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ABSTRACT OF OBJECTIVES AND ACCOMPLISHMENTS

Our high-density, high-energy explosives program, funded by AFOSR,

focused on two major areas, all of which involve energetic heterocycles.

The first type of materials we explored were the cycloadducts of nitro-

acetyleties, 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

completion 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 nitrated 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, giviIg both the

N,N'-bis(trinitroethyl) derivative and the corresponding N,N'-bis

(fluorodinitroethyl) compound.

The properties of the tetrazines are of interest; the

bis(fluorodinitroethyl)-l,4-diaminotetrazine melts over 220°C and

detonates at 2400C. It is also highly colored, inviting the possibility

of photo initiation. Preliminary efforts to trinitroethylate or

fluorodinitroethylate melamine and guanazole in the same manner as 1,4-

diaminotetrazine have not yet been successful.

In all cases, the melting points art- 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 ; 200C). Six
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pyridine and pyrarnine dicarboxylic acid aster derivatives have been

prepared, with trinitroethanol and fluorodinitroethanol. The attempted

* ~syntheses of the corresponding N-oxide warn not as successful; only one

N-oxide could be prepared and purified successfully.

In conclusion, we have examined two novel types of potential high-

energy, high-density explosives, and we have derived useful examples in

each category. One compound, N,N'-bis(fluorodinitroethyl)-L,4-diamino-

tetrazine, satisfies most, 14f not all, of the military criteria for a

successful explosive.

AFOSR Program Manager: Dr. An~thony Matuszko
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INTRODUCTION AND SU-MARY OF RESULTS ON CURRENT PROGRAM

Under APOSR contract F49620-86-K-0011, we have investigated the

synthesis of C-nitro and N-nitro groups in nonpolar, aprotic solvent

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 in nonacid-base solvent systems,

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:

0 Synthesis of several promising polynitroheteroaromatic
oxidizers.

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

0 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 sever1l 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 formation2 and they will

generate more gas, in the form of nitrogen, than aromatic ring systems.

Additionally, less oxygea is required t' completely oxidize the compound

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

summarizes the results obtained with these compounds. The detonation
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pressures (Pdj) and detonation velocity (Dv,,) were calculated using the

KUSM method. Table 2 gives the measured and calculated values of known

oxidizers for :omparison.

The most interesting compounds that we have prepared are deriva-

tives of the diaminotetratene. The tetrazene ring is interesting

because of the high nitrogen content (four nitrogens and only two

carbons). Also, very few tetrasene derivatives are known, and no one

has prepared energetic tetrazenes.

We have prepared two tetrazenes substituted with fluorodinitroethyl

(FDNE) or trinitroethyl (TME) groups at the amines, bis(N,N-fluoro-

dinitroethyl)-l,4-diaminotetrazene (BFDDT) and bis(N,N-trinitroethyl)-

1,4-diaminotetrazene (BTDT). le are particularly excited about BFDDT,

which is balanced to CO/HF/H 2 0/N 2 and calculates to have a heat of

formation of approximately -13 kcal/mole, a detonation pressure (Pcj) of

315 kbar, and a detonation velocity of 8.5 mm/is. Most important, BFDDT

has excellent thermal stability with a melting point of 221C and a

decomposition onset at 232*C 'DSC). All qualitative tests done on

impact 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

not pursue further the synthesis of any other N-oxides.

In summary, we have found the preparation of heLerocyclic aromatic
derivatives to be a viable approach for the synthesis of interesting
energ~tic molecules. The materials prepared thus far all show good

thermal properties as well as reasonable densities.

2.1



N --- N •l~lCm0

MNItI)CNINNN1I-aFlN NCfNC.O)a

N NCN AINl )a

F(NO,)aCC~aNN)%%w,, iNHNCaC(N~a)9F

CO3CN1C(NO•')F COICHIC(N0),

N

COCHIC(NO,)rF COICNaC(NOa)S

CSaCHICtNOI)IF

FINOI)ICHaI0C iýN CSCP1CNO1),F

Nitroacetylene Synthesis and Reaccions (Appendix A)

Five nitroacetylenes have been reported previously, 3 -7 and all are

reported to be thermally unstable. As part of a study to develop new

synthesis routes vo energetic materials precursors, we developed a

general synthesis route to 1-nitro-2-trialkylsilyl acetylenes, 10.8,9

The synthesis is achieved by treating a bis-substituted trialkylsilyl-

acetylene with a nitronium ion 3ource (i.e., nitronium tetrafluoro-

borate, nitronium hexafluorophosphate, or nitryl fluoride) and a

fluoride source in acetonitrile or nicromethane to give the desired

nitreacetyleneb in fair co excellent yields, as shown in equation (1).
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Table I

FROPBRIK•S o0 FOLYtITRO AIONATIC hhROCVCLZS

up Density positine tDve Pet ju

COUl2uld VC) (I/sm!, Onset (bC) ((m/ps) (kbar) (kcal/sole)

Pyridine-3,S-di(TNE-carbonyl) 135.3 1.8 180 8.3 305.6 -99.1

Pyridine-3,A-di(T2l-carbouyl) 132 1.74 175 8,3 305.6 -49.1

?yridine-R-oxiide-3,4-d4i(TNI--Irbonr.) 106 1.7 1IS

Pyraaine-2,3-di(TN1-carbonyl) 142 1.69 I80 8.4 314 -85.7

Pyrazine-2,3-di(FDNI-carbonyl) 103 1.7 7.9 280.3 -158.9

N,N'-Bia(FD1E)-1,4-diaainotetranene 221 >1.73 232 8.5 315 -13

,N' -Bis(TNE)-a,4-diamitotearazene None 1.8 160 8.8 344 +60.2

T•E CH2C(NO2 )3

FDNE C H2 C(N0 2 ) 2 F

THY froau Ref 2.

Table 2

PROPERTIES OF KNOWN OXIDIZERS

Dvel P HiS Densitycj rxn ~HfProd fS

Compound (MmI1s) (kbar) (kcal/mole) (kcal/mole) (kcal/mole) (g/!m3)

Calculated Values for Known Oxidizers

HMX 9.3 392.0 -354.7 -336.8 17.9 1.9

RDX 8.8 341.0 -267.3 -252.6 14.7 1.8

TNT 7.6 241.6 -228.3 -236.9 -8.6 1.6

Measured Values for Known Oxidizersa

HIX 9.11 387 -354.7 -336.8 17.9 1.9

RD.( 7.25 338 -267.3 -252.6 14.7 1.77

TNT 6.93 190 -228.3 -236.9 -8.6 1.64

aFrom Reference 1.



R 3Si-c!-X-SiR 3  2o > R 3Si-CRC-NO 2I

*N I 3 CN/CH 3 NO

where Rt alkyl, Si(CH3)3, Si(CH3)2(t-Bu), S!(CH3)2di-Pr), or Si(i-?r)3.

The reaction is an iuproveaer% over our previously repo~rted

synthesis of nitro-trimethylsilyl acetylene8 by the reaction of

nitroniwa tetrafluoroborate with bis-trimethylsilylacetylene in

methylene chloride. The best yields (30%-70%, see Table 3), are

obtained when Rt contains another silyl group, either trimethylsilyl,

Si(CH3)2(t-Bu), Si(C113)2(i-Pr), or Si(i-Pr)3. Only the trimethylsilyl

nitro acetylene was reported previouily.

Table 3

NITROACETYLENE YIELDS

Nitronium Nitroacetylene Yield
Starting Material Salt Product()

TIMS-C-'.C-T,14S NTFB THS-CE=C-N0 2  7 ()a

TM-~-ieiPr NHFP SiMe 2 i-Pr-C= C-NO2 34
TMS-C7-C-NO 2 6

THS-C:--C-SiMe 2 t-Bu N1HFP SiMe 2 t-Bu-Ci C-NO2  a
TMS-CB C-NO2  2 9 a

TMS-CEC-Si(i-Pr) 3  NF Si(i-Pr) 3 -C=IC-N0 2  b7
TMS-Cs' C-N0 2 0

THS-C-EC-CH3  NHFP CH3-C=C-NO 2  c,d

TMS-C'-C-(CH 2 )4 CH3  NHFP CH3 (C112 )4 -CE-C-N0 2  0

TMS-C!iC-t-Bu NHFP t-Bu-CEC-N0 2  0

TMS-C"C-C 6 H5  NHFP C6 H5-C: C-NO2 0

TMS-C-'-C-(CH 2 )4 -C-C-TMS NHFP TMS-C=C-(CH 2 ) 4 -C.- C-NO 2  0

alsolated yield.
bYield determined from internal standard.
cRapidly decomposes.
dTrace yield, observed by GC/MS.
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When R is an alkyl group, methyl, butyl, hexyl. or t-butyl, the

yields are considerably lower. We estimate from qualitative measure-
A. ments that the nitroacetylenes resulting from these mono-substituted

trialkylsi.lyl acetylenes range ft m 2%-10% yields. I-Nitropropyne,

1-nitrohexyne, and 1-nitrnoctyne are all new compounds (see Table 3).

Two products can result from the nitrodesilylation of bis-trialkyl-

silylacetylene substrates: one resulting from replacement oi the

trimethylsilyl group, the other from replacement of the more sterically

crowded trialkylsilyl group. In general, the ease of desilylation, and

consequently the relative proportion of the two nitroacetylene products,

follow the order observed for the elimination of trialkylsilyl

moieties:10 Si(CH3 ) 3 > Si(CH3 ) 2 (i-Pr) > Si(CH3 ) 2 (t-Bu) > Si(i-Pr) 3.

This high degree of regioselectivity (entries 2-4, Table 3) results from

the ease of attack by fluoride ion on the trialkylsilyl moiety. The

steric crowding encountered in the triisopropylsilyl case resulted inexclusive fluoride-ion-assisted displacement of the trimethylsilyl

group. Mixtures of nitroacetylenes were obtained when less bulky silyl

substituents were studied.

The yield of the nitroacetylene is considerably enhanced when a

bis-trialkylsilylacetylene is used as the acetylene substrate rather

i:han a mono-trialkylsilylacetylene. The higher yields arc attributed to

the intrinsic 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, cy lohexadiene, and furan. The structure of the

products was confirmed by a combination of field ionization mass

6



spectrometry, proton NMR, infrared spectra, and elemental analysis. We

are continuing to explore the chemistry associated with these unique
4 materials.

Nonacidic Amine Nitration (Appendix B)

The N-nitration of secondary amines under neutral conditions poses

a problem of N-nitrosation as a competing side reaction. When nitrogen

dioxide, nitryl chloride, nitrogen pentoxide, nitryl fluoride,12

nitronium fluoroborate, 1 3 and tetranitromethane 1 4 are used in the

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 nitrosamines 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 of 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, 1 1

who studied some electron-deficient nitrate esters and found that

acetone cyanohydrin nitrate 1 2 , 5 does nitrate amines at elevated

temperatures. 'Ufortunately, 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

7



nitration of the corresponding alcohols in fuming nitric/sulfuric acid.

Treating these materials with piperidine yielded predominantly elimina-

tion products, Scheme I. In the case of trifluoroethyl nitrate, a small

amount of nitramine was formed in competition with, the eliminationm-

products. Only elimination products were detected in the case of hexa-ý

fluoroisopropyl nitrate, along with small amounts of nitrosation

products resulting from the thermal decomposition of the nitrite salt.

CX3 CH2 ONO 2 +. THR 2  -> CX3 CHO + R2 NI-NO2

ZR2NH

CX3CL{(OH)NR2  R2NNO + H120

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 eliminat~ion side reaction shown in Scheme I.

CF3C(C1{3)20N02  (ClCH2)2C(C{ 20NO2 )2

13 14

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.

8
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The new compounds were synthesized by direct nitration of the

corresponding protic compound. Thus compound 13, 2-trifluoromethyl-2-

* propyl 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 both nitrate secondary amines under mild conditions

(room temperature to 550C) without nitrosation, except in isolated

cases. In general, 13 is a more convenlient, 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

2-Trifluoromethyl-2-Propyl Nitrate 2,2-Bis(chloromethyl)propane-1 ,3-dioý
______________________________Dinitrate

Yield of Yieldo;f- Yield of Yield of
Amine Nitramine () Nitrosamine (Z) Nitramine ()Nitrosamine (

Piperidine 75 0a65 0

Morpholine 72 0 40 Trace

Pyrrolidine 100 0 86 0

fliethylamineb 58 0 17 4

N-Benzylmethyl- 75 0 42 6
amine

Dimethylamine - 55 0I aAs detected by TLC.
bProbable loss of product during isolation diue to high volatility.

9



CONCLUSIONS

In conclusion, we have had considerable success in preparing new

and interesting polynitro derivatives of aromatic-heterocyc-lic

compounds. Several of these materials have excellent mechanical

properties and should be considered for use in energetic formulations.

We have also found sever'xl new reactions for the nitroacetylenes which

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.

Sacid
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*Nitroacetylenes: Synthesis of We report here a general synthesis method for preparing
1-Nitro-2-(trialkylallyl)acetyleues via 1-nitro-2-(trialkylsilyl)acetylenes. This unique one-step

Nitrodesilylation of Bia(trialkylsilyl)acetylenes procedure allows for the preparation of numerous nitro-

Robet J Schitte Jefer C. ottroacetylenes not accessible through the known synthesis
Robudaman Scmaihota,* andClfford C. Bedottrdo methods.

R,.pdamn Mlhota, nd liford . Bdfod~tRecently, we reported 7 an improved, one-step synthesis
Energetic Materials Program, Chemistry Laboratory, SRI of 1-nitro-2-(trimethylsilyl)acetylene by treating bia(tri-International, Menlo Park, California 94025 methylsilyl)acetylene with NTFB in methylene chloride

Received September 30, 1986 (eq 3). When freshly triturated NTFB is used, a 70%

As part of a study to develop a new synthetic route to MeSC~Cie OB 4 - Me3 SiC=CNQ2

nitroacetylenes, this report describes a general synthesis
of l-nitro-2-(trialkylsilyl)acetyleries 1. The method in- yield of the nitroacetylene is obtained. The effects of alkyl

R3SiCmCNO2  substituents on both the acetylene and silyl substrate, the
1 nitronium ion source, and reaction solvents have been

volves direct reaction between a nitronium ion source [i.e., studied. A special feature of this one- step nitrodesilylation
nitrniu terafloroorae (NFB) nironim hra- reaction is the regioselectivity observed with bis(tri-

fluorophosphetaflooate(HPo (niTryl fluroride] bisxr- alkylsilyl)acetylene substrates, allowing for the preparation
alkylsilyl)acetylene, and a fluoride ion source. Only five ofnmru nio2(takysylctyneotaiy
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~C~~e 3 +N 2 05 inert solvent
RCýC~~e +N2 - RCý_CN0 2  (1)

R =Ph, Me3Si, n-Pr, i-Pr

* ~RCssCH + N0 21 -RWIC=C(H)N0 2 bneea

RCCNO2 t (2 Present address: Naval Surface Weapons C- -ter. Code R-11,
R = t-Bu White Oak Laboratory, Silver Spring, MD 209w..

0022-3263/87/ 1952-2294$01 .50/0 © 1987 American Chemical Society
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Table 1. Nitreacetylene Yields assisted displacement of the Me3Si group, whereas mixi-
sluroni- nitroavetylmne tures of nitroscetylenes were obtained when -ts bulky silyl

starting material Urn salt product yield, % sUbstituents were studied entries 2 and 3, Table 1.
mes8icwcsime3  NTFB Me1v3iC"CNO70 In addition to the target n-troacetylene compounds, two
Me 3SiC=CSiMr 2-i-Pr NHFP i.PrMeSiCnCNO 2  34 other minor products were isolated from many of these

M*8 SiC-mCNO, 6' nitrodesilylation reactions. They resulted from cis and
Me3SiCmCSiMe 2-t-Bu NHFP t.BuMejSiC=CNO 2  59, trans addition of N0 2F aeross the triple bond, 2.

M*3$iC-CNO 290
Me3SiC=CSi(i-Pr)3  NHFP (i-Pr)3SiC-CNO2  574 OtN, .. SI0

Me3SiC-CNO2  0 -_ %'IMeSiC=CCH3  NHFP C1 3CmCN0% c,d Me 3Si
Me 3SiCVC-t-BU NHFP t-BuCCNO14 2  0
M0 3SiCCC5 H5  NHFP CIHSCmCNO2  0
Me 3SiCMC(CH 2)4Cm NHFP Me3SiCmC- 0 The nitroacetylenes were characterized by a combination

CSiMe3  (CH,) 4CmCN0, of GC/MS and GC/FTIR observati~ns (Tables 11 and 111;
$Isolated yield. 'Yield determined from internal standard, see paragraph at end of paper about supplementary ma-

'Rapidly decomposes. 'Trace yield, observed by GC/MS. terial). All nitroacetylenes show the characteristic acety-
lene stretching frequency band between 2150 and 2250
crr-' in the infrared. Furthermore, in all compounds the

accessible by known preparative routas. characteristic asymmetric and symmetric NO2 stretching
One aspect of the synthesis study centered on gener- frequencies were observed in the infrared spectra near 1525

alizing the reaction of 1-alkyl-substituted silylacetylenes and 1350 cm-' 1, respectively.
with nitronium ion sources. Purified NTFB in anhydrous The 1-nitro-2-(trialkylsilyl)acetylenes frequently gave
acetonitrile or nitroniethane and methylene chloride sol- a molecular ion (M*') under electro.. impact mass spec-
vents proved to be an effective medium for the nitro- trometry (70 eV). Other characteristic fragmentations are~
desilylation reaction, giving 1-alkyl-2-nitroacetylene ccm- loss of an alkyl group from the silyl moiety (M - R4 ) and
pounds in low yield (Table I). Treatment of i-phenyl- complete loss of the silyl group (M - SiR 3").81 The general
2- (tritnethylsilyl) acetylene with nitronium ion sources fragmentation pathways for nitroacetylenes are shown in
failed to yield the desired nitroacetylene product. The eq 7. Additional simple fragmentations are observed from
nitronium, salt, either NTFB or NHFP, must be thoroughly the alkyl or other functional groups.
pure as impurities lead to reaction difficulties.

Good to excellent yields of nitroacetylenes were obtained R3SiCmCNO. ~ [R3SiC-CNO2 ]" (M**)()
when the R of eq 4 was a trialkylsilyl group. The presence [RSCmwCNO ,j + R' (M+ - R)

RCýC&iMe3 acetonitriie/nitrometibane 0CCN 2  (4) RSCC O M 0
The nitroacetylenes readily undergo Diels-Alder reac-

of a silicon atom a to the triple bond provides extra sta- tions with various cyclic dienes (eq 8). The structures of
bilization to the nitronium -on/acetylene transition state.
Table I gives the yield of nitroacetylenes from the various+ &-N2SR

* ~bis(trialkylsilyl)acetylene substrates. Note that. particu- N 3SCCO
larly high yields of the nitroacetylene products were ob- N02
tained when bis(trialkylsilyl)acetylene substrates were used
compared with the low nitroacetylene yields for the mo-+ .

nosilylacetylene substrates. + R3 SiCWC SNO
Two products can result from the nitrodesilylation of N02

bis(trialkylsilyl)acetylene substrates: one resulting from
replacement of the Me3Si group, the other from replace- these products were confirmed by a combination of field

men ofthemoe seriali cowdd tialylily grup eq ionization mass spectrometry, 1H NMR, inftrared, and
mn 5). I he generl stherease ofwdesdyltrinandlsl c roneuently elemental analysis.5). n gnerl, he ase4 dsilyatin, nd onsquetly Two possible mechanisms may account for the dramatic

* NHFP/CN 3iRR'N difference3 in the yields of nitroacetylenes formed when

NO 5 C=CSiRR'R"1 + M3W CN () bissilyl- and monosilylacetylene substrates are used in the
Me3 Si~CNO (5) nitrodesilylation reaction. The first results from electro-

the relative proportion of the two nitroacetylene products, philic attack of nitronium ion on the triple bond. followed
follow the order generally observed for elimination of by fluoride attack at silicon or carbon to give silyl fluoride
trialkylsilyl moieties:" Me3Si > Me 2-i-PrSi > Me 2-t-BuSi and nitroacetylene or cis/trans fluoronitro, olefin products.
> (t-Pr) 3Si This high degree of regioselectivity '(entries The second mechanism arises from initial fluoride dis-
2-4) results from the ease of attack by fluoride ion on the placement of the silyl group to give si tylfluoride and the
trialkylsilyl moiety. The steric crowding encountered in acetylide anion, followed by nitronium ion addition to the
the triisopropylsilyl case results in exclusive fluoride ion carbanion (Schemes I and 11, respectively). The driving

force for either mechanism is the formation of the strong
(1) Petrov, A. A.; Zavgorodinii. V. S.; Rail. K. B.; Vil'davskaya, A. L. Si-F bond resulting from attack of fluoride ion at silicon.Y

Bagorsdovskii. E. T. J. Gen. Chem. USSR (Engi. Tranal.) 1978'4,865,se We postulate that the first mechanism is the most
(2) Jager, V.; Matte. J.-C.; Viche, H. G. Chirnica 1975, 29.-516. probable. The contrast in reactivity between mono- and
(3) Jager, V.: Viehe, H. G. Angeuý. Chem., Int. Ed. Engl. 1969. 273.
(4) Rail, K. B.: Vii'davskava, A. L.; Petrov. A. A. Russ. Chem. Rev. bissilylacetylenes is due to the ability of silicon to stabilize

(Engi. Trons.s) 1975, 44, 373. the carbonium ion interined.at*.ýý over that of carbon. "'
(5) Kashin. A. N.; Bumagin, N. A.; Bessonova, M. P.; Beletskaya, 1.

P.; Reutov, 0. A. J. Org. Chem. USSR (Engl. Transts.) 1980, 16, 1153.
(6) Stevens, T. E.; Emmons, W. D. J. Am. Chem, Soc. 1958, 80, 338. (9) McMillen, D. F.; Golden, D. M. Annu. Rev. Phvs Chemi 1982.,493.
(7) Schmitt. R. J.: Bedford, C. D. Synthesis 1986, 493. (10) Weber, W. P. Silicon Reagents for Organic Svnthesis: Reactivitv
(8) Pierce, A. E. Silytation of Organic Compounds; Pierce Chemical and Structure Concepts in Organic Chemristry, i1;i Springer-Verlag':

Co.: Rockiord. IL. 1982: pp 1-:39. Berlin, 1983; and refeiences therein.
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S-hemss 1. Cyclic Nitrealume Ife Iatermedlate quickly pawsed through 'a chloroform-saturated plug of silica ael,
* ~applying suaction at the effuent port and rinsing with 100 mL of

R~ssiscsmcsr + wi* chloroform. The efthuet wae typically concentrated to 10 mL
in vacuo and quickly utilized in subeequent synthetic transfot-
mations. NOT& Do not wash with brine at bicarbonate solutions;
they cause rapid decomposition of the nitroacetylenes. Nitro-

Not acetylenes will generally decompose ravidly if concentrated and
+ allowed to stand. Decomposition can be slowed by dilution in

/ \ an inert solvent and storing In a freeer. However, both (trliso-
RS31 / 1in3 pro!)ylailyl~nitatoacetylone and (dimethyl-tert-butylsilyl)nitro-

bw acetylene are stable for a few hours at room temperature when
concentrated. The stability of the nitroacetylenes. goes up dra-
matically with increasing sise of the silyl group attached to the
nitroacetylene, For example, we find no decomposition of (tri-
isopropylsilyl)- or (dimethyl.etw-butylsily)nitracetylenes when

R351-CINC-N02 N21.=a- it dissolved in methylene chloride at room temperature over several
I sC 1cSý weeks. Characterization of the new nitroacetylene compounds
+R331 NP are shown in Tables 11 and III (available an supplementary ma-

* terial).
ASSIF 2-Nit o--(tisIeopropylsllyl)blcyclo[R2. lhepta4Af-diene.

(Trilaopropylailyl)nltroacetylene (70 mg. 0.4 mmol, with 30 mrg
Scheme 1I. Acetylide Ion Intermediate of (trlaopropylailyl~acetylene as impurity) was dissolved in 10
Me3SiC-CR + P- - RC-C- + Me38IF reL of CCI4 and treated with cyclopentadiene (300 mg, 5 mmol).

RC-C- + NO,+ -. RC-CN02 This mixture was stirred for 3 days at roomn temperature, con-
centrated, and chromatopraphed over silica gel, *luting with 90%

Silicon is known to stabilize 0-carbonium ions through heptane/10% dichiorometthane, to give 70 mng (75%) of the ex-
pected adduct, an oil: 1H NMR (CCI.) 6 1.07 (d, 18 H, CH3), 1.32

hyperconjugation significantly better than alkyl groups. (in, 3 H, CH), 2.15 (mn, 2 H, CH3), 4.10 (in, 2 H, CH), and 6.90
A second factor supporting the first mechanism is the (in, 2 H, CH); IR (neat) 2925, 2850, 1500. 1.465, 1340 cm-1. Anal.
observation of the small amounts of N0 2F addition Caled for C15Hj7NO1 Si. C, 65.90; H, 9.35; N, 4.82. Pound: C,
products that would not be expected from the second re- 65.41; H, 9.54; N, 4.73.
action mechanism. Third, alkyl groups more readily un- 2-Nltro-3-(trimethylsllyl)blcyclo[2.2.2.]octa-2,5-dlene.
dergo carbonium ion rearrangements, for example, to give Nitroniuin fluoroborate (1.3 g, 10 minol) was suspended in 10 ml,
a tertiary carbonium ion, than do sit' Xon systems. This of nitromethane and stirredl under argon at 0 IC with ice cooling.
propensity of carbonium ions to rearrange may in part Bis(trimethylailylbacetylene (1.7 g, 10 mmol) was then added, and

exli h ecannot snhsz etbyitratln the reaction became homogeneous and amber in color. The entire
explin hy e sntheize:er-buylniroaetyene reaction was filtered through a 3 in. X I in. plug of chloroform-

from tert-butyl(trimethylsilyl)acetylene. Finally, addition saturated silica gel and was eluted with 150 mL of chloroform,
of nitroniumn ion salts to a lithioacetylene does not give any by using a vacuum sapirator to hasten elution rate. The product
nitroacetylene product. was concentrated to 10 inL, treated with 1,3-cyclohexadiene (2

Expermentl Setiong, 26 mmiol) and allowed to stand at room temperature overnight.
Expermentl SetionTue reaction mixture was then chromatographed over silica gel,

CAUTION! All nitroacetylene compounds are considered toxic eluting with 1.1 hexane/chloroform, collecting the R, 0.5 material.
and potentially explosive and should be handled with appropriate Concentration of the effluent in vacuo yielded 600 mg (27%
precautions. overall, from bis(trimethylsilyl)acetyiene of yellow crystals, mp

Materials. Nuclear magrietic resonance spectra were recorded 53-55 00 IR tCCl4 smear) 3085 (w, vinyl C-H), 2960 (in, C.-H),
on a Varian Associates EM-360 or a JEOL FXQ-90. Infrared 1520 (a, N%). 2360 (a, NO2) cm-1; 1H NMR (CCd4) a 1.4 (in, 4 H,
spectra were obtained on a Digilab-20 GC/FTIR (HP5W8 Gd). CH2). 4.1 (in, 1 H, CH), 4.6 (ir, 1 H, CH), 6.3-6.6 (in, 2 H, CH).
Mass spectra were obtained on a HPinm selective detector 5790B K~aal. Calcd for C11Hj 7NO2Si C, 59.19; H, 7.62; N, 6.28. Found:
with gas chromnatographic separation on a HP5970 GC. The C, 59,14; H. 7.45; N, 6.28&
reaction progress was monitored by gas chromatography using 2-Nitro-3 *(trlmethylsilyl)norbornadlene. The reaction of
a Varian Model 3700 equipped with a SE-54, 50-in capillary rt. --miumn fluoroborate and bis(trimethylsilyl)acetylene was carried
column. High-quality NHFP anci NTFB were obtained from out exactly as described in the previous sequence involving cy-
Ozark-Mahoning. NHFP was used aa obtained. NTFB was clohexadiene. The resulting 10 mL of solution containing (tri-
purified by triturating with nitromethane, decanting away the methylsilyl)nitroacetylene was treated with 5 mL of cyclo-
residual nitric acid components, and then rotoevaporating the pentadiene and was stored under argon for 15 h. The reaction
wet NTFB to dryness. This step was repeated several times, mixture was concentrated and chromatographed over silica gel,

resulting in NTFB free of acidic impurities. The silicon coin- eluting with chlcuroform, collecting the Rf 0.7 materiail. The ef-
pounds were generally obtained from Petrarch Systemrs, Inc., or fluent was concentrated and distilled in vacuo to give 1.05g (50%)
from Aldrich Chemical Co. of yellow oil, bp 44 dC (0.1 torr): IR (neat smear) 3080 kw, vinyl

General Synthesis Procedure for the Synthesis of NI- C-H), 2960 (in. C-H), 1505 (s, nitro), 1350 (a, nitro) cin-'; 1H NMR
troacetylenes Using Nitronlurn Hexafluorophosphate or (CC14) 6 2.2 (mn, 2 H, CH2), 4.0 (in, 2 H, CH), 6.8 (in, 1 H. CH),
Nitronium Tetrafluoroborate. NHFP (1 equiv) or purified 7.1 (in, 1 H, CH). Anal. Calcd for dCiQHisNO2Si: C, 57.42; H,
NTFB (1 equiv) suspended in anhydrous acetonitrile, nitro- 7.18; N, 6.70. Found: C, 56.73; H, 7.43; N, 6.39.
methane, or nitromethane/methylene chloride was added to 1
equiv of the (trirnethylsilyl) acetylene in acetonitrile, nitrornethane, Acknowledgment. We thank Dr. Anthony Matuszko
or nitromethane/methylene chloride with rapid stirring for I h of the Air Force Office of Scientific Research (Contract
at room temperature. The crude nitroacetylenes were purified F49620-83-K-0023) for his encouragement and support of
by simple column chromatography using a silica gel column and this work.
chloroform as the eluting solvent. The reaction mixture was

Registry No. NTFB, 13826-86-3;, NHFP, 19200-21-6;

Q11) Apeloig, Y.; Stanger, A. 4. Am. Chem. Sac. 19SM, 107. 2806. MeaSiC-dCiMe2-t-146307474-0-1 M SiCMe3Si.Pr, 10747-00-0(12) Wierschke. S. G.; Chandrasekhar, J.: Jorgensen, W. L. ,J. Am. MeSCCi 2-Bu 104-11;MaCCii.r,
Cheim. Sac. 19M5, 107, 1496. 107474-02-2; Mea3iCýCCHj, 6224-91-5. MealSiCm--t-Bu, 14&10-

(13) Shiner, V. J. Jr.; Ensiger. M. W.; Kris, G. S. J. Am. Chem. Soc. 42-3; Me3SiC-CC8 H5. 2170-06-1; Me3SiCý (CHd)4C-=CSi e,,
1986, 108, 842. 63873-32-5; t-BuMeýSiC-CNO 2, 107,474-04-4: Me;,SiCý-CNO~,



67177-8 0.4; i *PrM e1C-WCNO t, 107474 .03.; (i-P rjS iCaC-N % , 3 9

107474-0585; CH3CwCNO,0, 107474-06-6; 2, 107474.W94; (j..
Pr)3SiC~mCH, 88343-064. cyclopentadien, 342492-.; p,3CYC6o
henidiens, 592-57-4; 2-nitro..3-(riiaoprop,.ilyl)norb'ornadene,,
107474-07.?; 2-nitr¶-4.(trimethylslly)bkcyelo12.2gft.2,&.dien.,
107494-77-9; 2-fnitro.34trimethy~aiyI)norbornadihne, 1074744w8&

b'UPPlossetary Material Aval~able. IR spectral data for
all new nitroacetylenes (Table 11) and MIS fragmentation patterns
for nitroacetyloens and (trirnethylkilyl~acetylenes (Table 111) (3
pages). Ordering information is given on any current masthead
Page.
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Nonacidie Nitration of Secondary Amines Scheme 1. Amine-Induced Elimination of Nitrous Acid

Jeffrey C. Bottamo, Robert J. Schmiitt, and CX,1CHO "CX 5 CH(0H)NR1
Clifford D. Bedfordot  CXSCH20N0, + HNR, - +

Energetic Materials Program. Chemistry Laboratory, t 5NHI*N0, - RNNO + H,O
Physical Sciences Divirion, SR! Inttrnntional, Menlo Park.,

California 94025~
the viable range of electronegativities for the nitro transfer

Receited September 3,3~ IS reaction lay somewhere between alkoxide (the leaving
group on a nitrate ester) and fluoride (the leaving group

The N-nitration of secondary amines under neutral on nitryl fluoride). Thus, we examined a series of elec-
conditions poses a unique problem of N-nitrosation as a tron-deficient nitrate esters as our target category of
competing side reaction. When nitrogen dioxide,' nitryl neuiral nitrating agents for secondary amines.
chloride,2 nitrogen pentoxide, nitryl fluoride, nitronium This approach was attempted by Emmonds and Free-
fluoroborate,l and tetranitromethanel are used in the man,5 who studied some electron-deficient nitrate esters
N-nitration of amines, they all result in substantial yields and found that acetone cyanohydrin nitrate'67 does indeed
(;wSG%) of nitrosamnine side products, which wxz extremely pouetentaino mnsa*eeae eprtrs

toxi an dificut t searae frm te trgetnitammes. Unfortunately, this reagent releases acetone and hydrogen
Nitramines are potcntially useful as explosives, biocides, cyanide, which react with amines to give arnino nitriles,
and pharmaceuticals, necessitating a high-yielding syn- rendering this method low yielding with respect to the
thesis devoid of carcinogenic mitrosamine byproducts. amine substrate. The use of trichloroethyl nitrate6 also

To overcome the problems associated with N- did not solve this problernv the nitrate ester suffered an
nitrosation, we studied a series of novel covalent nitrating elimination of nitrous acid to give a mixture of dialkyl-
agents and examined the effect of amine blocking groups ammonium nitrite and trichioroacetaldehyde, which itself
on the outcome of the nitration reaction. The use of amine ratdwt qi fteaiet omtehmaia
protecting groups on the nitro/ nitrosamine product dis- side product (Scheme 1).
tribution proved futile. When the N-trimethylsilyl, N- We sought to design nitrating agents that could achieve

trunthoysill, -tnhlorusll, ad Ndafuoroory d~ the desired acyl transfer (here, acyl - nitro) without any
rivatives of piperidine (our model amine substrate) were undesirable side reactions. Our initial efforts focused on
treated with the coaventional nitrating agents mentioned the use of polyfluoroalkyl nitrates. Hexafluoroisopropyl
above, they all produced pmroducts contaminated with ni- nitrate and trifluoroethyl nitrate were synthesized by direct
trosamine byproducts. Nitrations with nitryl fluoride were nitration of the corresponding alcohols in fuming nitric/
complicated by unavoidable contamination of N0 2F with slui cd raigteemtraswt ieiie u
NO2 , which occurred as a result of contact of NO2F with slui cd raigteemtraswt ieiie u
glass, sir, and organic solvents. This approach was aban- prlmnytstaieyeddpeoiatyeiiain

dond i faorof eveopig ove noaciicnitrating products as depicted in Scheme 1. In the case of tri-
dogednt fvrosdvlpng.vlnoaii fluoroethyl nitrate, a small amount of nitramine was

agents.formed in competition with the elimination products. Only
The production of nitrosamines is a result of the redox elimination products were detected in the case of hexa-

reaction between secondary amines and nitrating agent.
We sought to attenuate the oxidizing power of the nitrating
agient by varying the electronegativity of the leaving group. (1) (a) Challis, B, C., Kyrtopouloo, S. A. J. Chem. Soc.. Perkin T'rns.
I~ _r example, when nitryl fluoride was reacted with sec- 2 1978,129C. Nb W~iiam, D. L. H. Adv. Phys. Org. Chem. 195, 19.381.

(2) Shineman, 1L S, Thesis Ohio State University, 1967. Universityondary amines, it gave unacceptable yields of nitrosamines Microfilms. Ann Arbour, Ml, Card No. M.C. 58-2104,
(ne5O%). In our hands similar results were obtained with (3) flyuahin, M. A.; Golad, E. L; Gidaspov. B. V. ZA. Org. Khirn. 1977.
tetranitromethane, N-nitrocollidinium fluoroborate,' 0 and 13,8&

(4) (a) Riordan, J. F.; Vallee. B. L. Methods Enzymol. 1972, 25 (part
nitryl chloride. In response to this problem, we chose to B), 515. (b) Casonuay, A., VenVunakis. H, Toxicol. Lett. 1979,4, 475.
examine nitrating agents with leaving groups that were less (c) Lagercranta, C. Acta. Chem. Scand. 1964, ZR, 3829. (d) Bruice, T. C.;
electronegative than fluorine. Since ordinary nitrate esters Gregory. M. 1,; Walters, S. L. J. Am. Chem. Soc. 1968. 90, 1612. (e)

faild t nitatesecndar amnesat al, e cnclued hat Bruice. T. C., Walters, S. L. J. Am. Chem. Sue. 1971, 93, 22W9
faied o ntrae sconaryarine atall weconludd tat (6) Emmonda. W, D.; Freeman. J1. J. Am. Chem. Soc. 1963.07,4~."87.

(6) Emmonds. W. D., McCallum. K. &-, Frremazn. J. P. J. Org. Chemr.
1952, 19. 1472.

tFreaent addreav. Naval Surface Weapons Center, Code R-11. (7) Freeman, I.; Shepherd.!1. Organic Svn thesis-: Wiley: New York,
White Oak Laboratory, Silver Spring, MD 20910. 1973; ColloeCt Vol. V. p 839.

0022-3263/87/1952-2292$01..50/0) (0 1987 American Chemical Society



Notes J. Ore. Chem., VUl 62. No, 11, iN?7 222

Table 1. Caud~dat.s Ntrate-TreanotrespIghtt Table Ill. Mitred*&m of Anison with
YWied 2aehsehI..a.Ade Dialtrate

comod Structure % properiti~ yields 'A
5 m~~OOs S ap 62 *C. dec > 180 C aminoW 1%it5UU1W nitromine

- -piperidine 68 0
00% 0isIm,.aphoaiket 40 1,

2 "a80 bp 96 OC; slight doec at bp, N-oxtnahnmn 42 a
IF2 _-o--u stable for weeks at room pyffelldiine as 0

tamp diethytanune 17 4
dlmathylamine 55 0

3 1 100 Wo Oki 93 C Probable Iosaln Isolation due to high volatility. 6As detected
4 by TLC.

Reference 9. group to diefthlamlne even when refluxiod In a solution
with dlethylamins as solvent. This compound was aban-
doned as a nitrating agent.

Table 11. Nitration of Am'.&* with Attempts to nitrate primary amines and ethylenedi-
2.(¶'rllusromthyl)-t-propyl Nitrate amine derivatives met with difficulty. For example, at-

ywie, % ~ tempted dinitration of paperazane with I resulted in a low
__ *mine______________________ yiel o N-nitroso4V-nitrapiper~as~. The same result was

nitradino75ne nl-amn obaned with N.,N-dimetbylethyle adiamine, giving
pipehidine 720mixed nitro and nitroso compounds ii. poor yields& Fur-
N-benaylmethamine 75 o thermore, the nitration of 3-methyl-3-1(N-ethylamino)-
pyrrofidin. 100 o methyljonetane, a highly hindere amine, gave only a poor
diethylamine 58 0 yield of nitramine, with no nitmoation. Finally, nitrations

*As detected by TLC which is conaistently sensitive to :SlA of benaylamine and phenethylamino gave low yields of
yields of nitrosamines and/or nitramines. corresponding primary nitramnines, which could not be

purified to analytical sporifications. Evidently, amines of
fluooisproyl itrte.Als dettne wee sallamonts diminished nucleophilicity due to inductive or steric en-
fluooisproyl itrte.Als detcte wee sallamonts croa-himents yield nitrosation products through the slow

of nitrosation products resulting from the thermal de- decomposition of the nitrating agent. The poor perform-
composition of the nitrite salts. ac fcmon nNntaino rmr mnei

The trend established by 'nexafluoroisopropyl nitrate (no oc fcmon nNntaino rmr mnsi
nitration) and trifluoroethyl nitrate (low yield of nitration) probably due to decomposition of the product under the

propte usto esin aicy ntraes hatwer les eecton prolonged heating necessary to drive the nitro-transferpromted s todesin alyl ntrats tht worlectelotro
poor and, if possible, endowed with structural attributes recion.c~lmo ehv eeoe w fetv egn
that precluded the elimination reaction shown in Scheme In(trifluorom e have)devplop ed ntwoeaeteivn reagentsoro
1, which ultimately leads to nitrosamines by self-conden- 2-tilurmthyl)-2propyl,.d initratefrte aneura n-itratioon
sation of the resulting nitrite salts. of seonarnaines. These materials have complementary

Candidates for this new generation of nitrate-transfer seoay
regnsare shown in Table L. All these structures pre- properties, the first b~eing useful t1,r volatile substrates and

rlueag hents iainsderato hwni cee1 the second for nonvolatile substrates. The 2-(trifluoro-
dude)2-roy theat willnaio sidey recto showne inpSchemeIn

The pentaerythritol dinitrate derivative 1 hassa degree of rehl--rplntaewl no rae plcto
steric hindrance to base attack on the protons a to the insthisbcuetratsnaclnrmnerndn
nitrate esters, and fluorinated tert-butyl nitrate (2) is higher yield than 2,2-bis(chloromethyl)propane-1.3-dioI
devoid of such protons entirely. N-Nitropv'razole (3) aliiso ortenncdc irto f ai mns
enjoys an immunity to elimination reactions. Experimental Section

Compounds 1-3 were synthesized by direct nitration of GnrlMtos HNRsetawr eemndo
the corresponding protic compound. Perfluoro-tert-butyl Vra -0NRsetoee ssltosi DI rC 4

nitrte nd Exafuoroter~butl ntrat cold nt ~ IR spectra were determeined on a Perkin-Elmer 1420 IR spec-
prepared and were alAndoneci as potential targets. Coin- trophotometer.
pound 2 [2-(trifluoromethyl)-2-propyl nitrate] was syn- Synthesis of Hexafluoroisopropyl Nitrate. Oleumn O10 g
thesized by nitration of 2-(trifluoromethyl)-2-propanol in of 30% SOO) was cooled to 0 OC under argon and treated with
nitric acid/trifluoroacetic anhydride. Compound 1 [2.2- 25 niL of 90% nitric acid (Caution! Exotherm!) followed by
bis(chloromethyl)propane-1,3-dioI dinitratell was prepared addition of hexafluoroisopropyl alcohol (35 g, 210 rnmol). The
by hydrolysis and nitration of 3,3-bis(chloromethylboxetane reaction was stirred under argon for 1 h. warming to room tam.
in nitric acid/oleum. perature over that time. The cruade product was distilled out of

Bothcomound 1 nd nitatesecndar amnesthe biphasic reaction mixture at -30 Tonr, trapping the product
Bermil condiouons I n nitpraure tot onr Cwithout- in a dry ice/acetone bath. The crude product was stirred overder ildcondtios (oom empratue t 3560 wthot 4g of Na2C0 3, treated with 2 niL of 1120. -And decanted. It

nitrosation, except in isolated cases. In general. 2 is amore contained some free alcohol and was stored at 0 *C. Even at 0
convenient, cleaner, and efflicient nitrating agent, which IC, it slowly decomposed, giving off NO% gas: 'H NMR (CCI,)
allows for a facile workup. The results obtained with a 5.8 (septet, J - 6 Hz).
selected amines for both reagents are shown in Tables 11 Synthesis of Trlfluoroethyl Nitrate. Oleumn (360 g of 30%
and I11. N-Nitropyrazole (3) failed to transfer its nitro SO3) was cooled to 0 *C under argon and was carefully treated

with 80 niL of 90% nitric acid. After this mixture had cooled,
___________________________________ trifluoroethanol (77 g. 0.77 mol) (Aldrich) was added, and the

(8) ermn Paent 53432 nd 3543, Wtf~lsc-Anhltlche reaction mixture was allowed to warm to room temperature over
Sprongstoff A.G. Nov 14. 19W6 4 Cl.73.18). 1 h. The resulting biphsaic reaction mixture was then distilled,

(9) Iluttel. FL; Bo0chele. F. Chem,. hler. IOU. ~88,15K6 under an aspiratnr vacuum, into a dry ice cooled receiver. neu.
(10) Ho. T.-L, Olah. G. A. J. Org. Chrin. 1977. 42.3W97. tralized by stirring over 2 g of Na2CO 3/4 ml, of H20. followed



by addition of 5 g of NaC05 to rimv H4,0. T11W supernatant Syaithesis .t 12.2-Hasichlanemethyl) propane. 1,3 dIe0-
liquid wan decanted wild =on to be s"ufcety Pure for synthesis nitrate. Fuming nitric acid (90%) (100 mL) was saturated with
The yield of clear colorlesa liquid waa 101 g (83%): IH NMR NaNO at room temperature. Next, 3,3l(chloromethyl~oxetane
(CCI4) S449 tquamt, J a 61Hal; tR (neat) 1400, 1430, 1680 cm-1. (20 1, 130 mnol) was added. A mild exotherni was observed, and

Sysithesis of 2-(Tcifluorimethyl)l-2-Propyl Nitrate. Tni- Ice cooling was applied. The mixture was stirred at 0-IA *C for
fluoroaceatic anhydride (1e g. 75 anmol) was cooled to 0 'C with 5 h. with gradual warming from 0 to 15 OC over that intoer!d The
stirring under argon, in a W0mL round-bottomed flask. Nitric reeiliw maxture was cooled too ' C and wan careully treated with
Acid (4.8 g, 75 mmcl was carefully added over 5 min to avoid Q~ ml. of 30% turning H4,80,,, stirrling and adding the acid in 2-raL
excesaive heating. After the addition wan complete, the mixtute aliquots. The resulting mixture war %vrned to room temperaturet
was stirred for 20 main atO 0 C, 2-(trlfuoJromethy0)4.prpno" (6M over 15 min and poured over ice, gi- ing a white solid, The solid
g. 60 mmolh wan added, cid the reaction mixture wan stirred for wail collected by filtration, disaolved in M5 mL of warm carbon
an additional 30 min,. Tin reaction mixture %as diluted with 26 tetirachloride, anld crystallized to giveR 25 (73%) of large, colorless
vii of dichloromethane, extracted with 100 mL. of ice-water, dried prisms: rp 63 OC; IM NMR ICDCI,,, Mei) A 3.7 (a). 4.8 (s)-, IR
over Na2C0 3, and distilled at - 400 Torr. The yield of clear, (CCI amwa) V, 1670, 1300 cm',l Anal. Caled for CSHgCl 2N2,:~
colorless liqu~d wan 5.3 g (62%): bp 60 OC (400 torl; 'H NMR C, 22.83*, H, 3,07; N, 10 66 Cl. 26,95. Found: C, 22.93); H, 2.98
(CC4., 60 MH)6 41.7 (s); IR (neat) 1660 cm'.i The neat coimpound N, 10.60- Cl, 261.78
gave off traces of NOý Canl after I month of storage at rmom Rieactof at ZBia(ahloromethyl),roan..l,3-dloI Di-
temperature, but ita NMR spectrum wan unchanged. At low niitrate with Secoadary Amiales. The amine (10 mmol) wan
temperatures (0 OC) no decomposition has been observed, even mixed with Rkblatchlrwrmethyl)propane-1,3-dlol dinltrate (1,3artief 1 year. 1, 3 mmol) and the -esultant mixture heated in a sealed vial at

Reaction of 1,1,1-Trifluoroehll Nitrate with Piperidine. 55 OC for 3 days. Unreacted nitrate ester was destroyed by adding
Piperidine (4.3 g, 50 mmnol wan dissolved in 50 aL. of diethy ether 6 mL. of ethyl atohol and 2 mL of hydrazine and heating at 80
and the resultant mixture treated with tniftuoroethyl nitrate (9 *C for 1 h. The reaction mixturo wan partitioned between If)o
g.,60 mmol). An exotherm ensued, causing the solvent to reflux. raL of ether and 100 mL of water. The ether- layer was concen.
After I h. the exotherm had subsided, and a soMi had precipitated trated and chronmatographed, eiluting chloroform over silica gel,
from the reactioia mixture. The solid was isolated by filtration, yielding the pure nitmeznnes, which were visualized by~ UV. The
and the filtrate warn freed of acidic and basic compounds by products were chromatographically and spectroscopically identical
extraction with aqueous base and acid, respectively. The ether with known samples of the target compounds (see Table 111).
layer win found to c~ntairk appmox-mately 600 mng (- 10% yield)
of N-nitropiperidine, as determined by JR, NMR, and TLC in Acknowledgment. We thank Dr. Anthony Matuszko
comparison with those of an authentic sample. The solid (2.3 g) of the Air Force Offie of Scientific Researchi (Ccintract
wan unstable, degrading to N-nitroeopiperidine on standing. Th* No, F49620-83-K-0023) for his e~ncouragement and support
solid had an NMR spectum identical with that of piperidine- of this work.
HNO.% but ;ta IR spectrum was different from that of an authentic
sample. On this basis, and due to its tendency to degrade to
N-nitrowipiparidine, the solid wan assuned to be pliperidine.HNOz. Registry No. (F~C)tCHOH, 920-66-1. (F302CHONO2

Reaction of I-ItTrlflueroethyl)-2-propyl Nitrate with 107149-246.6 FjCCH5OH, 7.5i.W& FCCHIONO,, 461-38-1. F3C-
Secondary Ankines. The secondary amine Q1 mmcl) was mixed C(CH3)2 1Ii, 507-52..8; F3CC(CH3)g0NO2. 107t149-25-7; CCHsC.
neat with 2-(trifluoromethyl)-2-propyl nitrate (250 mng, 1.5 mmdio) HiNHCH3, 103-87-3: NH(CHj,)ý, 124-40-3; H3CN(NO,)CHC'l1.,
and kept at 50 IC for 7 days. Volatiles including 2-(trifluoro- '%239-05-1:02NN(CH2,CH3)V, 7 119-92-8; ONN(CHA2,4164-28-7.
methyl)-2-propanol were evaporated in vacuo, and the crude C,HsCH2N(NO)CH3 , 9374-"6; O2NQCH 2C(CHaCI) 2CH2 ,ONO.,
product was filtered through a short plug of silica gel to give pur 107149-26-8, pipenidine, 110-89-4; morpholine, 110-91-8: pyrrol-
N-nitramlines. The products were identical with known materials idine, 123-75- 1; N-nitropiperidine, 7119-94.0-, N-nitromorphoirme.
in their spectroscopic and physical properties. The yields were 4164-32-3; N-nitropyrrolidine, 3760} 55-2; 3,3-bis(chloroiehl-
not further optimized (see Table 11l, oxetane, 78-71-7.
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