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I I .  INTRODUCTION

1 The Environmental Protection Agency has in recent years placed

stringent controls on what methods may be employed to dispose of

° I military ordnance. In response to these controls, the Department of

1 
Defense conducted a symposium 1 on demilitarization of conventional

- 

-, 
J munitions in April 1976. Hoffsomer and Kubose2 have investigated

the use of ultraviolet light to purify aqueous solutions of nitramine

explosives since it has been proven that ultraviolet light decomposes

4 these types of exp losives 3 . The mechanism of the photochemica l de-

-1 composition of cyclic nitramines is then important in order to investi-

.1 gate further the resul ts of using ul traviolet light to demilitarize

nitramine explosives.
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I I .  HISTORICAL
Nitramines have been used as exp1os~ves for many years . 1 ,3,5-

tr lnltro- l,3,5-tr lazacyc lohexane (R DX ) was f i rs t  prepared In lH99~ .

Herz In 1920 proposed the correct structure for RDX and recognized

its explosive properties . N ,N-Dinltroplperazine5, N-Nltroplperldlne6,

and 1 ,3-Dini tro- l ,3 dla zacyclohexane 7 have been prepared arid their

physical properties determined .

Several different groups have done studies on the thermal degradation

of nitram ine s . The products of the decomposition are listed in table

one as measured in percentages by mass spec trornetry .

T~hle One

Inv es t1~ ator Sur.~~~~~~.9ii~
8 Masinov 9

_ -- R.Qpertson~~
Mitrani ine 

- 
HMX HMX RDX HMX

~Decounp. Prod.
NO 40.0 14.0 38.5

H N~ 9.6 major (a) l7H~ 16.t-.
CfhO 4.5 34.4 ~~~8.5
CO ~ .5 major (a) present

2 2 . 4  9 .4
- ‘ H ,O 11 .~~~ 16.4 

- -- -- - - -- - --- - --- . - - --~~~- --~~- - - -  
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I In the studies on the thermal decom pos ition products of dimethy l-

nitr am i ne, Flournoy~ found that the overall reaction was first order

I and unaffected by the addition of NO.

The phot olv sis of nitram i nes has been done by several different

workers . Thrbi t ( 3 )  found that by vary inq t h e  medium in wol ..n toe

1 photo lv sis was done the decomposition products were different. For

example , in acetone solution the products were N2, C2H2, 02, CO2, and

J N20; for the solid in vacuo , N . C-.F1~, C2H4, CH7O and N20. He proposed

the followin g mechanism:

I
i O~~~~l’1 NN 0a N~~

0a. N
N 

L..%N ~~ N

L( N~O
OaN~~

N I + NNO~ + 14 cH~O
£

I ~~~~
3N

~+3O~+ zc H

I
I A study of the photolys is of ROX by both ultraviolet and garna rays

has been done by Darney 12 . For either energy sourc e the resul ts were

I the sante . He reported that at 200C a N02+ radical was seen in the ESR

1
1
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spectrum . However, once irradiation was stopped the radical disappeared

within a half hour . When the temperature was Increased to 40°C the

radical existed indefinitel y. Explanation of these observations were

not offered at that time nor subsequently.

The irradiation of cyclic nitram i nes has produced cyclic nitroxides
Cf

In the cases where R was hydrogen the radicals were

very short -lived intermediates and only detectable by [SR techniques .

:f the R groups were alkyl the stability increased greatly. The mechan ism

for th~ decay of nitroxides having a beta hydrogen has been proposed 14 .

Dupe-’yre and Russat proposed that the mechanism is bimolecular with the

products

OK

- . 

‘ 
being the nitrone and hydroxy l amine. Experimenta l support for this

process was provided by K. U. Ingold 15 . Kaminsky and Lamchen 16 and

ethers have shown that the photolysis of cyclic nitrones gives oxi-

ziridines. They proposed the following mechanism for 2.4,4-trimethy l-

1-pyrro line as follows :
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The importance of the possibility of using ultraviolet light to

d so i l ita r ize  ord inance containing nitramines must not be overlooked.

Hoffsommer observed that the use of water to remove the nitrami ne

explosives from military hardware left non-biodegradable effluents ’ .

Irradiation of aqueous solutions of ROX can be broken down to more

- - ~ ecologically coinpatable substances . Moreover; he observed that the
- I oroduct distribution is dependent on the radiation source as the

decomposition mechanism seems to have two wavelength-dependent

- I possibilities .

- - I
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Since Darney observed ganina—rays caused damage of a similar sort

as that of ultraviolet, and Torbit showed that the solid was dudded

by i rradiation , in situ treatment with gama or X- .ays migh t have

siqn i~ icant effects.
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~~~ 1 1 1 .  EXPERIMENTAL

A. Synthesis of Model Compounds

In all these preparations the infrared and NMR spectra of

botn the final products and their respective intermediates were used

to c o n f i r m  physical characteristics. A Varian A-60 nuc l ear magnet ic

resonance spectrometer was used to record NMR data while a Perkin-

Elmer ~jr ating infrared spectrophotometer model 467 was used for

recording infrared data.

1. Preparation of N-Nitropiperidine 6

Into a 100 ml. round bottom flask was placed 12 ml.of

piper idine and 5.8 ml of 97~ formic aci d. The solution was refl uxed

for 50 m m .  The fraction boiling at 98-104°C was distilled off.

Three solutions were cooled in ice: (a) 28 ml (0.67 mole) of red

fuming lIMO3, (b) 20 ml.of F3CCOOH and 48 ml . of acetic

anhydride , and Cc) the solution remaining from the above distillation.

Solution (a) was added slowly to (b) and cooled to 0°C. (c) was

added while stirring and maintaining the temperature below 10°C.

The solution was gradually brought to room temperature and stirred

for 35 mm , then quenched on 50 gms of ice. Two 53 ml aliquots of

chloroform were used to extract the product. This solution was then

washed with 110 ml of 10% NaHCO3 solution until neutral to litmus .

It was then dried over Na2SO4(s) and the solvent was stripped off

wi th a rotary evaporator. The resulting solution was distilled at
20

0.6 m Hg, b.p. of 750C, nD 21.470. Literature values for Is~-nitro-
17 20-

piperidine are b.p. of 62-64°C at 0.2 nm Hg and n0 1.468. The

I
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. h~~ al ~iel d was Cf~~~~.’ rio1t~~ result ing in a SSt yie ld.

2. Ps~ vor at io” ~f N -N D m 1  ~ropiiieranne
5

.i . riperazmne dihyd rochloride .

110 gmc .o~ Hperazine was placed in a 250 ml. round

‘~~t toi ~1as~ fit ~~~ ~ i t’~ a reflu x column . ~i0 ml , of water was added

y i rr ” - - ~~~~ ~~~~~ of conc . HCI were sl owl ~ added. ~h is

~‘ i~ ’ p - ~~c reaction H ~ture w~~ warmed to roor~

~‘‘2 ~ s ~ ~~~~~~ so1~ ent was str ipned 0f f  ~~th a r o t as - ~

- ~~
‘-

~~
-- 

~~~~~~~~ ~~as d iss o l ve d  in ~4~~i i” l. ~f Soi l ing wa t e r

~iiJ -~t5i 1 l ~:ed ~~to 120 etha nol . Aft e r  coo1 i n~ . ~ilte ri ic.

~nJ ~~ in~ a m.;~. o~ ~~s o5 ta in ed as per 1 i te ra t u re .  ~ -c

~ j ~~~ . . i t ~~ d w~~ ~~~. ~$O ~~1es w i t h  a percent c iel  d o~

5 . \-N t~init ro~ ipera:ine .

-
~ n itr a tin g sol utio n ‘~ade up of t he ~0i 1ow in~ COfl~)oUfld c

~~~~~
- . made u~i and cooled to 00C : ll .t~5 ml . of acet ic acid , 2 2 . ~ ml. c f

~L C t ~~C anh~Jride , and 1~~.O ml. of red fuming lIMO3 . 6.0 gms of above

~a i t were aided mai nta inin ~i the temperature below 5°C. The mixture

~~~~~~ s t i r red for .2. 5 hours and war med slo w l y to room temperature . It

was lef t  to s t i r  for ~0 hours under nitrogen . Then 200 ml. of water

-~~ rc added . Na~1CC’ 3 (s ~ was added until the reaction ceased. Then a

\ahC0 , so lu t i o n  was used to wash the so lid until neutral to litmus. 

~~~~~~~~~~~~~~~~
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I

The solid was filtered off and recrystallized from a minimum of boiling

water. A m.p. of 212-21 3°C was found with a liLerature value of

I 2l4.8-2160C. The actual yield wa~ 0.0217 moles and a percent yield of

57.

1 3. Preparation of 1 ,3,-Dinitro- 1 ,3,-diazacyclohexane 7.

I a. 1 ,3,Diaminopropane dihydrochioride.

44 ml. of cor.c. HC1 was placed into a three necked

I round-bottom flask fitted wi th a refl ux column . 23 ml. (0.270 moles)

of 1 ,3,diaminopropane were added dropwise while stirring with a magnetic

stirrer. After addition of the 1 ,3,di~.minopropane the solid was filtered

off. In order to obtain the rest of the salt , the sol ution was stripped

1 off using a rotary evaporator. The m.p. was 243°C. The lit , val ue is

243°C18. 32.2 gms of l ,3,Di aminopropane dihydrochloride were obtained

for a 87.4% yield.

3 b. Biscarbomethoxy 1 ,3,diaminopropane

34.00 gms of the above product was placed in a three

necked round-bottom flask fitted with a reflux column . The apparatus

was placed in an ice bath and 88.8 ml of 6M NaOH was added dropwise.

Simul taneously, 88 ml.of 6M NaOH and 55 ml.of methyl chioroformate

1 1 were added dropwise. The resulting solution was stirred for 3 hours .

Then three 60 ml aliquots of chloroform were used to extract the product.

After stripping off the chloroform and titration with hot hexane , 39.27

1 gms of the titl e compound were obtained , m.p. 64°C, lit. 74-76°C, for a

86.3% yield.

I
I
I - 9 -

5- - -- 5- _-_~~~__.~~~~~~ — 
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. N. N* _ Dica rhomethoxy _ N,N _dinitroarnln op rOpane

4 1 ml of a c e t i c  anhydr ide and 20 ~u1 . of C ri UO race t c

anhydr ide were ml xud t ogether and cooled on an I e bath to — . ‘~0 ml

of red turning lIMO 1 were added dropw ise . For .‘ hours 34.0 gms of the

above produc t were added n~ int ai n ing the temperature below l0°’. The
- $ ‘.o 1 ut I en was ‘

~ 1 owl v h rouqh t to room t emperature and s t I rred or two

hours . Aft e r pourin~i over 100 gins of Ito , fi 1 ti’rtnq , washing w i th 1Cf~

N aH C O 1. and dry ing , 42.54 gins of N ,N’ —L )1carbometho\~. - N ,M ’ — d ini t ro —

dlami noproponv were ot’ta I ned . The in. p. was ~~~~ l i t .  in. p. ~~

fo r ~ ‘14 0 v io l ~1.

N, N — ~)i n I tro — I • 3- di ami nopropane

42. !~ tmi s of the above produt C was slow! ~ added to  00.0

nil of ‘.ent- . N1440H in a round bet torn ti a~~ fit ted wi t h a ret 1 tix ~ondeir,er

I he .o I Ut ion wa ~ s t 1 rre~I at room t empera t in ’ f ~~~~
. 10 hours . It w.u~ t ht’ii

~ fI uxi ’d fo r  C). S hours . ‘0 ml of water was added fol I owed t’~ e,~ough ‘N

1 to make t he sol ut ion neutra l to litmu s paper ( approx . ‘‘C) ml . I ~~~~~

‘5 ml a I ique t . of  ethyl  acetate  were used t ii o~t ra~ t the produt - t . Aft I’l

trippi no off the ethy l acet .it e~ translucent, whi to cryst als rema ined. I hi’

in .p. of these t i’vstai s was S2°~
’. The 11 terature value for the m .p. of

N .N - diamino — I ,.1 - diaminopropane I’, 6~°C , A l 1 e f f o r t s  fa i led to i s o la t e

t Pi~ t it] e c ompo un C) as seen t~ v the pt’rs I st enc i’ of am I do bands I n t Iii’ I r

~re~ t i’a of  C hi’ 1 ‘,o 1.1 ted mat en .il . ‘

0. rh~ t~ h-~ is Reacti on’.

the pho tol vs es were ca ~~~~
. I i’d out in a two lit er • water - 5 j ac ke t i’d

vt’s so 1 equipped with a re CI ux condenser , a nit i’mjen spa roor • and a water-

i •mc ki’ ted quart i nim’rs ion well . The ul t ray lob t ‘.ourL 0 was a }Ianov I a

— it ) —

- ~-.--- - -• - . ____________________________________________________ _____
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200 wa tt , medium pressure , mercury arc . All runs were conducted under

I nitrogen gas unless indicated otherwise . It was found that hexane . which

I is an excellent choice for a solvent that does not quench the sing let .

could not be used as it would not dissolve enough of the model compounds .

I Tetrahydrofuran and 1 ,4-dioxane were used as “singlet solvents. ” Acetone

is a triplet sensitizer solvent but undergoes photodecomposition of its

I own thereby complicating the system . To sensitize the system to the

triplet, 1O’~ benzophenone , by weight , was added to the respective solvent.

The 1 ,4-dioxane used was purified by adding five grams of CuCl 2(s) per

I liter of dioxane , refl uxing for one hour and then distilling of the pure

1 ,4-dioxane.

3 In order to determine whether the solvents chosen underwent

- photochemistry by themsel ves , a 500 ml. sample of each sol vent was

irradiated for two hours . By comparing infrared spectra of both the

pure solvents and the photolyzed portions , it was found that no photolysis

- 
had occurred . The following photolysis experiments were conducted .

I, 1 . 0.87 grams of N ,N-dinitropiperazine was added to 550 ml of

1 .4 d ioxa ne and the sol ution was photol yzed for two hours . The relatively

~~~~~~~~ so lu hili t y of N,N-dinitropiperaz ine in 1.4-dioxane prevented ful l

I solut ion and therefore photoreaction . After separating the solid and

‘-.trippinq off the solvent a reddish residue remained . The solvent was

I checked by gas chromatoqraphy using a six-foot stainless steel column

- packed with chronmosorb W , carrying 0.65 percent EGA , at 150°C, to see
1 if any products had distilled off with the solvent . None were detected .

The rvcidue was taken up in methanol . Thin Layer Chromatography us i ng

I
1 - 1 1 -

I’
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Eastma n Chrornatoplates of silica gel and acetone , cdrbontetrach boride ,

chloroform , and methano l as solvents , was conduc ted with no noteworthy

results. The residue in  a minimum amount of methanol was added to a

• neutral alumina colijnn charged with acetone. The follow i ng solutions

were run through the column and samples collected: 20 ml of acetone.

20 nil of St methanol in acetone , 20 ml of 5O~ methanol in acetone ,

and two 20 ml al iquots of pure methanol . The infrared spec trum of the

photolysis produc t and the infrared spectra of the five samples obtained

from the column chromatography were recorded .

BANDS COMMON TO ALL SPECTRA (in cm~~)

3500-3000 broad (S)
2950-2850 (S)
1660 S)
1520 S~ oxc ept In last sample.
1440 (S)
1 250 (S)
960 (M)
870 (M)

From the firs t sample of chromatographed material and from the solid

residue , a strong band at 1 740 cm~ is present. Th i s band does not

appear in succeeding spectra . Al so, the firs t three samples contained

a band at 830 crn~ which then disappears .

2. 0.50 grams of N ,N-dlnitrop iperazine was added to 500 ml

of tetrahydrofuran and photolyzed for two hours . Complete solution was

assured before photolys is was begun . After stripping off the solvent a

“guniny ” residue remained . This residue was partially soluble in methanol .

- 1 ? - 4
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T he s o l i d  was washed with water and by its melting point and infrared

I Spectrum was determined to be the starting material , N-N-dinitropiperazine .

The methanol was stripped off the solution and the resulting residue was

taken up in carbontetrachloride. At this point there was still an oily

I residue left in the flask. This was again taken up in methanol . Infrared

: spectra were obtained

a-
Cd 4 sol uble

MeON soluble MeOH sol uble

L 3500-3100 (cm ~~) broad (S) 3650 (W)
2940 ~S) 2960 (S)
1 760 (NI) 1 780 (S)

e 17 10 (M) 1730 (S)
1 660 (S) 1 365 (M

t 1450-1380 (S) 1160 (S
USC) (S) 1040 (w)
1170 (M) 930 VW
1030 (S) 860 VW
960 (M- . 
~l3O (Vw
830 (w)
760 (M)

3. 1.0 grams of N-nitr opiperidi ne was added to 550 ml. of 1 ,4

dioxane and irradiated for two hours . After stripping off the solvent

- 0.84 grams of a reddish-brown liquid remained . This residue was taken

up in carbontetrachloride . The molecu lar weight of the residue was

determined by Vapor Pressure Osmometer to be 255 grams per mole. Some

b lack res id ue remained insol uble. The infrared spectrum of the carbon-
- 1.. tetrachlorlde sol ution was obta i ned as follows after subtracting out

• those peaks present due to the carbontetrachioride .

I L

~
j I 

- 1 3 -
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2950 (cm~~) (S)
2860 (M)

4 1720 (vs)
1680 (M)
1530 (S)
1450 (S)

• 1 390 (W)
1 370 (w)
1315 (M)
1275 (M)
1175 (S)
1100 (S)

-

‘ 1070 (S)
1030 (NI)
101 5 (S)
1000 (W)
870 (w)
850 (w)

4. 2.0 grams of N-nitropiperidine , 0.15 grams of benzophenone ,

and 500 ml.of 1 ,4 dioxane were mixed together and photolyzed for two hours .

) After stripping off the dioxane a reddish liquid rema i ned . Column chroma-

tography was employed to try to separate the benzophenone from the photolys is

product(s). Neutral alumina was used as the column and was charged with

hexane. After the red liquid was poured onto the column , the fol l owing

solutions were run through the column : 10 ml of 10% methanol in liexane ,

10 ml of 60% methanol in hexane , and two 20 ml ali quots of pure methanol .

Two sampl es were obtained and their infrared spectra recorded. By sub-

tracting out the benzophenone bands and those of carbontetrachloride where

it was used as a sol vent the fol l owing data was obtained.

- 1 4 -
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~ I

J 
Starting Material (not chromatographed)

3600-3000 (cm ’
~~) broad

2950,2850 (S)
- 1760 ,1730 (S)

.1 Balance unresol ved or due to benzophenone .

£ Starting Material (in CC1 4)

2950 2860 (cin 1 ) (S )
- 

1730 (W)
1670 (w)
1390 (M

.4 1060 (NI
• 960 (NI)

Sample 1 (after chromatography)

All peaks match benzophenone except one at 1 300 cm 1 .

Sample 2 (after chromatography)

-
~~~~ 3700-3100 (cm~~) broad

2950-2860 (S)
1 760 (w)
1730 (w)

1 1510 (S)
1390 (M)
1245 (S)
1150 (M)
1120 (M)

- . 1065 (S)
1010 (M)

- 860 (M)

r

-t
‘I

- 1 5  
_ _ _
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5. 0.52 grariis of 2-pyrro lidone WdS added to 500 ml. of 1 ,4-dloxane

and irradiated for two hours . After stripping off the solvent a reddish

liquid remains whereas ?-pyrrolidinone Is a clear liquid. The infrared

spectrum of the photol yzed ?-pyno lldinone has three peaks in the finger-

print region at 1255 cni~~, 11 20 cm ’
~ and 870 cm~ which do not occur in

pure 2-pyrro lidlnone . When comparing the nuclear magnetic resonance (NMR)

spectrum of samples of the unphotolyzed and photolyzed 2-pyrro lidinone ,

the only difference is a broad unresolved peak at ~S 5.0 In the spectrum

of the photo lyzed sample. This can be explained by Norrish type cleavage

which can be one of two types. -

‘

~

‘ b~- , OR

C C. 
~~

I
~cCleavage which occurs between the alpha and beta carbons Is Type I , and

Jeavaqe which occurs between the beta and ganina carbons Is Type 11.

cleavage of this type can explain the H-C C in the NMR spectrum of the

photolyzed sample. Integration of that spectrum shows that the contri-

bution of the peak at ~S 5.0 to the overall structure is very small .

Therefore , the majority product upon photolysis is still the Y-lactani

- 1 6 -
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(2-pyrrolidone). The molecular weight of 2-pyrro lidone is 85.0

I gms . The molecular weight as determined by a Hewlett-Packard Vapor

I 
Pressure Osmometer i s 97.3 grams .

6. 0.59 grams of 2-pyrrol idone was added to 500 ml. of 1 ,4-

I dioxane and photolyzed for two hours under NO. After stripping off

the sol vent a yel lowish liquid remai ned. The infrared spectrum was

I recorded with new bands appearing at 1770 cm~~, 1 340 cm
1 , 1140 cm~~,

1020 cm 1 and 870 cm~~. This spectrum is also missing bands at 1070

cm~ and 1000 cm~ which are present in 2-pyrrolidofle. The NMR spectrum

I shows that the peak at 6 = 8.00 is much smaller. Several new peaks

appear that are not present in the spectrum of 2-pyrrolidone. There

[ is a possible tripl et centered at 6 = 3.5, a singlet at 6 = 3.45 (attri-

buted to l ,4-dione , a doublet at 6 = 2, 8, and singlets at 6 = 2.65,

1 6 2.5, and 6 = 2 .1.

7. 500 ml.of 1 ,4-dioxane was irradiated for two hours under

nitric oxide . The infrared spectrum of the photolyzed 1 ,4-dioxane was

compared to a spectrum of an unphotolyzed sample. No shifts were noted .

Likewise , the NMR spectra were compound. They too are i dentical with

II a singlet at 6 = 3.50 .

U C. Fl uorescenc e Stu di es

Using a Baird-Atomic Fl uorescence Spectrophotometer model SF-i ,

the fluorescence spectra of the following solutions were obta i ned. Firs t,

a 0.0173 M sol ution of N-nitropiperid lne in 100% ethanol was prepared.[ The excitation wavel ength (A max.) was 380 nm and the fluorescence wave- 
V

[ length was 435 nm. Then a solution of 0.0100 NI benzophenone in 100%

ethanol was prepared. The exciting wavelength was 378 nm and it

17
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fl uoresced at 418 nm. Finally an ethanol sol ution 0.0100 NI with respect

to benzophenone and 0.01 35 M with respect to N-nltropiperid ine was pre-

pared . The exciting wavelength was 380 nm and the sol ution fluoresced

at 4..’2 nm.

~~

•

L i  
—
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I UI. DISCUSSION

It is known that photochemical reactions occur from both the singlet

I and the triplet states.

• 

S - — 1 . Absorption
-~ I 2. Fluorescence

3. lntersystern Crossing
4 . Phosphorescence

It is desirable to know if the model compounds when irradiated with

ul tr av io le t l i ght undergo reaction from the first excited singlet state

or from the l owest triplet state. The following table represents the

fluorescen ce data obtained from three ethanol sol utions.

Compound \ irradiation \ emission

I N-nitropiperidine 380 nm 435 nm
g 0.01 73

Benzophenone 378 nm 418 nm
0.0100 M

N-nitrop iperi dine 380 nm 42? nm
L 0.0135 M

Benzophenone
• - 0.0100 M

V 1

- 1 9 -
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The molar ahs orptivity of benzophenone is 1.019 at 378 nm. The mQlar

• absorptivit y of N-nitropiperid ine was computed as follows : V

A = E b C

A = Absorbance
£ molar absorptivity (molar extinction coefficient)
5 cel l  nath (1 .0 cm)
C = molar  concentration

too ~~~
-

~~~~~~
- = E (0.01732)(1.O

.0635 = £

The absorbance ~O can then be computed for the solution containing

both N-nitropiperi dine and benzophenone.

(0.635)(O.01365)(l.O) 8.67 x l0~~

ii -°- = (1.0)(0.OlOO)(l.O) 1 x io 2

The benzophenone then absorbs 54% of the available energy and the

N-nitropiperid ine the remaining 46~- . This indicates that the AE

be tween the first singlet excited state of benzophenone and that of

N-n itropiper ldine is very small.

Since the fl uorescence spectrum of this sol ution has only one

peak (at 422 nm), assuming that the syninetry of the two separate

fl uorescence spectra were the same, the resulting spectrum can be

considered as a linear combination of the two.

- 20  
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422 = ( x ) ( 4 l S )  + Y (435)

where y y = 
~~

- y = 

~ 
(100) 23.5

7 Therefore the henzophenone is emitted 76.5 percent of the energy and

the ~-n i tropiperidine onl y 23.5 percen t. The N-n itrup iper id ine is

£ transferr ing energy to the henzophenone. The benzophenone is acting

a~ a quencher but does not quench the system completely. The ful l

i importance of this fact w i l l  come to light in the analysis of the

actual interaction between benzophenone and N-nitropiperidine when

~niotolv:ed .

N-nitropiperidine and N ,N—din i tropiperaz ine were prepared and

their physical characterist ics substantiated by refractive index ,

I boil ing or melting point , infrared and NMR spectra where applicable.

The th i rd  compound under consideration was not prepared as N,N1-dinitro-

1 ,3-diaminopropane could not be isolated by any of the means attempted.

When N ,N’-dinitropiperaz ine was photol yzed in 1 ,4 dioxane under

I. nitro gen the resulting residue from the photolysis was chromatographed

on Eas tman Chromatoplates of s i l ica gel . The fact that no separat ion

was detec ted does not preclude the possibility of the residue cont ainin g

more than one component. The band at 1740 cm~ in the infrared spectrum

1 of the methanol insoluble portion of the photolysis residue indicates the

possible pres ence of a -,- lactams .

N-nitr opiperidine was photolyzed in 1 ,4 dioxane under nitrogen .

-— The residue remaining after stripping of the solvent was almost entirely

sol uble In carbontetrachloride . The infrared spectrum of the small

1 - 2 1 -
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amount of insoluble residue indicates some sort of epoxide or polyme r.

- 
- Interpretation of the infrared spect rum of this solution indicates the

- 
- presence of the 

~~
- lactam (very strong band at 1720 cm~~) and possibl y

small quantities of other amides. The NMR spectrum of this solution

shows poor resolution. However a peak at 6 = 5 .0 indicates a vinyl ic

~vdrogen (k-C=C,. As explained in the experimental (see page 16)

~n is C O U) I~ he due to Norrish type cleavage .

~en:n:~ienone was added to a solution of N-nitropiperidine in

1 .-~-dioxane and photolyzed for two hours . The resulting photo l ysis

Droduc t showed ~- 1acta m bands (1730 cni~~) even before it was chromato-

graphed. Afte r being chroniatographed and the infrared spectra of the

two samples were recorded , it was still possible to discern these

bands indicative of both i-lacta ms and amnides in general (1 730 cm~~.

1670 cm~~). The peaks due to benzophenone were subtracted out by

comparison.

In order to determine if the y-lactam is a stable product under

the experimental conditions it was subjected to, several photolyses

• were conducted using 2-pyrrol i done whose structure is L 1
First a sample of 2-pyrrol i done in 1 ,4-d ioxane was irradiated

under nitrogen . Most of the product from the reaction was , in fact ,

sti l l 2- pyrrolidone . New bands in the infrared spectrum of the photo-

lvsis produc t and the presence of a peak at y 5.0 in the Nt4~ spectrum

indicate that Norris type cleavage has occurred to a limited extent.

This can be represented by either or both of the following two structures.

-2 2 -
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0 0
1 1. CH2=CH-C-NH-C H 3 II. CH 3-C-NH-CH=C H2

In order to make the P1iOtO1~~~SV~~ S more like the actual experiments ,

the nitrogen sparger was replaced with a NO (nitric oxide) sparger. The

2-pyrrolidone in 1 ,4-dioxane was then irradiated for 2 hours . The conditions

I of a very large concentration of NO as compared to the amount of NO actually

.7. liberated in the photolysis of N-nitropiperidine , for example , prov ides

the most severe conditions possible. The infrared spectrum of the

photolysis product shows a significant change when compared to a spectrum

of 2-pyrrolidone . The NMR spectrum of the photolysis product in conjunction

with the infrared spectrum makes the follow i ng structures possibly new

products .
0
II

I. 
(
N%
.r

O II. CH3-C-NH-CH 2-CH2-N0

j Structure I. is N-nitroso-2-pyrrolidinone . This structure is substantiated

by the N-N=0 bands in the infrared spectrum. Structure I!. is similar to

those predicted by Norris type cleavage . However, the peak at 6 = 5.0

is missing in the NMR spectrum indicating that this structure must be

~ - satura ted. This is substantiated by the fact that NO can act as a scav-

enger as indicated in the following reaction .

j - 2 3 -
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C N H
I I + W O ~

.-.t_
~+ C N’

-
~~~~ I I

HCI4 C
H 

~~ NO

It can he seen that structure III is sim p ly the f i rs t step In Norr i s

type I cleav age . The NO “traps ” the radical on the carbon adjacent to

the nitrogen then the other radical a bstr ac ts a hydrogen atom from the
it)

s~lv~nt.

1 v subjecting l ,4-dloxane by itsel f to Irradiation under NO,

it was seen by compari son of Infrared and NMR spectra of photolyzed

and unphoto l yzed dioxane that there is no decomposition of the 1 ,4-dioxanc

by itself. This does not prec l ude the p o s s i b i l i t y  that  when the model

compound is  presen t abstrac t ion of a hyd rogen atom and other processes

can occur. The fo rmation of smal l amounts of open-chain amides, i.e.

Norrish cleavage , does support the assumpt ion tha t Indeed , hydrogens are

abstracted from the 1 ,4- dioxene .

The fol low ing Is proposed as a possible mechanism for the photo- V

chemical decomposit ion of cycl ic nitramines .

L~~~~~. - 
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It wa’~ found that the majority of the end produc t of the decomposition

react on was a cyc l ic arni de wi th traces of open—chained ami des present a’-~

‘~pl a i ned by Norrish cleavage. The ev i dence in  the infrared spectrum of

vs is products (see Lxperimental ~~~“~
‘ 13 ) of .uiol I quant i t  e-. o f

hi qn mo I e~- ul ar we i ght po l ymers he I rig present i s supported by ~onne t 
•‘

5 .1 i d t mi.i t n i trones tend to pol ymeri ~‘e i f not hindered . Sinc e the ahsorp t lOll

w av el en gths are a lmos t  equa l for a l l  of the react i on i nt e r med iat es  t Is

not surprising that only small amounts of the nitrone wou ld have time to

j polymerize. Attempts to isolate the reaction intermediat e by severa l workers

(Moon, Swanson. and others) were not successful due , at least in part, to

their facile photochesnical conversion.

- 2 5 -
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