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It has been established that in the transformation of natural pyri- 
midine bases and 5-halouracils by strains of the genus iVlyeobaeterium 
the following are formed as intermediates: from uracil, cytosine, and 
5-iodouracil, barbituric acid; from thymine, 5-methylbarbituric aicd; 
and from 5-fluoro-, 5-chloro-, and 5-bromouracils, the corresponding 
5-halobarbituric acids. 

Compounds of the p y r i m i d i n e  s e r i e s  a re  d i s t r ibu ted  
widely in na tu re  and play an impor t an t  par t  in 
p r o c e s s e s  of vital  act ivi ty .  At the p r e sen t  t ime ,  a 
cons ide rab le  amount  of m a t e r i a l  has accumula ted  on 
the c h e m i s t r y  of the py r imid ine  de r iva t ives ,  but the 
conversions of the pyrimidines in biological systems 

have still been studied inadequately. Particularly con- 

venient subjects for the performance of such investiga- 

tions are microorganisms. The present paper gives 

the results of a study of the routes and intermediate 

products of the transformations of natural pyrimidine 

bases (uracil, thymine, and cytosine), and also of 

various 5-halouracils, by developing cultures of two 

strains of the genus Mycobacterium. These strains 

were isolated from the soil and, as we have estab- 

lished, can be grown successfully on synthetic media 

containing a pyrimidine derivative as the sole source 

of carbon and nitrogen or only of nitrogen. 
In the experiments on the microbiological trans- 

formation of the natural pyrimidine bases (I-Ill), a 

synthetic medium of the following composition was 

used: 0.01% -- KH~PO 4, 0.003% --MgSO 4 .7H20, 
0. 001% --FeCI 3, 0.05-0.1% pyrimidine derivative, and 

distilled water to i00%. In the experiments on the 

transformation of the 5-halouracils (IV-VII), additional 

sources of carbon were added to the above synthetic 

medium, succinic acid (0.1%) and glycerol (0.4%), in 

combination, being used for this purpose. In all the 

experiments, a mixture of microelements containing 
2+ the ions Mn 2+, Zn , Cu 2+, Co 2+, MoO42- and BO33- 

was also added to the synthetic media, and the reaction 

of the initial medium was adjusted by sodium hydroxide 

solution to pH 7.2. In some experiments, discussed 

below, as well as the additional sources of carbon, ad- 

ditional sources of nitrogenous nutriment were also 
added to the medium. The medium was sterilized at 

0.5 atm gauge for 30 rain, and in the work with the 

5-halouracils bacterial filters were used. As seed 
material we used 24-hour cultures of the strains men- 

tioned above, grown on meat-peptone agar slants. The 

amount of meat material added was 5-10 mg per liter 

of medium. Incubation was carried out at 28 ~ C with 

vigorous stirring and aeration {750-mi flasks, each 

containing i00 ml of medium shaken on a machine 

working at 180 rpm). In each experiment the growth 

of the cu l ture  (growth of the b i o m a s s ) w a s  checked 
nephe lome t r i ca l l y .  The change in the chemica l  com-  
posi t ion of the incubates  was de t e rmined  in the fol-  
lowing way: s amples  of the cu l ture  l iquid were  taken 
per iod ica l ly ,  the bac te r i a l  ce l l s  were  separa ted  by 
cent r i fuging ,  and the superna tan t  liquid was concen-  
t ra ted  in vacuum and subjec ted  to qual i ta t ive  and 
quant i ta t ive  ana lys i s  by par t i t ion  chromatography  and 
e l e c t r opho r e s i s  on paper .  The s y s t e m s  of solvents  
used a re  given in the table .  The py r imid ine  de r iva t ives  
were  r evea l ed  on the c h r o m a t o g r a m s  and p h o r e g r a m s  
by the i r  abso rp t ion  of UV light  [2] . The b a r b i t u r i c  
acid and u rea  were  detected with p - d i m e t h y l a m i n o -  
benzaidehyde [3]. The ident i f ica t ion  of the individual  
components  was c a r r i e d  out by d i r ec t  c o m p a r i s o n  with 
authent ic  r e f e r e n c e  samples  of known s t r u c t u r e .  
Quant i ta t ive  d e t e r m i n a t i o n s  of the py r imid ine  b a s e s  
were  c a r r i e d  out by the d i rec t  photometry  of the ap-  
p rop r i a t e  e lua tes  at fixed wavelengths  in the 260-285 
nm reg ion .  

Using the methods  desc r ibed ,  we found that in the 
growth of the m y c o b a c t e r i a  on media  conta in ing u r a c i l  
(I) or  cytos ine  (III) two new compounds,  A 1 and B, ap- 
peared  in the cu l ture  l iquid,  while in media  conta in ing  

thymine  (II) the above -men t ioned  compound B and a new 
compoundA 2 were  detected.  A study of the c h r o m a t o -  
graphic  c h a r a c t e r i s t i c s ,  e l ec t rophore t i c  mobi l i t i e s ,  and 
UV absorp t ion  spe c t r a  of e o m p o u n d A l p e r m i t t e d  its iden-  
t i f ica t ion  as b a r b i t u r i c  acid (VIII), while compounds A 2 
and B proved  to be iden t ica l  with 5 - m e t h y l b a r b i t u r i c  
acid (IX) and u rea  (XIV), r e s p e c t i v e l y  (see table) .  
Thus ,  it may  be cons ide red  as es tab l i shed  that  under  
the inf luence  of m y c o b a c t e r i a  u rac i l  (I) f o r m s  as an 
i n t e r m e d i a t e  b a r b i t u r i c  acid (VIII) which is  degraded  
fu r the r  with the l i be r a t i on  of u r ea  (XIV). In the case 
of thymine  (II), the product  of m i c r o b i a l  t r a n s f o r m a -  
t ion detec ted  f i r s t  is 5 - m e t h y l b a r b i t u r i c  acid (IX) which 

also undergoes  f u r t he r  degrada t ion  with the fo rma t ion  
of u r e a  (XIV). However,  in the case of cytos ine  (III), 
m i c r o b i a l  t r a n s f o r m a t i o n  begins  with i ts  deamina t ion  
to u r ac i l  (I), a f ter  which atl the subsequen t  s tages  take 
place as d e s c r i b e d  above for u rac i l .  

The r e s u l t s  p r e s e n t e d  show that growing whole ce l l s  
of m y c o b a e t e r i a  effect the t r a n s f o r m a t i o n  of compounds 

(I-III)  accord ing  to the ge ne r a l  s cheme  given above of 
the oxidat ive ca t abo l i sm  of the p y r i m i d i n e  b a s e s ,  which 

has p r e v i o u s l y  been found ma in ly  in s tudies  on the 
t r a n s f o r m a t i o n  of p y r i m i d i n e  bases  by c e l l - f r e e  ex-  
t r a c t s  and by pur i f ied  enzyme  p r e p a r a t i o n s  of c e r t a i n  

m i c r o o r g a n i s m s  [4-10] .  
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Under  c o m p a r a b l e  condi t ions ,  the  incubat ion  of a 
m y c o b a c t e r i u m  u t i l i z e s  thymine  (II) mos t  ac t ive ly ,  
u r a c i l  (I) somewha t  m o r e  s lowly ,  and cy tos ine  (Ill) 
s t i l l  m o r e  s lowly .  The b a r b i t u r i c  ac id  (VIII) and 5- 
m e t h y l b a r b i t u r i c  ac id  (IX) f o r m e d  as  a r e s u l t  of the  
f i r s t  s t a g e s  of t r a n s f o r m a t i o n  g e n e r a l l y  do not a c -  
cumula te  in c o n s i d e r a b l e  amounts ,  and independent  
p roofs  of the i n t e r m e d i a t e  na tu r e  of t h e s e  s u b s t a n c e s  
and t h e i r  r a p i d  f u r t h e r  u t i l i za t ion  by the m y e o b a c t e r i a  
have been  ob ta ined  in a spec i a l  s e r i e s  of e x p e r i m e n t s  
in which  VIII and IX s e r v e d  as  the  so le  s o u r c e s  of 
ca rbon  and n i t rogen .  

H H x,.,(N.(/o %>~N.<~o 
H " | 

R It" 

I(~HR +C=OI 
L CO2H NH2 

XIV 

) [NH3 + CO2 + H20 j 

I R = H ,  X ~ O ;  II R =CHa, X =O; Ill R = H,X=NH; 

IV R=F,X=O; VR~C[, X =O;  VI "R = Br, 

X = O ;  VII R = L  X ~ O ;  VIII R = H ;  IX R=CHa; 

X ' R = F ;  Xl R~CI; XI IR=Br ;  Xlll R = I  

It  m u s t  a l so  be men t ioned  that  if add i t iona l  s o u r c e s  
of c a rbon  and r e a d i l y  a s s i m i l a b l e  n i t rogen  (for e x a m -  
p le ,  a m m o n i u m  sulfa te)  a r e a d d e d  to syn the t i c  m e d i a  
conta in ing  any of the  p y r i m i d i n e  b a s e s  ( I - I I I ) ,  the  
ox ida t ive  c l e a v a g e  of the p y r i m i d i n e  b a s e  is  g r e a t l y  
r e t a r d e d  and t a k e s  p l a c e  p r a c t i c a l l y  only in the  s t a -  
t i o n a r y  p h a s e  of the  growth  of t h e  cu l tu re ,  whi le  under  
t h e s e  cond i t ions  the  c o n v e r s i o n  of t h e s e  b a s e s  into the 
c o r r e s p o n d i n g  p y r i m i d i n e  n u e l e o s i d e s  beg ins  to p r e -  
domina te  ove r  t h e i r  ox ida t ive  t r a n s f o r m a t i o n .  The 
fac t  tha t  u r id ine ,  t hymid ine ,  and cy t id ine  a r e  not  used  
as  s o u r c e s  of c a r b o n -  and n i t r o g e n - c o n t a i n i n g  n u t r i -  
men t  by  m y c o b a c t e r i a  m a y  be of p r a c t i c a l  i n t e r e s t .  

When m y c o b a c t e r i a  a r e  grown on m e d i a  conta in ing  
any compound of the  group of 5 - h a l o u r a c i l s  (IV-VII) as  

the so le  s o u r c e  of n i t rogen ,  the  l a t t e r  a r e  a l so  sub -  
j ec t ed  to t r a n s f o r m a t i o n .  In e x p e r i m e n t s  with 5 - e h l o -  
r o u r a e i l  (V) and 5 - b r o m o u r a c i l  (VI) the  i n t e r m e d i a t e  
f o r m a t i o n  of compounds  A 4 and A 5 was  found, and t h e s e  
compounds  have been  iden t i f i ed  as  5 - c h l o r o b a r b i t u r i c  
ac id  (XI) and 5 - b r o m o b a r b i t u r i c  ac id  (XII), r e s p e c -  
t i ve ly  (see  tab le ) .  In the ca se  of 5 - i o d o u r a c i l  (VII) the 
i n t e r m e d i a t e  f o r m a t i o n  in the  cu l tu re  l iquid  of a new 
compound A 6 was found, and th is  p r o v e d  t o b e  i den t i ca l  
with unsubs t i tu t ed  b a r b i t u r i e  a c id  (VIII) (see  tab le ) .  
Th i s  r e s u l t  is  a p p a r e n t l y  exp la ined  by the fac t  that  the 
5 - i o d o b a r b i t u r i c  ac id  (XHI) f o r m e d  in i t i a l l y  r a p i d l y  
unde rgoes  de iod ina t ion .  In e x p e r i m e n t s  on the  i ncuba -  
t ion of m y c o b a c t e r i a  in m e d i a  conta in ing  5 - f l u o r o u r a e i l  
(IV) a new compound A 3 was  found to a c c u m u l a t e  in the  
cu l tu re  l iquid ,  and th i s ,  judging f r o m  i t s  c h r o m a t o -  
g r a p h i c ,  s p e c t r a l ,  and e l e c t r o p h o r e t i c  c h a r a c t e r i s t i c s  
( see  tab le)  i s  a l so  a b a r b i t u r i e  ac id  d e r i v a t i v e .  A l -  
though in th is  c a s e ,  b e c a u s e  of the  a b s e n c e  of a r e f -  
e r e n c e  s a m p l e ,  i t  was  i m p o s s i b l e  to ident i fy  the s u b -  
s t ance  r e l i a b l y ,  i t  i s  e x t r e m e l y  p r o b a b l e  that  compound 
A a f o r m e d  by the m i c r o b i o l o g i c a l  t r a n s f o r m a t i o n  of 
5 - f l u o r o u r a c i I  (IV) i s  5 - f l u o r o b a r b i t u r i c  ac id  (X). 

On the whole,  the  r e s u l t s  ob ta ined  show that  5-  
h a l o u r a e i l s  a r e  involved  by m y c o b a e t e r i a  in p r o c e s s e s  
of ox ida t ive  c a t a b o l i s m ,  and that  the  t r a n s f o r m a t i o n  
of t h e s e  unna tu ra l  compounds  of the p y r i m i d i n e  s e r i e s  
t akes  p l ace  by the  s a m e  r o u t e s  a s  in the  c a s e  of na t -  
u r a l  p y r i m i d i n e  b a s e s  ( see  s c h e m e ) .  I t  m u s t  be e m -  
phas i zed ,  however ,  tha t  under  c o m p a r a b l e  condi t ions  
the r e a c t i o n s  of the  m i c r o b i o l o g i c a l  t r a n s f o r m a t i o n  
of 5 - h a l o u r a c i l s  t ake  p l a c e  c o n s i d e r a b l y  s l o w e r  and 
with g r e a t e r  d i f f i cu l ty  than the ana logous  t r a n s f o r m a -  
tion r e a c t i o n s  of u r a c i l .  
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C h r o m a t o g r a p h i c ,  

Compound 

uracil (I) 
Thymine  (II) 
Cytosine (HI) 
5-Fluorouracil (IV) 
$.Chlorouracfl (V) 
$=Bromouracil (VI) 
5-Iodouracil (VII) 
Barbituric acid (VHI)) A 1 , 
and A 6 
$-MathylbarbRuric acid 
(IX) and A 2 
A 3 [ 5-fluorobarbituric acid 
(X) ?] 
$-Bl'omobarbit uric acid 
(XII) and A s 
$:Chlorobarbit uric acid 
(XI)  and A 4 

S p e c t r a l ,  and E l e c t r o p h o r e t i c  C h a r a c t e r i s t i c s  of 
the Compounds  Found 

, R f in  system* EM X lO s at UV absorption, nml 
pH 11 (borate! 
buffer), cm 2 . pH I pH II' 

| 2 3 4 [i" v-1 " $OC "1 I ~max ~'min ~max ~'mi~ 

I I 
0.57i 0.65[ 0,61 0.60 
0.70 i 0.77[ 0.74 0.72 
0.5810.60[ 0.15 0,57 
0.55[ 0.78 t 0.5o 0.70 
0.62[ 0.7810.57 0.70 
0.631 0.8010,73 0.72 
0.67] 0.80] 0.78 

0.15 0.58 ~176 ~ 
056 045 -- - -  

0501042 O.lO 0.40 

0J042 0.,510.58 
.oi o I oi,, o.,, 

+4 .1"*  
+3.2 
+2.7 
+ 4 . 3  
+ 7 . 3  
+ 6 . 8  
+ 5 . 6  
+4 .3  

+4.1 

+ 4 . 5  

+ 4 . 3  

+ 3 . 8  

259 227 
264 233 
277 238 
266 231 
273 237 
275 241 
282 246 
254 236 

268 242 

244 267 

268 238 

284 241 
291 244 
283 251 
282 246 
288 253 
290 254 
293 257 
258 240 

268 241 

269 243 

271 242 

269 241 

*System 1 : i sopropanol -2$% ammonia -water  (14  : 1 : 5); system 2: i sopropanol-saturated aqueous 
solution o f  a m m o n i u m  sulfate (2:1);  system 3: ethyl  acetate-acetic acid--water (3 : 1 : 1); system 4: 
n-butanol -acet ic  ac id-water  (2 : 1 : 1) 

** Here and below,  tha plul sign ahows the  migration of  the substance towards the  anode.  
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DETERMINATION OF THE ENTHALPY OF THE i, 3-DIPOLAR CYCLOADDITION 

REACTION OF NITRONE ETHERS 

E. A. Miroshnichenko, V. A. Tartakovskii, and Yu. A. Lebedev 

Khimiya Geterotsikiicheskikh Soedinenii, Vol. 4, No. 2, pp. 351-352, 1968 
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The enthalpy of the 1,3-dipolar cyctoaddition of 2-nttroisoxazoline 
N-oxide to ethylene has been determined. 

In recent years, the attention of chemists has been 
attracted increasingly to multicenter processes taking 
place with the cyclic coordinated transfer of electrons. 

Heat  of Combus t ion  of 8 - N i -  
t r o i s o x a z o i i z i d i n e *  

m i ~ Ir At [ q' 
. . . .  ~ Z s  . . . . . . . . .  

0 19645 i023I}2.39]! 3.4 
022519 10.04012.739 ! 4.0 
0.28077 0041;2.815; 4.[ 
0.23232 0.042 2,833 i 4.1 
020484 0,036 12.506] 3.8 

0.036 ]2.463] 3.8 0.202~3 

q" ] Qv 

7,2 4461.7 
6.7 i 4465,1 
10 6 i 4462.0 
9.1 [ 4467.1 

10.4 ! 4469.3 
8.8 i 4458.4 

*Qv = 4463.9+_3.2 caI/g; Qv = 714.8+_ 
• kcat/mole, z~H 0 = -29.95:0.5 kcal/ 
mole. 

The i, 3-dipolar cyc[oaddition reaction discovered at 

the beginning of the sixties by Huisgen [I] is rapidly 

assuming the leading role in this type of reaction. 
Important in the study of I, 3-dipolar cycloaddition is 

the elucidation of the general laws of the reaction and 
the determination of its position in relation to other 

multicenter processes. The present work, in partic- 
ular, took as its object the determination of the 
enthalpy of the reaction. As a concrete example of the 

reaction, we selected the i, 3-dipolar cycloaddition of 

2-nitroisoxazoline N-oxide to ethylene [2]. 

NO• 
. ~ Q o j s  ~ , c . ~ = c . ,  - -  . ~ C . o . ~ . o ~ .  2 

In order to determine the heat effect of this reaction 
the enthalpy of formation of 8-nitroisoxazolizidine was 

determined from the heat of combustion of this sub- 
stance found experimentally (the heat of formation of 
2-nitroisoxazoline N-oxide has been determined pre- 

viouslyl being -12.2 �9 0.5 kcal/mole [3]). 
The compound was burned using the semimicroca- 

lorimetric method in a calorimeter with an energy 
equivalent of 371.0 eal/deg [4] (I eal = 4. 1840 J). The 
temperatures were read on a calorimetric thermome- 

ter, l~ corresponds to 0.666~ The combus- 
tion was performed on repeatedly recrystallized 

samples obtained by two syntheses. 
The results of the combustion of 8-nitroisoxazo- 

lizidine given in the table, where m is the weight of 
the sample in g; 6 is the correction for heat exchange 

with the calorimeter with an isothermal jacket, deg; 

At is the rise in temperature corrected for heat ex- 
change, deg; qw is the heat correction for the formation 

of nitric acid, cal; q" is the correction for the com- 
bustion of the heating wire, eel; Qv is the heat of 
combustion of the compound under the bomb conditions, 
ca l /g  and k c a l / m o l e ;  and AH ~ is  the s tandard  enthalpy 

of f o r m a t i o n  of the subs tance ,  kcM/mole ,  c a l cu l a t ed  

with  the use  of c a l o r i m e t r i c  c o r r e c t i o n s  (Washburn,  
et al.  ) taking into account  the heat  of f o r m a t i o n  of the 

combus t ion  p roduc t s  CO 2 and H20, equal  to - 9 4 .  052 
and - 6 8 .  317 k c a l / m o l e ,  r e s p e c t i v e l y  [5]. 

The hea t  of f o r m a t i o n  of 8 - n i t r o i s o x a z o l i z i d i n e  was 

found to be - 2 9 . 9  =~ 0 .5  kcal /}nole .  
From the results obtained it is possible to calculate 

the enthalpy of the 1, 3-dipolar cycloaddition of 2- 
nitroisoxazoline N-oxide to ethylene, using the en- 
thalpies of formation of 2-nitroisoxazoline N-oxide 
(-12.2 kcal/mole) and of ethylene (+12.5 kcal/mo[c). 
The enthalpy of the reaction is +30.2 �9 1.0 kcal. 


