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ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS

Our high-density, high-energy explosives program, funded by AFOSR,
focused on two majcr areas, all of which involve energetic heterocycles.
The first type of materials we explored were the cycloadducts of nitro-
acetylenes, of which the azide adduct is the most promising. To date,
we have achieved the cycloaddition of trimethylsilyl azide to trimethyl-
silyl nitroacetylene, giving 4-nitro-5-(trimethylsilyl) triazole.
Preliminary attempts to nitrodesilylate this material to give 4,5-
dinitrotriazole have not yet met with success. We have attempted to
substitute nitroso for silicon by reaction of the silylated compound
with nitrosonium fluoroborate but time and funding did not permit
coupletion of this study. The cycloaddition reaction of nitroacetylenes
with diazomethane gives the 3-nitro-4-(trimethylsilyl)pyrazole, and
studies of the reaction of nitrile oxides to give nitrafed isoxazoles

have been done and will be written up in manuscript form.

The type class of materials we explored were the N-trinitroethyl
and N-(fluorodinitroethyl)heteroaryl amines. Thus far, we have been
most successful in derivatizing 1,4-diaminotetrazine, giviag both the
N,N'-bis(trinitroethyl) derivative and the corresponding M,N'-bis
(fluorodinitroethyl) compound.

The properties of the tetrazines are of interest; the
bis(fluorodinitroethyl)-1,4-diaminotetrazine melts over 220°C and
detonates at 245°C. It 1s also highly colored, inviting the possibility
of photo initiation. Preliminary efforts to trinitroethylate or
fluorodinitroethylate melamine and guanazole in the same wanner as 1,4-

dianinotetrazine have not yet been successful.

In all cases, the melting points a*~ moderate (100°-160°C), the
densities are well in the range of acceptability (1.7 to 1.8), and the
thermal stabilities are excellent (DSC decomposition » 200°C). Six

iv




pyridine and pyrazine dicarboxylic acid ester derivatives have been
prepared, with trinitroethanol and fluorodinitroethanol. The attempted
syntheses of the corresponding N-oxide was not as successful; only one
N-oxide could be prepared and purified successfully.

In conclusion, we have exawined two novel types of potential high-
energy, high-density explosives, and we have deriv&d ugseful examples in
each category. One compound, N,N'-bis(fluorodinitroethyl)-i,4-diamino-
tetrazine, satisfies most, Lf not all, of the military criteria for a

successful explosive.

AFOSR Program Manager: Dr. Arthony Matuszko




INTRODUCTION AND SUMMARY OF RESULTS ON CURRENT PROGRAM

Under AFOSR contract F49620-86-K-~0011, we have investigated the
synthesis of C-nitro &nd N-nitro groups in nonpolar, aprotic solvent 1
systems. This work has resulted in the synthesis of a new class of
polynitroheterocyclic aromatic explosives, the development of new
methods for preparing nitro compounds ir ncnacid-base solvent systens,
and the generaliration of the synthesis of nitroacetylenes. Of :
immediate interest to the explosives community are the good properties

of the polynitroheteroaromatic compounds synthesized under this program.

In summary, the major features of our work include the following:

L] Synthesis of several promising polynitroheteroaromatic
oxidizers.

L A generalization of our preparative route to nitroacetylenes and
a study of the Diels-Alder reactions of nitroacetylenes (see
Appendix A).

& New neutral lipophilic “"nitrophores,” which are reagents capable
of delivering nitro groups to selected substrates.

We summarize below the results obtained in our research for

AFOSR. Whenever possible, the details are given in the appendices.

Polynitroheterocyclic Aromatic Explosives

We have recently prepared sever-l interesting high energy uaterials
that are based on a heteroaromatic ring system. The advantages of using
heteroaromatic rings instead of aromatic rings are that heteroaromatic
rings have a higher (more positive) heat of formation? and they will
generate more gas, in the form of nitrogen, than aromatic ring systems.
Additionally, less oxygea is required to> completely oxidize the compound

because nitrogzen replaces carbon or a carbon-hydrogen group. Table 1

sumnarizes the results obtained with these compounds. The detonation




pressures (ch) and detonation velocity (D,,3) were calculated using the
RJSM method. Table 2 gives the meusured and caleulated values of known
oxidizers for zomparison.

The most interesting compounds that we have prepared are deriva-
tives of the diaminotetrazene. The tetrazene ring is interesting
because of the high nitrogen content (four nitrogens and only two
carbuns). Also, very few tetrazene derivatives are known, and no one

has prepared 2nergetic tetrazenes.

We have prepared two tetrazenes substituted with fluorodinitroethyl
(FDNE) or trinitroethyl (TNE) groups at the amines, bis(N,N-fluoro-
dinitroethyl)-1,4~dianinotetrazene (BFDDT) and bis(N,N-trinitroethyl)-
1,4-diaminotuetrazene (BTDT). We are particularly excited about BFDDT,
which is balanced to CO/HF/H,0/N, and calculates to have a heat of
formation of approximately =13 kcal/mole, a detonation pressure (ch) of
315 kbar, and a detonation velocity of 8.5 mm/us. Most important, BFDDT
has excellent thermal stability with a melting point of 221°C and a
decomposition onset at 232°C “DSC). All qualitative tests done on
impacr sensitivity indicate that this is a stable material, with either
the same or better stability than RDX.

We have also prepared several FDNE and TNE derivatives of pyridine
and pyrazine, as well as a TNE derivative of the N-oxide of pyridine
(Table 1). The N~oxides were prepared because we believed the N-oxide
would increase the oxygen content, the heat of formation, and, most
important, the density of the molecule. The oxygen content and heat of
formation certainly were increased, but unfortunately, as seen from the
table, the density was lowered. Because of this negative result, we did

nnt pursue further the synthesls of any other N-oxides.

In summary, we have found the preparation of heterocyclic aromatic
derivatives to be a viable approach for the synthesis of interesting

energ2tic molecules. The materials prepared thus far all show good

thermal properties as well as reasonable densities.
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NHitroacetylene Synthesis and Reaccions (Appendix A)

Five nitroacetylenes have been reported previously,3‘7 and all are
reportad to be thermally unstable. As part of a study to develop new
synthesis routes ve energetic materials precursors, we developed a
genzral synthesis route to l-nitro-2-trialkylsilyl acetylenes, l2:8,9
The synthesis is achieved by treating a bis-substituted trialkylsilyl-
acetylene with a nitronium ion gource (i.e., nitronium tetrafluoro-
borate, nitronium hexafluorophosphate, or nitryl fiuoride) and a
fluoride source in acetonitrile or nitromethane to give the desired

nitrcacetylenes in fair to excellent yields, as shown in equation (1).
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Table 1

PROPERTIES OF POLYNITRO AROMATIC HETEROCVCLES

Decom~

-p Density position Dyel ng aH;
Compound (*¢) SI""I Onset g'c; (sm/us) _(kbar) (kcal/wole)
Pyridine-3,5-d1(TNE~carbonyl) 135.3 1.8 180 8.3 305.6 -99.1
Pyridine«), A=di(TNB-carbonyl) 132 1.74 175 8.3 305.4 -$9.1
Pycidine-N-oxide=3,4=-di{(TNE~carbonyl) 106 17 180
Pyrazine=-2,3~d{(TNE~carbonyl) 142 1.69 180 8.4 314 -85.7
Pyrazine=-2,3-di({ PDNE-carbonyl) 103 1.7 1.9 280.3 -158.9
N,N'-Bis(FDNE)=-1 ,A-diaminotetrazene 221 1.3 232 8.5 315 -13
N,N'-Bis(TNE)-a,4~dilaminotetrazene None 1.8 160 8.8 344 +60.2
TNE = Cl‘lzC(NOz)3
FDNE = CH,C(NO,),F
THF from Ref 2.
Table 2
PROPERTIES OF KNOWN OXIDIZERS
Dye1 Pej Hexn He prod Hp gy  Denmsity
Compound (mn/us) (kbar) (kcal/mole) (kcal/mole) (kcal/mole) (glpm3)

Calculated Values for Known Oxidizers

X 9.3 392.0 =354.7
RDX 8.8 341.0 -267.3
TNT 7!6 26106 -228-3

Measured Values for Known Oxidizers?

HMX 9.11 387 -354.7
RDX 7.25 332 -267.3
INT 6.93 190 -228.3

rrom Reference 1.

_336 -8
-252.6
-236.9

-336.8
-252.6
'236 .9

17.9
14.7
-8t6

17.9
14.7
-806

1.9
1.8
1.6

1.9
1.77
1.64
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+
NO,
' R,$1=C2X-SiR > R,81-C=C-NO (1)
3 3 = 3 2

CH3CN/CH3NO2

vhere R = alkyl, Si(CH3)3, 51(CHq),(t-Bu), SI(CH4)a(i-Pr), or Si(i-Pr),.

The reaction is an improvemer: over our previously reported
synthesis of nitro-trimethylsilyl acetylen.a by the reaction of

i,

aitronium tetrafluoroborate with bis-trimethylsilylacetylene in
methylene chloride. The best yields (30%-70X, see Table 3), are
obtained when R contains another silyl group, either trimethylsilyl,
S1(CHy)9(t-Bu), Si(CH3)3(i-Pr), or Si(i-Pr)j. Only the trimethylsilyl
nitro acetylene was reported previously.

Table 3

NITROACETYLENE YIELDS

Nitronium Nitroacetylene Yield
Starting Material Salt Product (X)
TMS-C=C-TMS NTFB TMS-C2C-NO, 708 !
TMS-C=C-SiMe,1iPr NHFP SiMe,1-Pr-C=C-NO, 34
T™S-C2C-NO, 6
TMS-CSC-SiMe,t-Bu NHFP SiMeyt—-Bu=-C2C-NO, 592
TMS-C=C-NO, 29®
TMS=C=C-S1i(1-Pr)y NHFP $1(1i-Pr)4-C=C-NO, 57° |
TMS-C=C~NO, 0 :
TMS-C=C-CHy NHFP CH3-C=C-NO, c,d
TMS-C=C-(CH; ), CHy NHFP CH3(CH3),4-C=C-NO, 0
TMS~C3C-t-Bu NHFP t-Bu~C=C-NO, 0
TMS-C3C-CgHs NHFP CgHg=C3C-NO, 0
TMS-C3C-(CH,) 4~C=C~TMS NHFP TMS-C=C-(CHy)4-C5C-NO; O

31s0lated yield.

ield determined from internal standard.
CRapidly decomposes.
dreace yield, ohserved by GC/MS.




When R is an alkyl group, methyl, butyl, hexyl or t-butyl, the
yields are considerably lower. We estimate from qualitative measure-
ments that the nitroacetylenes 1:sulting from these mono-substituted
trialkylsilyl acetylenes range fr ym 2%-102 yields. 1-Nitropropyne,
l-aitrnohexyne, and l-nitrnoctyne are all new compounds (see Table 3).

Two products can result from the nitrodesilylation of bis-trialkyl-
silylacetylene substrates: one resulting from replacement of the
trimethylsilyl group, the other from replacement of the more sterically
croﬁdgd trialkylsilyl group. 1In general, the ease of desilylation, and
consequently the relative proportion of the two nitroacetylene products,
follow the order observed for the elimination of trialkylsilyl
moteties:10 Si(CH3)3 > S1(CH3)p(i-Pr) > S1(CH3)p(t-Bu) > S1(i-Pr)j:
This high degree of regioselectivity (entries 2-4, Table 3) results fron
the ease of attack by fluoride ion on the trialkylsilyl moiety. The
steric crowding encountered in the triisopropylsilyl case resunlted in
exclugsive fluoride-ion-assisted displacement of the trimethylsilyl
group. Mixtures of nitroacetylenes were obtained when less bulky silyl

substituents were studied.

The yleld of the nitroacetylene is considerably enhanced when a
bis-trialkylsilylacetylene is used as the acetylene substrate rather
than a mono-trialkylsilylacetylene. The higher yields arr attributed to
the iatrinsic properties of the silicon atom. Silicon generally
stabilizes beta-carbonium ions better than carbon. Furthermore, silicon
enhances alpha-carbonium ion stability due to hyperconjugation and
induction. Consequently, any intermediate carbonium ion formed during
the reaction of nitronium ion with a bis-trialkylsilyl acetylene is more
stable than the corresponding carbonium ion generated from a mixed
silyl-alkylacetylene. This extra stabilization in the transition state
of the bis-silylated acetylenes significantly improves the yield of the
target nitro-trialkylsilylacetylene product.

The nitroacetylenes readily undergo Diels—Alder reactions with
cyclopentadiene, cv.lohexadiene, and furan. The structure of the

products was confirmed by a combination of field ionization mass

il din g




spectrometry, proton NMR, infrared spectra, and eiemental analysis. We
are continuing to explove the chemistry associated with these unique

materials.

Nonacidic Amine Nitration (Appendix B)

i bl i s

The N-nitration of secondary amines under neutral conditions poses
a problem of N-nitrosation as a competing side reaction. Wher nitrogen
dioxide,11 nitryl chloride, nitrogen pentoxide, nitryl fluoride,12

13 14 4re used in the

nitronium fluoroborate, > and tetranitromethane
N-nitration of amines, they all result in substantial yields (> 30%) of
nitrosamine side-products, which are extremely toxic and difficult to
separate from the target nitramine. The production of aitrosamines is a
result of the redox reaction between secondary amines and nitrating

agent.

To overcome the problems associated with N-nitrosation, we studied
novel covalent nitrating agents. The oxidizing power c¢f the nitrating
agent was attenuated by varying the electronegativity of the leaving
group. Since ordinary nitrate esters fail to nitrate secondary amines
and nitryl fluoride reacts rapidly even at -78°C, we concluded that the
viable range of electronegativities for the nitro transfer reaction lay
somewhere between alkoxide (the leaving group on a nitrate ester) and
fluoride (the leaving group on nitryl fluoride). Thus, we examined a

series of electron—~deficient nitrate esters as our target category of

neutral nitrating agents for secondary amines. :

This approach was originally attempted by Emmonds and Freeman,11

! who studied some electron—-deficient nitrate esters and found that j
acetone cyanohydrin nitrat:elz’15 does nitrate amines at elevated
temperatures. ULafortunately, this reagent releases acetone and hydrogen
cyanide, which react with amines to give aminonitriles, rendering this

method low-yielding with respect to the amine substrate.

Our initial efforts to overcome this potential problem focused on

the use of polyfluoroalkyl nitrates, such as hexafluoroisopropyl nitrate

and trifluoroethyl nitrate. These compounds were synthesized by direct




nitration of the corresponding alcohols in fuming nitric/sulfuric acid.
Treating these materials with piperidine yielded predominantly elimina-
tion products, Scheme I. 1In the case of trifluoroethyl nitrate, a small
‘- amount of nitramine was formed in competition with the elimination...
products. Only elimination products were detected in the case of hexa-"
fluoroisopropyl nitrate, along with small amounts of nitrosation

products resulting from the thermal decompusition of the nitrite salt.

CX3CHyONO, + NHR, —————> CX3CHO + RoNH-NO,

RoNH s

v
CX3CH(OH)NRy RyNND + Hp0

Scheme I. Amine-Induced Elimination of Nitrous Acid

The trend established by these nitrate esters prompted us to design
alkyl nitrates that were less electron-poor and, if possible, endowed
with structural attributes that preclude the elimination reaction shown
in Scheme I, which ultimately leads to nitrosation by self-condensation
of the resulting nitrite salt. Candidates (13 and 14) for a new
generation of nitrate-transfer reagents are shown below. Both these

structures preclude the elimination side reaction shown in Scheme I.
CF3C(CH4)o0NOy (C1CH,)9C(CHyO0NOy) -

13 14

— ——t—

The pentaerythritol nitrate decivate 14 has a high degree of steric

hindrance to base attack on the protons alpha to the nitrate ester, and

the fluorinated t-butyl nitrate 13 is devoid of such protons entirely.

o




The new compounds were synthesized by direct anitration of the

' édffésponding protic compound. Thus compound 13, 2-trifluoromethyl-2-

probyl nitrate, was synthesized by nitration of 2-trifluoromethyl-2-
propanol in nitric acid/trifluoroacetic anhydride. Compound 14, 2,2-
bis(chloromethyl)propane-1,3-diol dinitrate, was prepared by hydrolysis
and nitration of 3,3-bis(chloromethyl)oxetane in nitric acid/oleum.
Compounds 13 and 14 bothk nitrate secondary amines under mild conditions
(room temperature to 55°C) without nitrosaticnm, except in isolated
cases. In general, 13 is a more convenient, cleaner, and efficient
nitrating agent, which allows for a facile workup. The results obtained

with selected amines for both reagents are shown in Table 4.

Table 4

NITRATION OF SECONDARY AMINE WITH NITRATE ESTERS

i
]
2-Trifluoromethyl-2-Propyl Nitrate 2,2-Bis(chlorouethyl)propane-l,3-diol

Dinitrate
Yield of Yield of Yield of Yield of ;
Anine Nitramine (X) Nitrosamine (7) Nitramine (%) Nitrosamine (%]
Piperidine 75 08 65 0 ?
i
Morpholine 72 0 40 Trace
Pyrrolidine 100 0 86 0
Diethylamine® 58 0 17 4
N-Benzylmethyl- 75 0 42 6
amine
Dimethylamine - - 55 0

8ps detected by TLC.
Provable loss of product during isolation due to high volatility.




' , o F ' CONCLUSIONS

Y

. In conclusion, we haQe had considerable success in preparing new

and interesting polynitro derivatives of -aromatic -heterocyclic-

i i

compounds. Several of these materials have. excellent mechanical
properties and should be considered for use in energetic formulations.

We have also found sever:l new reactions for the nitroacetylenes which

skl 5

we had prepared in a previous contract. Finally, we have developed a

new group of lipophilic nitrating agents which are useful for the

nitration of acid sensitive compounds.
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Nitroacetylenes: Synthesis of
1-Nitro-2-(trialkylsilyl)acetylenes via
Nitrodesilylation of Bis(trialkylsilyl)acetylenes

Robert J. Schmitt,* Jeffery C. Bottaro,
Ripudaman Malhotra, and Clifford D. Bedford*'

Energetic Materials Program, Chemistry Laboratory, SRI
International, Menlo Park, California 94025
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As part of a study to develop a new synthetic route to
nitroacetylenes, this report describes a general synthesis
of 1-nitro-2-(trialkylsilyl)acetylenes 1. The method in-

RasiCTCNOR

volves direct reaction between a nitronium ion source [i.e.,
nitronium tetrafluoroborate (NTFB), nitronium hexa-
fluorophosphate (NHFP), or nitryl fluoride], bis(tri-
alkylsilyl)acetylene, and a fluoride ion source. Only five
nitroacetylenes have been reported previously,'® and all
are reported to be thermally unstable. The synthesis
routes to known nitroacetylenes are shown in eq 1 and 2.

RC=CSnMe, + N,0, RC=CNO, (1)
R = Ph, MeSi, n-Pr, i-Pr
base/heat

RC==CNO, (2)

inert solvent

RC=CH + NO;I — R(I)C=C(H)NO,

R = t-Bu

0022-3263/87/1952-2294801.50/0

permission of the copyright owner.

We report here a general synthesis method for preparing
1-nitro-2-(trialkylsilyl)acetylenes. This unique one-step
procedure allows for the preparation of numerous nitro-
acetylenes not accessible through the known synthesis
methods.

Recently, we reported’ an improved, one-step synthesis
of 1-nitro-2-(trimethylsilyl)acetylene by treating bis(tri-
methylsilyl)acetylene with NTFB in methylene chloride
(eq 3). When freshly triturated NTFB is used, a 70%

CH,Cl,
Me,SiC=CSiMe, + NO,BF, ——

Me,;SiC=CNO,
3)

yield of the nitroacetylene is obtained. The effects of alkyl
substituents on both the acetylene and silyl substrate, the
nitronium ijon source, and reaction solvents have been
studied. A special feature of this one-step nitrodesilylation
reaction is the regioselectivity observed with bis(tri-
alkylsilyl)acetylene substrates, allowing for the preparation
of numerous 1-nitro-2-(trialkylsilyl)acetylenes, not easily

*Present address: Naval Surface Weapons C- .ter, Code R-11,

White Oak Laboratory, Silver Spring, MD 209:1..

© 1987 American Chemical Society




nitroni- nitroacetylene
starting matetial um salt product yield, %
Ma2,SiCa=CSiMe, NTFB  Me,SiCwmCNO, 70*
Me;SiC-’CSiMeg-LPr NHFP i-PrMe;SiC‘CNO, 34
Me,SiCm=CNO, 6t
MeSiCx=CSiMe,-t-Bu NHFP  t-BuMeSiCmCNO, 59¢
Me,SiCa=CNO, 29°
Me;SiCa=CSi(i-Pr), NHFP  (i-Pr);SiC=CNO, LY
Me,SiCCNO, 0
Me;SiCs=CCH, NHFP CH,C=(CNO, cd
Me;SiCa=C-t-Bu NHFP ¢-BuC=CNO, 0
Me,SiCa=CC,H, NHFP C H,C=CNO, 0
Me,SiCmC(CH,),Csa  NHFP Me,SiCm=C. 0
CSiM83 (CH-‘)‘C!CNOQ

*[solated yield. °Yield determined from internal standard.
*Rapidly decomposes. ¢Trace vield, ohserved by GC/MS.

accessible by known preparative routas.

One aspect of the synthesis study centered on gener-
alizing the reaction of 1-alkyl-substituted silylacetylenes
with nitronium ion sources. Purified NTFB in anhydrous
acetonitrile or nitromethane and methylene chloride sol-
vents proved to be an effective medium for the nitro-
desilylation reaction, giving 1-alkyl-2-nitroacetylane ccm-
pounds in low yiald (Table I). Treatment of 1-phenyl-
2-(trimethylsilyl)acetylene with nitronium ion sources
failed to yield the desired nitroacetylene product. The
nitronjum salt, either NTFB or NHFP, must be thoroughly
pure as impurities lead to reaction difficulties.

Good to excellent yields of nitroacetylenes were obtained
when the R of eq 4 was a trialkylsilyl group. The presence

NTFB/NHFP
RC=CSiMe, RC=CNO, (4)

acetonitrile/nitrcmethane

of a silicon atom « to the triple bond provides extra sta-
bilization to the nitronium ion/acetylene transition state.
Table I gives the yield of nitroacetylenes from the various
bis(trialkylsilyl)acetylene substrates. Note that particu-
larly high yields of the nitroacetylene products were ob-
tained when bis(trialkylsilyl)acetylene substrates were used
compared with the low nitroacetylene yields for the mo-
nosiiylacetylene substrates.

Two products can result from the nitrodesilylation of
bis(trialkylsilyl)acetylene substrates: one resulting from
replacement of the Me;Si group, the other from replace-
ment of the more stericaliy crowded trialkylsilyl group (eq
5). In general, the ease of desilylation, and consequently
NHFP/CH,CN

Me; SiC=CSiRR'R”
NO,C=CSiRR’'R” + Me;SiC=CNO, (5)

the relative proportion ot the two nitroacetylene products,
follow the order generally observed for elimiration of
trialkylsilyl moieties:®* Me3Si > Mey-i-PrSi > Me,-t-BuSi
> (i-Pr);Si. This high degree of regioselectivity (entries
2-4) results from the ease of attack by fluoride ion on the
trialkylsilyl moiety. The steric crowding encountered in
the triisopropylsilyl case results in exclusive fluoride ion

(1) Petrov, A. A.; Zavgorodinii. V. S.; Rall. K. B.; Vil'davskava, A. L;
Bogoradovskii, E. T. J. Gen. Chem. USSR (Engl. Transl.) 1978, 48, 865.
(2) Jager, V., Motte, J.-C.; Viche, H. G. Chimica 1978, 29, 516.

(3) Jager, V.; Viehe, H. G. Angew. Chem., Int. Ed. Engl. 1969, 273.
{4) Rall, K. B.; Vil'davskaya, A. L.; Petrov. A. A. Russ. Chem. Rev.
(Engl. Transl.) 1978, 44, 373.

(5) Kashin. A. N,; Bumagin, N. A.; Bessonova, M. P.; Beletskaya, 1.
P.; Reutov. O. A. J. Org. Chem. USSR (Engl. Transl.) 1980, 16, 1153.
(6) Stevens, T. E,; Emmons, W. D. J. Am. Chem. Soc. 1958, 80, 338.
(7 Schmitt, R. J.: Bedford, C. D. Synthesis 1988, 493.

(8) Pierce, A. E. Silvlation of Organic Compounds; Pierce Chemical
Co.: Rockrord, IL, 1982; pp 1-39.
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assisted displacement of the Me,Si group, whereas mix-:
tures of nitroacetylenes were obtained when < hulky silyl
substituents were studied entries 2 and 3, Table 1.

In addition to the target nitroacetylene compounds, two
other minor products were isolated from many of these
nitrodesilylation reactions. They resulted {rom cis and
trans addition of NOgF across the triple bond, 2.

O'N\Cf::c""sm“
Ml;Si/ \F
2

The nitroacetylenes were characterized by a combination
of GC/MS and GC/FTIR observati.ns (Tables IT and III;
see paragraph at end of paper about supplementary ma-
terial). All nitroacetylenes show the characteristic acety-
lene stretching frequency band between 2150 and 2250
crr.’l in the infrared. Furthermore, in all compounds the
characteristic asymmetric and symmetric NO, stretching
frequencies were observed in the infrared spectra near 1525
and 1350 cm™!, respectively.

The 1-nitro-2-(trialkylsilylacetylenes frequently gave
a molecular ion (M**) under electro.: impact mass spec-
trometry (70 eV). Other characteristic fragmentations are
loss of an alkyl group from the silyl moiety (M - R*) and
complete loss of the silyl group (M - SiR;*).2 The general
fragmentation pathways for nitroacetylenes are shown in
eq 7. Additional simple fragmentations are observed from
the alkyl or other functional zroups.

RSiC=CNC; & [R,SiC=CNO,}** (M**) o
[RgSiC=CNO,]* + R* (M* - R)
[C=CNO,]* + R,Si*
RgSiCaC’ + NOQ (M+ - Nov_))

The nitroacetylenes readily undergo Diels-Alder reac-
tions with various cyclic dienes (eq 8). The structures of

© + RySICE=CNO; —= ﬁbs‘ﬂa

NO, !
@ + Ry SICTEC—NO; —= bsms

NO2

these products were confirmed by a combination of field
ionization mass spectrometry, 'H NMR, infrared, and
elemental analysis.

Two possible mechanisms may account for the dramatic
differences in the yields of nitroacetylenes formed when
bissilyl- and monosilylacetylene substrates are used in the
nitrodesilylation reaction, The first results from electro-
philic attack of nitronium ion on the triple bond. followed
by fluoride attack at silicon or carbon to give silvl fluoride
and nitroacetylene or cis/trans fluoronitro olefin products.
The second mechanism arises from initial fluoride dis-
placement of the silyl group to give sitylfluoride and the
acetylide anion, followed by nitronium ion addition to the
carbanion (Schemes I and II, respectively). The driving
force for either mechanism is the formation of the strong
Si-F bond resulting from attack of fluoride ion at silicun.’?

We postulate that the first mechanism is the most
probable. The contrast in reactivity between mono- and
bissilylacetylenes is due to the ability of silicon to stabilize
the carbonium ion intermed.atos over that of carbon. !4

8)

9) McMillen, D. F.; Golden, D. M. Annu. Rev. Phys. Chem 1982, 493,

(10) Weber, W. P. Silicon Reagents for Organic Svnthesis: Reactivity
and Structure Concepts in Organic Chemistry, 1f; Springer-Verlag:
Berlin, 1983; and refeiences therein.
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Scheme I. Cyclic Nitrontum Ien Intermediate
RaSiCHECSIRy + NOy

RsSi—C MmC—NO; No'\c=c _SiRs
! ReSi” e
+ ?
ReSIF

Scheme I1. Acetylide lon Intermediate

Me,SiCmCR + F- — RCaC- + Me,SiF
RC=C- + NO,* - RC=CNO,

Silicon is known to stabilize 8-carbonium ions through
hyperconjugation significantly better than alkyl groups.
A second factor supporting the first mechanism is the
observation of the small amounts of NO,F addition
products that would not be expected from the second re-
action mechanism. Third, alkyl groups more readily un-
dergo carbonium ion rearrangements, for example, to give
a tertiary carbonium ion, than do silicon systems. This
propensity of carbonium ions to rearrange may in part
explain why we cannot synthesize :ert-butylnitroacetylene
from tert-butyl(trimethylsilylacetylene. Finally, addition
of nitronium ion salts to a lithioacetylene does not give any
nitroacetylene product.

Experimental Section

CAUTION! All nitroacetylene compounds are considered toxic
and potentially explosive and should be handled with appropriate
precautions.

Materials. Nuclear magnetic resonance spectra were recorded
on a Varian Associates EM-360 or a JEOL FXQ-90. Infrared
spectra were obtained on a Digilab-20 GC/FTIR (HP5980 GC).
Masa spectra were obtained on a HP mass selective detector 5790B
with gas chromatographic separation on a HP5970 GC. The
reaction progress was monitored by gas chromatography using
a Varian Model 3700 equipped with a SE-54, 50-m capillary
column. High-quality NHFP ana NTFB were obtained from
Ozark-Mahoning. NHFP was used as obtained. NTFB was
purified by triturating with nitromethane, decanting away the
residual nitric acid components, and then rotoevaporating the
wet NTFB to dryness. This step was repeated several times,
resulting in NTFB free of acidic impurities. The silicon com-
pounds were generally obtained from Petrarch Systems, Inc., or
from Aldrich Chemical Co.

General Synthesis Procedure for the Synthesis of Ni-
troacetylenes Using Nitronium Hexafluorophosphate or
Nitronium Tetrafluoroborate. NHFP (1 equiv) or purified
NTFB (1 equiv) suspended in anhydrous acetonitrile, nitro-
methane, or nitromethane/methylene chloride was added to 1
equiv of the (trimethylsilyl)acetylene in acetonitrile, nitromethane,
or nitromethane /methylene chloride with rapid stirring for 1 h
at room temperature. The crude nitroacetylenes were purified
by simple column chromatography using a silica gel column and
chloroform as the eluting solvent. The reaction mixture was

(11) Apeloig, Y.; Stanger, A. J. Am. Chem. Soc. 1985, 107, 2808.

(12) Wierschke, S. G.; Chandrasekhar, J.; Jorgensen, W. L. J. Am.
Chem, Soc. 1985, 107, 1496,

(13) Shiner, V. J., Jr.; Ensiger, M. W.; Kriz, G. S. J. Am. Chem. Soc.
1986, 108, B42.

Notes

quickly passed through u chloroform-saturated plug of silica gel,
applying suction at the efftuent port and rinaing with 100 mL of
chioroform. The effluent was typically concentrated to 10 mL,
in vacuo and quickly utilized in subsequent synthetic transfor-
mations. NOTE: Do not wash with brine or bicarhonate solutions;
they cause rapid decomposition of the nitroacetylenes. Nitro-
scetylenes will generally decompose rapidly if concentrated and
allowed to stand. Decomposition can be slowed by dilution in
un inert solvent and storing in a freezer. However, both (triiso
pronylsilyl)nitroacetylens and (dimethyl-tert-butylsilylnitro.
acetylone are stable for a few hours at room temperature when
concentrated. The stability of the nitroacetylenes goes up dra-
matically with increasing size of the silyl group attached to the
nitroacetylene. For example, we find no decompusition of (tri-
isopropylsityl): or (dimethyl-tert-butylsilylinitroacetylones when
dissolved in methylene chloride at room temperature over several
weeks. Characterization of the new nitroacetylene compounds
are l{\own in Tables il and III (available as supplementary ma-
terial).

2-Nitro-3-(trilsopropylsilyl)bicyclo{2.2.1)hepta-2,3-diens.
(Triisopropyhilyl)nitroacetylene (70 mg, 0.4 mmol, with 30 mg
of (triisopropylsilyl)acetylens as impurity) was dissolved in 10
ml of CCl, and treated with cyclopentadiene (300 mg, 5 mmol).
This mixture was stirred for 3 days at room temperature, con-
centrated, and chromatographed over silica gel, eluting with 90%
heptane/10% dichloromethane to give 70 mg (75%) of the ex-
pected adduct, an oil: 'H NMR (CC),) 4 1.07 (d, 18 H, CH,), 1.32
(m, 3 H, CH), 2.15 {m, 2 H, CHjy), 4.10 (m, 2 H, CH), and 6.90
(m, 2 H, CH); IR (neat) 2925, 2850, 1500, 1465, 1340 cm™'. Anal.
Caled for CigHgyNO,Si: C, 65.90; H, 9.35; N, 4.82. Found: C,
65.41; H, 9.54; N, 4.73.

2-Nitro-3-(trimethylsilyl)bicyclo[2.2.2.]octa-2,5-diene.
Nitronium fluuroborate (1.3 g, 10 mmaol) was suspended in 10 mL
of nitromethane and stirred under argon at 0 °C with ice cooling.
Bis(trimethylsilyl)acetylene (1.7 g, 10 mmol) was then added, and
the reaction became homogeneous and amber in color. The entire
reaction was filtered through a 3 in. X 1 in. plug of chloroform-
saturated silica gel and was sluted with 150 mL of chloroform,
by using a vacuum aapirator to hasten elution rate. The product
was concentrated to 10 mL, treated with 1,3-cyclohexadiene (2
€, 25 mmol) and allowed to stand at room temperature overnight.
The reaction mixture was then chromatographed over silica gel,
eluting with 1:1 hexane/chloroforrr, collecting the R, 0.5 material.
Concentration of the effluent in vacuo yielded 600 mg (27%
overall, from bis(trimethylsilyl)acetylene of yellow crystals, mp
53-55 °C: IR (CCl, smear) 3085 (w, vinyl C-H), 2960 (m, C~-H),
1520 (s, NO,), 2360 (s, NOg) em™'; 'H NMR (CCl,) 5 1.4 (m, 4 H,
CHjy). 4.1 (m, 1 H, CH), 4.6 (m, 1 H, CH), 6.3-6.6 (m, 2 H, CH).
anal. Caled for C, HsNOgSi: C, 59.19; H, 7.62; N, 6.28. Found:
C, 59.14; H, 7.45; N, 6.28,

2-Nitro-3-({trimethylsilyl)norbornadiene. The reaction of
n:.-onium fluoroborate and bis{trimethyisilyl)acetylene was carried
out exactly as described in the previous sequence involving cy-
clohexadiene. The resulting 10 mL of solution containing (tri-
methylsilyl)nitroacetylene was treated with 5 mL of cyclo-
pentadiene and was stored under argon for 15 h. The reaction
mixture was concentrated and chromatographed over silica gel,
eluting with chloroform, collecting the R, 0.7 materiul. The ef-
fluent was concentrated and distilled in vacuo to give 1.0 g (50%)
of yellow oil, bp 44 *C (0.1 torr): IR (neat smear) 3080 (w, vinyl
C-H), 2960 (m, C-H), 1505 (s, nitro), 1350 (s, nitro) cm™; '"H NMR
(CCl)) 4 2.2 (m, 2 H, CH,), 4.0 (m, 2 H, CH), 6.8 (m, 1 H, CH),
7.1 (m, 1 H, CH). Anal. Calcd for CjoH;sNO3Si: C, 57.42; H,
7.18; N, 6.70. Found: C, 56.73; H, 7.43; N, 6.39.
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The N-nitration of secondary amines under neutral
condilions poses a unique problem of N-nitrosation as a
competing side reaction. When nitrogen dioxide,' nitryl
chloride,? nitrogen pentoxide, nitryl fluoride, nitronium
fluoroborate,! and tetranitromethane! are used in the
N-nitration of amines, they all result in substantial yields
(>30% ) of nitrosamine sicde products, which 2. extremely
toxic and difficult to separate from the target nitramines.
Nitramines are potcntially useful as expiosives, biocides,
and pharmaceuticals, necessitating a high-yielding syn-
thesis devoid of carcinogenic nitrosamine byproducts.

To overcome the problems associated with N-
nitrosation, we studied a series of novel covalent nitrating
agents and examined the effect of amine blocking groups
on the outcome of the nitration reaction. The use of amine
protecting groups on the nitro/nitrosamine product dis-
tribution proved futile. When the N-trimethylsilyl, N-
trimethoxysilyl, N-trichlorosilyl, and N-difluoroboryl de-
rivatives of piperidine (our model amine substrate) were
treated with the couventional nitrating agents mentioned
above, they all produced products contaminated with ni-
trosamine byproducts. Nitrations with nitryl flucride were
complicated by unavoidable contamination of NO,F with
NO,, which occurred as a result of contact of NO,F with
glass, air, and organic soclvents. This approach was aban-
doned in favor of developing novel nonacidic nitrating
agents.

The production of nitrosamines is a result of the redox
reaction between secondary amines and nitrating agent.
We sought to attenuate the oxidizing power of the nitrating
avent by varying the electronegativity of the leaving group.
} _r example, when nitryl fluoride was reacted with sec-
ondary amines, it gave unacceptable yields of nitrosamines
(~50%). In our hands similar results were obtained with
tetranitromethane, N-nitrocollidinium fluoroborate,!® and
nitryl chloride. In response to this problem, we chose to
examine nitrating agents with leaving groups that were less
electronegative than fluorine. Since ordinary nitrate esters
failed to nitrate secondary amines at all, we concluded that

*Fresent address: Naval Surface Weapons Center, Code R-11,
White Oak Laboratory, Silver Spring, MD 20910.
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Scheme I. Amine-Induced Elimination of Nitrous Acid

) AN
CX,CHO - CX,CH(OHINR,
CXyCH,ONO, + HNR; = + :
RyNH,*NOy N R,NNO + H,0

the viable range of electronegativities for the nitro transfer
reaction lay somewhere between alkoxide (the leaving
group on a nitrate aster) and fluoride {the leaving group
on nitryl fluoride). Thus, we examined a series of elec-
tron-deficient nitrate esters as our target category of
neuiral nitrating agents for secondary amines.

This approach was attempted by Emmonds and Free-
man,® who studied some electron-deficient nitrate esters
and found that acetone cyanohydrin nitrate®’ does indeed
produce the nitration of amines at-elevated temperatures.
Unfortunately, this reagent releases acetone and hydrogen
cyanide, which react with amines to give amino nitriles,
rendering this method low yielding with respect to the
amine substrate. The use of trichioroethy! nitrate® also
did not solve this problem; the nitrate ester suffered an
elimination of nitrous acid to give a mixture of dialkyl-
ammonium nitrite and trichloroacetaldehyde, which itself
reacted with 1 equiv of the amine to form the hemiaminal
side product (Scheme I).

We sought to design nitrating agents that could achieve
the desired acyl transfer (here, acyl = nitro) without any
undesirable side reactions. Our initial efforts focused on
the use of polyfluoroalkyl nitrates. Hexafluoroisopropyl
nitrate and trifluoroethyl nitrate were synthesized by direct
nitration of the corresponding alcohols in fuming nitric/
sulfuric acid. Treating these materials with piperidine, our
preliminary test amine, yielded predominantly elimination
products as depicted in Scheme I. In the case of tri-
fluoroethyl nitrate, a small amount of nitramine was
formed in competition with the elimination products. Only
elimination products were detected in the case of hexa-

(1) (w) Challis, B. C.; Kyrtopoulos, S. A. J. Chem. Soc., Perkin Trans.
21978, 1296. (b) Williams, D. L. H. Adv. Phys. Org. Chem. 1983, 19, 381,
(2) Shineman, R. S. Thesais Chio State Univeraity, 1957; University
Microfilms, Ann Arbour, M, Card No. M.C. 58-2104.
1 (3) Nlyushin, M. A,; Golod, E. L.; Gidaspov, B. V. Zh. Org. Khim. 1977.

, 8.

(4) (a) Riordan, J. F,; Vallee, B. L. Methuds Enzymol. 1972, 25 (part
B), 515. (b) Castonguay, A.; VanVunakis, H. Toxicol. Lett. 1979, 4, 475.
(c) Lagercrants, C. Acta, Chem. Scand. 1964, 18, 382, (d) Bruice, T. C.;
Gregory, M. J.; Walters, S. L. J. Am. Chem. Soc. 1968, 90, 1612. (e)
Bruice, T. C.; Waiters, S. L. J. Am. Chem. Soc. 1971, 93, 2269,

{5) Emmonds, W. D.; Freeman, J. J. Am. Chem. Suc. 1968, 77, 4.87.

(6) Emmonds, W. D.; McCallum, K. 8.; Freeman, J. P. J. Org. Chenr.
1952, 19, 1472,

(7) Freeman, J.; Shepherd, 1. Organic Synthesis: Wiley: New York,
1973; Collect. Vol. V', p 839.
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Notea
Table 1. Candidate Nitrate-Transfer Reagent:
} yield,
compd structure % properties
1 ¢ ~CnON 5 mp 62 YC; dec >150 °C
on " Cnonoy
2 SHy 80  bp 98 °C; slight dec at bp;
CFy "m0~ NOy stable for weeks at room
) temp
ity
3 T°- 80* mpes*C
W
*Reference 9.

Table 11. Nitration of Aw’inee with
2.(Trifluoromethyl).2-propyl Nitrate

yioli, %
amine nitramine nitrosamine
piperidine % o
morpholine 72 0
N-benaylmethamine 3 0
pyrrolidine 100 0
diethylamine 58 0

¢ As detected by TLC which ia consistently sensitive to S1%
yields of nitrosamines and/or nitramines.

fluoroisopropyl nitrate. Also detected were small amounts
of nitrosation products resulting from the thermal de-
composition of the nitrite salts.

The trend established by hexafluorcisopropyl nitrate (no
nitration) and trifluoroethyl nitrate (low yield of nitration)
prompted us to design alkyl nitrates that were less electron
poor and, if possible, endowed with structural attributes
that precluded the elimination reaction shown in Scheme
I, which ultimately leads to nitrosamines hy self-conden-
sation of the resulting nitrite salts.

Candidates for this new generation of nitrate-transfer
reagents are shown in Table I. All these structures pre-
clude the elimination side reaction shown in Scheme .
The pentaerythritol dinitrate derivative 1 has a degree of
steric hindrance to base attack on the protons « to the
nitrate esters, and fluorinated tert-butyl nitrate (2) is
devoid of such protons entirely. N-Nitropyrazole (3) also
enjoys an immunity to slimination reactions.

Compounds 1-3 were synthesized by direct nitration of
the corresponding protic compound. Perfluoro-tert-butyl
nitrate and Lexafluoro-tert-butyl nitrate could not be
prepared and were abandoned as potential targets. Com-
pound 2 [2-(trifluoromethyl)-2-propyl nitrate] was syn-
thesized by nitration of 2-(trifluoromethyl)-2-propanol in
nitric acid/trifluoroacetic anhydride. Compound 1 [2,2-
bis(chloromethyl)propane-1,3-diol dinitrate]® was prepared
by hydrolysis and nitration of 3,3-bisichloromethyl)oxetane
in nitric acid/oleum.

Both compounds 1 and 2 nitrate seconiary amines un-
der mild conditions (room temperature to 55 °C) without
nitrosation, except in isolated cases. In guneral, 2 is a more
convenient, cleaner, and efficient nitrating agent, which
allows for a facile workup. The results obtained with
selected amines for both reagents are shown in Tables 1]
and IIl. N-Nitropyrazole (3) failed to transfer its nitro

(8) German Patents 638432 and 638433, Westfilisch-Anhaltische
Sprcnﬂtoff A.G. Nov 14, 1836 (C1.78¢.18).

(9) Huttel, R.; Bichele, F. Chem. Her. 1985, 88, 1588

(10} Ho, T.-L.; Olah, G. A. J. Org. Chem. 1977, 42, 3097.
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Table 111, Nitration of Amines with
2,2-Bis(chleremethyl)prepane-1 3-disi Dinitrate

yields, %
amine  nitramine nitrosamine
piperidine 85 (1]
motpholine’ 40 tr
N- imethanamine 42 8
pyttolidine ” 0
disthylamine® 1?7 4
dimethylamine 85 I

* Probable loas in isolation due to high volatility. *As detected
by TLC.

group to diethylamine even when refluxed in a solution
with diethylamine aa solvent. This compound was aban-
doned as a nitrating agent.

Attempta to nitrate primary amines and ethylenedi-
amine derivatives met with difficuity. For example, at-

ted dinitration of piperazine with 2 reaulted in a low
m ol N-nitroso-N"ni ne. The same result waa
obtained with N, N'-dimethylethyle :diamine, giving
mixed nitro and nitroso compounds ii. poor yields. Fur-
thermore, the nitration of 3-methyl-3-[(N-ethylamino)-
methyl)oxetans, a highly hindered amine, gave only a poor
yield of nitramine, with no nitrosation. Finally, nitrations
of benzylamine and phenethylamine gave low yields of
correaponding primary nitramines, which could not be
purified to analytical specifications. Evidently, amines of
diminished nucleophilicity due to inductive or steric en-
croz~hments yield nitrosation products through the slow
decomposition of the nitrating agent. The poor perform-
ance of compound 2 in N-nitration of primary amines is
probably due to decomposition of the product under the
prolonged heating necessary to drive the nitro-transfer
reaction.

In conclusion, we have developed two effective reagents,
2-(triflucromethyl)-2-propyl nitrate and 2,2-bis(chloro-
methyl)propane—{ 3-diol dinitrate, for the neutral nitration
of secondary amines. These materials have complementary
preperties, the first being useful {ur volatile substrates and
the second for nonvolatile substrates. The 2-(trifluoro-
methyl)-2-propyl nitrate will enjoy a broader application
in synthesis because it reacts in a cleaner manner and in
higher yield than 2,.2-bis(chloromethyl)propane-1,3-diol
dinitrate for the nonacidic nitration of basic amines.

Experimental Section

General Methods. 'H NMR spectra were determined on a
Varian T-60 NMR spectrometer as solutions in CDC}y or CCl,.
IR spectra were determined on a Perkin-Elmer 1420 IR spec-
trophotometer.

Synthesis of Hexafluoroisopropyl Nitrate. Oleum (100 g
of 30% SO,) was cooled to 0 °C under argon and treated with
25 mL of 90% nitric acid (Caution! Exotherm!) followed by
addition of hexafluoroisopropyl alcohal (35 g, 210 ramol). The
reaction was atirred under argon for 1 h, warming to room tem-
perature over that time. The crude product was distilled out of
the biphasic reaction mixtuve at ~30 Torr, trapping the product
in a dry ice/acetone bath. The crude product was stirred over
4 g of Na,CO,, treated with 2 mL of H;0, and decanted. It
contained some free alcohol and was stored at 0 °C. Even at 0
°C, it slowly decomposed, giving off NO, gas: 'H NMR (CC),)
8 5.8 (septet, J = 6 Hz).

Syntheais of Trifluoroethyl Nitrate. Oleum (360 g of 30%
S0Oy) was cocled to 0 °C under argon and was carefully treated
with 30 mL of 90% nitric acid. After this mixture had cooled,
trifluorocethancl (77 g, 0.77 mol) (Aldrich) was added, and the
reaction mixture was allowed to warm to room temperature over
1 h. The resulting biphasic reaction mixture was then distilled,
under an aspiratnr vacuum, into a dry ice cooled receiver, neu-
tralized by stirring over 2 g of NayCOs/4 ml of Hy0, followed

|
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by addition of 5 g of NayCOy to remove H,0. Tle supernatant
liquid was decanted and to be sufficientty pure for synthesis.
The yield of clear colotiess liguid was 101 g (85%): '‘H NMR
(CCLy) 6 4.9 (quart,, J = 8 Ha); IR (neat) 1400, 1430, 1630 cm™'.

Synthesis of 3-(Trifluoromethyl)-2-propyl! Nitrate. Tri-
flucroacetic anhydride (18 g, 75 mmol) was cooled to 0 *C with
stirring under argon, in a 50-ml round-bottomed flask. Nitric
acid (4.5 g, 75 mmol) was carefully added over 5 min to avoid
excesaive heating. After the addition was complete, the mixtuse
was stitred for 20 min at ¢ 3C, 2.(trifluoromethyl)-2-propanol 8.5
£ 50 mmol) was added, a:vd the reaction mixture was stirred for
an additional 30 min. The resction mixture was diluted with 28
tr.L of dichloromethane, extracted with 100 mL of ice—water, dried
over Na;CO,, and distilled at ~400 Torr. The yield of clear,
colorless liqu.d was 5.3 ¢ (62%): bp 60 *C (400 tort); 'H NMR
(CCl,, 80 MH,) 6 1.7 (); IR (neat) 1660 cm™.. The neat compound
gave off traces of NO: gas after 1 month of storage at room
temperature, but its NMR spuctrum was unchanged. At low
temperatures (0 *C) no decompesition hae been obsarved, even
after 1 year.

Reaction of 1,1,1.Trifluoroethyl Nitrate with Piperidine.
Viperidine (4.3 g, 50 mmol) was dissolved in 50 mL of diethyl ether
and the resultant mixture treated with trifluoroethyl nitrate (9
g. 60 mmol). An exotherm ensued, causing the solvent to reflux.
After 1 h, the exotherm had subsided. and a solid had precipitated
from the reactioi mixture., The solid was isolated by filtration,
and the filtrate was freed of acidic and basic compounds by
extraction with aqueous base and acid, respectively. The ether
layer wus found to contain approximately 600 mg (~10% yield)
of N-nitropiperidine, as determined by IR, NMR, and TLC in
comparison with those of an authentic sample. The solid (2.3 g)
was unstable, degrading to N-nitrosopiperidine on standing. The
solid had an NMR spectum identical with that of piperidine.

HNO,, but its IR spectrum was different from that of an authentic
sample. On this basis, and due to its tendency to degrade to
N-nitrosopiperidine, the solid was assumed to be piperidine HNO,.

Reaction of 2-{Trifluorcethyl)-2-propyl Nitrate with
Secondary Amines. The secondary amine (1 mmol) was mixed
neat with 2-(trifluoromethyl)-2-propyl nitrate (250 mg, 1.5 mmol)
and kept at 50 *C for 7 days. Volatiles including 2-(trifluoro-
methyl)-2-propanol were evaporated in vacuo, and the crude
product was filtered through a short plug of silica gel to give pure
N-nitramines. The products were identical with known materials
in their spectroscopic and physical properties. The yields were
not further optimized (see Table I1).

Syathesis of 2,1.Bis(chloromethyl)propane-1,3-diol Di-
nitrate. Fuming nitric scid (90%) (100 mL) was saturated with
NaNO; at room temperature. Next, 3 3-bis(chloromethytioxetane
{20 g, 130 inmol) was added. A mild exotherm was ohserved, and
ice cooling was applied. The mixture was stirred at 0-15 *C for
5 h, with gradual warming from 0 to 13 *C over that interval. The
reacticn mixture was cooled to 0 *C and was carefully treated with
40 mL of 30% fuming H.S0,, stirring and adding the acid in 2.l
aliquots. The resulting mixture war warmed to room terperature
over 16 min and poured over ice, gi* ing a white solid. The solid
waa collected by filtration, dissolved in 150 mL of warm carbon
tatrachloride, and crystallized to give 25 ¢ (73%) of large. colotiess
prisms: mp 63 *C; 'H NMR (CDCl,, Me,5i) 8 3.7 (3). 4.6 (s); IR
(CCl  amear) V,, 1670, 1300 cm™', Anal. Caled for C3H,Cl;N,Og:
C, 22.83: H, 3.07; N, 10.68; Cl, 26.95. Found: C, 22.99; H, 2.98;
N, 10.60: C|, 26.78.

Reactiena of 1.2-Bis(chioromethyl)propane-1,3-diol Di-
sitrate with Secondary Amines. The amine (10 mmol) was
mixed with 2,2-bis(chloromethyl)propane-1,3-diol dinitrate (1.3
¢, 5 mmol) and the resultant mixture heated in a sealed vial ¢
55 *C for 3 days. Unreacted nitrate ester was destroyed by adding
5 mL of sthyl alcohol and 2 mL of hydrazine and heating at 80
*C for 1 h. The reaction mixturs was partitioned between 170
mL of ether and 100 ml. of water. The ether layer was concen.
trated and chromatographed, eluting chloroform over silica gel,
yielding the pure nitramines, which were visualized by UV. The
products were chromatographically and spectroscupically identical
with known samples of the tacget compounds (see Takle I1D).
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