,3,5-trinitrosohexahydro-1,3,5~-triazine (14) as a colorless
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solid, 0.16 g (90%) mp 102-103° after recrystallization from
ethanol. Anal. Calcd for C3%HgNO;: C, 20.00; 2H, 6.71; N,
46.65. Found: C, 20.03; 2H, 6.50; N, 46.29. Ir(KBr): 2280 (C-

2H) and 1475 cm-l

(N=0). FIMS m/e: 180 M* (100%3), 179 (15%) To
insure complete deuteration the product was recycled under the
same conditions.

1,3,5 -Trinitrohexahydro—l,3,5-triazine—2H6 (15). To a

mixture of hydrogen peroxide (30%, 0.71 g, 6.3 mmol) and nitric
acid (100%, 9.2 g, 142 mmole) the deuterated nitrosamine 14
(0.31 g, 1.7 mmol) was added slowly at -40°. The reaction mix-
ture was warmed and held at 20° for 5 minutes, and poured onto
crushed ice (20 g) to precipitate 1,3,5-trinitrohexahydro-1,3,5-

triazine—2H6 15 as a colorless solid (0.27 g, 71%), mp 201-202°

after vrecrystallization from acetic acid. Anal. Calcd for
2

C32H6N606: C, 15.79; ZH, 5.30; N, 36.83. Found: C, 15.76; <H,

1

5.25; N, 36.55. Ir (KBr): 2300 (C—2H), 1525 and 1340 cm’

(NO,). FDMS m/e 228 M™ (100%).

Molar excesses of either potassium methoxide or sodium
hydroxiJde completely degraded RDX 2; the formaldehyde oroduced

was Jdetected by its characteristic odor. It was assumed that

_;
!
j
]
]
!
;
)

the reaction was initiated by abstraction of a proton and that
this left a carbanion which und2rwent ring degradation faster

than it could be captured in an alkylation reaction, eq (1). 1In

BN P

pmartial contrast the anion from R-salt 1 was alkylated by al-

dehydes and ketones but it also underwent ring degradation on
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attack by base. ,
B: oNN~ NNO, o
RDX —> —> | HC=NNO, +2CH,=NNO,
-BH H
NO,
2
CH2=NN°2 ":""> CHzo + Nzo
eq (1)

R-Salt has been alkylated with benzaldehyde (above), p-
nitrobenzaldehyde, and acetone. Attempted alkylation with form-
aldehyde failed probably due to the existence of formaldehyde as
its trimer at =80°, the optimum temperature for alkylations.
Stoichiometry expected to lead to dialkylation by p-nitrobenz-

aldehyde afforded instead only a slightly better yield of the

monoalkylation product 19 eq (2).

base ONN(\NNO
R-Salt + p-ONC{H,CHO ——P B
NC.H, \ CHOHICH,NO,5
NO
19

eq (2)

»

Acylation of R-salt by ethyl chloroformate went beyond the
formation of the expected product to give a product 20,
C7HgNgOs. The proposed structure as shown fulfilled analytic
and spectrosc.opic requirements; nevertheless this assigned
structure has not been confirmed. Replacement of a nitroso

group at nitrogen with a carboethoxy group is unusual, eq (3).
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KOC(CH,,)3 AcOH
R-Salt > > R-Salt + I\
CICO,C.H; 60% c/o

—80°
2hr N—-O
20 (25%) X=CO,C,H; ' Y=NO
or X=NO,Y=C0,C,H;

eq (3)

ONN" NNO S NNO
L

Nitrosamine sensitivity to protic acids was an expected

property of R-salt. Lewis acids also were found to be rsac-

tive, Both nitrosonium and nitronium tetraflucroborate con-

verted R-salt to the oxide 2116 and probably the dioxide 22.

Dinitrogen tetroxide converted R-Salt to gaseous products with

the odor of formaldehyde. RDX was unaffected by similar treat-~

ment with these three reagents.
Considerable attention was given to the oxidation of al-

cohols 12 and 19 to the corresponding ketones. Intractable pro-

Ta T e Al

duct mixtures were obtained in reactions with (a) oxalyl chlor-

PO |

o .
el W

ide in dimethyl sulfoxide, (b) pyridinium chlorochromate, (c) t-

T

j butylammonium permanganate, (d) dichlorodicyanoquinone, (e)
Efj nitrosonium tetrafluoroborate, (f) dinitrogen tetroxide, and (g)
EZ: activated manganese dioxide.
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The alcohol 12 in an excess of nitric acid (100%) gave a
light yellow solid, C10H10N8012'-21 (40%). Similar treatment

converted the alcohol 19 to a light yellow solid, CgHgNgOg,

24. It is believed that both reactions brought about changes to

the heterocyclic ring. Suggested structures shown are in agree-
ment with analytical and spectroscopic evidence however théy

have not been more firmly established.

A~y NO
ONN~ TNT T
I\N/kg: CO H O,NN=CHN=CHCHC;H,NO,P
l y ONO, *H,0
NO, ONO, 2 "M
X} 24
C10%10Y8%12 ' CgH NG04 H,0
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C. Chemistry of Nitrocyanocarbene )

With T. Manimarin and V. T. Ramakrishnan

Dibromonitroacetonitrile 1 came to our attention in a search
for the preparation of unknown dicyanodinitroethylene _g,l An
examination of the facile loss of bromine from the dibrowmide 1

brought about the following report accepted for publication in

Chemical Communications.
BrZC(NOz)ZCN OZNC(CN)=C(CN )N02

1 2

Nitrocyanocarbene Derivatives from Nitrodibromoacetonitrile

Summary. Uncatalyzed debromination of nitrodibromoacetonitrile 1
by treatment with tetramethylethylene, dimethyl sulfide, and tri-
ethylamine under mild conditions gave respectively 3-cyano-
4,4,5,5~tetramethylisoxazol-2-ine-2~oxide 4, dimethylsulfonium cy-

anonitromethylide 5, and triethylammonium cyanonitromethylide 6.

e 1
el

's
ettt

U

Although reactions of nitrocarbenes were considered unknown as re-
cently as 1973,2 isoxazolines and isoxazoline-N-oxides thought to
be derived from such an intermediate have been obtained from the

hazardous thermolysis of metal salts of gem—dinitroalkanes3"5 and
from silyl derivatives of trinitromethane;6 but other attempts to

generate a nitrocarbene failed.’ We now report simple and
efficient uncatalyzed conversions of nitrodibromoacetonitrile lﬁ
to 3—cyano-4,4,5,S-tetrémethylisoxazol-z—ine-z-oxide j,g
dimethylsulfonium and triethylammonium cyanonitromethylides S

and 6° presumably via the intermediacy of nitrocyanocarbene 3.
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The methylide 5 was previously obtained from nitrcacetonitrile )
10

and dimethyl sulfoxide.

In methylene chloride at 25°C for 30 minutes two equiva-
lents of tetramethylethylene debrominated the dibromo compound 1
to give 2,3-dibromo-2,3-dimethylbutane 7, 42%, mp 168-169°C
(dec)11 and the heterocycle 4, 45%, mp 68-69°C (with sublima-
tion). The structure 4 was confirmed by an x-ray determina-

tionl2

The dibromo compound 1 was also debrominated by similar
treatment with dimethyl sulfide and with triethylamine to give
the cyanonitromethylides 5, 80%, mp 213-214°C (dec)‘IO and 6, 5%,
mp 154-155°C (dec). Triethylammonium bromide, 45%, mp 247-249°C
(dec)13 was also obtained.

| Further work on the dehalogenation of negatively substitut-

ed nitrodibromomethanes is underway.

Br,C(CN)NO, NCCNO,, (cu,), —c\:\cz )
1 1 (CH,) 2C\ /N -0
+ - )
NCC=N(0)0
3 4
(CH. )_5-C (CN)NO: C_H_)_B-C(CN)NO
31,57C( 2 (C,Hg);N-C(CN)NO,
3 s
+ (CH C=C(CH —_— .
1 (CH,),C=C(CH,), ((CH,),CBr), + 4
7
(CH,)._S (C.H_).N
5 372 1 2.5'3 5
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The dibromide 1 readily reacted with the dianion 8 of ni-
troacetonitrile but the expected olefin 2 was not detected in
the intractable product mixture. Methyl iodide and benzyl bro-
mide each converted the dianion to similar product mixtures;
however the latter also offered low yields of the expected di-
benzyl derivative 9 and 1,1,2-tribenzyl-l,2-dicyano-2-nitro-
ethane 10. A nitrocarbanion displacement of a nitrite anion can
o account for the formation of product 10, eq (l). Similar reac-

tions have been described by N. Kornblum, eq (2).14 They have
been designated Sgyl.

[Nceno, 1 ® (CgH5CH,) ,C(CN)NO, (CgHgCH, ) ,C—C(CN)CH,C H,
8 9 CN NO,
10
CGHSCHZ?NOZ +9 —> 10 + No, eq (1)
CN
’ RoCNOy + RyC{CN)NOy —> R,C(CN)NO,* + RyCNO;
3; RyC(CN)HO,T —> RyCCN + MOy~
2 RyCCN + RpCNO, ——> R,C(CN)CR,NOoT

-8 RoC(CN)CRoNO2™ + RoC(CN)NOj > RyC(CN)CRNO, + RHC(CN)INO,™

5 eq (2)

fi The présence of freshly precipitated copper promoted the :
._1; *

gg formation of benzoyl cyanide 11 (28%) when the dibromide 1 was

) .
EH heated in benzene for 15 hours. a~Nitrobenzyl cyanide 12, a
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proposed intermediate, was independently shown to give benzoyl
cyanide (97%) in the presence of copper. Insofar as dicyanocar-
bene combined with benzene by addition rather than by inser-
tionl® it was proposed that the initial reaction between the
carbene 3 and benzene gave an isoxazoline intermediate, eq
(3). That conversion of compound 12 to product 11 did not pro-
ceed from a nitronate was shown by observing no reaction when
the sodium salt 13 was heated in benzene in the presence of
copper. The conversion can be explained by an isomerization of
the nitro compound 12 to a nitrite ester 14 followed by an elim-
ination of nitroxyl, eq (4). A radical process for such an
isomerization of an a-nitronitrile has been proposed.16 Therm-
olysis of a-bromo-a-nitrobenzyl cyanide 15 to product 11, eq
(5)17 tends to support the nonparticivation of a nitronic acid

tautomer and to support an isomerization te a nitrite ester in
“

the conversion 12 » 11.

N
CgHsCOCN CgH5CH(CN)NOy CgH5C=NO,Na CgH5CH(CN)ONO
11 12 CN 13 14
22 ' =23 =2
R Ne o
Br,C(CW)N0, s2—=>—> N—O > 12
& u —_
-CuBr /
12 +» 11 + (NOH] eq (3)
12 » CelglHCN + N0y > 11 » 11 ~ [NOH] eq (1)
!'Br
CeHsGNOy > 11 + [NOBr] eq (5)
CN
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An unexpected formation of the oxime 16 (29%) of p-nitro-
benzoyl cyanide occurred when the cyanide 12 was heated alone in )
benzene, eq (6). Apparently the C-nitro compound 12 served as
both a nitrosating and a nitrating agent. A low yield (2%) of
the oxime 16 was previously obtained when the cyanide 12 was
treated with sodium nitrite in acetone .8

0
12 20

> p-0,NC H,C(=NOH)CN eq (6)
16
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D. Nitrobarrelene Project . l

The known compounds 5,7-dioxo(2,2,2]bicyclooct-2-ene _]_._l and
2,6,7-trioxo(2,2,2]bicyclooctane 32 were prepared for investiga-

tions designed to provide nitro derivatives.

(o)

1 2

The diketoolefin 1 was obtained in three steps. Hydro-
quinone and maleic anhydride gave the Diels-Alder adduct 3
(14%), eq (1), Hydrolysis to the dicarboxylic acid 4 (66%) and

oxidation by lead tetraacetate gave the product 1 (303), eq

(2y.1 _ i
(o]
OH 0O 0 !
2 i a
\
+ Lp \ |
ﬁ © ¢ ©
OH (o) il ;
3 9 |
eq (1) !
0
i
— COOH Pb\OAc 1 ’
o COOH eq (2)

|
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The triketone 2 was ohtained in four steps. Diethyl 3-oxo-
adipate condensed with itself in the presence of sodium to the
triester 5 (40%), eq (3). Hydrolysis and decarboxylation gave
the acid 6 (40%). Reduction gave the diketoacid 7 (80%), and

cyclization by treatment with acetic anhydride gave the product

2 (20%), eq (4).2

CH,COOEt
3
COOE¢
O=C(CH,CO0En, —N2_, o :
HO OH !
COOEt ;
) eq (3)
CH,COOH CH,COOH
s _}i}o_-—) H2 ¥ Ac-,o
= Rifaumins ——
‘HO OH dlumina o o o

eq (4)

To establish models for eventual reactions in the bicyclic
compounds the transformation of cyclohexanone to 1,2-dinitro-
cyclohexene 13, a previously unknown compound, was carried
out. Isopropenyl acetate converted cyclohexanone to its enol
acetate 8 (773). Nitration gave a-nitrocyclohexanone, 9
(60%),3 and then treatment with hydroxylamine gave the oxime 10
(70%),4 chlorine converted the oxime to the gem-chloronitroso
compound 11 ( %) which was oxidized by ozone to the chlorodi-

nitrocyclohexane ;g_(~40%).5 Dehydrochlorination by treatment
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with 1,5-diazabicyclo([5,4,0}lundecane {DBU) afforded the

dinitrocyclohexene 13, eq (5).

0 OAc .
. (o] NOH
O—-0 —Cr—0™
NO,
8

NO,
= x> 10
NO
N02 No2
0 — cl ) cl — .
NO, NO, NO,
] 2 s
eq (5)

The diketoolefin 1 readily converted to the mono- and di-
silylenol ethers 14 and 16 on treatment with sodium ditrimethyl-
silylamine followed by trimethylsilyl chloride.® When the latt-
er was replaced with acetyl chloride the monoenol acetate 15 was

obtained. Attempts to prepare the dienol acetate 17 were un-

successful,

(o) ‘PX
{ -
. Ox ox
14 X = Si(CHq), 16 X = Si(CHj),
15 X = COCHj 17 X = COCH,

Attempted nitration of the disilyl ether 16 by treatment
with nitvonium tetrafluoroborate gave a brown intractable resin;
neither the anticipated mononitro compound nor the dinitro com-

pound 18, eq (6) was detected.7 Other schemes for nitration
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were also unsuccessful. »
| 0
o,N
L] v \
NO,BF, NO,
- =% ‘ | |
'.': 1_§ i
g eq (6)
Q Conversions of ketones 1 and 2 to oxime derivatives 19 and
;- 20 have been carried out. Product identification is not yet
9] complete.
=
. NOH
& HON
|
NOH HON |
. NOH
- 20

o Further attempts will be made to nitrate the enol deri-

L

;:. vatives 14, 15, and 17.

,3 Oxidation of oximes 19 and 20 to nitro compounds 21 and 22

?. and conversions of the oximes to nitro olefins 23 and 24 will be

¥

;’ investigated. A typical anticipated route is shown, eq (7).

<

% The chemistry of the nitrovinyl units in 23 and 24 will be ex-

: amined for conversion to hexanitrobarrelene 25 and the furoxan

., 26. The oxidation of tie furoxan 26 to hexanitrobarrelene will !
)

a

o be investigated.,

4

by

%

a

3
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NO,

NO4

2 .=N02

eq (7)
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-1 Collaboration with Dr., M. D. Pace of the Waval Research
:ﬁ Laboratory on the elucidation of electron transfer to give
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;ﬁ dimethyl-2,4~dinitrobenzylamine to 6-nitro-2-methylindazole
1S
E.| continued.
£
7? Samples of R-Salt and of the tetramethylcyanoisox-
h-}-' : ] K :
[i azoline-N-oxide (cpd 4 p 42) were submitted to Dr. Richard
q Gilardi for X-ray structurée analysis.
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F. The writing of a book, "The C-Nitro Derivatives of N~ and

N,0- Five-membered Heterocycles" was completed. The book )

will be published by VCH Publishers, Inc.
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International, Inc.) in 1985.
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