
CHEMISTRY 

S Y N T H E S E S  IN T H E  P U R I N E  S E R I E S  

XX. THE ACTION OF PHOSPHORUS CHLORIDES 

ON 8- METHYLTHEOBROMINE 

L .  A .  G u t o r o v  a n d  E .  S.  G o l o v c h i n s k a y a  UDC 615.214.31.015.2:615.285.7 

It  was found e a r l i e r  that  the reac t ion  of theobromine  with phosphorus  oxychlor ide could be used as a 
bas i s  in the synthes is  of the so -ca l l ed  2- and 6-subst i tu ted  theobromines  [1-4], m o r e  exact ly ,  in the syn-  
thes i s  of de r iva t ives  of 6 -oxo -3 ,6 -d ihyd ro - ,  and 2 -oxo-2 ,3 -d ihydro -3 ,7 -d ime thy lpur ines  subst i tuted in 
posi t ions 2 and 6. Fu r the r ,  a method was recent ly  found involving a lmos t  quanti tat ive t r an s fo rma t io n  of 
theobromine  in its r eac t ion  with phosphorus  oxychloride and phosphorus  pentachlor ide  to yield 2 ,6-d ich loro-  
7 -methy lpur ine  [5,6] .  

The p r o b l e m  was to apply these  reac t ions  to the synthes is  of pur ine  de r iva t ives  subst i tuted at C8 by 
the C - C  bond f r o m  var ious  groups with the object  of finding biological ly  ac t ive  compounds to be used  as a 
source  fo r  the synthes is  of new drugs .  

Boiling 8-methyl theobro~nine  (I) [7] {easily access ib le  8-subs t i tu ted  theobromine  der iva t ives  [8, 91) 
with phosphorus  oxychlor ide  fo r  4z6 h, concentra t ing in vacuo the solution fo rmed ,*  and t rea t ing  the r e s i -  
due with ice in the p r e s e n c e  of an excess  of sodium bicarbonate  yielded a substance of b r u t t o - f o r m u l a  
CsHsC1N40 cor respond ing  to the composi t ion  of monoch lo ro -monoxo-d ihydro -3 ,7 ,8 - t r ime thy lpu r ine .  
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Fig. 1. UV spec t r a  (in alcohol).  
1) 2 -Ethoxy-  8- methyl theobromine;  
2) e thoxytheobromine;  3) 6-etho'xy- 
8 -methyl theobromine ;  4) 6 -e thoxy-  
theobromine .  

C h r o m a t o g r a p h y i n  a thin l ayer  of a luminum oxide has  shown that  
this substance is a mix ture  of two i somer i c  compounds with v e r y  
c lose  Rf  values;  owing to the d i f ferent  solubil i ty of the compounds 
in wa te r ,  it was  poss ib le  to s e p a r a t e  them.  One of them (chloride 
A, mp 241, decomp.) was obtained in a yield of 43%, the o the r  
{chloride B, mp 241-242, decompo) in a yield of 9%. A hydro lys i s  
of both chlor ides  gave read i ly  the initial  I; $ consequently,  they 
a r e  i somer i c  2 - c h l o r o - 3 , 7 , 8 - t r i m e t h y l - 6 - o x o - 3 , 6 - d i h y d r o p u r i n e s ,  
i .e . ,  2 - ch lo ro -8 -me thy l theob romine  (Ilia), and 6 -ch le ro -3  ,7 ,8- 
t r ime thy l -2 -oxo -2 ,3 -d ihyd ropu r ine ,  i .e . ,  6 - ch lo ro -8 -me thy l t h eo -  
b romine  (IVa). 

Substitution of the chlorine a tom in chlor ides  A and B by 
the act ion of sodium ethylate ,  ammonia ,  amines ,  th iourea ,  and 
a lso  by condensation with sodium malonate  and by subsequent  
hydrolyt ic  c leavage and decarboxyla t ion  of the condensat ion p r o -  
duct gave the cor responding  C 2- and C6-ethoxy-,  amino - ,  d imethyl -  
am ino - ,  m e r c a p t o - ,  and me thy l -monoxod ihydro -3 ,7 ,8 - t r ime thy l -  
pur ines  (IIIb-IHk and IVb-IVi):  

*In the synthes is  of 2 ,6 -d ich lo r -7 ,8 -d imethy lpur ine  (II), the solution was boiled with 2 moles  of phosphorus 
oentachlor.ide; dichloride II could be isolated; however ,  i ts  yield did not exceed 25% {compare with [61). 
Admixture  II (about 3%) was also found found among the products  obtained in the reac t ion  of I with phos - 
phorus oxychlor ide  in the absence  of phorphorus  pentachlorideo 
SA compar i son  of the re la t ive  reac t iv i ty  of chlor ides  A and B in nucleophilic substi tut ion reac t ions ,  for  
example ,  in the i r  r eac t ion  with sodium malonate  and alcoholic ammonia  solut ion,has d isc losed  a high 
mobi l i ty  of the chlorine a tom in chlor ide B. 

S. Ordzhonikidze All-Union Sc ien t i f i c -Resea rch  Pha rmaceu t i ca l  C h e m i s t r y  Inst i tute .  T rans l a t ed  
f r o m  K h i m i k o - F a r m a t s e v t i c h e s k i i  Zhurnal ,  No. 7, pp. 4-10 ; July,  1969. Original  a r t i c l e  submit ted July 23, 
1968. 
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The select ion between two possible s t ruc tures  for each of the chlor-  
ides A and t3 was based on the compar i son  of UV spect ra  of a number of 
compounds obtained by substituting var ious  groups for chlorine a toms.  

The closeness  of the absorption maxima as well as the charac te r  of 
UV spect ra  of compounds obtained f rom chloride A showed good agreement  
with the data on the appropria te  2-chlorotheobromine der ivat ives .  

The compounds prepared f rom chloride B were a lmost  like the c o r r e s -  
ponding 6-subst i tuted compound of theobromine (Figs. 1 and 2, Table 1). 
This suggests that chlorides A and B have the s t ruc tures  of IIIa and IVa, 
respect ively .  

Such a concept of the s t ruc ture  of chlorides A and B was confirmed 
by the following two react ions:  

1. Thiol IVe (from IVa and thiourea) was found to be identical to 
mercap to-8-methy l theobromine ,  obtained as a resul t  of heating I with phos- 
phorus pentasulfite, i.e.,  under 'conditions used for the t ransformat ion  of 
theobromine to 6-mercapto theobromine  [101: 

P~8~ 

.I- ~ /ire --- /Fe 

2. Distilling off phosphorus ox:~chloride f rom the solution obtained in 
boiling I in POCI~, t rea tment  of the residue with absolute alcohol and, only 
at this stage, t rea tment  with sodium bicarbonate  solution yielded a sub- 
stance identical to IVb (from IVa and sodium ethylate): 

l POCI3' C2H~OH, NaHCO3 ,_C2I~-ONa 
I V  b I V a  " 

This react ion e lear ly  demonst ra tes  the close analogy with the r eac -  
tions of I and of theobromine (compare [3, 4]). 

The above implies that theobromine der ivat ives ,  substituted at C8, in 
react ions with phosphorus chlorides are  a lmost  s imi la r  to theobromine it-  
self.  It should be emphasized,  never theless ,  tha t  some differences between 
them and theobromine do exist  in these react ions .  

F i r s t ,  the action of boiling phosphorus oxyehloride on I gave r i se  to a 
red colorat ion (which was completely lacking in a s imi lar  react ion with 
theobromine);  with 8-benzyl-(V) [11] and 8-d ie thy laminomethy l -  [12, 13] 
theobromine der ivat ives ,  the react ion mixture was t a r red  to such an extent 
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Fig. 2. UV spec t ra  (in alcohol). 
1) 2-A mino- 8- methyltheobromine;  
2) 2-aminotheobromine;  3) 6 -amino-  
8-methyl theobromine;  4) 6 -amino-  
theobromine.  

~IVa): 

that no individual products could be separated.  Slightly l e s se r  
t a r r ing  was observed in the react ion of 8- t r ichloromethyl theo-  
bromine (VI) [14] which on boiling with phosphorus pentachloride 
gave 2 ,6 -d ich lo ro-7-methy l -8 - t r i ch lo romethy lpur ine  (VII) in a 
60% yield [15]o 

Second, the react ion of I with phosphorus oxychloride gave 
two possible monochloride i somers ,  IIIa and IVa, whereas  the 
react ion with unsubsti tuted-at-C8 theobromine gave only 2-ch loro-  
theobromine [11. It is quite probable that the second i somer ,  
6-ehlorotheobromine,  was formed,but  it could not be isolated be-  
cause in the react ion mixture t rea tment  it underwent hydrolytic 
cleavage (upon neutral izat ion,  the react ion mixture always con-  
tained a small  amount of theobromine).  

EXPERIMENTAL* 

The purity of the products was determined by thin-layer 
chromatography on aluminum oxide (degree of activity, If). Sol- 
vent systems : chloroform-ethyl acetate-alcohol (5:5 :I), chloro- 
form alcohol (9.~i). 

2-Chl0ro-3,7,8-trimethylhypoxanthine (IIIa) and 6-Chloro-3,7,8-trimethyl-2-oxo-2,3-dthydropurine 

Sixty grams of I in 400 ml of POCI 3 was boiled for 4-6 h, the solution concentrated in vacuo to a 
volume of 100-i50 ml, the residue introduced in port ions into a salt  bath containing 900 g of ice and 700- 
800 g of NaHCO3 for  30 rain; the cooling was discontinued, the mixture s t i r red  until the CO 2 evolution 
stopped, f i l tered,  and the residue extracted with warm ch loroform (total ~ 0.8 liter) to yield a da rk - r ed  
precipi ta te  (about 40-42 g), c rys ta l l ized  f rom 2 .2 -2 .4 l i t e r s  oftoluene.  Yield of IIIa 28-29 g, white needles,  
mp 235-238 ~ (decomp.). 

The aqueous fi l trate was repeatedly extracted with chloroform,~ which was part ial ly distilled off to 
a 50 ml volume, the prec ip i ta tes  crys ta l l ized f rom ~850 ml of toluene to yield ~6 g of IVa, mp 241-242 ~ 
(decomp.), mp of mixture samples  with IIIa, 205-210 ~ 

2-Ethoxy-3,7 ,8- t r imethylhypoxanthine (IIIb). TO 1.8 g of IIIa in 5 ml of absolute alcohol was added 
dropwise a solution of sodium ethylate (from 0.2 g of Na and 10 ml of absolute alcohol); the alcohol was 
distilled off, the solution of the residue in water  was acidified with acetic acid to pH 6.0,and 1o2 g of sub- 
stance extracted with chloroform and crys ta l l ized  f rom dry  benzene to yield 0.8 g of IIIb. 

6 -Ethoxy-3 ,7 ,8 - t r imethy l -2-oxo-2 ,3-d ihydropur ine  (IVb). A) A solution of sodium ethylate ( f r o m  
0.05 g of Na and 5 ml of absolute alcohol) was added to 0.4 g of IVa in 3 ml of absolute alcohol, the alcohol 
was distilled off, the residue t reated as in prepara t ion IIib, and c rys ta l l i zed  f rom alcohol, mp 270-271~ 

B) To a concentrated react ion mixture (from 10 g of I and 30 ml of POC13) cooled by ice with s a l t  
was added 150 ml of cold absolute alcohol to yield a solution at 0~ 0.2 l i ter  of d ry  ether  was added to the 
solution and re f r igera ted  for  severa l  days.  The precipitate was introduced into a NaOH solution (pH ~ 10.0), 
the precipitate f i l tered,  crys ta l l ized f rom water  to yield 0.3-0.35 g (2.7-3%) of II, mp 149-150 ~ 

The a lcohol -e ther  f i l trate was neutral ized with NaHCO 3 solution, the lower layer  extracted with chloro-  
form.  The ch loroform solution was concentrated to a volume of 0.1 l i ter  and washed with two 50 ml por -  
tions of water  to yield 2.85 g of a substance,  mp 239-243~ recrys ta l l i za t ion  f rom absolute alcohol with 
charcoal  gave 1.85 g (16%) of IVb, mp 270-271 ~ A sample mixed with IVb, prepared  by the procedure  A, 
had a m p  270-271 ~ 

2-Amino-3,7 ,8- t r imethythypoxanthine (IIIc). Compound IIIa, 0.35 g, was refluxed with 10 ml of 25% 
NH4OH solution for 1.5 h, cooled, f i l tered,  dissolved in 1 N HC1 solution, and precipi tated (2 N NaOH solu-  
tion, pH 10.0) to yield 0.2 g of II[c, mp 338-340~ Solution of IIIc inalcohol  precipi tated the chloro-  
hydrate .  

*See Table 2. 
~A precipitate of chloride IVa (1-1.5 g) was somet imes  formed in the f i r s t  extract .  
tThe fi l t rate contained a colored mixture of chlorides IIIa, IVa, and II which was difficult to separa te .  
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6-Amino-3 ,7 ,8 - t r ime thy l -2 -ox0 -2 ,3 -d ihyd ropu r ine  (IVc). P r e p a r e d  f rom IVa by the s ame  p rocedure  
given for  IIIc; mp of IVc 311-312 ~ (decomp.) .  

2 -Dimethy lamino-3 ,7 ,8 - t r imethy lhypoxanth ine  (IHd).r A solution of 1.7 g of HIa in 10 ml  of 30% 
dimethylamine  solution gave in vacuo at  20 ~ 1.4 g of c ry s t a l s  which were  dr ied in vacuo,  mp 168-169% 

6 -Dime thy lamino -3 ,7 ,8 - t r ime thy l -2 -oxo -2 ,3 -d ihyd ropur ine  (IVd). A solution of 0.4 g of IVa in 2 ml 
of 30% dimethylamine  solution was evapora ted  to d rynes s ,  c rys t a l l i zed  f r o m  benzene to yield 0.3 g of IVd, 
mp 196-200 ~ 

2 -Mercap to -3 ,7 ,8 - t r ime thy lhyp0xan th ine  (me) .  Heating to boil ing 5 g of IIIa  and 1.9 g of th iourea  
in 40 ml of absolute  alcohol yielded 4.7 g of IIIe,  mp 277-279 ~ 

6 - M e r c a p t o - 3 , 7 , 8 - t r i m e t h y l - 2 - o x o - 2 , 3 - d i h y d r o p u r i n e  (IVe). A) To a suspension of 40 g of dr ied  I in 
0.4 l i t e r  of d ry  pyr idine was added with s t i r r i ng  72 g of P2S 5 and ref luxed for  7 h.  Af ter  the addition of 
0.6 l i t e r  of w a t e r  with cooling, the mix tu re  was ref luxed for  2-3 h, and concent ra ted  in vacuo to 0.3 l i t e r .  
The prec ip i ta te  was dissolved in 1 N NaOH solution, f i l te red  through charcoa l ,  acet ic  acid added to yield 
37-40 g of IVe, mp 303-307 ~ (decomp.) ,  mp a f t e r  c rys t a l l i za t ion  314-316~ 

B) Heat ing to boiling 0.5 g of IVa and 0~ g of th iourea  in 10 ml of alcohol yielded 0.49 g of  IVe, mp 
314-316~ s amp l e s  mixed with pur i f ied IVe, p r epa red  by  p rocedure  A, had a m p  314-316 ~ 

2 -Methy lmercap to -3 ,7 ,8 - t r ime thy lhypoxan th ine  (IIIi~ ~ A solution of 3 g of m e  in 15 ml  of  1 N NaOH 
solution with 0.9 ml  of CH3I was  shaken for  30 min,  ex t rac ted  with ch lo ro fo rm,  and the product  c rys t a l l i zed  
f r o m  160 ml  of benzene to yield 2~5  g of I~f ,  mp 223-225 ~ 

6 - M e t h y l m e r c a p t o - 3 , 7 , 8 - t r i m e t h y l - 2 - o x o - 2 , 3 - d i h y d r o p u r i n e  (IVf). A solution of 20 g of unpurif ied 
IVe in 0.1 l i t e r  of 1 N NaOH solution with 6 ml  CH3I was shaken for  30-40 min,  and the c ry s t a l s  f i l tered to 
yield 17 g of IVf, mp 248-250~ a ch lo ro fo rm ex t rac t ion  of the f i l t ra te  gave an additional 4.3 g of IVf, 
mp 241-245 ~ 

3 ,7 ,8 -Tr ime thy lhypoxan th iny l -2 -ma lon ic  E s t e r  (IHg). To a suspens ion of sodium malonate  ( f rom 2.8 g 
of Na and 28 ml  of malonic  es ter )  in 0~ l i t e r  of d ry  toluene was added 10 g of IIIa ,  s t i r r e d  for  1 h,  wa te r  
added to d i sso lve  the prec ip i ta te ,and  the aqueous l a y e r  acidif ied with 40% H2SO 4 solution to pH 5.0 to yield 
11.7 g of  I]Ig, mp 156-158 ~ 

3 , 7 , 8 - T r i m e t h y l - 2 - o x o - 2 , 3 - d i h y d r o p u r i n y l - 6 - m a l o n i c  Es t e r  (IVg). A) P r e p a r e d  f rom IVa by  the 
p rocedure  used  in the p r e p a r a t i o n  of IIIg,  yield 95%, mp 209-211 ~ 

B) To a suspens ion  of sodium malonate  {from 1 g of Na and 10 mI of malonic  e s t e r )  in 40 ml  of dry  
toluene was added 4.4 g of IVf, ref luxed for  6 h to yield (see HIg) 5.5 g of IVg, and c rys t a l l i zed  f rom a lco-  
hol,  mp 209-211~ a mix tu re  sample  with IVg, obtained by  method A, had a m p  of 209-211% 

2 ,3 ,7 ,8-Tet ramethylhypoxanth ine  (IIIh). Th ree  g r a m s  of IIIg in 15 ml  of 18% HC1 solution was r e -  
fluxed for  30 min,  evapora ted  in vacuo,  the res idue  t r e a t ed  with 10% NaOH solut ion,water  dist i l led off, and 
ex t rac ted  with c h l o r o f o r m  to yield 1.6 g of IIIh,  mp 204-207 ~ 

3 ,6 ,7 ,8 -Te t r am e t hy l -2 -oxo -2 ,3 -d i hyd ropu r ine  (IVh). P r e p a r e d  f r o m  IVg by  the p rocedure  used  for  
IKh, yield 95%, mp 249-254 ~ 

3 ,7 ,8 -Tr ime thy lhypoxan th iny l -2 -ch lo romalon ic  E s t e r  (IIIi). To a solution of 1 g of HIg in 15 ml of 
d ry  ch lo ro fo rm was added a solution of 0.25 ml of SO2CI 2 in 1 ml of ch lo ro fo rm,  washed with a NaHCO 3 
solution a f t e r  12 h ,  c h l o r o f o r m  dis t i l led  off,and the product  c rys t a l l i zed  f r o m  CC14 to yield 1 g of III i ,  
mp 139-140 ~ 

3 , 7 , 8 - T r i m e t h y l - 2 - o x o - 2  ~ -d i hyd ropu r iny l -6 - ch lo roma lon i c  E s t e r  (IVi) To 1 g of IVg in 25 ml  of 
d ry  ch lo ro fo rm was added a solution of 0.25 g of S02C12 in 1 ml  of ch lo ro fo rm,  evapora ted  a f t e r  12 h, the 
res idue  t r ea t ed  with NaHCO 8 solution, the prec ip i ta te  d isso lved  in absolute alcohol,  f i l te red ,  alcohol d i s -  
t i l led off, and the res idue  t r i t u r a t e d  with w a t e r  to yield 1.05 g of IVi,  mp 176-177% 

2-Methylamino-3 ,7 ,8 - t r imethy lhypoxanth ine  (Igj) .  A solution of 1 g of IIIa in 3 m l  of  30% dimethyl -  
amine  solution was evapora ted  in vacuo,  and the res idue  c rys ta l l i zed  f r o m  alcohol to yield III],  mp 359- 
360 ~ (decomp.) .  
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2-Cyan-3,7,8- t r imethylhypoxanthine (IIIk)o A mixture of 4.4 g of HIa with 1.35 g of KCN (or 1.9 g 
of Cu2CN 2) in 45 ml of dimethylformamide was heated for 2 h (bath t empera tu re  40-50~ fi l tered through 
charcoal ,  concentrated in vacuo, the residue dissolved in water ,  extracted with chloroform,  the solution 
clarif ied with A1203, evaporated,  and the residue c rys ta l l i zed  f rom toluene to yield 3.1 g of IIIk, mp 194- 
195 ~ (dec.rap.).  

2 ,6-Dichloro-7 ,8-dimethylpur ine  (II). After  refluxing 3 g of I in 15 ml of POC13, 6.45 g of PCI~ was 
added and the mixture refluxed for  another 4 h~ The dark solution was concentrated in vacuo; the residue 
was introduced into a mixture of ice and NaHCO 3 (< 20 ~ and f i l tered.  The residue and fi l trate were  ex-  
t rac ted  with chloroform,  combined ch loroform solution (~200 ml) washed twice with 100 ml portions of 
water ,  clarif ied with A1203; the ch loroform was distilled off and the residue crys ta l l ized  f rom water  to 
yield 0.8 g of II, needles of mp 149-150 ~ 

2 ,6 -Dich loro-7-methy l -8 - t r i ch lo romethy lpur ine  (VII). After  refluxing 1o5 g of VI [14] in 10 ml of 
POC13 for 3 h, it was cooled, 2.1 g of PC1 s added and refluxed for another 3 h, the solution concentrated in 
vacuo, ice added to the res idue,  neutral ized with concentrated NH4OH to pH 5.0-6.0,  the residue separated 
and dissolved in ch loroform.  The ch loroform was distilled off, and the oil t r i tura ted with ether  to yield 
0.98 g of VII, mp 203-204~ 0.5 g of VII was dissolved in 8-10 ml of ch loroform and decolorized by shaking 
with A1203~ Crystal l izat ion f rom CC14 yielded 0~ g of VII, mp 207-208 ~ 

3 -Methy l -4 -amino-5-N-methy l -N- (pheny lace tamide) -u rac i l  (VIII) o A mixture of 10 g of 3 -me thy l -4 -  
amino-5-methy laminourac i l  [9, 16[ and 30 g of phenylacetic acid was heated for  2 h at 120 ~ cooled, 50 ml 
of alcohol added, f i l tered,  and the res idue introduced in wate r  at pH 8.0 to yield 13 g of VIII, mp 282-285~176 

8-Benzyl theobromine (V) [11]. Five g rams  of VIII in 35 ml of 1 N NaOH solution, pH 6.0, was re -  
fluxed for 3 h to yield 4.2 g (90%) of V, mp 246-249~ after  crys ta l l iza t ion f rom alcohol, the mp was 251- 
252 ~ {according to l i te ra ture  data [11], mp 251-252~ 
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