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A. Nitrosolysis of Tertiary Amines: Piperidines. Piperazines. Bisdimethylamino- 
alkanes. and Functional ¡zed Methyldiaikylamines 

j CHfM SOC KIKIN TRANS I 1986 

Josaph H. Boyer* and Govindarajulu Kumar, andT. Paru mal Pillai 
Chemistry Department. University of Illinois at Chicago. Chicago. Illinois 60680. U.S.A. 

Preparative amounts of mono- and di-nitrosamines ware obtained from aliphatic cyclic and acyclic 
tertiary monammes and diamines by treatment with dinitrogen tetraoxida in carbon tetrachloride at 0— 
45 *C. /V-Methyl-and iV-ethyl-piperidines (1) and (2) gave AMitrosopipendine (15). but Af-isopropyi- 
and /V-t-butyl-pipendines (3) and (4) did not. /V-Methyl-. Af-ethyl-. /V-isopropyl- and AM-butyl-/V'- 
methylpiperazmes (5)-(8) gave N,N'-dinitrosopiperazme (22) (in 90%. 81%. 55%. and 8% yields, 
respectively) and the diamine (8) also gave AM-butyl-AT-nitroeopiperazine (23) (45%). The/V'-nitroso 
and the AT-mtro derivatives of /V-methylpiperazine were similarly converted into Af^V'-dinitroso- and 
N-nitroso-/V’-mtropiperarines (22) (45%) and (30) (53%). Bisdimethylaminoalluines (MeaN),(CHt)n 
(10)-(14) gave bismethylnitrosaminoalkanes [MeN(NO)]t(CHa)n (24)-(27) and dimethyinitros- 
amme (28): n - 1 (0%,90%); n - 2(68%.0%); n - 3(48%.43%): n - 4(41%.38%); n • 6(58%.35%). ß- 
Dimethylaminopropiomthle (18). 1-methylnitrosamino-2-dimethylaminoethane (17), and a-dimethyl- 
aminoacetic acid (19) gave the corresponding nitrosoamines by replacement of an A/-methyl group. 

In earlier repom. nitrosamtnes »ere obtained from cyclic aftd 
acyclic tertiary amines which contained a-hydrogen on Meat- 
ment with diniirogcn tetraoxide in carbon tetrachlonde at 
0 -45 C. Where competition exuted. dealkyiauon was pre- 
dominantly déméthylation. The following steps [equation (1)] 
were proposed (o account for this nitrosolysis.1'1 

Results 
Piptndirtti. - -Dtnitrogen tetraoxide in carbon tetrachloride 

at 0—13 C converted the .V-methyl- and .V-cthyl-piperidines 
( 1) and (2) into the .V-nitrosopipehdine (IS) (80 and 72%), but 
failed to bring ¿bout similar convenions of the /V-tsopropyl- 
and .V-t-butyl-pipendines (3) and (4) which wete recovered 

ijNCHjR 
NO. 

-ONO, 
■ RjNfNOJCHjR 

-NO RjNCHji 
. a 

R,N«CHR * R.NHCHjR 
b 

H- RjNCH^R for recycle 
ONO, 

R,NHCH2R NO. sometimes insoluble 

ONO ♦ N.O, 

R.NNO -t- RCHO (I) 

Heterolytic dissociation of an intermediate nitrosammonium 
cation, enhanced by the greater stability of certain carbonium 
ions thus formed, was proposed to account for certain nitros- 
amtne formations which did not involve a-hydrogen expulsion 
and co-formation of a carbonyl compound [equations (2) and 
(3)].14 

unchanged (60 and 45*;). Nitrosonium tetrafluoroborate also 
failed to replace the .V-t-butyl group in the amine (4) with a 
nitroso group, and both nitronium tetrafluoroborate and nitric 
acid (90* J in concentrated sulphuric acid failed to convert the 
amine (4) into the nitramine ( 161. 

RjNCR, 
w 

R,N(NO)CR| 

R.NNO + R,C‘ (2) 

(RjN^CH: 
NO' RjN(NO)CH,NR, 

R.NNO + R,NCHj (3) 

Piperazines.--Similar treatment with dinttrogen tetraoxide 
converted Dabco (9) into us dinitrate salt (70!.) [cj. equation 
( I )J and 1.4-dinitrosopipcrazinc (22)(15*.). and the .V-methyl-, 
.V-cthyl-. .V-isopropyl-. and .Vu-butyl-.V-methyl-piperazines 
(5)- (8) into the same dimtrosamine (22) (90. 81.55. and S*J- 
The latter amine (8) also gave the mononitrate salt (45!;) of AM- 
buiyl-.V’-nitrosopiperazine. (23). 

We now report investigations into the .V-methyl*. .V-etfcyl-, 
•V-i\opropyl-. and iV-t-butyl-ptpendiiies (1)-(4): the enrm- 
pondtng .V-alkyl-.V'-methylptperutncs (5)- -<8) and (,4-diaza- 
hicydo-octaiK (9) (Dabco): the live bisdimethylammoalkancs 
(19V -414); and (he five methyldiaikylamines (17) --(21). each 
also containing an additional functional group. 

Dime thyhtmmiHilkanes. - -Of the five bis-dimcthylamino- 
alkanes (10)- (14). the latter four gave the bis-methylnitros- 
ammoalkanes (24)-(27) (41- 68!.) by replacement of methyl 
groups during nitrosolysis with dinttrogen tetraoxide, and four 
of the amina. (19) and (I2VHI4), gave dimcthylnitrosamine 
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IMMWmV» «a «HMMl» 

I 
X 

(1W4).(15),(lf ) 

(1) X.M* 
(2) X .Et 
(3) X » M*jCH 

(4} X .M«)C 
(15)X .NO 
(1C)X .NOi 

M»2N(CHj)nNM*, 

■ H» W VV'i H! 

M# 

Ò 
I 
V 

0)-(5).(20).(21) 

(5) Y.M« 
(5) Y »Et 
(7) Y 
(•) Y.M«jC 

(20) Y. NO 
(21) Y.NOî 

MtjNCHïZ 

(10) n .1 (17) 2 .CM,N(N0)M* 

(11) n «2 dt) Z . CNiCN 

(12) n .3 (19) Z »C0|H 

(13) ».4 

2 

(9) 

TaM« I. NiiroaolfM. of alkylpiperidinai and dialkylpiptfaiinaa 

Amine (I) (2) (3) (4) (5) (4) (7) («) 
Niiroaaminc (!S) (15) (IS) (15) (22) (22) (22) (22) 
YWd(%) *0 72 Trae*' Trace* 90 81 55 8* 
M.p. (b.p.)rc (95-97/ 155—157' 

IZnuaHg*) 

* 60% of darting malarial raootwad. *42% of darting malarial 
maowml ' 211 *C/740 mntHg C Pm. J. Org. CJWm.. 1959. K 1325. 
* The mononilraia mil of (23) *aa tha mam product (45%), ntp. IT»— 
180 ”C (d) (Found; C. 40.75; H. 7.65; N, 23.75. Cak. for C,HltN404: C. 
41.02; H, 7.75; N. 23.92%). * M.p. 156-156.5 'C, reportad by M. V. 
Georg* and G. J. Wright, in rafdmca IS. 

NO 

o 
I 
Z 

(22) Z.NO 

(23) Z .M«iC 
(30) Z.NO2 

TaMa 2. Nitroaolyiia of dimtthylaiiiinoalkanca 

Amine 
Dinitroaaminc 
Yield Ci)* 
M.p.rc 
Dimethyl 

niiroaamina (%)^ 

(10) (II) (12) (13) (14) 
(24) (25) (24) (27) 

68(50) 48(40) 41(35) 58(53) 
53-55' 64—66* 6»—70* 58-60* 

90(78) 43(30) 38(32) 35(31) 

* YiaMa determinad by gc. analytic of product ansturaa; lower yields in 
parenthaam represam notation by chromatography on tilica fri. 
* Identical with an authentic «ampie. ' D. Seebnch, H Dach, D. Endet. 
B. Rengar. M. Janana, and G. Brachial, «rir. Ckim. Acia, 1978, «1.1621 
*5. S. Brown, C. L Lame, C. M. Ttmmia. and B. Wade, J. Chum. Sac., 
1943.84«. 

(K) n >6 

M#N(CHj)nNMa 
I I 
NO NO 

(24) a. 2 

(29)a,3 

(2«) a.4 

(27) a.6 

M* j NNO MgjN—CHjONOj" 

(2B) (29) 

TaMa 1 Nitroaolyaia of functionaliaad methyldialkylaminea 

Amino (17) (18) 
Nitrosamine (34) (31) 
YMd Ci)' 48 78 
M.p./“C 53-55* r 

(19) (IB) (21) 
(32) (22) (39) 
24 45 53 

65-70* 155—157* 138—140/ 

* laoiatad by column chromatography over tilica gri. * Note c. Table 1 
' Lid.: S^CDClj) 16 (t). 19 (t). 3.1 (t), 3.8 (I). 3.9 (t), and 4.5 (I). * H. T. 
Nagaaawa. P. S. Fraser, and D. L Yuro, J. Mcà. Chem., 1973,1« 583. 
' Ref. IS. '(Found: C. 30.0: H. 5.05; N, 35.0. Cak. for C4H,N40,: C. 

MaNCHj CHjCN 
I 

NO 

MgNCHiCOiH 
1 

NO 

moot H. 5.04; N, 34.99%). 

(31) (32) 

(28) (35—90%) by replacement of methylene derivatives. When 
the reaction with bta(dimeihylamino)methatte (19) at — 20 °C 

was interrupted after 15 min the only product isolated was 

dimethylmethyleneammonium nitrate (29), identified by com¬ 
parison with an authentic sample prepared from Eachenmoaer s 

ult [McjN-CHjJ*! ' and silver nitrate. 

Functionaintd MethyUiaJkylammes.—In comparison with 
the conversions (5)-«(22) and (1I)-^24X a fi-nitroaamino 

group decreased the citent of conversion of Af-methyl-AT- 

nitrosoptperazine (29) into the dinitrosamine (22) (43%), and 
that of I -dimethylamino-2-methylnitroaaminocthane (17) into 

the dinitroMmine (24) (48%). Similarly, «-methyl-A/'-nitro- 

piperaiine (21) gave «-nitroso-A/'nitropiperaaine (39) (53%). 

ß-Dimethylaminopropionitrile (It)efficiently gave fi-methyl- 

nilroMminopropionitrile (31) (78%), and a-dimethylamino- 

acetic acid (19) gave s-methylniirouminoacetic acid (32) (24%). 

Discussion 
Key steps in an explanation for the formation of nitrotaminat 

and aldehydes from reaction* between certain tertiary aliphatic 

amines and dinitrogen tetraoxide required both the expulsion 

of an s-hydrogen and nitric oxide from a trialkylnitroso- 

ammonium cation and the dissociation of a hemiaminalnitrite 

ester [equation (I)]. 
Results obtained from the «-elkylpiperidinea (1)-(4) and 

the «,« '-dialky(piperazines (5)-(9) showed that primary alkyl 

groups tended to be replaced easily by the nitroeo group, the 

isopropyl group was less readily replaced, and the t-butyl group 

was replaced in low yield or not at all. Since replacement of 

a t-butyl group cannot proceed according to the probéis 

described in equation (I), it was assumed that a heterolytk 

dissociation of a nitrotammonium cation partially accounted 

for the formation of «,«-dinitrosopiparuine (29) (8%) from 
«.t-butyl-«'-methylpiperazine (5). cf. equation (2). A similar 

explanation accounts for the formation of dimethylnitramine 

from t-butyldimethylamine in a mixture of nitric (90%) and 

concentrated sulphuric acid [equation (4)].9 

MciNCMcj —MCjNCMe,-- 

«i, 

Me,NNO, + Me,C+ (4) 

Apparently the convenion of Dabco (9) into «.«'-dinitroeo- 

piperazine (22) waa blocked to a large extent by the formation 
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of Dabco dmitrale which was insoluble in the mcdiuir. and did 
not convert it was separately shown that the dinitrate salt on 
healing gave compound (22) in low yield. 

The diminished ability of dinitrogen letraoxide in carbon 
tetrachloride to replace isopropyl and t-butyl groups at an 
amine nitrogen atom is in agreement with a previous report in 
which methylethylisopropylaminc in acidified aqueous sodium 
nitrite gave low yields of methylisopropylnitrosamine (7—9%), 
et h y I isopropy Initrourame (7—10%), and a trace (1.3-1.3%) 
of methylethylnitroaamine; similar results were obtained with 
iV.N-dimethylcyclohexylamine and /V,/V-d¡methyl-2-(l,2,3,4- 
tetrahydro)naphthyiamine, each of which gave dimethylnitros- 
amine in small amounts (2.1-5.9%) and the methylcydoalkyl- 
nitrosamine in yields of 59—73%.* 

Since A/^V -dinitrosopiperarine (22) was obtained from N- 
mtroso-Af-methylpipera/ine (20) in 45% yield it cannot be an 
intermediate in the conversion of /V.N'-dimethylpiperazine (5) 
into the dtnitrosodiamine (22) in 90% yield. In a similar 
reaction. jV-nitro-iV'-nitrosop'perazinc (30)(53%) was obtained 
from yV-nitro-AT-methylpiperazine (21) in a nttrosolysis re¬ 
action with dinitrogen letraoxide. An explanation for this 
inhibition to nitrosolysis brought about by the presence of the 
nitrosamino or the nitramino group cannot be offered at this 
time. 

An opposite effect was noted in the nitrolysis of certain AM- 
butyl amines in which a nitro group attached at a ß-carbon 
atom enhanced the formation of a nitramine by replacement of 
the l-butyl group. For comparison, the formation of dimethyl- 
nitramine from t-butyldimethylamine (devoid of nitro sub¬ 
stituents) was much less efficient. Additional information will 
be sought to confirm and clarify this promotion in reactivity by 
a C-nitro group and a hindrance to reactivity by an jV-nitroso 
or an jV-mtro group. 

A slight preference for the replacement of a methyl group 
rather than a methylene derivative was detected in a com¬ 
parison of the formation of the dinitrosamme products (2S)— 
(27) on the one hand and dimethylnitrosamine (21) on the 
other. It was of special interest to note that the latter was not 
produced in the reaction with l.2-bis(dimethylamino)ethane 
(II) and was the only nitrosamine obtained from bia(dimethyl- 
amino)methane (10). The isolation of dimethylmcthylene- 
ammonium nitrate when the nitrolysis of the diamine (10) was 
interrupted before completion confirmed the proposed inter¬ 
mediacy of an aminium (radical cation) nitrate and its dis¬ 
proportionation to a methyleneammonium nitrate and a nitrate 
of the original amine. In a similar nitrosolysis, aqueous nitrous 
acid converted JV-dimethylaminomcthylpyrrole into dimethyl¬ 
nitrosamine.* Nitrosolysis of hexamethylenetetramine to R-Salt 
is, of course, a related reaction. 

The failure of the nitrosolysis of 1,2-bis(dimethylamino)- 
ethane (II) to produce dimethylnitrosamine (2» was out¬ 
standing. Isolation of the intermediate diamine dinitrate when 
the nitrosolysis of the diamine ( 11 ) at 0 °C was interrupted after 
30 min supported the previously proposed explanation for the 
conversion of a dimethylamino alkane into a methylnitros- 
aminoalkane. At the same time, it indicated that a 1,4-diradical 
dication was not present, insofar as the diradical would be 
expected to dissociate to the dimethyl methyleneammonium 
cation. 

It was noted above that the formation of Af.AT-dinitroso- 
piperazine (22) was considerably less efficient in the nitro- 
sclysis of iV-nitroso-AT-methylnitrosaminopiperazine than in 
the nitrosolysis of N,N -dimethylpiperazine (S). A similar effect 
was noted in the efficiency of the formation of 1,2-bismethyl- 
mtrosaminoethane (24) which was lowered from 68®; for con¬ 
version of the diamine (10) to 48®; for conversion from I- 
dimcthylamino-2-methylnilrosaminoethane. The presence of 
the cyano group in ß-dimethylaminopropionilnle had little, if 

any. adverse effect on the nitrosolysis to ß-methylnitrosamino- 
propionitrile (78®4). Nitrosolysis of *-dimethylaminoacetic acid 
gave «-methylnitrosaminoacetic acid. 

Experimental 
Instruments included Pye-Unicam SP200(i.r.) Varian A-60 and 
T-60 (n.m.r.) Spectrometers. Elemental analyses were provided 
by Micro-Tech Laboratories, Inc., Skokie, Illinois. Gx. analyses 
were done in a HP-5790 instrument with a HP-3390-A 
integrator. (Column: 3% OV-17 on 80/100 Gas Chrom. Q 
Stainless Steel 6 ft. x 1/8 in.; carrier gas nitrogen; column 
temperature 100—200 C with FID). 

/V-Methyl- and /V-ethyl-piperidines (1) and (2), A/-methyl-iV'- 
methylpiperazme (3), 1,4-diazabicyclooctane (t), bis(dimethyl- 
amino)aJkancs (Iff)—(14), ß-dimethylaminopropionitrile (Iff), 
and x-dimethylaminoacetic acid (If) were commercially avail¬ 
able. 

AMsopropyl- and AM-butyl-piperidines (3)7 and (4),* N- 
ethyl- and AM-butyl iV'-methyl-piperazines (6)® and (ff),10 I- 
methylnitrosamino-2-dimethylaminoethane (17)," /V-mcthyl- 
Af'-nitrosopiperazine (28),11 and Af-methyl-ATnitropiperazine 
(21)11 were prepared by literature procedures. 

AMsopropyl-AT-methylpiperazinc (7)14 was prepared from 
bis-(2-chloroethyl)-/V-methylamine and isopropylamine (75%). 

Gtnerai Procedure.—Dinitrogen letraoxide (excess) was 
added to a stirred solution of a tertiary amine (15 mmol) in 
carbon tetrachloride (13 mi), precooled to 0QC. During the 
addition the temperature rose to 33—50°C. The mixture was 
cooled to room temperature and stirring was continued over¬ 
night (14—16 h). Nitrogen oxides and solvent were removed 
under reduced pressure and the residue was partitioned 
between dkhioromethane (50 ml) and saturated aqueous 
sodium chloride solution (50 ml). The aqueous layer was 
extracted with dkhioromethane (2 x 25 ml). The combined 
extracts were dried (Na,SO«) and concentrated to give the 
products. 

DABCO and Dinitrogen Tetraoxide—Exeat dinitrogen 
letraoxide was added to 1,4-diazabicyclo-octane (9) (1.68 g, 15 
mmol), suspended in carbon tetrachloride (15 ml), with cooling. 
During the addition, there was no rise in temperature. Stirring 
was continued overnight at room temperature. The reaction 
mixture was filtered to give a colourless solid ( 1.77 g, 70%). This 
was found to be the dinitrate salt of DABCO, m.p. 185—186 “C 
(decomp.).1 The filtrate was concentrated to give (22) (0.33 g, 
15%), m.p. and m.m.p. identical with authentk sample, 135— 
157 "C.15 

t-Butylpiperidine (4) and Nitronnan Tetraflnoroborate.— 
Nitroniumtetrafluoroborate, (1.32 g. 10 mmol) was added to a 
solution of compound (4) (1.41 g, 10 mmol) in abaolute 
acetonitrile (20 ml) with stirring and cooling (ice-bath). After 
the addition, the reaction mixture was wanned slowly to 20 °C, 
stirred for 1 h and poured into water. The solution was extracted 
with dkhioromethane (2 x 25 ml) and dried (Na^SO«) and the 
solvent evaporated under reduced pressure to give a liquid (0.49 
g), t.l.c. and n.m.r. data of whkh showed it to be the starting 
amine (4) (35% recovery). 

An experiment with nitrosonium tetrafluoroborate afforded 
similar results (32% recovery). In both cases there was no 
indication by t.l.c. comparison with authentk samples of the 
formation of either the yV-nitro- or iV-nitroso-piperidine. 

I-Buty/piperidine (4) with 90% Nitric Acid in Cone. Sulphuric 
Acid.—The tertiary amine (4) (0.50 g. 3.6 mmol) was added to 
an excess of cone, sulphuric acid ( 18 ml) with cooling in ice.’ To 

§ 

> ^ 
0 ** 



this mixture wa» added at 0 C a mixture of nitric acid (90%. 4.6 
ml) and cone, sulphuric add (7.5 ml). After the reaction had 
been stirred overnight at room temperature the solution was 
poured onto ice. Solid potassium carbonate was added to 
achieve pH 6. The mixture was extracted with dichloromethane, 
dried (MgSO*), and concentrated. The residual liquid (0.19 g) 
was found to be the starting amine, (4) (38%), identified by t.Lc. 
and n.m.r. comparisons with authentic samples. 

Finandal support was received from DNR. 
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B. 1,2-Dinitrocyclohexene 

Org. Prep, aid Proc., 1986, L3, 363 

Joseph H. Boyer and Philip F. Pagoria 

Department of Chemistry, University of New Orleans, New Orleans, LA 70148 

Previously, only five examples of isolated 1,2-dinitroalkenes had 

I 2 
been reported: 1,2-dinitroethene ( la), 2,3-dinitro-2-butene ( lb), 3,4-di- 

2 3 4 5 
nitro-3-hexene, dinitrostilbene (1c), and tetranitroethene. * Mild to 

extensive thermal decomposition (25°C) has been noted for these 1,2-dini- 

troalkenes. We now describe the conversion of the oxime of a-nitrocyclo- 

hexanone {2)* to 1,2-dinitrocyclohexene (^), isolated as an unstable yellow 

oil; this is, to our knowledge the first example of a 1,2-dinitrocycloal- 

kene. — 

02NC(R)*C(R)N02 K+ 02N=C(CN)C(CN)=N02 K+—» 0=C(CN)C(CN)=N02 K+ 

5 6 7 

a, R = H 

b_, R = CH3 

c, R = Ph 

11 i i 

a) Cl2 b) 03 c) NaOH 

Recently bromine oxidation converted a dimetal salt of each of 

three 1,2-dinitroalkanes to the corresponding dinitroalkene la-c. A similar 

7 8 
preparation of 1,2-di nitrocyclohexene (Ji) was cited. » Since experimental 

detail has not been reported for this dehydrogenation of 1,2-dinitrocyclo- 
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hexane, the olefin (^) was assumed to be unknown (it has not been listed in 

Chemical Abstracts). Halogen oxidation of a 1,2-dinitronate anion, has 

limited value as an olefin synthesis insofar as halogen addition to an ole- 

finic linkage1’9 and halogen replacement of a nitro group can also occur.10 

In a recent report, bromine converted the dipotassium salt of a,a'-dinitro- 

succinonitrile (6_) to the potassium salt of nitroketosuccinonitrile (2.)-11 

We rejected an investigation of a halogen oxidation of the dinitronate 

anion of 1,2-dinitrocyclohexane to the olefin (_5) to avoid these complica¬ 

tions. Moreover a mild alkaline conversion of 1,2-dinitrocyclohexane at 

25° for 6 hours gave 1-nitrocyclohexene (82%) and apparently did not 

afford the Intermediacy of the dinitronate anion. 

Although chlorine is recommended for converting the oxime (_2) to 

i 3 
a gem-chloronitroso compound {3), tetrabutylammonium hypochlorite also 

effected the change insofar as the"deep blue color characteristic of the 

nitroso compound (2) developed. The latter method was abandoned when an 

excess of the hypochlorite reagent failed to bring about oxidation to the 

nitro compound (^). Oxidation of a nitroso compound to a nitro compound 

(2)—M2) was effected by either ozone (preferred) or m-chloroperbenzoic 

acid (MCPBA); however, there was considerable difficulty in product isola¬ 

tion from the reaction with MCPBA. For the last step an elimination of the 

elements of hydrogen chloride to give the olefin (2) was brought about in a 

phase transfer operation with tetrabutylammonium bromide, aqueous sodium 

hydroxide, and benzene. The competitive alkaline elimination of nitrous 

acid to give l-chloro-2-nitrocyclohexene (or isomeric olefins) was not de¬ 

tected. 

Bromine at 25°C added slowly to the olefin (2) to give 1,2-dibro- 

mo-1,2-dinitrocyclohexane (stereoisomerism unspecified). The failure to 

obtain an adduct between (2) and either cyclopentadiene or anthracene was 
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2 4 5 
unexpected insofar as both di- and tetranitroethene ’ were highly re¬ 

active in additions with these dienes. 

EXPERIMENTAL SECTION 

Instruments included Perkin Elmer 237B and 521 grating IR, Varian A-60, 

Bruker WP-80 and A.E.I. MS 30 double beam mass spectrometers. Elemental 

analyses were provided by Micro-Tech Laboratories, Skokie, Illinois. 

l-Ch1oro-l,2-dinitrocyclohexane (4). A general procedure for the conver- 
14 

sion of an oxime to a gem-chloronitroalkane was followed. Through 1.4 g 

(8.9 mmol) of oxime (2) dissolved in 50 ml of methylene chloride and cooled 

to ice-bath temperature, chlorine gas was bubbled in slowly for 5 min. (or 

until the green chlorine color persisted). Oxygen gas was then passed into 

the solution to remove the excess chlorine (the blue color of the nitroso 

compound was restored) and was followed by a stream of ozone for about 75 

min. or until the blue color of the nitroso compound had dissipated. 

Oxygen was passed through the solution for 10 min. to remove the excess 

ozone. Removal of the solvent left a light blue oil. Separation by column 

chromatography [1:9 ethyl acetate/hexanes (250 ml) on silica gel 60 (3 X 18 

cm column)] gave a fraction with an Rf = 0.49 from which a clear oil was 

obtained after solvent removal. Kugelrohr distillation (1 mm, 140-150°C) 

of the oil yielded 0.77 g (42%) of a diastereoisomeric mixture of 1-chloro- 

1.2- dinitrocyclohexane as oily colorless crystals, mp. 52-70°C. 

^Nmr (CDCI3): Ô 5.4 (t, 1H), 1.4-2.05 (m, 4H), 2.35 (m, 4H); IR (KBr) : 

3028, 2960, 2878, 1568, 1440, 1450, 1372, 1353, 1334 cm'1. 

Anal. Caled for C6H9C1N204: C, 34.53; H, 4.32; N, 13.43; Cl, 17.03 

Found: C, 34.57; H, 4.49; N, 13.26; Cl, 16.67 

1.2- Dinitrocyclohexene (5). After 0.4 g (1.92 mmol) sample of 1-chloro- 

1.2- dinitrocycloxane (4) and 0.68 g (2.1 mmol) of tetra-n-butylammonium 
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bromide was dissolved in 6 ml of benzene 3.84 ml of 0.5 JN sodium hydroxide 

diluted to 5 ml was added and the mixture was stirred for 1.25 h at room 

temperature until the aqueous solution was neutral to moist pH paper. The 

organic phase was separated, washed with 10 ml of water and dried over 

anhydrous magnesium sulfate. Removal of the solvent left an orange oil. A 

5 ml portion of ether was added to remove residual tetra-n_-butylammonium 

bromide, the mixture was filtered, and the solvent was removed to give 0.19 

g (58%) of the olefin (_5) as a light orange oil. 

lH-nmr (CDC13): 6 2.5-2.95 (m, 4H), 1.65-2.05 (m, 4H);13C-nmr (CDC13): 6 

145.09 (C-N02), 26.28, 20.75 (-CH2-); IR (KBr): 2958, 2879, 1534, 1437, 

1456, 1350, 1239, 1370, cm-1. 

Attempts to purify further by distillation were unsuccessful; 

flash chromatographic separation from silica gel with mixtures of ethyl 

acetate and hexane (1:9) gave a ligfit yellow oil. 

Anal. Caled for C6HgN204: C, 41.86; H, 4.65; N, 16.27 

Found: C, 42.32; H, 4.66; N, 15.73 

l,2-Dibromo-l,2-dinitrocyclohexane. After 0.19 g (1.1 mmol) of freshly pr¬ 

epared 1,2-dinitrocyclohexene (5_) was dissolved in 6 ml of chloroform, 0.36 

g (2.1 mmol) of bromine in 5 ml of chloroform was added dropwise. The sol¬ 

ution was allowed to stand at room temperature for 14 days. The solvent 

and excess bromine were removed and a yellow solid mixture was taken up in 

10 ml of methylene chloride. The solution was extracted with 10 ml of 

water and dried over magnesium sulfate. Solvent removal left a yellow 

gum. Recrystallization from hexane yielded 0.21 g (58%) of the dibromide 

as colorless needles, mp 199-200°C (dec.) (softening at 150° and shrinking 

at 190°C). This material was twice sublimed at 95-100°C at 0.5 rnm to yield 

a white powder, mp 208-210°C (dec) (softened and yellowed slightly at 

195°C). 
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^-nmr (00013): Ô 3.0-2.5 (broad m, 4H), 2.1-1.55 (broad m, 4H); ^C-nmr 

(COCI 3) : 5 95.63, 92.50, 39.35, 38.96, 22.18; IR (KBr): 2960, 28QQ, 1567, 

1442, 1452, 1350, 1323 cm'1. 

Anal. Caled for C6H8N204Br2: 0, 21.70; H, 2.41; N, 8.44 

Found: 0, 22.00; H, 2.47; N, 8.18 

Acknowledgment. Financial assistance was received from 0NR. 
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c. Nitration of 4-Nitro-N,N-dimethy1benzylamine. 

Formation of 2-Methyl-6-nitroindazole. 

J. Chem. Res. (S), 1986, 416. 

Joseph H. Boyer, P. F. Pagoria, and T. P. Pillai., Department of Chemistry, 

University of New Orleans, New Orleans, Louisiana 70148 and Department of 

Chemistry, University of Illinois at Chicago, Chicago, Illinois 60680 

and 

M. D. Pace and D. Stec., Polymers Materials Branch, Chemistry Division, Naval 

Research Laboratory, Washington D. C. 20375. 

Examination of the nitrosolysis1 of N,N-dimethylbenzylami ne to N- 

methyl-N-nitrosobenzylamine revealed a mildly competitive nitration to 4-nitro- 

N, N-dimethyl benzyl ami ne 1_ and 2,4-dinitro-N,N-dimethylbenzylamine 2_. The latter 

amine partially converted during isolation to 2-methyl-6-nitroindazole _4. Fur¬ 

ther examination of the formation of the indazole is reported nere. 

A red oil previously obtained from 4-nitro-N,N-dimethylbenzylamine in 

H 

1 X = N02, Y » H 

2 X = Y = no2 7 X = H 

4 X * Y = H 

0" 

i 
6 
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a mixture of fuming nitric and sulfuric acids (time, temperature, and reaction 

efficiency were not reported) and identified as 2,4-dinitro-N,N-dimethylbenzyl- 

amine das now been shown by chromatographic separation (silica gel) to con¬ 

tain a mixture of the ami ne _2 (56%), the isomeric 3,4-dinitro-N,N-dimethylbenzyl- 

amine 3_ (21%), and unidentified, material. A more complex nature of the red oil 

was revealed by epr spectroscopic detection of the spontaneous generation and 

disappearance of three radicals.Further purification by distillation was 

unsuccessful since the ami ne slowly changed to 2-methyl-6-nitroi ndazol e _5_ and 

the ami ne 3_ decomposed without distilling at 180°C (1 torn). Nitrate salts of 

the amines were prepared. The nitrate of amine _2_did not convert to the indazole 

A- 
Pure samples of the amine ^ were obtained as needed from the nitrate 

salt by treatment with base and extraction with ether. An epr spectroscopic 

examination of the amine _2, alone or in a prepared mixture with N,N-dimethyla- 

minej4 or its 3,4-dinitro derivative^, over a period of several days did not 

detect radical formation. Progress in the formation of the indazole 5_ from the 

amine _2 stored in acetonitrile at 25°C was monitored by 'H-nmr. In the second 

day the signal for the 2-methyl protons in the indazole ^ were first detected; 

after 6 days a precipitation of the indazole was noted and after 2 months the 

quantitative conversion was complete. The conversion was faster in the added 

presence of either N,N-dimethyl benzyl ami ne _4 or its 3,4-dinitro derivative^, in 

accordance with a previously observed base promotion by dimethylamine.^ In the 

red oil mixture the amine _2 presumably converted more rapidly because of the pre¬ 

sence of the amine 3_and, perhaps, other unidentified bases. Since a similar 

thermolysis of 2-nitro-N,N-dimethylbenzyl ami ne 6_to 2-methylindazole _7 was not 

observed, it is proposed that the conversion depended on a base promoted 

initial tautomerization to the nitronic acid 8_, expected to be present in part as 
I ■ 

its amine salt as well as the zwitterionic form of the amino acid. 
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A dark red color in a solution of the amine J2 with either dichlorodi- 

cyanobenzoquinone or tetracyanoethylene (radical scavengers) was characteristic 

of an electron transfer. Storage of the solution, monitored by 'H-nmr, for 12 

days without further change to the amine (quantitatively recovered) revealed a 

requirement for a radical intermediate in the conversion _2_5_. 

An explanation compatible with base catalysis, acid deceleration, and 

the intermediacy of one or more radicals, is based on an initial charge transfer 

within the nitronic acid 8_ to give the zwitterion diradical This provided 

for a-hydrogen transfer from a radical cation centered at an amine nitrogen 

atom,^ cyclization, and product formation with the formal expulsion of formalde¬ 

hyde and water molecules. Although the order of these events remains unestablish¬ 

ed they are accommodated by the proposed intermediacy of the tetrahydro-2,1,4- 

benzoxadiazepine 10.^42 

o2n 

ChLNCH- 
2 \ 3 

/CH2 
N—0 
I 
OH 

10 

- h2o 

ch2o 

It was suggested that 6-nitro-2-methylindazole-l-oxide _U. was a Pre~ 

cursor to the indazole 5.^ This is unlikely since formation of the N-oxide _11_’ 

H 
I 

NCR 
3 

_U R - H 

expected to be stable under the experimental conditions, was not detected as the 

reaction 2_—* 5_ (over a 2 month period) was monitored by nmr and ir spectros¬ 

copy. It appears that a-hydrogen transfer in the charge transfer intermediate 9 



allowed the formation of the indazole 5_ but not the indazoleoxide _11_ to follow. 

When ejection of an alkanol or its equivalent can be competitive with or replace 

an a-hydrogen transfer from an amine radical cation the formation of an N-oxide 

would be expected, e.g. 9_(R = H). 

Experimental 

An equivolume mixture (6 ml) of fuming sulfuric (30% sulfur trioxide; 

and nitric acid (90%) was kept at 0-5°C as 4-nitro-N,N-dimethylbenzylamine M1.0 

g, 5.6 mmol) was added slowly with stirring. The reaction mixture became a solu¬ 

tion on gradually warming to 25°C. It was heated at 100°C for 4 h, cooled, trea¬ 

ted with ice water (125 ml), neutralized (sodium carbonate) to pH 7-8, and extr¬ 

acted with ether (3 X 50 ml). The ether extracts were combined, washed with 

water (2 X 50 ml), dried over anhydrous magnesium sulfate, and concentrated to 

leave a red oil (1.0 g). Chromatographic separation of the oil from a column 

(46 X 2.2 cm, Davisil 62 silicagel) by elution with a 1:1 mixture (180 ml) of 

hexanes and ether gave 2,4-dinitro-N,N-dimethylbenzylamine 2_ (0.7 g, 56%) as a 

yellow oil (Rf = 0.5) with ir and nmr data in agreement with the published val¬ 

ues.2 Further elution (370ml) gave 3,4-dinitro-N,N-dimethylbenzylamine 3_ (°-26 

g, 21%) as an orange oil; 'H-nmr (CDClj): 6 8.1-7.6 (3, aromatic), 3.5 (2, s, 

CH2), 2.3 (6, s, CH3); ir (KBr): 3100, 3060, 2978, 2940, 2895, 1600, 1550, 1537, 

1460, 1360 cm"1. Attempted distillation of the amine _3_was unsuccessful and 

brought about decompostion (180°C, 1.0 torr). 

Nitrate salts were obtained by slowly adding an excess of fuming nitric 

acid to the ami ne 2_or 3_ (0.3 g, 1.3 mmol) in ether (10 ml) at 0-5°C. Concen¬ 

tration left a yellow solid that recrystallized from ethanol as colorless 

needles. Amine nitrate 2,HN0t (0.31 g, 82%), mp 90-91°C; 'H-nmr (D2O): 6 9.2-8.2 

(3, aromatic), 4.8 (2, s, CH2), 3.1 (6, s, CH3) ; ir (KBr): 3528, 3100, 3080, 
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2939, 2880, 2860, 1610, 1537, 1472, 1360, 1320 cm~*; anal, caled, for CgH^^Oy: 

C, 37.50; H, 4.17; N, 19.44; found: C, 37.10; H, 4.15; N, 19.28. 3,4-Diriitro- 

N,N-dimethyl benzyl ami ne nitrate 3-HN03 (0.21 g, 57%), mp 127-128°C; 'H-nmr (D20): 

6 8.3-8.0 (3, aromatic), 4.6 (2, s, CH2), 3.0 (6, s, CH3); ir (KBr): 3100, 3070, 

3030, 2895, 2660, 1550, 1540, 1478, 1390, 1365 cm"1; anal, caled, for CgH12N407: 

C, 37.50; H, 4.17; N, 19.44; found: C, 37.29; H, 4.20; N, 19.38. Each amine _2 

and _3 in water was recovered from its nitrate salt by treatment with an excess of 

aqueous sodium bicarbonate followed by ether extraction. 

The amine _2, neat or in acetonitrile, slowly converted quantitatively 

(25°C, 2 months) to 2-methyl-6-nitroindazole 5_, mp 159~160°C.^ 

Acknowledgment: Financial support was received from 0NR. 
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D. THE FOKMATION AND FACILE CONVERSION OF TCITYL PHENYLC VANOME THANE N! TRONA TE 

Heterocycles, 1986, 24, 2813. 

Joseoh H. Boyer and Thanikavelu Manimaran 

Chemistry Department, University of New Orleans, New Orleans, La. 70148, U.S.A. 

Abstract - Trityl chloride and silver phenylcyanomethane nitronate in toluene at -20°C 

gave trityl phenylcyanomethane nitronate _1, an unstable ester that rearranged and frag¬ 

mented at 5-10"C to l-triphenylmethoxy-4,5-diphenyl-1,2,3-triatole with coproducts 

carbon dioxide, o,a'-bis(tr1phenylmethaneazo)stiIbene _3, benzonitrile-N-oxide _4, and 

trityl isocyanate J5. 

A product C33H25N3O obtained from an unexplained reaction^ between silver phenylcyanomethane nitro' 

nate and trityl chloride in toluene at 0<’C has been identified by X-ray crystallographic analysis 

as l-triphenylmethoxy-4,5-diphenyl-1,2,3-triazole 6^. Coproducts included carbon dioxide _2, a,a‘- 

bis(triphenylmethaneazo)stilbene _3, benzonitrile-N-oxide £, and trityl isocyanate 5_, eq(l)*. Tri 

tyl phenylcyanomethane nitronate _1_ has now been identified as the initial product of the reaction 

at -20oC by comparative infra-red spectroscopic analysis {-20°C) of the ester and the related 

benzyl^ and bcnzhydryl4 phenylcyanomethane nitronates (decomposition at 25°C)^. The conversion, 

eq(l), is important as a rare example of a transfer at low temperature of the oxygen atoms in a ni¬ 

tronate group to a carbon atom and is pertinent to explosive reactions of nitro compounds in which 

carbon dioxide may be similarly produced. 

C,H.CCN 0 5 h 

1 

4- - 

N 

3 eq(l) 6 

Product analysis revealed two fragmentation modes for the ester _1: one afforded benzonitrile-N-oxi- 

de £ and trityl isocyanate £, while the other differed by an Interchange of oxo and tritylimino 

substituents (X, V) to afford carbon dioxide £and benzonitrile-N-tritylimine 7., eq(2)6,7. The 
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intermediacy of the ni tri lirai ne accounted for the formation of the bisazostilbene 2 (18*) by di- 

merization1,6’7 and the triazole 2 (24%) by a dipolar addition with benzonitrile oxide 2 t° give 2- 

trityl-4,5-diphenyl-1,2,3-triazole-l-oxide £ (unisolated) followed by migration of a trityl group 

from a nitrogen to an oxygen atom, eq(3)®’^. 

Y*C*0 

1 Y a (C6H5)3CN 

2 Í = 0 

c6h5c=nx 

4_ X = 0 

1 X = NC(C6H5)3 

1 

i C-H,C—CC,H, —4 6 
6 5^ 5 

N N+-Q- 

17 

eq(2) 

eq(3) c(c6h5)3 

8 

In a rationale for the dual fragmentation an initial Isomerization of the ester _1_ to tbe N-trityl- 

imine^of phenyl ni trolcetene,10'11 ring-closure to the N-trltylimine _10 of 4Hr3-phenyl-l,2-oxazet- 

4-one-2-ox1de,12’13 and ring opening by cleavage of a weak NO bond provided a model ü as a Pre¬ 

cursor to compounds _4 and £ by one fragmentation and£o compounds Z_ and ]_ by another, eq(4). Fur¬ 

ther treatment of this complicated reaction will be dealt with in a longer report. 

0 C(C6H5)3 

U eq{4) 
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8. Attempts to realize independently a dipolar addition between benzonitrile-N-tritylimine 2 and 

benzonitrile-N-oxide £ were abandoned when (a) tritylhydrazine and benzaldehyde failed to 

convert to the expected hydrazone (to be oxidized to the imine 7) and (b) N-tritylbenzohydra- 

zidoyl chloride (CgH5C{Cl)=NNHC(C6H5)3), to be dehydrochlorinated to the imine ]_, was not ob- 

• tained from 8-N-tritylbenzohydrazide (C6H5C0NHNHC(C6H5)3) upon treatment with either thionyl 
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NO? 
-. i ‘ 

)3CJ2OCCH(R)N02 

R»H,C1,Br Ò —N+—-0 

. A. Berndt, Angew. Chem. Int. Ed. Eng., 1968, 7, 637; K. Wieser and A. Berndt, ibid., 1975, 14, 

69, 70. 

0°C 
((083)30)2c—cch(r)no2—» (j[ch3)3c)2co + oil 

13 
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Alkylation of mono- and dianions of nitroacetonitrile _1_, heretofore un¬ 

known, was briefly examined. A facile reaction between the nitrile 1_ and 

acetone in the presence of triethylamine gave a.a'-dinitro-ßjß'-dimethylglu- 

taronitrile _3, eq(l). This result complemented the preparations of metal 

salts of a,a'-dinitro derivatives obtained by the nitration of homologous 

aliphatic dinitriles (CH2)n(CN)2 (n = 0, 2 - 6), but not glutaronitrile 

(n = 1), eq(2).1-^ Generally acidification of metal nitronates gave in¬ 

tractable oils in which corresponding nitro compounds (except for 1,4-dini- 

trobutane) were not detected.Presumably the conversion of nitroaceto¬ 

nitrile, eq(l), proceeded by a condensation with acetone followed by a 

Michael addition of compound _1_ to a-nitro-ß,ß-dimethylacrylonitrile to 

give the glutaronitrile _3.4,5 after acidification of its bistriethyl ammonium 

salt, an isolated derivative. 

1 
* (CH3)2C(CHN02)2 

CN 

02NCH2CN 
(ch3)2co 

» (CH3)2C=CCN 

1 3 eq( 1) 

.+ 

eq(2) 
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The dianion 5 nitroacetonitrile was obtained from the potassium salt 4. 

and n-butyl1ithium.6’^ When treated with two equivalents of benzyl bromide 

C-dialkylation gave dibenzylnitroacetonitrile _7. in very low yield. A 

different product, a.a.a'-tribenzyl-a'-nitrosuccinonitrile, 8_, was obtained 

in low yield from the dianion _5 prepared by direct double deprotonation of 

the nitri le when treated with two equivalents of jv-butyl 1 ithi urn. Forma¬ 

tion of the product 8_was considered to be an example of the displacement of 

O Q 

a nitro group in an a-nitronitrile a nitronate anion 6_, eq(4).°’3 

Since compound is also an a-nitronitrile it is capable of further reaction 

with the nitronate anion 6_to give higher analogs of polycyanonitroalkanes 

9_, n > 2. The presence of these higher oligomers in the intractable mixture 

was not established. Products could not be isolated when benzyl bromide was 

replaced by methyl iodide, eq(3). 

CN 
c ÎH2C6_H5 h a 

1 
I ¿ 
CN 

eq(3) 4 7 5 6 

a = K0C2H5, b = n-C4H9Li, c = C6H5CH2Br 

7 
C-j- NO (n-1) 6 -» CfiHrCH9 

- NO^ 

7-9 n = 1, 2,>2 eq(4) 

Attempts to combine nitroacetonitrile 1 and its dibromo derivative to 

obtain l,2-nitro-l,2-dicyanoethylene 11 were unsuccessful, eq(5). 
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Br2C(N02)CN 

1 --> NCC(N02)=C(N02)CN 

“ 2 HBr 10 eq(5) 

Experimental 

Instruments included a Pye-Unicam SP 200 spectrophotometer, a Varian A-60 

spectrometer, and an AEI Scientific Apparatus Limited MS30 mass spectropho¬ 

tometer. Elemental analyses were obtained from Micro-Tech Laboratories, 

Skokie, II. Tetrahydrofuran and hexamethylphosphoric triamide were freshly 

distilled from lithium aluminum hydride and calcium hydride. 

a,g-Dinitro-g,g-dimethylglutaronitrile 3: To a stirred solution of 

nitroacetonitrile^ (1.72 g, 20 mmol) in methanol (20 ml) triethyl ami ne 

(4.04 g, 40 mmol) was added dropwise at 30°C. After 30 minutes the solvent 

was replaced with dry acetone (20 ml) and stirred (3 hours) as the triethyl- 

ammonium salt of the glutaronitrile _3 precipitated as a colorless solid 

(1.85 g, 45%) mp 142-43°C (dec) after recrystallization from chloroform; ir 

(KBr): 3000, 2190 (CN), 1465, 1440, 1360, 1240 and 1045 cm"1; nmr (CDC13): 6 

3.05 (q, 12 H, CH2, 0 = 7Hz), 1.53 (s, 6 H, 0(083)2» 1.26 (t, 18 H, -CH2- 

CH3, J = 7 Hz); anal, caled, for 0^8338504: 0, 55.07; 8, 9.17; N, 20.29; 

found: 0, 55.05; 8, 9.52; N, 20.26. 

This nitronate salt (0.50 g, 1.2 mmol) was stirred with anhydrous ether 

(15 ml) saturated with dry hydrogen chloride for 10 minutes at 0-5°C. The 

solution after removal of triethyl ammonium chloride was concentrated at 5°C 

to give the glutaronitrile _3 (0.23 g, 90%), mp 118-19°C (dec); ir (KBr): 

3000, 1565 (N02), 1360 (N02), 1285, 1010 cm“1; anal, caled, for CyHg^: C, 

39.63; 8, 3.80; N, 26.41; found: C, 39.34; 8, 3.80; N, 26.56. To avoid 

decomposition it was stored at 0°C. 
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Dibenzylnitroacetonitrile 7. The potassium salt^ of nitroacetonitrile 

(1.25 g, 10 mmol) in a mixture of dry tetrahydrofuran (50 ml) and hexa- 

methylphosphoric triamide (10 ml) cooled to -85°C by a liquid nitrogen and 

alcohol bath was treated with n_-butyll ithium (6.25 ml of a 1.6 M solution, 

10 mmol) in hexane added dropwise under nitrogen with stirring (30 minutes) 

followed by a solution of benzyl bromide (3.42 g, 20 mmol) in tetrahydro¬ 

furan (10 ml) added slowly with stirring at -85°C for 3 hours. Stirring was 

continued overnight at room temperature, the mixture was treated with acetic 

acid (3 ml), and the solvent was removed. The residue dissolved in ether 

was washed with water and saturated sodium chloride solution and dried 

(MgS04). Ether was removed and the residue was chromatographed over neutral 

alumina. Hexane eluted dibenzylnitroacetonitrile (20 mg, 0.8%) as colorless 

needles, mp 152-53°C; ir (KBr): 3040, 1555, 1500 (N02), 1370 (N02), 1330, 

745 and 705 cm"1; nmr (COCI3): 6 7.46 (s, 10 H, aromatic), 4.63 (s, 4 H, 

CH2); m/e (70 ev): 266 (M+); anal, caled, for C16H14N202: C, 72.17; H, 5.30; 

N, 10.52; found: C, 71.82; H, 5.32; N, 10.44. 

Tribenzylnitrosuccinonitrile 8. To a stirred solution of nitroacetoni¬ 

trile (0.86 g, 10 mmol) in dry tetrahydrofuran (50 ml) and hexamethylphos¬ 

phoric triamide (10 ml) at -80°C under nitrogen _n-butyllithium (12.50 ml of 

a 1.6 M solution, 20 mmol), followed by benzyl bromide (3.42 g, 20 mmol) in 

tetrahydrofuran (10 ml) was added. The mixture was stirred at -80°C for 3 

hours and at room temperature overnight, treated with acetic acid and worked 

up as in the previous experiment to give the tribenzyl derivative as 

colorless needles (80 mg, 2%) mp 129-30°C; ir (KBr): 3040, 2230 (CN), 1555 

(N02), 1495, 1440, 1370 (N02), 1330, 745 and 700 cm"1; nmr (CDC13): 6 7.26 

(s, 15 H, aromatic), 3.83 (s, 2 H, CgH^-t^-C-l^), 3.50 (dd, 4 H, J = 14 

Hz, (CgHgf^^C) ; anal, caled, for C25H2^N302: C, 75.93; H, 5.35; N, 10.63; 

found: C, 75.67; H, 5.47; N, 10.67. 
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F. Dibromonitroacetonitrile and Aromatic Compounds 
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It was previously reported that tetramethylethyl ene, two sulfides, and 

triethyl ami ne were converted to adducts formally derived from nitrocyano- 

carbene by treatment with dibromonitroacetonitrile co-products included 

the olefin dibromide and the amine hydrobromide.1 

In this report we describe reactions between dibromonitroacetonitrile (a 

positive bromine reagent) and aromatic compounds. Although a trace of ben¬ 

zoyl cyanide _5 was detected in thefeaction mixture, dibromonitroacetoni¬ 

trile l_did not otherwise react with benzene at 80°C for 20 hours and was 

recovered (80%). A more efficient formation of the cyanide _5 was brought 

about by the added presence of copper. The proposed intermediacy of phenyl- 

nitrocyanomethane _4 was supported by an independent quantitative conversion 

of compound funder similar conditions to the cyanide _5_, eq(l).2"7 It is 

believed that copper promoted debromination of the dibromide and thereby 

afforded an interaction with benzene to produce a formal adduct with cyano- 

nitro carbene. Since dicyanocarbene reacted with benzene by addition to an 

unsaturated bond and not at all by direct insertion into a CH bond, eq(2),8 

it is proposed that 3-cyanobenzisoxazol-2-in-2-oxide _2 or the isomeric 

norcaradiene 3_ was formed initially however the formation of intermediate^ 

by an isomerization of adducts _2 and/or _3 has not been differentiated from 

formation by direct insertion into a benzene CH bond, eq(3). 
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eq(l) 

eq(2) 

eq(3) 

Anthracene and phenol underwent typical aromatic brominations to give 

9,10-dibromoanthracene 6_and 4-bromophenol on treatment with the dibromide 

U Formal adducts from nitrocyano carbene and these aromatic compounds were 

not detected. In a similar reaction the dibromide converted cupric ace- 

tylacetonate to its bromo derivative 8^. 

7 

CH0 
I 3 
C—0 

// \ 
BrC Qu/, 

C = 0 

CH, 

Acknowledgment. Financial support was received from ONR. 

Experimental 

Instruments included Pye-Unicam SP 200 ir and Vari an A-60 nmr spectro¬ 

meters. Elemental analyses were obtained from Micro-Tech Laboratories, 



Skokie, 11. Dibromonitroacetonitri 1e^ and phenylnitroacetonitrile10 were 

obtained by reported methods. Freshly precipitated copper powder** was 

used. 

Benzoyl cyanide 5.: The dibromide ^ (12.2 g, 50 mmol) and copper powder 

(6.4 g, 100 mmol) in dry benzene (100 ml) were heated at 80°C for 15 hours. 

After inorganic material and the solvent were removed the residue was dis¬ 

tilled in a Kugelrohr apparatus (130°C, 0.1 torr) to give benzoyl cyanide 

(1.85 g, 28%), mp 30-32°C, lit.*2 mp 32°C. Phenylnitroacetonitrile (4.05 g, 

25 mmol) and copper powder (3.2 g, 50 mmol) in dry benzene (50 ml) were 

heated at 80°C for 10 hours to give benzoyl cyanide (3.2 g, 97%). 

Brominations. Anthracene (1.78 g, 10 mmol) in methylene chloride (30 ml) 

was treated with the dibromo compound (4.88 g, 20 mmol) in methylene chlo¬ 

ride (20 ml) added dropwise. The mixture was stirred for 3 hours and con¬ 

centrated to give 9,10-dibromoanthracene (2.20 g, 65%) as yellow needles mp 

218-220°C, lit.13 mp 220°C. 

A solution of the dibromide (2.44 g, 10 mmol) in methylene chloride (25 

ml) was added to a solution of phenol (0.47 g, 5 mmol) in methylene chloride 

(25 ml) and stirred for 4 hours. The solvent was removed and the residue 

was placed on a neutral alumina chromatography column. Elution with ethyl 

acetate afforded 4-bromophenol (0.40 g, 46%), mp 63-64°C, lit.*4 mp 63°C. 

To a solution of cupric acetylacetonate (2.62 g, 10 mmol) in acetone (50 

ml) the dibromide (4.88 g, 20 mmol) was added dropwise and the mixture was 

stirred for an hour to give cupric bromoacetylacetonate which separated 

as dark green needles (1.9 g, 56%), mp 226-227°C (dec), lit.*^ mp 220°C 

(dec); anal, caled, for C^qH^B^O^u: C, 28.60; H, 2.86; found: C, 28.62; 

H, 2.76. 
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2. The conversion^ 5_ is reminiscent of the facile thermolysis of 
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phenylbromonitroacetonitrile j_ to the cyanide il. It is suggested 

that both a-nitronitriles _4 and underwent isomerization to a nitrite 

ester ^ and that the cyanide 5_ was produced by an elimination of 

nitroxyl, eq(l), whereas Jj_ was produced by an elimination of nitrosyl 

bromide. 
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G. Formal Nitrocyanocarbene Adducts and Brominations from Nitrodibromo- 

acetonitrile. 

Joseph H. Boyer, Thanikavelu Manimaran, and T. Perumal Pillai, Department of 

Chemistry, University of New Orleans, New Orleans, Louisiana, 70148. 

A variety of nucleophiles debrominated nitrodibromoacetonitrile _2 

(NDBA) under mild conditions. This afforded typical bromination reactions and 

the unique formation of formal adducts derived from nitrocyanocarbene JL 

Tetramethyl ethyl ene 3_ (2 moles) and NDBA* in an inert solvent at 25°C 

gave 3-cyano-4,4,5,5-tetramethylisoxazol-2-in-2-oxide _4 and 2,3-dibromo-2,3-di- 

methylbutane _5, eq(l). The structure of the heterocycle _4 was confirmed by an 

x-ray crystallographic analysis.^ Formation of the heterocycle _4 by cycliza- 

tion of the nitronate ester ]_, an undetected adduct to be derived from NDBA and 

the olefin _3, was considered unlikely since similar cyclizations from 0-bromo- 
O 

alkylnitronates J3, adducts from trinitrobromomethane and olefins, were not ob¬ 

served, eq(2). That the formation of the heterocycle _4 did not proceed from a 

radical precursor was shown by observing no change in product formation by the 

added presence of either di-tert-butylnitroxide or tetracyanoethylene (radical 

scavengers). This observation was supported by an absence of a CIDNP signal for 

the reaction, eq(l). The formation of products £ and _5 satisfied the require¬ 

ments for a proposed bromonium salt intermediate 9_ and its further interaction 

with the olefin _3, eq(3).4 Support for the intermediate was found by the com¬ 

plete suppression of the formation of the heterocycle and no effect on the 

formation of the dibromide _5 by the added presence of pyridine in the reaction 

mixture. It was assumed that pyridine converted the salt to the dibromide 5_ 

and pyridinium nitrocyanomethylide 10, however the latter was not detected, 

eq(4). 
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NCCN02 NCC = N(0)O 

1 

Br2C(N02)CN 

2 
(ch3)2c=c(ch3)2 -> 

(CH„)_C—C-CN / 
3 2/ W+ / 

(ch3)2c n+-o- 4- (ch3)2ç. 
X0/ V Br\ 

r2c=cr2 

(02N)2C(X)Br 

no2 
R0CBr CX 

21 11+ - 
R~C. N —0 2 \ / 

N0oBr R0C — CX 
\2/ . 2/ \\ ^ 
A-> R?C . N —0 

X0 

2 (not detected), 

R = CH3, X = CN 

.8, R = alkyl, H; X = N02 

2 + 3 

9 + 3 

Br 

4 -H 5 

NCCN02<-4 NCC = N(0)0 

Br 
f 
Br 

9 + c5h5n —>|c5h5n-c(no2)cnJ + ¿ 

10 

Br 
.CW 

C-NO, 
xBr¿ 

c6h5ch=chc6h5 

trans 

NDBA, CH2C12 

25 C, 3 days 
» Ic6h5ch /2 

meso 

eq( 1 ) 

eq(2) 

eq( 3) 

eq(4) 

eq(5) 

eq(6) 

Additional support for the intermediacy of the salt 9 was found in a 
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reaction between cyclohexene and the dibromide 2_ to give di-(2-bromocyclohex- 

yl )nitroacetonitri le in low yield presumably via the mono-adduct 2-bromocy- 

clohexylbromonitroacetonitrile JQ, eq(5). The structure was determined by 

elemental analysis, molecular weight determination, v3C 1550 and vr 1390 cm'1 

(N02), 6 4.3 and 4.8 (two tertiary hydrogen atoms) and 6 1.2-2.5 (18 methylene 

hydrogen atoms). Formation of the intermediate 11 represented C-alkylation of 

the anion, see _9, of nitrobromoacetonitrile whereas formation of the nitronate 

ester 8_ represented O-alkylation of the anion of nitroform. A bromonium ion 

intermediate was also proposed to explain the conversion of trans-stiIbene to 

meso_-l,2-diphenyl-l,2-dibromoethane (10%), mp 24l°C (dec),6 by treatment with 

NDBA, eq(6). 

Dimethyl sulfide (2 equivalents) and the dibromide 2 in methylene 

chloride at 0°C for 30 minutes gave dimethylsulfonium nitrocyanomethyl ide 13 in 

high yield.7’8 Tetrahydrothiophene gave tetramethylenesulfonium nitrocyano¬ 

methyl ide J4_ by similar treatment. An excess of triethyl amine in benzene or 

carbon tetrachloride reacted with the dibromide _2 to give triethylammoniurn 

nitrocyanomethyl ide _15. in low yield and tri ethyl ammoni urn bromide. By analogy 

with eq(3) it is proposed that these reactions proceed from intermediate salts 

of nitrobromoacetonitrile, eq(7,8). The formation of tri ethylammoni urn bromide 

is known to occur in a reaction between triethylamine and bromine, eq(9).^ 

Attempts to liberate nitrocyanocarbene 1, from its adduct 13 were unsuccessful. 

2 + - +- 

» R2SBr NCC(Br)N02 -» R2SC(CN)N02 + 

13 « = CH3 

!! «2 = (^2)4 eq(7) 

2 -1- 

r=c2h5 15 eq(8) 
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*” "f* «. 

R2NC2H5 ---■> HBr-> R3NH Br 

R- C0H_ - ^=CHCH3 Br 
eq(9) 

Experimental 

Spectroscopic analyses were obtained from an ir Pye-Unicam SP200 and 

an nmr Vari an A-60 spectrometers. Elemental analyses were obtained from Micro- 

Tech Laboratories, Skokie, Illinois. 

S-Cyano-M.S.S-tetramethylisoxazol-Z-in-Z-oxide i. To a stirred solution of 

NDBA 2. (4.88 g, 20 mmol) in methylene chloride (20 ml) at 25°C a solution of 2, 

3-dimethylbut-2-ene _4 (3.36 g, 40 mmol) in methylene chloride (30 mi) was added 

dropwise. Stirring was continued for 30 minutes, solvent was removed, and the 

residue was chromatographed over neutral alumina. Hexane (3 X 100 ml) eluted 

2,3-dibromo-2,3-dimethyl butane, 2.05 g (42%), mp 168-169°C (dec)10 after re¬ 

crystal lization from hexane. The same solvent (4 X 100 ml) then eluted 3-cyano- 

4,4,5, 5-tetramethylisoxazol-2-in'_4, 1.51 g (45%), mp 68-69°C after recrystalli¬ 

zation from hexane; ir (KBr) : 2220 (C=N), 1605, and 1350 cm_1(iC=N(0)0-) nmr 

(CDC13): 6 1.31 (s, CH3) and 1.44 (s, CH3; 13Cnmr(CDCl3): 6 109.69 (C-3), 103.53 

(CN), 90.84 (C-5), 48.79 (C-4), 21.08 (CH3 at C-5), 20.72 (CH3 at C-4); m/e (70 

ev)(%): 168 (M+, 36); anal, caled, for C8H12N202: C, 57.14; H, 7.14; N, 16.67; 

found: C, 56.62; H, 7.29; N, 16.54. There was no change in the reaction when 

methylene chloride as solvent was replaced by benzene or cyclohexane. 

Di-(2-bromocyclohexyl )nitroacetonitri 1e ]2. A solution of NDBA 2_ (12.2 g, 50 

mmol) in an excess of cyclohexene (50 ml) was stirred overnight at 25°C. The 

mixture was concentrated to give the adduct ]2_ (1.9 g, 9%) as a colorless solid, 

mp 198-99¾ (dec), ir (KBr): 1550, and 1390 cm’1 (N02); nmr (CDC13) : 6 1.3-2.5 

(m, 18 H) 4.3 (m, 1 H) and 4.8 (m, 1 H); m/e (70 ev): 408 (M+); anal, caled, for 

C14H20N2°2Br2: C* 41-21; H* 4-9°; N> 6.87; Br, 39.17; found: C, 41.00; H, 5.06; 

N, 6.90; Br, 39.25. 



32 

Dimethyl sulfonium cyanonitromethylide 13. To a stirred solution of dimethyl 

sulfide (2.50 g, 40 mmol) in methylene chloride (20 ml) at 0-5°C a solution of 

NDBA (4.88 g, 20 mmol) in methylene chloride (50 ml) was added dropwise. Stir¬ 

ring at 0-5°C was continued for 30 minutes. Precipitated dimethylsulfonium cy¬ 

anonitromethylide _1_3, 2.75 g (80%) recrystal 1 ized from hot water as a colorless 

solid, mp 213-214°C (dec)8; ir (KBr): 2200 (C=N), 1400, and 1295 cm"1 (N02). 

A similar reaction with tetrahydrothiophene gave tetramethylenesul- 

fonium cyanonitromethylide 2i (54%), mp 166-167°C (dec) after recrystal 1ization 

from hot water; ir (KBr): 2200 (C=N), 1395, and 1300 cm'1 (N02); nmr (CDC13): 6 

2.1-2.7 (m) and 3.4-3.8 (m); anal, caled, for C6H8N202S: C, 41.86; H, 4.65; N, 

16.28; S, 18.60; found: C, 41.32; H, 4.78; N, 16.34; S, 18.64. 

Triethyl ammonium cyanonitromethylide 11. A solution of triethylamine (4.0 g, 40 

mmol) in carbon tetrachloride (25 ml) was added dropwise to a stirred solution 

of NDBA (2.44 g, 10 mmol) in carbon tetrachlo"ide at 25°C. The solvent was re¬ 

moved and the residue was triturated with acetone (20 ml), separated by filtra¬ 

tion, and triturated with methylene chloride (25 ml) to give the methyl i de 15 as 

a colorless solid (90 mg, 5%), mp 154-155°C (dec); ir (KBr): 2200 (C=N), 1420 

(N02), 1330 cm'1 (N02); nmr: <5 1.50 (t, 9, CH3), 3.17 (q, 6, CH2); anal, caled, 

for C8H15N302: C, 51.88; H, 8.16; N, 22.69; found: C, 51.20; H, 8.10; N.22.96. 

The combined filtrates were concentrated to give triethyl ammonium bromide as a 

colorless solid (1.65 g, 45%), mp 248-249°C (dec).11 Similar results were ob¬ 

tained when benzene replaced carbon tetrachloride as solvent. 

Acknowledgment: Financial support was received from 0NR. 
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H. Conversion of a-Aminoacids to a-Amino Derivatives of Nitros- and Nitrainines 

Joseph H. Boyer and Govi ndarajulu Kumar 

Chemistry Department, University of New Orleans, New Orleans, Louisiana 70148 

Abstract. N-Nitropipecolic acid _5 was converted to N-nitropipecolyl azide 8 

(75%) via the acid chloride (not isolated). Thermolysis of the azide 8_ in ben¬ 

zene gave l-nitro-2-isocyanatopiperidine _9 (100%). Methanol converted the iso¬ 

cyanate to methyl N-(1-nitropiperidin-2-)carbamate 10 (65%, 49% overall). In one 

step diphenylphosphoryl azide in methanol converted the acid _5 to the carbamate 

_10_(50%). Thermolysis of the azide 8_ in benzene containing tert-butanol gave 

tert-butyl N-(l-nitropiperidin-2-)carbamate J1 (50%). Attempts to liberate 1- 

nitro-2-aminopiperi di ne from its carbamate 10 by treatment with trimethyl si lyl 

iodide and methanol gave instead l-nitro-A2-tetrahydropyridine J;2_. The azide _8 

was also obtained by the treatmenfof N-nitropipecolic acid hydrazide 7_ with 

nitrous acid. Methyl N-nitrosopipecolate and hydrazine gave the expected hyra- 

zide _16_ (60%)• The latter with sodium nitrite in hydrochloric acid gave the 

azide (50%). A Curtius conversion of the azide gave l-nitroso-2-isocyanato- 

piperidine (70%) an unstable liquid; thermolysis of the azide in the presence 

of methanol gave methyl l-nitrosopiperidin-2 carbamate 21 (55%). Attempts to 

convert N-nitrosopipecolic acid 21 to the acid chloride by treatment with ethyl 

chloroformate in the presence of triethyl ami ne gave instead tetramethylene 

sydnone 20_ (100%) 

Diethyl l,3-dim'trosoimidazolidin-4,5-dicarboxylate _3§. was obtained in 

80% yield from diethyl erythro-diami nosuccinate 26 by a condensation with for¬ 

malin followed by nitrosation. Nitric acid (100%) converted the dinitrosamine 38 

to diethyl l,3-dinitroimidazolidin-4,5-dicarboxylate 21 (78%) and a similar 

conversion afforded the dimethyl esters 21 and 21» Ester hydrolysis by 

concentrated hydrochloric acid gave l,3-dinitroimidazolidin-4,5-dicarboxylic acid 
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21.(65%) but similar treatment with dilute hydrochloric acid brought about decom¬ 

position of dimethyl l,3-dinitrosoimidazolidin-4,5-dicarboxylate 2i w1’th the evo¬ 

lution of brown fumes of nitrogen dioxide and a trace of an unidentified color¬ 

less solid. Attempted saponification of the diester 22 with dilute sodium hydr¬ 

oxide gave intractable mixtures. Although trimethylsilyl iodide was unreactive 

toward the dinitramine diester 22 it combined with the di nitrosamine di ester 34 

to give an intractable black tar. Attempts to convert diethyl imidazolidin-4,5- 

dicarboxyl ate 22 to the dinitrosamine 22 nitrosation with sodium nitrite in 

sulfuric acid and to the dinitramine 39 by nitration with nitronium tetrafluo- 

roborate in acetonitrile were unsuccessful. Diphenylphosphoryl azide with tri- 

ethylamine in an alcohol converted the dinitramino acid 21 to an intractable 

mixture and had no effect on either the disodium or di si Tver salts of the acid 

31. Attempts to convert the dinitrami noacid 31 to the corresponding dicarboxylic 

acid chloride by treatment with mettiyl chloroformate in the presence of tri ethyl- 

amine, phosphorous pentachloride, or thionyl chloride were unsuccessful. Thionyl 

chloride in the presence of pyridine gave the anhydride _40* Although tri-n_- 

butyltin azide converted phthalic anhydride to isatoic anhydride (33%), it con¬ 

verted the dinitramine anhydride 22 to the tri-r^-butyltin salt 22 1.3-dinitro- 

4-azidocarbonylimidazolidin-5-carboxylic acid and, when an alcohol was present, 

to the bistri-n-butyltin salt 21 of the dinitramino acid 21* Methanol converted 

the anhydride 22 to the monomethyl ester 22 of l,3-dinitroimidazolidin-4,5-dicar- 

boxylic acid. Treatment with diphenylphosphoryl azide converted the half-ester 

22 to the monomethyl ester 22 of imidazole-4,5-dicarboxylic acid with the evolu¬ 

tion of nitrogen dioxide (brown fumes). An equivalent of hydrazine converted the 

dinitraminoester 22 to dimethyl imidazole-4,5-dicarboxylate 22 and* when an 

excess of hydrazine was present, the dihydrazide 21 of imidazole-4,5-dicarboxylic 

acid. In contrast hydrazine converted the dinitrosami noester 22 t0 the dihydra- 

zide 48 of l,3-dinitrosoimidazolidin-4,5-dicarboxylic acid that gave the expected 
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bis-condensation derivative of acetone. Nitrous acid converted the dihydrazide 

4¡3 to the diazide ^ of l,3-dinitrosoimidazo1idin-4,5-dicarboxylic acid. Ther¬ 

molysis of the diazide 49^ in benzene proceeded with the disappearance of azido 

and carbonyl functions but without a detectable formation of an isocyanate. A 

similar thermolysis in an alcohol also gave an intractable mixture that did not 

afford a carbamate ester. 

Introduction. Geminai bisnitrosamino and bisnitramino units 1 and 2 have rarely 

been derived from either a monoamine or a gem-diamine. The preparation of RDX 

from ammonium nitrate and formaldehyde in acetic anhydride offered a derivative 

of the bisnitramino unit 2^.1 In similar reactions formalin and sodium nitrite in 

sulfuric acid converted ethyl enediami ne to 1,3-dinitrosamidazolidine _3 and tri- 
O 

methyl enedi ami ne to 1,3-dinitroso hexahydro-pyrimidine 4^. 
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Functional group interchange offers, in principle, alternative routes 

to geminai bisnitrosamines and bisnitramines. Known a-functions in nitramines 

include hydroxyl (unstable),^ secondary amino (unstable),^ tertiary amino,^ 

alkoxy,6 cyano,7 chloro,8 fluoro,9 azido,10, and certain heterocyclic groups.11 

A primary a-aminonitramine is unknown and is presumably unstable. Known a- 

functions in nitrosamines include In two examples a-nitros- 

aminocarboxylic acids have been converted to a-aminonitrosamines isolated as 

ureido derivatives, eq(l,2).xx 
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This investigation was undertaken to examine (a) the previously un¬ 

known conversion of an o-aminoacid to a stable derivative of an a-aminonitramine 

and (b) conversions available to a.a'-dicarboxy derivatives of a geminai 

bisnitramino unit 2 and bisnitrosamino unit 1. 

Results and Discussion. Routine conversions from N-nitropipecolic acid xx gave 

the first examples of nitramines with a-carboxyi, a-alkoxycarbonyl, a- 

hydrazinocarbonyl, a-azidocarbonyl, a-isocyanato, and a-carbamoyl functions 5_- 

11. Attempted liberation of l-nitro-2-aminopiperidine from the carbamate 10 

under anhydrous conditions by treatment with trimethyl si lyl iodide followed by 

methanolxx gave instead l-nitro-l,2,3,4-tetrahydropyridine _13. presumably by a 

spontaneous loss of ammonia from the primary amine 12. 

PA k^NNO 

X = 2: A = C02H, 6. A = C02CH3, _7_ A = C0N2H3, 8_ A = C0N3, A * NCO 

_10 A = NHC02CH3, ^ A = NHC02C(CH3)3, 12 A = NH2 

X = 1: A = C02H, A = C02CH3, JL6^ A * C0N2H3, JJ A 

19 A = NHC02CH3, _20 A = NH2 
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HCNHCH.C,Hc 
j 2 6 5 

HCNHCH9C,H, t 2 6 5 
co2h 

21 22 23 R 
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i 2 6 5 

HCNHCHoC.Hc 
I 2 6 5 

24 R 3 CjjHg 
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In a less efficient one-step operation the acid ^ was converted to 

the methyl carbamate 10 by treatment with diphenylphosphoryl azide, triethyl- 

amine, and methanol in benzene.xx An intractable product mixture was obtained 

when N-nitrosopipecolic acid L4. was subjected to similar treatment. 

For conversion to the carbamate derivative l-nitroso-2-amino¬ 

piperidine, N-nitrosopipecolic acid hydrazide was prepared by treating the 

methyl ester JL!^ with hydrazine. Attempts to obtain the acid chloride from the 

acid ^14. by treatment with ethyl chloroformate and triethylaminie were unsuc¬ 

cessful and gave instead tetramethylene sydnone j!0 by dehydration.xx Routine 

treatment converted the hydrazide _16^to the carbamate 19 via the acid azide 17 

and the isocyanate ^3. No attempt was made to liberate the amine j!0 from its 

carbamate derivative. 

To investigate their conversions to isocyanates j>0 and and carba¬ 

mates Jj2 and 53, preparations of the 1,3-dinitroso- 30^ and the 1,3-dinitro- 31 

derivatives of imidazolidine-4,5-dicarboxylic acid 28 were developed. Ethyl 

meso-diami nosuccinate 27 was obtained from meso-dibromosuccinic acid 21 by 
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treatment first with benzyl amine.xx This was followed by esterification of 

the dicarboxylic acid _22_ to esters _23 and _24_ and hydrogenolytic removal of 

benzyl groups from the di benzyl diamine _24_ to obtain the amines 25_ and 26_. 

Ring closure by treatment of the diami ne _26^ with formaldehyde gave the diethyl 

ester _36_ of imidazolidin-4,5-dicarboxylic acid _28^.xx Although ring closure by 

treatment with formaldehyde converted the meso-dibenzyl amines 23 and 24 to the 

dimethyl ester ^ and the diethyl ester 37_of l,3-dibenzylimidazolidin-4,5- 

dicarboxylic acid _29% subsequent hydrogenolytic removal of the benzyl groups 

and nitrosation of the unstable gem-diamine _36_ (not isolated) gave an intract¬ 

able mixture. A routine nitrosation converted the diamine jtö to the dinitros- 

amine_38 and treatment of the latter with nitric acid (100%) gave the corres¬ 

ponding diester dinitramine _39^.xx Attempted oxidation of the dinitrosamine 38 

to the dinitramine _39_by treatment with hydrogen peroxide (90%) and trifluoro- 

acetic acid anhydride in methylene chloride gave an intractable mixture 

instead.xx 

Aqueous hydrochloric acid hydrolysed each of the diesters 35 and 39 

to the dicarboxylic acid 21. The free acid ^1_, its disodium salt, and its 

disilver salt were each treated with diphenylphosphoryl azide in unsuccessful 

attempts to convert carboxyl groups to amino groups (or derivatives);xx instead 

intractable mixtures were obtained. Attempts to convert the diacid to the 

diacid chloride were also unsuccessful and intractable mixtures were obtained 

following treatment with either ethyl chloroformate and triethyl amine, or 

phosphorous pentachloride, or thionyl chloride. Thionyl chloride and pyridine 

(trace) converted the diacid to the anhydride 4^.xx Moisture quickly converted 

the anhydride to the diacid 31. 

Following a procedure for the conversion of an acid anhydride to an 

aminoacid the anhydride 40_was treated with tri-n-butyltin azide.xx The pro¬ 

duct isolated and identified was the bistributyltin salt 41 of 1,3-dinitroimid- 
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azolidin-4,5-dicarboxylic acid 21. Warm alcohol (methyl, ethyl, or tert-butyl) 

disproportionated the intermediate momo-azide 42 (detected by ir) to the ditin 

salt Ü without a trace of the Curtios conversion of the azidocarbonyl group to 

an isocyanate group (or its carbamate derivative). In contrast phthalic anhy¬ 

dride and tri-n-butyltin azide under comparable conditions gave isatoic anhy¬ 

dride presumably via a Curtius conversion of an intermediate azidocarbonyl 

substituent. 

To investigate the stepwise conversion of the two vicinal carboxyl 

groups the anhydride H was converted to the mono ester 44_by treatment with 

methanol. Oiphenylphosphoryl azide failed to convert the acid 44 to an acid 

azide and/or an isocyanate; instead aromatization by the elimination of the 

elements of nitrous acid gave the half ester of imidazole-4,5-dicarboxylic 

acid as the only product identified.xx A similar aromatization occurred when 

hydrazine hydrate and the diester 39 gave the diester 46 of imidazole-4,5- 

dicarboxylic acid and by further reaction the corresponding dihydrazide 47. 

In contrast the dinitrosamino diester J8 and hydrazine hydrate gave 

the dihydrazide 48 of 1,3-dinitrosoimidazolidine-4,5-dicarboxyl ic acid. 

Apparently aromatization by the elimination of nitrous acid from compound 21 

occurred more readily than it did by the elimination of nitroxyl from compound 

38. Nitrous acid converted the dihydrazide 28 to the expected diazide 49. 

Thermolysis of the latter in either benzene or in J>butanol gave an intractable 

mixture of products and no trace of an isocyanate j>0 or its carbamate deriva¬ 

tive 52 was detected. 
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I. Formal Dinitrocarbene and Nitrosyl Bromide Adducts from Dinitrodibromo- 

methane 

Joseph H. Boyer and Robert I. Patterson 

42 

I 

Chemistry Department, University of New Orleans, New Orleans, Louisiana 70148 

It was previously shown that nitrodibromoacetonitrile afforded the 

adducts _3 - 6_ formally derived from nitrocyanocarbene _2 and tetramethyl ethyl- 

ene, dialkyl sulfides, and triethylamine. Coproducts were a dibromide 7_ from 

the olefin and an ammonium bromide _8 from the amine.^ 

Similar reactions for dibromodinitromethane 9_ (OOM) have been inves¬ 

tigated. Dimethylsulfoniumdinitromethylide 11 (54%), previously obtained from 

dinitromethane and dimethyl sulfoxide,2,3 was obtained from DDM and dimethyl 

sulfide in methylene chloride and represented an adduct formally derived from 

dinitrocarbene _10. In contrast with nitrodibromoacetonitrile ^ DDM 9_was un¬ 

reactive toward tetramethylethyl ene, acrylonitrile, and ethyl acrylate; and 

both 1,1,4,4,-tetramethylbutadiene and ethyl vinyl ether with DDM gave intract¬ 

able product mixtures. Indene and DDM in acetonitrile gave 2,3-dibromoindan 

JL2_ but failed to give the expected adduct _13_ formally derived from dinitrocar¬ 

bene _9. 

An unexpected dissociation of DDM ^ occurred in the presence of 

norbornene in acetonitrile to bring about the formation of 3-bromo-3a,4,5,- 

6,7,7a-hexahydro-4,7-methano-l,2-benzisoxazo1e-2-oxide 16 (25%), an adduct 

formally derived from the olefin and nitrobromocarbene Jjj_. The adduct JJ 

formally derived from dinitrocarbene was not detected. When the solvent 

acetonitrile was replaced with methylene chloride the adduct jL£ was not ob¬ 

tained and the only product detected was the dimer _19^ (25%) of 2-bromo-3- 

nitrosobicyclo[2.2.1]heptane a known adduct from norbornene and nitrosyl 

bromide 21. Formation in situ of the latter by a previously unknown 
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dissociation of DDM was accounted for by an initial isomerization to nitrodi- 

bromomethyl nitrite 20 followed by a 1,2-elimination. 

In acetonitrile bicyclo[2.2.1]hepta-2,5-dione 22_ and DDM 9_ afforded 

3-bromo-3a,4,7,7a-tetrahydro-4,7-methano-l,2-benzisoxazole-7-oxide 23_ (29%) an 

adduct formally derived from the olefin and bromonitrocarbene 15. 

C(X)N02 ' 

4 X = CN, R 

Br2C(X)N02 

1_ X = CN 

9 X = NCL 

xcno2^ 0 
+ 1+ - 

XC=N -0 

r2s 

CH, 
2 X = CN 

10 X = NO, 

15 X = Br 
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3 2/ \N 4. 
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Experimental. Spectroscopic analyses were obtained from an ir Pye-Unicam 

SP200, an nmr Vari an A-60 spectrometers and an Hitachi Perkin-Elmer RMU-6E 

mass spectrometer. Elemental analyses were obtained from Micro-Tech 

Laboratories, Skokie, Illinois. 

Dimethylsulfoniumdinitromethylide II. A solution of dimethyl sulfide (1.0 g, 

16.1 mmol) in methylene chloride (15 ml) was cooled to 4°C and a solution of 

methylene chloride (5 ml) containing dibromodinitromethane (2.0 g, 7.6 mmol) 

was added over 5 minutes. After stirring for 0.5 hr at 4°C, it was stored 

(0°C) overnight. The precipitate was filtered and washed with chloroform and 

with distilled water (5 ml) and air dried for 2 hr. to give a yellow solid 

(0.68 g, 54%) mp 215-218°C (dec.) (Ijt.1’2 mp 224-226°C (dec.)); IR(KBr): 

3070, 3040, 2920, 1595, 1405, 1355, 1260, 1050, 990, 940, 835, 735 cm"1; 13C 

NMR(DMSO-dg): 6 26.75, 121.83 (lit.2 6 26.83, 124.7); M/e (70 ev): 166 (M+, 

90), 151 (30), 104 (61), 62 (100), 47 (80). 

3-Bromo-3a,4,5,6,7,7a-hexahydro-4,7-methano-l,2-benzisoxazole-2-oxide 16» A 

solution of acetonitrile (5 ml) containing bicyclo[2.2.1]hept-2-ene (1.5 g, 

16.0 mmol) was cooled to 10-15°C and dibromodinitromethane (1.0 g, 3.8 rnnol ) 

was added over 2 minutes followed by more acetonitrile (5 ml). After 2.75 h 

at 10-15°C the solvent was stripped under reduced pressure and the oil chro¬ 

matographed on silica gel (30 g) using benzene (150 ml) and 30% ethyl acetate/ 

benzene (200 ml) to give a colorless solid (0.22 g, 25%); mp 140-141°C; IR 

(KBr): 2975, 2880, 1630, 1310, 1250, 945, 890, 872, 845, 810, 795, 760 cm“1; 

'H NMR (CDC13): 6 1.2 - 1.7 (m, 6H); 2.5 - 2.70 (m, 2H); 3.3 (m, 1H); 4.70 

(m, 2H); 13C NMR (CDC13): 6 26.8, 27.9, 32.5, 39.7, 42.2, 55.9, 81.6; M/e 
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(70ev): 233(M+ + 2,8), 231(M+,9), 91(30), 67(100); anal, caled for C8H10N02Br: 

C, 41.40; H, 4.35; N, 6.04; Br, 34.43; found: C, 41.40; H, 4.37; N, 5.97; Br, 

34.86. 

2-Bromo-3-nitrosobicyclo[2.2.1]heptane dimer 19. To a solution of methylene 

chloride (7 ml) and bicyclo[2.2.1]hept-2-ene (1.5 g, 16.0 mmol) at 10°C was 

added dibromodinitromethane (1.0 g, 3.8 mmol) followed by methylene chloride 

(3 ml). After 22 hr at room temperature, the solvent was stripped under 

reduced pressure and solid (0.39 g) was precipitated with benzene. Recrystal¬ 

lization from a mixture of 40% methylene chloride and ethanol gave the bis-2- 

bromo-3-nitroso-bicyclo[2.2.1]heptane (0.19 g, 25%); mp 143-144°C; (lit.1 mp 

138-139°C); IR(KBr): 2980, 2880, 1395, 1320, 1310, 1275, 1265, 1245, 1230, 

955, 935, 855, 835 cm-1; 'H NMR (CDC13): 6 1.18-2.2 (m,6H), 2.5 (bs,lH), 2.76 

(bs,1H), 4.4 (m,lH), 4,87 (m,lH); 15C NMR (CDC13): Ô 26.5, 27.1, 35.8, 39.7, 

46.1, 54.0, 73.6; M/e (70 ev): 206 (M+,4), 204 (M+,4), 175 (53), 173 (55), 

124 (23), 121 (8), 119 (9), 93 (99), 79 (39), 77 (6), 67 (54), 66 (100), 65 

(41); anal, caled for C14H20N202Br2: C, 41.19; H, 4.95; N, 6.87; Br, 39.15; 

found: C, 41.12; H, 4.95; N, 6.79; Br, 40.26. 

iFie, 
¡Í’I 

3-Bromo-3a,4,7,7a-tetrahydro-4,7-methano-l,2-benzisoxazole-7-oxide 23. A 

solution of bicyclo[2.2.l]hepta-2,5-diene. (2.0 g, 21.7 mmol) in dry aceto¬ 

nitrile (10 ml) was cooled to 10°C and dibromodi nitromethane (1.0 g, 3.8 mmol) 

diluted in dry acetonitrile (5 ml) was added over 3 minutes. After 1.25 h 

solvent was removed under reduced pressure to give an oily residue (1.94 g). 

Flash chromotography on silica gel (30 g) with benzene/ethyl acetate (70/30) 

gave a yellow oil (0.78 g). A second flash chromotography on silica gel (30 

g) with benzene/diethyl ether 95/5 gave a solid (0.53 g, mp 65-67°C). 

Lyophilization at 100 torr from methylene chloride/heptane 50/50 gave a solid 
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(0.25 g, 29%), mp 75-75°C; IR (KBr): 3030, 2960, 2875, 1635, 1260, 1150, 1060, 

1000, 900, 845, 805 cm"1; H'NMR (CDCI3): 6 6.1 (m, 2H), 4.6 (m, 1H), 3.2 (m, 

3H), 1.7 (m 2H); 13C NMR (CDC1 3): 6 42.5, 45.3, 48.5, 53.2, 79.7, 98.2, 

133.9, 139.2; M/e (70 ev): 231 (M + 2)+(3); 229 (M+)(3); 214 (4); 212 (4); 202 

(8); 200 (8); 133 (5); 123 (7); 121 (5); 105 (15); 104 (17); 91 (24); 79 (21); 

77 (19); 66 (100); anal, caled, for C8H8N02Br: C, 41.76; H, 3.51; N, 6.09; 

Br, 34.73; found: C, 41.72; H, 3.62; N, 6.07; Br, 34.90. 
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J. Ligand Transfer From lodobenzene Ditrifluoroacetate To An a-Iodoketone 

Joseph H. Boyer and Anbazhagan Natesh 

Chemistry Department, University of New Orleans, New Orleans, LA 70148 

Phenacyl alcohol 6_ (74%) and 1,4-diiodobenzene 8_ (51%) were obtained 

from phenacyl iodide by treatment with iodobenzene ditrifluoroacetate fol¬ 

lowed by hydrolysis. Similar treatment converted 2-oxo-3-iodonorbornane _3 

to the diiodide ^ (30%) but the formation of 2-oxo-3-hydroxynorbornane was 

not detected. An intractable mixture was obtained from 2-iodocyclohexa- 

none _2 when treated with iodobenzene ditrifluoroacetate. 

A search for mild facile conversions of base sensitive enolizable ke¬ 

tones to their a-hydroxy derivatives led to an investigation of the prepa¬ 

ration and dissociation of a-ditrifluoroacetoxyiodoketones.^Phenacyl 

iodide 2-iodocyclohexanone _2and 2-oxo-3-iodonorbornane _3 ^ were 

examined. The latter was prepared from the trimethyl silyl ether of 2-oxo- 

norbornane and N-iodosuccinimide according to a method previously report¬ 

ed^ for the preparation of a-iodoketones that included compounds _1_ and _2. 

2 1 

Treatment with iodobenzene ditrifluoroacetate converted phenacyl io¬ 

dide _1. to phenacyl tri fl uoroacetate _5 detected by nmr in a mixture with 

iodobenzene, 1,4-diiodobenzene 8^, and phenacyl alcohol 6_. Chromatographic 

separation of the mixture from a column of silica gel by a mixture of 

methanol and methylene chloride completed the conversion of the ester 5_to 

the alcohol _6 and afforded the isolation of the diiodide _8.5 In conformi¬ 

ty with similar reactions from other alkyl iodides5’6 it is proposed that 

the overall exchange of an iodo with a trifluoroacetoxy group occurred via 

a ligand transfer from iodobenzene ditrifluoroacetate to give iodobenzene 

and a-iodoacetophenone ditrifluoroacetate 4_ 5~^ and that dissociation of 
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the latter gave fihenacyl trifluoracetate _5 and trifluoroacetoxy iodide _7.» 

a positive iodine reagent undetected except for its probable role in the 

conversion of iodobenzene (released from its ditrifluoroacetate deriva¬ 

tive) to 1,4-diiodobenzene 8_. 

i + c6h5i(ococf3)2 —> c6h5i 4- c6h5coch2i(ococf3)2 

4_ 

H„0 
_4 —* c6h5coch2ococf3 -i—> c6h5coch2oh 

5 6 

cf3co2i + c6h5i —> P-IC6H4I 4* cf3co2h 

8_ 

EXPERIMENTAL 

Instruments included Vari an EM-360 (60 MHz), JEOL FX-90 (90 MHz), and 

JEOL FA-90 nuclear magnetic resonance spectrometers, a Pye Unicam 

(Sargent-Welch) 3-200 infrared spectrometer, and a Hitachi Perkin-Elmer 

RMU-6E mass spectrometer. 

Trimethylsilyl trifluoromethanesulfonate (99%) and N-iodosuccinimide 

(95%) were purchased from the Aldrich Chemical Co. Iodobenzene ditrifluo¬ 

roacetate was prepared from iodobenzene diacetate and trifluoroacetic an¬ 

hydride.6 Phenacyl iodide Ji_ and a-iodocyclohexanone 2_ were prepared from 

the appropriate enol silyl ether*0 and N-iodosuccinimide.3 The iodide 

was stored successfully in the refrigerator but decomposed on storage at 

25°C. 

Trimethyl silyl ether of the enol of 2-oxonorbornane A solution of 2- 

4 CF3C02I 

7 

oxonorbornane (3.5 g, 31.8 mmol) and triethylamine (freshly distilled) 
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(4.7 g, 46.2 mmol) in dry benzene (45 ml) was cooled to 0-5°C under nitro¬ 

gen. Trimethyl silyl trifluoromethanesulfonate (10.3 g, 46.2 mmol) was 

added dropwise with stirring. After continued stirring (80°C, 3 h) the 

mixture was cooled to room temperature and transferred to a separatory 

funnel. The benzene layer was separated and the solvent was removed. The 

crude product was distilled to give the enol silyl ether as a colorless 

liquid (4.5 g, 77.8 %), b.p. 60 - 62°C 14 torr (lit.4 58 - 63°C/14 torr). 

3-Iodo-2-oxonorbornane J. A solution of the enol trimethyl silyl ether of 

2-oxonorbornane (3.8 g, 20.6 mmol) in dry tetrahydrofuran (40 ml) was 

cooled to 0 - 5°C with the exclusion of moisture. N-Iodosuccinimide (5.6 

g, 24.8 mmol) was added and the mixture was stirred (< 5°C, 3.5 h). An 

ether extraction of the reaction mixture was washed with aqueous sodium 

thiosulfate (10%, 75 ml), saturated aqueous sodium bicarbonate (2 X 75 ml ) 

and brine, before it was dried (MgSO^. Evaporation left an oily residue. 

Flash chromatography [silica gel, Merck grade 60, methylenechloride/hex- 

ane(l:l) as the eluent] of the residue gave the iodide ^ as a light brown 

oil, 4.4 g, 90.5%; ir (film) 1750 cm”1 (CO);4 nmr 'H (CC14): 6 1.5 - 2.5 

(6 H, m), 2.5 - 2.9 (2 H, m), 4.1 (1 H, d, J 3.4 Hz);4 nmr13C(CDCl3) : 6 

22.5, 26.6, 28.2, 36.0, 45.1, 49.3, 211.7 (>C=0). 

Reaction of phenacyl iodide j, with iodobenzene ditrifluoroacetate. To a 

solu-tion of phenacyl iodide 1_ (0.3 g, 1.2 mmol) in dry methylene chloride 

(5 ml) iodobenzene ditrifluoroacetate5 (0.6 g, 1.4 mmol) was added and the 

resulting mixture was stirred at room temperature for 6 h. The reaction 

mixture was diluted with ether (15 ml) and washed successively with 10% 

aqueous sodium bisulfite (2 X 10 ml ), saturated aqueous sodium bicarbonate 

(10 ml) and brine solution. The ether extract was dried (Na2S04), and the 

solvent was removed under reduced pressure. The ‘H nmr of the crude pro- 



duct showed a mixture of phenacyl trifluoroacetate (_5), iodobenzene, 1,4- 

diiodobenzene {8) and some phenacyl alcohol (6J. Iodobenzene was removed 

by evaporation at 25°C (1.0 torn). Flash column chromatography [silica 

gel, Merck grade 60, methylene chloride/methanol (40:1) eluent] of the 

residue gave 1,4-diiodobenzene _8 m.p. 126 - 1280C^° (0.20 g, 50.5%): ir 

(KBr): 1460, 1370, 1065, 990 and 795 cm-1; nmr 1H(CDC13): 6 7.4(s); nmr 

13C(CDC13): 6 93.3, 139.2; m/z (70 ev): 330(M+), 203(M+ - I), 76(M+ - 2 

I); and phenacylalcohol 6_m.p. 83 - 85°C1^ (0.12 g, 74%): ir (nujol): 3350 

and 1680 cm-1; nmr 'H (COCI3): 6 3.5 (1H, br,s), 4.8 (2H, s), 7.4 - 7.7 

(3H, m), 7.8 - 8.1 (2H, m); nmr 13C(CDC13): 6 65.4, 127.7, 128.9, 133.4, 

134.2, 198.41; m/z (70 ev): 136 (M+), 105(M+ - CH20H). 
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