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SUMMARY

The attempted fliuorination of nitroaromatics using xenon difluoride

as the fluorinating agent is discussed. Failures with di and trinitroV

compounds and success with p-nitrotoluene are described.
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INTRODUCTION

Selective fluorination of organic compounds by xenon difluoride has

I
become well established in recent years . The research at Frank J. Seiler

has been centered on using boron trifluoride etherate or light to catalyze

2,3
or initiate fluorinations by XeF2  . The intent of this project was to

use XeF2 as a means of fluorinating energetic nitroaromatics such as tri-

nitrotoluene (TNT) by substitution on the aromatic ring (as opposed to the

methyl group protons).

The replacement of hydrogen by fluorine in energetic compounds generally

increases the thermal stability of these compounds, their density, and

their oxygen balance. This leads to improved energetic properties of

these compounds. Since the energy released during a detonation is propor-

tional to the square of an explosives' initial density, higher initial

density allows more energy release during detonation. Also, since many

munitions are volume limited for explosive capacity, a higher density would

allow a greater amount of explosive to be loaded in the volume in a muni-

tions item. Studies of munitions carried externally at supersonic speeds

(TAF-ROC-306-75) have shown the need for energetic materials with increased

thermal stability.

Because of its wide use in munitions, TNT seemed a good candidate to

begin with. Unfortunately, as will be discussed later, this was not the

case.

EXPERIMENTAL

XeF 2 was prepared by slight modification of the high-pressure mLrCury
i 4

arc lamp irradiation technique . The boron trifluoride etherate (Eastman

Organic Chemicals, practical grade) was vacuum distilled to a colorless

L1



liquid pr ii i,, ",:. i::. ( picramide) were

prepared according to pUh! i. '!L'd lie -f HXalit and mvthylene chloride

were distilled from NaOjI .:' ored OV(1! M~ olecular sieves while ace-

tolli i t., L, dist ilied f rom, P) 9 pi ' r ti'rini- over 4A molecular

Sie~-i. -NitY 0110h-linitrotoluene

k Aldrich) anid 2.4d~i oo eet'as Co-erliarl L.i,d Bell) wc.-e used as

received withOLut. further Piui. i;dtt~of. L)Iitili ether (Mallinckrodt AR)

was distilled 110[ rin 1:/I:'iLiic_ c LO) use and CCl was
4

distilled fro- ~ .r * over ';, -:iol.ctiir si vo-s.

Storage anld ao1p tiO' a XCF, welri don1 il d; &v box with a puni-

tied nitrogen :iro;leekept at less than 10 ppm oimbi ned uanid 0,,.

Mass spectra were recorded on either a dtilP-nt 1- dual beam mass spec-

trometer or Hewlett Pa"Kard 509L\A or -598, CC- masi- spectrometers. NMR spectra

,ore ,-ecorded onl a Va r ian '!--tO ;Pti te c

2-f luoro-4-nitroto i nro 3-,, 1c. 77) T-:.rl arid pi-niitrotoluene'

0.12g, 0.88 imol) were weighed int I ai ricd F-ottom flask in the dry

box, cooled toY a0 d A CIIJ,, wzi. added .St i rri ng was begun and

the solid materijals cii-so1.ved togi I coor-Le'SS S0.lut ian. BF 3*OFt 2

(. M1, .6L hi ni was then added s lowtv vi s-xringe and the solut ion

imm'-di-ttely took on a lemon y'ellow colcor whiclh d!' ile:d during the next 10

minuteS. Tire reaction was al lowed to pro t,. t, :or 1.5 hours and

then at room ,mperature (Ri') for 3 mre:.or A: this time, -in nl iqr t-

was taken fclr ainiv,,i:, ,,is chv'n cN s c t r()inle t rx . :8

Based on thei qrec Ira , 2-! 1n 4t-1 -i t T i -i w- '-;I nmain p)roducIt present

(70% yield)".

At tempt, to I I i11n.- I-d in i 1 w, 0I- ('bIN1.) . XeF,, (0.2g,

1. 2 mnot ,) '' 2 ,h-.-I i ii a, I i- no ( 0
i-- - ' w :1-: n to a



50 ml round bottom flask in the dry box. 25 ml of acetonitrile was added

to dissolve the solids, giving a colorless solution. The BF3 -OEt2 (.15 ml,

1.23 mmol) was injected and the reaction solution gradually turned yellow

accompanied by the evolution of gas. After stirring for 3 hours at RT, an

aliquot was taken for analysis by GC/MS. The only compound detected was

2,6-DNT. The reaction was then refluxed for two days, but analysis by

GC/MS still revealed only 2,6-DNT.

Attempt to fluorinate 2,4-dinitrotoluene (2,4-DNT). XeF2 (0.49g,

2.87 mmol) and 2,4-DNT (.25g, 1.37 mmol) were weighed into a 50 ml round

bottom flask in the dry box. This flask was removed from the dry box,

cooled to OC and 25 ml of CH2CI 2 was added. The solids dissolved upon

stirring to give a colorless solution. BF3 "OEt2 (0.16 ml, 1.4 mmol) was

added dropwise via syringe, which caused the solution to turn yellow

almost imediately. The reaction was warmed to RT and allowed to stir

for 2 days. Analysis of an aliquot by GC/MS indicated that the only

species present in solution was 2,4-DNT.

9Reaction of TNT and XeF2  Type I. In a typical reaction , XeF2

(0.45g, 2.64 mmol) was weighed into a 50 ml round bottom flask in the dry

box. 15 ml of diethyl ether was distilled onto the XeF and the mixture
2

was cooled to O*C with stirring. TNT (0.3g, 1.32 mmol) was weighed into

another round bottom flask and 20 ml of diethyl ether was added and

stirred until the TNT dissolved. The TNT solution was transferred into

the XeF2 solution. Then 0.22g (1.55 mmol) of BF3 "OEt2 in 5 ml of diethyl

ether was added dropwise from an addition funnel to the reaction solutior

The clear colorless reaction solution was stirred at 0°C for three hours

during which time it had become pale yellow in color. The reaction was

3



then warmed to RT -tr '?-o,-r, Ar. a, inuot examined by GC/MS

was found to contain oilv JP,. i-crin: continuud during which time a

black precipitate began to form with the solution darkening noticeably.

After stirring for 48 hours the reaction , e'ution was again examined by

GC/MS wn ich revealed only TNT prcf n colutior ( r should be noted that

a very small peak of 0.7% abundance and in/e of 281 did appear in the

spectrum). The reaction scl,!tion was 1iltered and the black precipatate

was washed thoroughly vith acetont and dried. The amber acetone washing

was evaporated until a orown solid remained. Examination of both the

brown and black solids by NMR revealed only TNT present as well as some

material containing an ethyl moiety,

Reaction of TNT and XeF 2._ Type fI. XeF 2 (0.2g, 1.18 mmol) was dis-

solved in 10 ml of CH 3 CN in a two neck round botrom flask. A N2 inlet was

-oupled to one neck and Ln addition funel ,ont:7aing TNT (.14g, 0.6 mmol)

dissolved in 15 ml of CH.CN wac, .u iU;d to t!ie other neck. This apparatus

was irradiated for two rintiLs by a - r' ',tt Hanovia mercury lamp. Then,

wqith irradiation continuipg, thc TMT/CH 3 C solution was added dropwise

slowly to the XeF /CliCN solution with stirring. Irradiation continued for
2

I hour. At this point, an aliquot was t[,ken for examination by GC/MS. The

spe-i'um revealed that only TNT was present in the solution.

'leaction of TNT and XeF2 . Type Ill. , (). Y, 1.77 mtol) and TNT

(0.2g, 0.8° omol) were weighed into .1 5(; mI rmood liottom flask equipped with

a small glass i;c t tube fitted with a to: .. eptum. This flask was

immersed in an oi bath at 100'C and -ti rrlnp was begun of the mn,!,en

reaction Tni;tt;re. 7W 77 - (, ,2t,, 9.74 rtmnl) vs' {i' ected through the
1 2

septum. The react iou tirned very coirk brown immediately. After stirring



at 1000 C for 3 hours, a small amount of the reaction mixture was taken for

analysis by GC/MS. The only identifiable compound present in significant

abundance was TNT.

Reaction of XeF 2 and picramide. XeF 2 (0.17g,l mmol) and picramide

(0.1g, 0.44 mmol) were weighed into a 50 ml round bottom flask. 25 ml of

acetonitrile was added and stirring begun. The solids dissolved to give

a yellow solution. BF3.0Et2 (0.07g, 0.5 mmol) was syringed in and the

reaction turned golden immediately and the evolution of gas bubbles was

observed. After stirring for 3 hours at RT, an aliquot was taken for

examination by GC/MS. The only substance detected was picramide

RESULTS AND DISCUSSION

Fluorination of nitroaromatics by XeF 2 worked well when one nitro group

was present. However, the presence of two or more nitro groups on the

aromatic ring resulted in the starting organic compound beiny -eft essen-

tially unreacted. This can be aLtributed to the strong deactivating effect

that the nitro group has towards electrophilic aromatic substitution.

Apparently, two or more nitro groups leave the ring essentially unreactive

towards fluorination by XeF 2.

Fluorination of p-nitrotoluene proceeded fairly smoothly, giving

2-fluoro-4-nitrotoluene as the major product in 70% yield (by mass spectral

analysis). All attempts to fluorinate 2,6- and 2,4-dinitrotoluene failed.

It should be noted that in one reaction with XeF 2 and 2,4-dinitrotoluene, a

small peak (less than 2% abundance) was observed in the GC/MS which might

be attributable to a fluorinated dinitrotoluene.

Numerous attempts to fluorinate TNT met with consistent failure, cven

under fairly harsh reaction conditions. There was no evidence in any of

5



the GC/MS data thni su,.. been formed. Some

mass spectra data from I, , .g ,.tud that a .mall amount

of a compound was formed wht.,, a floridc had r-placed a nitro group on

the ring. No attempt was mad. to isolate this due to the small amount

present in solution.

An attempt was made to inct'easC the reactivity of the ring by using a

substituent more activating than the meth'1 group. In this vein, picramide

was tried instead of TNT, however, it, as was the case with TNT, failed

to be fluorinated by Xv,!7.

....
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