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CO N !r:l D E N-H A L CONFIDENTIAL
STCURITY INFOLMATION gy

1. The reaction of 1,1,l-trinitroethane with potassium diethyl
malonata has been repeated, The yield of ethyl 2-carbethoxy-i, k-
dinitrobutyrate was improved to 36,%%, The structure of this compound
was verified by conversicn to 4,k-dinitroheptanedicic acid.

2. The atructure of trimethylammoniumnN-(Q-nitroethyl-zunitronate)
was proven by a successful displacement reaction with piperidine., The
N-(2,7~dinitroethyl)-piperidine prepared (in 93.6% yield) by this
reaction is identical with that produced by the reaction of riperidine
with 1,1,1-trinitroethane, N-(2,2-dinitroethyl)-piperidine wes alao
gynthesized from dinitromethane and N-methylolpiperidine by the procedure
of Duden; Bock and Reld.

5. Guanidine reacts with 1,l,l-triritroethane to give the
elimination-addition product, 2,2-dinltroethylguanidine, in 92% (crude)
yield. The structure of this compound was established by an alternate
synthesis: Guanidine undergoes a displacement reactlon with N—(2;2—
dinitroethyl)-piperidine to give 2,2-dinitroethylguanidine in 28% yield,

4, Trimethylammonium-N-(2-nitroethyl-2-nitronate) reacte with
bromine to give an orange snlid melting at 77,5° {evolution of bromine
vapors). Attempts at recrystallization have yielded traces of trimetnyl=
ammonium bromide, m.p. 2b4-246°; characterization of the other compouents
of this reaction is still in progress.

5., To comrlete the work on selective reduction of nitrocarbonyl
compcunds, the action of sodium borohydride on L4,k-dinitropentanal
(67.6% yield of alcohol using neutral-basic medium) and 5,5-dinitro-2-
hexanone (78,2% yleld of alcohol using acid medium; 5k.5% using neutral-
basic medium) was studied.

6. l-Nitromethyl cyclohexene was prepared in 62% yield using the
procedurs of Pauwven, et al, Methyl 4-nitropentancate (54-65%) and
dimethyl b-methyl-k-nitroheptanediocate (20-35%) were obtained in the
reaction of nitroethane with methyl acrylate iu the presence of trimethyl-
amine or Triton B. Oxidative-nitration of methyl L-nitropentanocate
ylelded methyl 4,k-dinitropentancate.

T. Selective reduction of certain nitro esters to their correeponding
nitro alcohols has been accomplished by the use of lithlium borohvdride
in refluxing ethyl ether-tetrahydrofuran, Reaction of methyl
b-nitrobutyrate, methyl 4-methyl-b-nitropentancate, methyl 4,4-dinitro-
pentancate, and methyl L-nitropentancate with lithium borohydride gave
4-pitro-l-butanol, 4-methyl-b-nitro-l-pentanol, 4,4-dinitro~l-rentanol,
and k-nitro-l-pentanol in 53, 96, T4 and 72 per cent yields, respectively.
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8. Reaction of methyl magnesium lodide with 2-methyl~l-nitropropene
in the absence of free magnesium gave 2,2~dimethyl-l-nitropropane (52.,2%)
acd 2,2,3,3~tetramethyl-1,k-dinitrcbutane (€.4%), Reaction of methyl
magnesium iodide with 2-methyl-l~nitropropene in the rresence of excess
magnesium gave 2.2-dimethyl-l-nitropropane (43..%; aud 2,2,3, 3-tetra~
methyl~1,4-Ginitrchutune (6,2%): It was concludul that the presence
or abrence of mannesium had no important effect on redudtive-dimerization
of ni*rvolefius.

Reac*lar of macncsiva avdiodide {magnesium-magaeeium iodide) and
2-wetpyl-ronitruprepzoe resllited in eactenrive decorposition or the nitro-
olef La.
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DISCUSSION

(1) Reaction of 1,1,l-Trinitroethans and Potassium disthyl malonate,

Reaction of potassium diethyl malonate with 1jl,l-trinitroethane gives
ethyl 2-carbsthoxy-4,4~dinitrobutyrate as the principal pioduct. This
reaction proceeds via sn "elimination-addition” mechanism™; the equation
follows:?

q 02CoHg TﬂOa Q‘Oa CoHs ][“1'02 ]
(1) CH-K* + CHa(=-NOp ——e—3 CHa + | CHp2C + KNO»
C02CoHs NO2 $0oC2Hs | NO»
C02C2Hs NO2 CO2CzHs N0
(2) taxt  + CEz2%¢ | —m—e—»  CH—CHp=(
C0.CzHs NO2 C0aCoHs  NOo K

The reaction was repeated In an effort to incrsase the yield of alkylation
product {(the early run gave 2i.4% yileld of acidified and distilled material).
The mcdified acidification proceduré of Kornbluin-and Grahsm® was employeds

the %ield of distilled eth,. 2-carbethoxy-U,d-dinitrobutyrate was improved to
36.3%.

The structure of the product was proven by conversion of 1ts potassium
salt to 4,k-dinitroheptanedioic acid (30% overall yield) by reactionm with
methyl acrylate and subsequent hydrolysis of the adduct with hydrochloric
acld:

C02C2Hs NGz C02CzHs NO»

(3) (BE—CHp-¢ _ + CHo<CH-CO2CHs 220,  CH——CHn-G-CHaCHoCOoCHg
C02C2Bs  NOx“K* CO2C2Bs NO2  (+ KOH)
No
HC1 o2
5T HO2C-CHCHp ~G-CHoCHaCO2E + 2C2HsOH + CHaOH + COp
rerlux NO>

The U,k~dinitroheptanedioic acid had a neutralization equivalent of 127
(calcd., 125) and melted at 138.5-140° (an authentic sample” melted at

138-140° and mixing produced no depression). The iuntermediate methyl ethyl
2-carbethoxy=-Ub,-dinitroheptanedioate was not isolated,

(2) Reaction of Guanidine and 1,1,1-Trinitroethane.

Guanidine, & strong organic base, reacts exothermally with
1,1,1-trinitroethene via an "elimination-addition" mechanism to give the
alkylation product, 2,2-dinitroethylrguanidine in 92% yield {crude):
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NE F_ NOz M NO
{(4) HoN-C—N§ + CHa=C-NOp —-—3 HaN-C-NE*NO,~ + | CHp=C
H NO2 i NO2
[ 4
NH NO=2 NEEY  NOp
(5) HoN-C—N§ + | CHe=C ———> HoN-G-N-CH,-C
i NO2 “31 oz
NE NO2
HoN~C-NH-CHp ~CH
NO2

The ultraviolet absorpt.on spectrum of 2,2-dinitroethylguanidine (in excess
base) shows the characteristic_strong absorption band attributed to the gem-
dinitro anion at 364 e (log& = L.,23); the spectrum is quite similar to
those of N-(2,7-dinitroethyl)-piperidine and trimethylammonium-N-(P-nitro-
ethyl-P-nitronate). The infrared spectra of the three amino-dinitro compounds<
(in Nujol suspension) do not show the sharp, strong band at 6.3, normally
observed for compounds containing the gem-dinitro group; weak bands are
observed at 6.6-6.7p- and T.4b-T.54# (but these are obscured by the powerful
absorption of Nujol at 6.7-6,%w and 7.2-7,3.c . This evidence indicates thac
?yc=dinitrcethylguanidine may exist preferentially in the "zwitterion™

(or "betaine") form. This supposition is further supported by the salt-like
characteristics of this product. It is also of interest that dilute aqueocus
solutione of 2,2-dinitroethylguanidine are slightly acidic.

2;2-Dinitroethylguanidine gives a positive nitrosamine (Liebermann) test.
At first, it was believed that nitrosoguanidine might be present as an
impurity (this could arise from the decomposition of guanidine hydronitrite):

NE NE
(6) HeoN-C-NHg N0z ———> HpN-C-NH-N=0 + Hz0

When recrystallized samples of 2,2-dinitroethylguanidine gave positive teste,
it was concluded that the action of concentrated sulfuric acid on
2,2-dinitroethylguanidine results in the elimination of nitrcus acid (as also
happens wnen alkali metal salts of 1,1-dinitroalkanes are acidified); the
nitrous acid reacts with phenol %o give the colored nitrosophenocl derivative.
To sut-stantiate these cobservatiors. the Liebermann test was run on
trisetrylanmoniun -N-{2-nitroethyl 2-nitrovace) and on two samples of

N-(7 2-Qinitroethyl)~niperidine f<re samn.s wa3 the product of the reaction
of prperidine and 1,1,)l-trinitrocthane, the other was prepared from N-
methylolpiperidine and dinitromethane; scze below). In each case, & positive
test was cbtained. As a control, the test was run en 1,l-dinitrobutane;

the result was negative,

(3) Proof of Siructure of N—(Elg-dinitroethyl)—piperiding.

It has been previously reporte&*that reaction of piperidine and
1,1,1-trinitroethane yields N—(?,?-dinitroethyl)-piperidine and piperidine
hydronitrite:

CONFILENTIAL
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~ CHoCHay NOz . CHp=Cd2 NO»
(7) 2CHz NE + CHz-C-NO: 5> CHp _ N-CHp-C-NOz  +
CHz-CHz ¥ N0o ™ CHo-CHo "
P C& 'GH2 b + -
CHz NH-NO»
~NCHp-CHp 7

Proof of structure of N-(2,2-dinitroethyl)- piperidine has now been completod
by synthesis of this compound by the meihod of Duden, Bock, and held/\the
previous investigators did not report any physical constants for N- (2,2-
dinitroethyl)-piperidine): dinitromethane (prepared in 31% coverall yield
from nitromethane via l-nitro-?-prona-~i and 1,1-dinitro-2-propanol) in

cold ethyl ether was shaken with N-methylolpiperidine in aqueocus suspeusion.
N-(2 P-Jinitroethyl\-piperidine separated as a yellow salt (93.(%),

m.p. 108,0-108,5° 3 this material 4id not depress the melting peint of the

product of reaction of pireridine and 1,1,l-trinitroethane.
{8) ,CHo~CHp CHo-CHz,

CH2(NOz )2 + HOCHp-N_ ,CBp ~—— (CaN)2CH-CHa-N_ JCEp + E~
CHz2~CH»> CH-CHz

(4) Proof ¢f Structure of Trimethylammonium-N-{2-nitrcethyl-2-nitroni--}

l
It has been previocusly reportedsthat reaction of trimethylamine and
1,1,1-trinitroethane yields trimethylammonium -N-(2-nitroethyl-2-nitronate):

, + - + -
(9) 2(CHa)sN + H3-C(NO2)a oee—y (CH3)3-N-CHp-C-(NO»)2 + (CRa3)3-NH NO2

Proof of structure of trimethylammonium-N-(2-nitroethyl-2-nitronate) has now

been established by displacement with piperidine in warm water to yield
N-(2,2-3dinitroethyl)-piperidine in 95.6% yield; N-{2,2-dinitroethyl)-piperidi=s
wasg verified by its melting point and by mixed melting point with an authentic
sample,

 CHo-CHps, + -
-v, A
(10) CH: N+ (CHg)a-N-CHp~C-(NO2)o
“NCHx-CHp ’
_Chz=Cla I \
CH; /¥°nLa-u-\HOLJ; + (CHgz}sN
\CHQ—UHd H

(5) Proof of Structure of 2,2-Dinitroethyiguanidine

Reactlion of guanidine and 1,1,l-triritroethane has teen reported (page 1n
give 2,2-dinitroethylguanidine and guanidice nydrouitrite:

NE REN NH
(11) 2HoN-P-NHp + CHa-C(NOp)s ——p HpN-t-NEp-CHa-C(KOp)s + HoN-O-NHs *Nos
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Proof of structure of 2,2-dinitroethylguanidine has been obtained by
exchange of guanidine with trimethylammonium-N-(Q—nitroethyl—e«nitronate);
?,2-dinitroethylyuanidine was obtained in 28% yield. X-ray diffraction

patterns of 2,2-dinitroethylguanidine prepared by both reactions are identical.

NH NH
0" + ~ g T -
(12H,N-C-NH: + {CHs)a-N-CHo-C(NO2 )2 "_igi_; (CH3)sN + HoN-C-NH»-CHs-C{N02)»

(6) Selective Reduction of Nitrocarbonyl Compounds with
Sodium Borohydride,

7:8,9

It was previously reported/tﬁat 5-methyl-5-nitro-2-hexanone, 5-nitro-2-
hexanone, 5-nitro-2-pentanone, b-methyl-b-nitroventanal; 5,5-dinitro-2-
hexanone, and h4,k-dinitropentanal are reduced to their corresponding alcohols
by the action of aluminum isopropoxide in 93.3, 48.0, %g.o, 65.3, 26.7,

87.9 and 62.8 percent yields, respectively. Similarly/*5-methyl-5-nitro-
2-hexanone, 5-nitro-2-hexanone, S-nitro-2-pentanone, b-methyl-lL-nitro- 10
pentanal, 4k-nitrobutanal, 5,5-dlnitro-2-pentanone, &,4,k-trinitrcbutanal;
and 5,5,5-trinitro-2-pentanone*are reduced to their corresponding alcohols
by acidic sodium borohydride in 98.7, 50.7, 66.6, 54.8, 33.4, LB.5, 72,
and 60 per cent yields.

To complete these studies, reducticns of 5,5-dinitro-2-hexanons and
L,h-dinitro-l-pentanal with both acidic and neutral-basic sodium borochydrid:
wvere investigated. 5,5-Dinitro-2-hexanol and 4,hk-dinitro-l-pentanocl were
obtained in 54.5 and 67.6 per cent ylelds, respectively, from their corres-
ponding carbonyl compounds by the action of neutral-basic sodium borohydride:
5,5-Dinitro-2-hexanone is reduced in 78.2 per cent yield to 5,5-dinitro-2-
hexanol by scddlc sodium borohydride. The neutral-basic reaction is more
convenient aud can be completed in & few minutes; this technic is to be
recommended for compounds that are not seunsitive to the action of mild bases.

(7) Reduction of Nitroesters with Lithium Borohydride; Nitroalcohols

The selective reduction of nitrcaiiphatic acid d-rivatives has been
previocusly limited to the coanversion ¢f nitro acid chlorides inte nitro-
alcohols with sodium borogydride.ll Recently, it has been reported that
certain nitro esters may be converted into nitroalcohols by lithium aluminum
hydride at low temperatures. In order to develop & more genersl and
convenient method for reducing nitroaliphatic acid derivatives, reactions of
nitro esters with lithium borohydride have been studied,

Iithium borohydride has a higher reduci{ion potential than sodium
borohydride. Lithium borohydride will reduc- ester groups to alcchols;
however, nitro groups are unattacked. The -dvantages of lithium borchydride
thus are: (1) it reduces esters, acid chlorides, and other carbonyl compounds
without affecting the nitro group and (2) it is soluble in organic solvents
such as ethyl ether and tetrahydrofuran. It is also soluble in water and
methanol and, with proper buffering, can be used in these solvents in much
the same manner as sodium borohydride.

Methyl h-nitrobutyrate, methyl k-nitropeutenoate, metnyl 4-methyl-
L-nitropentancate, and methyl U4,i-dinitropentancate have been reduced to
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their corresponding alcohols in 55, T2, 96 and 84 per cent ylelds, respec-
tively, with lithium borohydride (methyl 4,L4-dinitropentancate was prepared
by oxidative-nitration of methyl L-nitropentanmate). The reaction technic
for small scele reductions, i.,e., 0.1 to 0.3 mole, is simply mixing the nitro
ester with a standardized solution of lithium borohydride solution and

then refluxing the mixture for 2-4 hours. Refinements will probably be

advisable for larger scale reductions,

The reduction of esters with lithium borohydride yields a mixture of
alkyl borates and lithium alkoxide; thus methyl esters give boratc csters
of methanol and the nitrc alcohols produced and lithium methoxide. If the
nitro group present is capable of existing in the aci-form, the lithiuvm
alkoxlde will convert such nitro groups tc their lithium salts. This
occurrence is noted in the reduction of methyl L-nitrobutyrate and methyl
h-nitropentanoate; white inscluble nitronate salts are formed which may undergc
the Nef reaction upon acidification., The rate of salt formation is greater
with methyl 4-nitrobutyrate than with methyl 4-nitropentanoate.

While nitro groups are not reduced rapidly by lithium borohydride
solution, in the reduction of methyl L-nitrobutyrate, appreciable quantities
of colorless, flammable gas were evolved. This may result from the alkoxide
formed by reduction of the ester group; the nitronate ion produced may react
with lithium borohydride to form the lithium nitronate salt with subsequent
exchange and decomposition of the borohydride ion into hydrogen and di-
borane (tentative). Thus, in cases when decomposition of the reducing agent
via salt formation is faster than reduction of the ester, excess hydride is
used to compenaate for the loss incurred by neutralization of the nitro
group.,

Decomposition of reaction mixtures in which nitronate salts have formed
should be effected at low temperatures using reagents such as ures-phosphori.
acid that will minimize the Nef and other side reactious,

Initial decomposition of the reaction products yields an aqueous
ethereal mixture containing lithium phosphate, nitro alcohol and borate
esters of the nitro alcchols. Hydrolysis of the borate esters is conveniently
accomplished by acidifying the mixture to pH 1 with hydrochloric acid and
refluxing for 15 to 30 minutes. It 18 convenient to remove the solvent at
this point by distillation, The hydrolyzed residue is cooled to room
temperature, saturated with sal- and extracted with ether, The ether extract.s
contain the nitro aleoshol: *the nitio alcohol may be obtained after removal
of solvent and distillislinn.

(8) Reaction of Gripuarc Reagents with X ,(-Nitrolefins;
Reductive-Dimerizatioa.

It has been previously shc m in this laboratory6 that reaction of
methyl magnesium iodide with 2~methyl~l-nitropropene yields 2.2,3,3-tetra~
methyl-1,4 dinitrobutane along 7i*n 2,2-dimethyr-l-nitropropane (Egquation 13).
Similarly, 6 reaction ¢f
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. CHaMgI (CHa ) aC-~CHoNO,
<,
OpN=CHo=C(CHg )2 ~C (CHa )2 ~CHoNOS

methyl magnesium lodide with l-nitro-l.propene gives d,1 and meso
2,3~dimethyl-1,4~dinitrobutane along with 2-methyl-l-nitropropane. The
formation of dimerlec adducts from reactiona of alkyl Grignard reagents with
conjugated nitroolefins appears general and thus reactions of this type have
been classified as involving reductive-dimerization, A study has been
initiated therefore to develcp a general method for reductive-dimerization of
conjugated nitroolefins,

There have been reported many cases in which the presence of free
magnesium in & Grignard reaction promotes reduction. In order to study the
influence of this variable on the course of the dimerization reactionm,
reactions of methyl magneaium iodide and 2-methyl-l-nitropropene were
conducted in the presence and the absence of free magnesium., It was found
that ylelds in the two reactions were almost identical (ca. 45% 2,2-
dimethyl~l-nitropropane and 6% 2,2,3,3-tetramethyl-1,4-dinitrobutane);
it was concluded therefore that reductive-dimerization is not greatly
influenced by free magnesium,

Gomberg and Bachmannlh have shown that magnesium sub-iodide promotes
reduction of various conjugated unsaturated compcunds. Magnesium and
magnesium iodide are in eguilibrium with magnesium sub-iodide (Equation 1h);

——— ’
(14) Mg + Mglo —-> 2eMgT

even though the coucentration of Mgl is very low at equilibrium, it has
been proposed that the concentration of Mgl is sufficiently great to effect
reduction of conjugated unsaturates, Since Mgl is probably present to some
extent in Grignard reactions of methyl iodide, & study of the effect of
Mg-Mgl> on 2-methyl-l-nitropropene has been started. In the initial
experiments, 2-methyl-l-nitropropene has been found to be decomposed and
no identifisble products have been isolated as yet. Further results of
studies of reactions of this type will be reported at a later date,
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(Improved Procedure)l

Liethyl malon. s (35.2 g., 0.22 mole) was added to a solution of
potassium (8,6 gy 0.22 mole) in ebasolute ethanocl (LOC ml.) Upon heating
the mixture to 79, the white precipitate of potassium dlethyl malconate
dissolved. 1,1,l-Trinitroethane (16.5 g., 0.1C mole) in absolute ethenol

50 ml.) was then added &t a rate such that ebullition was maintained

(0.5 hour), The solution color changed to deep red. Toward the end of the
addition, heat had to be applied to keep the solution refluxing., A yellow-
orange salt soon precipitated. The reaction mixture was cooled and stirred
in an ice-water mixture (3 hours), then filtered, The powdery, yellow-
orange salt obtalned weighed 27.5 g. A sample of this salt gave a positive
test for nitrite fon (liberation of iodine from a solution of sodium iodide
acldified with acetic acid).

The salt was suspended in water (100 ml.) with stirring and the mixture
was cooled to 0-3°, TUrea-acetic acld reagent (84 gs5 0.23 mole each of ur.a
and acetic acid)9 was precooled to 0-30, then added dropwise, in 45 minuter
to the salt solution, Tho acidified solution was extracted with ether;
the ether extract was then dried with calcium sulfate, Distillation of the
product at reduced pressure, gave ethyl 2-carbethoxy—h,h-dinitrobugyrate]-
(10,09 g., 36.3% conversion), b.p. 126~130° (1.1 zm.),

(2) Proof of Structure of Ethyl 2-Carbethcxy-4,t-dinitrcbutyrate.
Conversion to 4,4-Linitroheptanedioic Acid.

Methyl acrylate (1.30 g., 0.015 mole) was added tc & stirred mixture
of ethyl 2-carbethoxy-k,4-dinitrobutyrate; potassium hydroxide (0,434 N,
11,5 ml,, 0,00499 mole), and water (14 ml.) at 0-5°, The solution was
stirred at 0-5° for 2 hours, then at room temperature for 18 hours, The
color of the mixture changed slowly from light yellow to deep smber, and a
dense oll settled out, The mixture was extracted with ether; the organic
extract was concentrated by distillation, Concentrated hydrochloric scid
(30 ml,) was added to the residue, and the mixture was heated to 135-1409°,
After 4 hours, the oil had dissolved, Heating was continued for another
hour, Charcoal was added to the hot, red solution, and the mixture was
immediately filtered, After evaporation of most of the aqueous solution;
crude b,4-dinitroheptanedioic acid {0.375 g., 30% couversion), m.p. 135~157,5°,
crystallized. After recrystallization from hot water, the acid melted at
138,5-140°; neut, equiv. (caled.) 125, neut. equiv. (found) 127, An
authentic gample, prerared by the hydrolysis of dimethyl L4,4-dinitro-
heptanedioate,3 melted at 138,5-135.5°, Admixture of the two samples
resulted in no depresasion of the melting point,

#*1.39 2., 0,005 mole,
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(3) Proof of Structure of N~(2,2-Bin1troethyl)gpiperidina.5

Pe um dinitromethans {1.4% g., 0,01 mole; this material was prepared
in 31% overall yield from nitromethane via l-nitro-2-provangl and
1,1-dinitro-2=-propanol acccrding to the procedurs of Kaplan%5~waa sugpended
in a mixture of water {7 ml.,) and ethyl ether (40 ml.). ™The mixture was
stirred at 0° while sulfuric acid (0.50 N, 25 ml., 0.0125 equiv.) was added
dropwise. The pale~yellow ether solution of dinitromethane was separated.

sium &

N-Methylolpiperidine was prepered hy adding aqueous forraldehyde
(36%, ﬂgo g+y 0,024 mole) to piperidine {1,2 g., O,14 mole) in water (3 ml.)
at 09, The produzt separated as an oil.

The ether solutlion of dinitromethane was added to the agueous suspensicn
of Nemethylolpiperidine; the sitrred mixture was coocled in an ice-water bath.
The pale-yellow product which separated wes filtered, washed with ethanol
and ethyl ether; and dried. N-(2,2-Dinitroethyl)-piperidine (1.50 g.) was
obtained in 93.6% yield, m.p. 108.0-108,5°(dec,): recrystallization from
hot water did not change the melting point of the product. Admixture with
a gauple of N-(Q,E-di%}troethyl)-piperidlne prepared from 1,1,l-trinitro-
ethane and pilperidine produced no depression in the melting point.

(4) Proof of Structure of Trimethylammoniun~-N-{2-nitroethyl-
2-nitronate), Exchange Reaction with Piperidina,

Piperidine (0,85 g., 0.0l mole) was added to a stirred mixturs of
trimethylammonium-N-(2-nitroethyl-2-nitronate) (0.885 g,, 0.0C% mole)
in water (13 m2.) at 50-60°, The solution was stirred at 50-60° for 5 hours,
then evaporated at reduced pressure, The yellow solid that remained was
covered with abeolute ethanol, crushed and filtered, The yield of
N-(2,2-dinitroethyl)-piperidine was 0.97C g, (95.6%), m.p.
Admixture of this material with the samples of N~(2,2-dinitroethyl)-piperidiry
previously prepared resulted ln no depression of the melting point,

(5) The Reaction of 1.1,l-Trinitroethane with Guanidine.,
The Synthesis_of 2,2-Jinitroethylguanidine.

A solutlon of guanidine in absolute alcohol was prepared in the feollowiag
manner: 27 Sodium ethoxide was prerared from sodium (k.6 g., 0.20 mcle) and
absolute ethanol (100 ml.), Guanidine carbonate (18.C g., 0,10 mcle =
0.20 mole guanidine) was added; the walls of the flask were then washed with
ethenol (25 ml,). The mixture was stirred for 15 minutes, cooled in ice-
water for 10 minutes, then filtered., The precipitate of sodium carbonate
was washed with several portions cf ethanol,

1,1,1-Trinitroethane (8.25 g,, 0,05 mole) in absolute ethyl ether
(50 ml.) was added dropwise to the ethanolic solution of guanidine. The
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solution turned red, and heat was evolved, The reactlion mixture was then
stored at 0° for several days, The orange salt that formed was filtered,
washed with ethyl ether and sucked dry. The yield of crude 2,2-dinitro~
ethyleguenidine was 8.1 g. (92%). The product was recrystallized from boiling
water; the yellow needles cbtalned decomposed at 196-199° (the material
darkens slowly and neo gas 1s evolved; determination of the deccmposition
point is rather arbitrary).,

The pure product is very slightly soluble in cold water (pale~yellow
solution) and only slightly soluble in boiling water (1 part in 103 parcs
of water at 100°): it s insolubls 1n hot or cold aceicne, eceiousirile,
methanol or piperidine. The compound is soluble in acids (colorlecs solution)
and in dilute base (yellow sclution), The pH of the cold aqueous eolution
is 5.4-5,5, Its ustraviolet spectrogram showed absorption maxima attributed
to gem~dinitre resonance at 364m L (logé = 4,23) and to nitro group
resonance at 225 mu (logf 3.88); the pattern is similar to thuse observed
for other 1,l-dinitro -ompounds. The infrared spectrum was determined
in Rujol; the sharp peak observed for most gem-dinitro groups at 6.3 e is
absent, Two bands were obs%gved at 5,98 1/ and €.08 j4 ; theae are usually
attributed to the CaN group and may irdicate aun aci-nitro as well as the
imino group. Weak bands cbaserved at 6.63// » 7~5/4 and 11.9}4 are; most
likely, nitro group frequencies,

This compound gave a positive nitrosamine (iiebermann) test (see
Discussion). This chemical evidence, coupled with the infrared and pH
data, suggests that 2,2-dircltroethylguenidine exists mainly in the form of
the "zwitterion,"

(6) Proof of Structure of 2,2-Dinitroethylguanidine, Alternate
Synthesis by Xxchange Reactlon of Guanidine with Trimethyl-
ammenium=-N-~(2--nitroethyl-2-nitrcnate),

Guanidine carbonaie (1,10 g., 0,0C6 mole) was dissolved in water (10 w. )
and treated with 0.999 N sodium hydroxide (12,0 ml., 0,012 mcle). To this
colutlon vas a&lel trimuthyl:gmomiumeN-(2-nitroethyl-2-nitrorate}(1.77 g.,
0,01 mole) and water (15 ml.). The clear yellow solution was stirred at
40=b5" for 5 hours. Tie temperature of the mixture was then slowly ralsed
over a three hour period (max. temp. = 80°); heating was then discontinued.
On cooling, a yellow salt preclpitated. The product was filtered, washed
with ethanol and ethyl ether and dried. 2,2-Dinltroethylguanidine was
recovered in 0,24 g. yleld, dec, range 185-192°, On evaporation cof the
filtrate to ca, half its original volume, another 0,26 g. of product was
¢Lituined; total yield .50 g. (284). Further evaporation yielded a mixture
of water-soluble egalts composed principally of sodium carbonate.

The product of this reaction will be compared directly with that from
reaction of guanidire and 1,1,l-trinitroethane by means of X-ray diffraction

patterns, TFurther proof of identity will be furnished by the preparation
and analyais of suiltable derivatives.
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(7) Reaction of Trimethylemmonium-N-(2-nitroethyl-2-nitronate)
with Bromine.

Trimethylammonium=N-(2~nitroethyl~2-nitronate) (0,50 g., ¢.0029 mole)
was dissolved in water (5 ml.). Ths solution wac vigorously stirred while
bromine (0.41 g., 0.00256 mole) was added dropwise. The bromine layer
gradually disappeared as orange crystals formed. The mixture was stirred
in an ice-water bath for 15 minutes, then filtered. The waxy sclid was

pressed dry between sheeta of filter paper; 0.76 g. (88% calcd. as "dibromide"’

was obtained, m.p. 77.5° (dec. with evolution of bromine vapors).

The product is insoluble in ether, cold ethanol and cold water (the
waxy material i1s not wet by water). On warming in ethanol or water, the
"dibromide"” dissolves; on cooling, the salt is not reprecipitated. The
product is soluble in cold acetonitrile. When ether is added to the warm
ethanol solution of the "dibromide", a white precipitate is formed. This
appears to be trimethylammonium bromide; m.p. 244-246° (Fischer m.p. dlock
sublimation below the melting point was observed). The literaturs valuea-9

for this compound are m.p. 243-245%; sublimation about 200°,

(8) Selective Reduction of 5,5-Dinitro-2-hexanone to 5,5=-Dinitro-2-
hexanol using Sodjum Borohydride,

a. Acid Medium: 5,5-Dinitro-2-hexanone (19.0 g., 0.10 mole) wvas
dissolved in @ solution of methanol (90 ml.) and water {45 ml.); sodium
borohydride (2.00 g., 0.05 mole) in water (50 ml., one drop of 6 N sodium
hydroxide added) was added dropwise in 3 hours. The reaction solution was
kept at 20-25° during the addition and the pH was maintained below 5 by
adding M sulfuric acid when needed. When the addition of the hydride was
completed, the pH of the solution was adjusted to 2, and water (50 ml.) wes
added to decompose any salts formed. The reaction mixture was extracted
with ethyl ether while salting cut the organic material with sodium chloriAde.
The ether extract was washed with bvineqadried with sodium sulfate angd
diatilled to yield 555 -dinitro-?-hexanol (15,01 g., 78.2% conversion),

b.p. 114° (1.1 mm.) 5 1.4630. The forerun (0.Th g+ b.p. 110-1140°
(1.3 mm.)‘ 20.5 1, h6ng was a8 mixture of product and starting material.

b. Neutral-basic Medium: 5,5-Dinitro-2-hexanone (19,0 g., 0.10 mole)
was dissolved 1n methanol (70 ml. s and water (30 ml.); sodium borohydride
(2.00 g., 0.05 mole) in water (30 ml., one drop of 6 N sodium hydroxide was
added) was added dropwise (15 minutess while the reaction mixture was shaken
in an ice-water bath. The solution was yellow and conslderable gas was
evolved near the end of the addition., The pH of the solution at this point
was 8.7. Sulfuric acid (M) was added to the cold reaction solution until
the pH was 2, The color changed to bilue-green during the acidification step,
The mixture was extracted with ethyl ether; the organic matter was salted

out Wwith sodiur chloride. The ether extract was dried with scdium sulfate.-
then distilled to yield 5,5-dinttro-2~hexanoP (10,46 g., 54, g% conversion),
b.p. 114-116° (1.3 mm.). The forerun (0.27 g.), b.p. to 114° (1.3 m.),

was a mixture of product and starting materisl,
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(9) Selective Reductlon of b,4-Dinitro-l-pentanal to
4,4-Pinitro-l-pentanol using Sodium Borohydride,

Sodium borohydride solution (0,795 g., 0.021 mole, in 10 ml. of water
containing one drop of 6N sodium hydroxides vas added dropwise (15 minutes)
to a stirred solution of k,h-dinjtro-l-pentanal (7.27 g., 0.041%3 mole),
methanol (25 ml,) and water (10 ml.) cooled in an ice-water mixture. The

PH of the mixture, after the reaction wes completed, was 9.2. The solution
was partially neutralized with urea-acetic acid solution (10 ml,, 0.028 mole
each of acetic acid and urea; the pH after the addition was 6); the pH was
then adjusted to 3 by adding 18 N sulfuric acid (2 ml,). The blue-green .
acidic solution was extracted with ethyl ether; the ether extract was dried
with sodium sulfate and distilled tc give 4,4-dinitro-l-pentanol®(%.97 g.,
67.6% yield), b.p. 114-118° (1.2 mm.).

(10) Preparation of 1-(Nitromethyl)-cyclohexene.

The procedure of Dauben, et al,go vas employed. Cyclohexanone
(56.7 g, 0.58 mole), nitromethane (66,7 g., 1.09 moles) and piperidine (2 ¢.)
were allowed to stand, with occasional shaking, over anhydrous magnesium
sulfate (3C g.) for 7 days at room temperature. The red solution wea
filtered through anhydrous magnesium sulfate., Distillation of the filtratc
Yielded the following fractions:

Fract, Boiling Range Welght 220.5 Composition
1 35-55° (4O mm.) 25.7 g«  1.,3900 Nitromethane
2 55-80° (20-40 wm,) 8.9 g. 1.4460 Nitromethane and Cyclo-
hexanone
3 80-103° (19-20 ym.) 9.8 g. 1.4695 Cyclohexanone and
1-(Nitromethyl)-
cyclohexene
2 103-105 (19 mm,) 40.9 g. 1.4815 1-~(Nitromethyl)-
cyclohexene

The crude ylcld of l-(nitromethyleyclchexeur is 50,7 g. (62%). The
infrared spectrogram of this compound shows that the double bond ig not
conjugated with the nitro group;2 this verifies the chemical evidence

given by Fraser and Kon““ and others.

(11) Preparation of Methyl L4-Nitrcpentanoate and I'imethyl
L-Methyl-l-nitroheptanedioate.,

a. Triethylamine Catalyst: With minor variations, the procedure of
Kloetzel?* yas used, Nitroethane (675 g., 9 moles), methyl acrylate
(264 g., 3 moles) and triethylamine {152.5 g+, 1.5 moles) were mixed at
room temperature, On standing for 4 hours, the temperature of the mixture
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rose to LY and the color was green, The sclution was placed in a water
Eagh to moderate the temperature; the solution was stored at 28-%2° for
ays,

The solution was extracted with 13% hydrochleric acid (400 ml.),
Ethyl ether and brine were added to aid in separatlon of the organic and
aqueous layers. The organic layer was distilled to yield (a)
methyl k-nitropentancate (314.8 g., 65.1% conversion), b.p. 88-91° (2-3 mm.),
512?0 1.4245-1,4366, a°0 1.128, and (b) dimethyl h-methyl-h-nitroheptanedioate
(74,5 g., 20,1% conversion), b.p. 125-140° (0.8~1.1 mm.). The latter
product was not reportced by Klosetzsl.

(12). Oxidative-Nitration of Methyl L-Nitropentanoate; Methyl k,4-
Dinitropentanoate,

Methvl 4,/4~Dinitropentanoate - Methyl 4-nitropentancate (113 g., .70 moligc’
in methancl (140 ml.) was added in 30 mirutes to a solution of sodium (18g,,
0,78 mole) in methanol (450 ml.) at 0=2° in a 2-~liter, 3~necked flask
equipped with a mechanical stirrer, dropping funnel, and thermometer. A
solution of ice csld sodium nitrite (53 g., 0.77 mole in 500 ml. water) wes
then added to the mixture at temperatures below 5°, The resulting solution
was then poured into a stirred mixture of silver nitrate (218z., .13 mole).
ethyl ether {20C ml,) and water (100 ml.) at 0-5°, A complex formed which
quickly turned black; gases were evolved and the temperature of the mixture
rose, After the suspension had been stirred for 10 minutes, hydrochloric
acid (a few ml,) wac rdded and the mixture was filtered. The agueous
filtrates were extracted with ethyl ether; the filter residue was washed
with methsnol (3 x 200 ml.) After the methanolic extracts had been distilled

38 steam bath to remove methanol, the cooled residue was dissolved in
ethyl ether. The ether extracts were dried with sodium sulfate; the ether
was evaporated; and the residue was distilled at reduced pressure to give
methyl A4,4-dinitropentanoate (103 é., 72% yield); b.p. 90-91° (0.5 mm),
1it. 22 94-97° (0.6-0.7 mm.); npl?+> 14457, 16,25 ny 1.4456

(13). Reduction of Methyl 4-Nitrobutyrate with Lithium Borohydride;
L=Nitro-1l~butanol,

4~Nitro—l-butanol,~ A solution of methyl 4~-nitrobutyrate (18.84g.,
125 mole) and ethyl ether (50 ml.) was added to a 0.57 molar solution (310 nl)
of lithium borohydride in ethyl ether. An exothermic reaction occurred
which resulted in the formation of a white precipitate end the evolution of
a flammable gas (probably hydrogen or diborane). After the initisl reaction
had subsided, the mixture was refluxed for 4 hours. The mixture was then
cooled to 0-2° and a solution of phosphoric acid (85%, 30 ml,)urea (10g.)
and water (120 ml,) was added at a rate such that the temperature was main-
tained below 5°, The mixture then consisted of a lower aqueous layer con-
taining some insoluble matter (which dissolves on further dilution) and
an upper c.~lorless layer of tetrahydrofuran which contains the reduction
products, Hydrochloric acid was added to raise the pH of the mixture to 1;
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the mixture was distilled from a steam bath to remove tetrahydrofuran and
to hydrolyzes the borate esters. The residue was cocled to room temperature,
saturated with sodium chloride, and extracted with ethyl ether (3 x 70 ml.).
After tne extracts had been dried with sodium sulfate and then evaporated,
the residue was distilled at reduced pressurs toiyield J4~nitro-1l-butanol

(7. 9? g+, 53% yield), b.p. T#-75° (0.5 mm.), 1it.’?7 b.p. 103-10%.5°(2 mm.);

1.4508, nT9 2. 4510. A small quantity of red residue wvhich
contained boron compounds remained in the distilling flask,

The ratio of lithium boronydride to nitro ester in this experiment was
1.5:1. The use of smaller ratios resulted in the recovery of escome unrcduce
starting material.

(14) Reduciion of “x1L71 -Methyl-4-nitroventancate with Lithium
Borohyvirids: ‘r-keihyl-k-nitro-l-pentanol.

b-Methyl-k-ritro-1-nsniarol., » A mixture of methyl 4-methyl-k-unitro-
pentanoate (21 £ . 0.12 mols' in ethyl ether (50 ml,) was sdded to a 0.57 M
solution (125 nl., .07 wo: 2) of lithium borohydride in tetrahyirofuran,
After & mild excthermic reaction had occured, tha mixture wac refiuged for
3 hours. The miuture then concisted of a clear solutioa coataining a sm&ll
amount of muspendsd geiatinous matter. The mimiure was cooled to r.om
temperature and hydrochioric acid (100 ml., 6 N) was added. The resultiry
two-layer systern #u8 distllled to remove the sclvents and hyd:roly:ze any
borate esters tlct were present. The reeidue wes cooled to room temperatuce
scturaied with sodium cnloride; and extracied with etiyl etker (3 x 60 ml.),
After the ether extracie had been dried over sodlum sulfate aid evaporated,
the residue wad distillcd at reduced pressure tc yield 4-m%tnylkh-nitro-1-
pentanol {17.0 g., 96% yield); b.p. 83-84° (0.3 ma.), 1it. J111-115° (3 ar. ),

“9 21,4505, 1it.729" "~9 5 1.4507.

{1} Reducvion of Methy1 h,4-Dinitroiiatancate with Lithium
Borohydride: L. &-u1nitro~lfpentanoL.

By ueing the preceding procedure, methyl L,4-dinitropentancate (26 g.,
.12 moles) was reduced witn O. 57 M lithium borchydride-tetrahydrofuran
(125 ml., .O71 moles) to gin 4 adinitro-l~pentanol 17 g.) in 74% yield;
b.p. 102-104° (0.3 mm.), Lit. ;§109-1lo° (0.8 ma.); nD9-5 1.4670, 11¢.8,9

2 20.0 .
D 1.4569,

(1€) RPdHC+LOD of L%y¢ M—Nitropgntanoate with Lithiun Rorohydrigde;

L-Nitropentanol. - A mixture of methyl L-nitropentancats (19.21 g.,
0,21 mole) in etnyl ether (5C ml.) was added to a 0.57 M solution (135 ml.

.078 moles) of lithium borohyi-ide In tetrshydrofuran., A mild exothermiz
reaction occured and the mivhure wvas refluxed for 3 hcurs. A white
precipitate formed slowiy. Th= misture was thea cooled to 0-2° and a solutison
of phosphoric acid (85%, 10 ml,), urea (5 g.) and water (40 ml.) was added
at a rate such that the temperature was maintained below 5°, A small
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quantity of hydrugen was evolved. The mixture then consisted of a lower
aqueous layer and an upper colorless layer of tetrahydrofuran containing

the reduction products., Hydrochloric acid was added to raise the pH of

the mixture to 1 and the mixture was distilled from a steam bath to remove
the tetrahydrofuran and to hydrolyze the borate esters. The residue was
cooled to room terperature, saturated with sodium chloride, and extracted
with ethyl ether (3 x 60 ml,). After the extracts had been dried with
sodium sulfate and then evaporated, the residue was distilied at reduced
rresswyre to yield L-nitro-l~-pentanol (9.ég., 32% yield); b.p. 72=73°(0.5mm.)
1it.J»9b.p. 91-92° (1mm.); np20 1,4480 1it,b 14475, )

(17) Reaction of Methyl Magnesium Iodide with 2-Methyl-l-nitropropene
in the Absence of Free Magnesium; Isolation of 2,2-Dimethyl-l-
Ditropropane and 2,2,3,3-Tetramethyl-1,4-ginitrobutane.

Methyl magnesium iodide (0.15 mole) in dry ethyl ether (70 ml,) was
prepared in the usual manner: magnesium turnings (3.7 g., 0.1%5 mole) were
added to a 300 ml., three-necked flask equipped with a reflux condenser anc
drying tube, a sealed stirrer, and a dropping funnel. After flaming and
cooling the flask under & flow of nitrogen; a solution of methyl icdids
{21.% g., 0.15 mcle) in dry ether (70 ml.) was added to the magnesium.

The methyl iodide was added slowly at first until a reaction was initiated
and then more rapidly with occasional cooling. The mixture was refluxed
on 8 water bath for 30 minutes and filtered through a sintered glass disc
into & flask containing the same equipment as above.

The Grignard reagent was cooled to 0° and 2-methyl-l-nitropropene
(15.2 g., 0.15 mole) ia dry ether (25 ml.) was added dropwise in 2 hours
at 0°. A vigorous reaction and formation of a solid complex occured upon
introduction of each drop of 2-methyl-l-nitropropene. The mixture was
acidified at 0° with agueous acetic acid (15 ml, of glacial acetic acid
in 100 ml. of water); stirring was difficult until the complex had
dissolved. The ether layer was separated; the aqueous layer was extracted
with ether (100 ml.), The combined ether extract was neutralized with
sodiua bicarbonate and washed with 5% sodium bicarbonate solution (2 x 100 rl.),
water {100 ml.) and satursted sodium chloride solution (100 ml.). The
ether solution was dried over anhydrous sodium sulfate, Distillation of
the product at reduced pressures, after removal of the solvent, gave
crude 2 2-dimethyl-l-nitropropane (9.18 g., 0.078% mole, 52.2% theory)
b.p. 76-78° (65 mm.) ng 1.4213-1.4256, Redistillation of this volatile
product gave the ’ollo ng fractions:

20 20

b.p. Weight P 450 MR}, (found)
(1) 35-72° (63 mm.) 0.74 g, 1.4180  0.9524 31,01
(2) 72-74° (60-6% mr,) 1.41 1.5209
(3) T4-74.5° (60 mm.) 2,80 1.4219  0.9569 31,11
(k) T4.5-74° (60 mm.) 1.82 14239
(5) T4=72° (58-60 mm.) 1.05 1,4291 0.9681 %1.20

MRy (caled.) 30.92
CONFIDENTIAL s
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The 2,2-dimethyl-l-nitropropane is not pure and infrared anslyses
are being made to idgntify the contaminant (presumably 2-methyl-l-
nitropropens): 1it.2° b,p, 77-78° (65 mm.); 150-151°%; m.p. 13-14°;
ns” 1.4099, dﬁo 0.9k5k,

The residue from the first distillation solidified and was recrystallized

once from ethenol to give crude 2,2,3,3-tetramethyl-1,4-dinitrobutane

(0.98 g., 0,0048 mole, 6.4% theory) m.p. 135-137°. Four recrystallizations
from ethanol gave a very pure product, m.p. 141-1420, which gave no
depression in melting peint when mixed with an authentic sample. &

(18) Reaction of Methyl Magnesium Iodide with 2-Methyl-l-nitropropene
in the Preserce of Free Magnesium; Isolation of 2 2-Dimethyl-l-
Titropropane and 2,2,3,3~Tetramethyl-1,4-d1nitrobutane.

2-Methyl-l-nitropropene (15.2 g., 0.15 mole) in ether (25 ml.) was
added in 1.5 hours at C° to methyl magnesium iodide (24.9 g., 0.15 mole,
1.87 N in ethyl ether) and magnesium (3.65 g., 0.15 mole) contained in a
dry (flamed) 300 ml., three-necked flask equipped with a reflux condeunser
and drying tube, a sealed stirrer, and & dropping funnel, A vigorous
reaction and the formation of a complex occured upon the intrcduction of
each drop of 2-methyl~l-nitropropene. After addition vas completed, the
mixture was stirred for 15 minutes at O0° and then acidified at 0° with
aqueous acetic acid (15 ml. of glacial acetic acid in 100 ml. of water);

stirring was 4ifficult until the complex had dissolved., The reaction mixture

was then filtered from the magnesium. The ether layer was separated; the
aqueous layer was extracted with ether (100 ml.). The combined ether
extract was washed with 5% sodium bicarbonate solution until evolution of
carbon dloxide was complete, then with water (100 ml.) and finally with
saturated scdium chloride solution (100 ml.)., The ether solution was dried
over anhydrous sodium sulfate. Distillation of the product at reduced
pressures, after removal of the sclvent on a steam batl; gave 2,2-dimethyi-
l-nitropropane {7.57 g., 0.0646 mole, 43,1% theory) as a light yellow
1iquid, b.p. 76-77.5° (65 wm.), ngo 1.4191-1. 4222,

The residue from the distillatlon was recrystallized once from ethanol
to give crude 2,2,3,3-tetremethyl-1,4~dinitrobutane (0.95 g., 0.0045 mole,
6.2% theory). Four recrystallizations from ethanol gave a very pure
product, m.p. lhl-lh?o, which did not depress the melting point of an

authentic sample.6

(19) Reaction of Methyl Mughnesium Iodide and 2-Mcthyl-l-Witropropene.

Dry ethyl ether (70 ml,), dry benzene (55 ml.) and powdered magnesium
(0.1k mole, 3.40 g,) were placed in a 300 ml., round-bottomed flask equipped
with a dropping funnel, a sealed stirrer and a reflux condenser with drying
tube, Iodine (8.88 g., 0.07 mole, dried over sulfuric acid) was added in
small portions such thet the mixture refluxed gently. The clear sclution
{powdered magnesium was pressnt) was cooled to O°, and a solution of
2-methyl-1l-nitropropene (7.08 g., 0,07 mole) in benzene (25 ml.) was added
dropwise in 30 minutes at 0°. As the nitroolefin was aidded, the solution
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turned brownish-red in color. After stirring overnight in an ice bath, a
black gum was present, Aqueous acetic acid (6 ml. of glacial acetic acid
in 20 ml, of water) was added at 0°, The solvent layer was separated
from the black gum and magnesium; the gummy product was digsolved in
ethanol and quickly filtered from the magnesium., The solvent layers wcre
cembinod and washed with 5% sodium bicarbonate (2 x 100 ml.), water (100 ml.)
and saturated sodium chloride solution (100 ml,). After drying the sclutiocn
over anhydrous sodium sulfate and removal of the solvents on a steam bath,
a brown coil (2,7 g.) remained which could neither be distilled at reduced
pressures nor recrystallized.
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