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Nl-(2',3'-Dihydroxypropyt)uracil, -thymine, -cytosine, and N~-(2',3'-dihydroxypropyl)ade - 
nine were synthesized by alkylation of  nucleic bases with 2,3-O-isopropylide~neglycerol 
chlorohydrin, subsequent separation of the resulting mixtures, and removal of the protec- 
tive groupings. Phosphorylation of these compounds or of their  selectively substituted de- 
rivatives gave 2'(3')-monophosphates, which were converted to 2',3'-cyclophosphates by re-  
action with N,N'-dicyelohexylcarbodiimide. Thionatioa of the corresponding cytosine deriv- 
atives gave Nl-(2',3'-dihydroxypropyl)-4-thiouraeil and its 2'(30 phosphate. 

The principal method for the creation of inhibitors for enzyme systems consists in modification of 
the important functional groups of natural substrates. However, the study of compounds in which the prin- 
cipal groups necessary for bonding and reactivity of the substrate are retained but which differ from the 
natural compounds with respect to "rigidity" or, on the other hand, with respect to great "lability" of the 
molecule seems just as reasonable. The present communication is the f irst  of a ser ies  of papers devoted 
to the synthesis of "labeled" analogs of nucleotides in which the furanose ring is replaced by hydroxyalkyl 
substituents. 

NS_(2, 3,_Dihydroxypropyl)adenine, Nl-(2,,3,-dihydroxypropyl)uracil, and Nl-(2',3'-dihydroxypropyl) - 
cytosine were previously synthesized [1] by alkylation of the appropriate nucleic bases with glycidol. In 
addition, an adenine derivative was obtained by reaction of the sodium salt of adenine with glycerol a -  
chlorohydrin. A year ago [2] Ng-(2',3'-dihydroxypropyl)adenine was resynthesized and converted to a 
hypoxanthine derivative by deami~ation. Both compounds were converted to 3'-phosphates by reaction with 
phosphorus oxychloride in triethyl phosphate. 

The method that we developed for the synthesis of dihydroxypropyl derivatives of nucleic bases con- 
sists in alkylation of the appropriate bases ~ith 2,3-O-isopropylideneglycerol chlorohydrin. The selection 
of precisely a protected alkylating agent made it possible, at a yield level close to that obtained in pre- 
ceding studies, to develop convenient methods for the isolation of the products and convenient methods for 
the synthesis of amino-group protected derivatives: 
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In all cases ,  alkylation gives complex mix tu res  of reac t ion  products ,  f rom which the n e c e s s a r y  com- 
pounds were  i sola ted  e i ther  by crys ta l l iza t ion  o r  chromatography.  

Removal  of the pro tec t ive  groups gives the known analogs of nucleosides  (V-Vm).  

O NH2 ~ H2 
N N 

O 
I [ I CH2_~H--?l , CH2--~n--?l ' CH~ ~H--CH~ 

OH OH OH OH O14 OH 

V, Vl VII VIII 

V R = H ;  VI R = C H  3 

In o r d e r  to phosphorylate  the compounds we used a c lass ica l  method [3] that was successful ly  modi-  
fied in [4]. The phosphoric  acid d ie s t e r  obtained by react ion of the nueleoside analog with dicyclohexyl-  
carbodi imide and cyanoethyl phosphate was isola ted by chromatography on DEAN-cel lulose (HCO 3- form) 
and only then was the cyanoethyl group removed  by hydrolysis  with 2 N lithium hydroxide in the course of 
p rec i se ly  2 rain. Neutral izat ion,  evaporation,  and washing of the res idue with a l co h o l - ace to n e  made it  
possible  to i so la te  the e lec t rophore t iea l ly  pure  lithium sal ts  of phosphates ,  f ree  of inorganic  phosphate, in 
up to 75% yields.  

In connection with the necess i ty  for  the protect ion of the amino group in the case of cytosine and ade-  
nine der iva t ives ,  IIIa,b, a f t e r  se lec t ive  removal  of the isopropylidene grouping, were  conver ted to N 1- 
(2 ' ,3 ' -d ihydroxypropyl) -N4-acety l  - and -N4-benzoyleytosine (XIa and XIb, respect ively) .  Benzoylation of 
IV and subsequent acid hydrolys is  of the resul t ing  N~-benzoyl der ivat ive  (XID made i t  possible to obtain 
N9-(2 ' ,3 ' -dihydroxypropyl)-N~-benzoyladenine (XIII). Phosphorylat ion of these compounds by the above-  
descr ibed  methods gives Nl- (2 ' ,3 ' -d ihydroxypropyl ) -N4-ace ty l -  and -N4-benzoylcytosine 2 ' (3 ' )-phosphates 
(XIVa and XIVb, respect ively)  and Ng-(2 ' ,3 ' -dihydroxypropyl)-N6-benzoyladenine 2'(3') phosphate (XV), 

TABLE 1. Alkylation of Pyr imid ine  Bases  

Alkylation product 

2', 3' - O -Isopropvlidene - 
NI-(2',3 ' -dttiy'droxy- 
propy))uracil 

2r,3 ' -O-Isopropylidene - 
N1-(2 ',3' -dihydroxy- 
propyl)thymine (III 

2",3' -O-Isopropylidene- 
NI-(2 ',3' -dihydroxy- 
propyl)-N4-acetyl- 
cytosine (IIIa) 

2",3' -O-Isopropylidene- 
NI-(2 ',3'-dihydroxy- 
propyl)-N' -benzoyl- 
cytosine (IIIb) 

mp, ~ 

148--149 

161--162 [ 

202--203 1 
i 

217--219 i 
i 

Found, 
Empirical ] % 
form ul a i 

: C H 
J 

i 

CIoHt4N204 I 52,8 6,5 

C:IHI6N~O4 55 I 6,9 
i '  
] 

C12H1TNsO4 I 53,6 6,5 

i C I 7 H l ~ N 3 0 4  61,7 6,0 

Calc., tUV spectrum 
% (CzHsOH), ~ = 

Xmax, 4 ~  
c [H nm (e) ~-S~ 

L 

I 
53,1] 6,2 [ 266 (7900) 24 (A) 

i67 271 (6600) 55,0 32 (A) 

6,4 248 (12 800) 
53.9 t302 (6100) i 25 (B). 

62,05,8304254 (I0(19600)800) 30 (B) 
I 
{ 
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whi ch were  conver ted  to Nl - (2 ' ,3 ' -d ihydroxypropy l )  cytosine 2' (3 ' ) -  
phosphate  (XVI) and N9,(2 ' ,  3 ' -d ihydroxyp  ropyl)adenine 2 '(3 '5 phos -  
phate.  The resu l t ing  m i x t u r e s  of monophosphates  were  conver ted  
to the co r respond ing  2 ' , 3 ' - cyc lophospha te s  (XVIII, XXI) by reac t ion  
with di cyclohexyl  carbodi imide:  

Nil.., NH 2 

CH,--C t l - ~ H  2 C H,---6 H--(~ H./ CH2--CH--"~H2 
~)-..p/O Obp(O 

~P~H O~\OH O~/'OH 

XVIII, XIX XX XX| 

Y~VII! R = H ;  XIX,R=CH s 

Using a recen t ly  desc r ibed  method for  the convers ion  of the 
4 -amino  group of cytidine to a thione [5] group, we synthes ized  4-  
th iouraci l  de r iva t ives  - N t -  (2 ' ,3 ' -d ihydroxypropyl -4- th iourac i l  
(XXID and i ts  2 ' (3 ' ) -phospha te  (XXITr). 

The authors  s i nce re ly  thank M. Ya. Karpe i sk i i  and L. M. 
Kl imova fo r  the i r  constant  i n t e r e s t  in this r e s e a r c h .  

EXPERIMENTAL 

The UV spectra were recorded with a Specord UV-vis spec- 
trophotemeter, and the PIV[R spectra were recorded with an XL- 
i00 spectrometer. Thin-layer chromatography (TLC) was carried 
out either on Silufol UV-254 plates or on plates with a layer of 
FND cellulose. In the first case, chloroform containing from 
three to 30~o (by volume5 methanol was used as the solvent system, 
whereas in the second case isopropyl alcohol-ammonia-water 
(7 : 3 : 2) was used. Electrophoresis on Whatmann 3-ram paper in 
a pH 9 volatile buffer [a 0.1~0 solution of (NH4)2CO 3) was carried 
out with a vol tage gradient  of 35 V / c m .  

Alkyla t ion  of Pyr imid ine  Bases .  A mix tu re  of i00 mmole  of 
the base,  15 g (i00 mmole)  of 2 ,3 -O- i sopropy l ideneg lyce ro l  ch loro-  
hydrin,  and 27.6 g (200 mmole)  of anhydrous K2CO 3 in 500 ml  of 
d ry  DMFA was heated a t  90 ~ fo r  30 h. The mix tu r e  was f i l tered,  
the solid m a t e r i a l  was washed With DMFA (three 20-ml  port ions) ,  
and the combined f i l t r a tes  were  vacuum evapora ted  to d ryness .  
The res idue  was d isso lved  in 30 ml  of water ,  the pH of the m i x -  
tu re  was brought  up to 7, and the mix tu re  was ex t rac ted  With chlo-  
r o f o r m .  The e x t r a c t  was dr ied  and evapora ted  to d ryness .  The 
following two methods were  used  for  t h e  subsequent  workup. 

A) The solid m a t e r i a l  was dissolved in the min imum amount  
of ch loroform,  and the solution was applied to a column containing 
s i l ica  gel (1 l i ter ) .  The column was eluted with CHC13-CH3OH (95 �9 5 
by volume).  The eluant was moni to red  f r o m  the absorp t ion  a t  254 
nm. The second f rac t ions  were  combined and evapora ted  to d r y -  
ness ,  and the res idue  was evapora ted  twice With alcohol (20 ml  
each t ime) and r e c r y s t a l l i z e d  f rom alcohol (see Table 15. 

B) The solid was evapora ted  th ree  t imes  with alcohol (20 ml  
each  t ime) and r e c r y s t a l l i z e d  f r o m  alcohol (see  Table 15. 

2 '~3 ' -O- Isopropy l idene-Ng- (2 ' ,3 ' -d ihydroxypropy l )  adenine 
(IVS. A 3 .75-g  (157.5 mmole)  s ample  of sodium hydride  was added 
with cooling and s t i r r i ng  to a suspens ion of 20.2 g (150 mmole)  of 



TABLE 3. 2 ' (3 ' ) -Phospha te s  of Nucleoside Analogs 

Compound* 
! UV spectrum, Xmax, nm (~) iYield, 

: ' i % 

N1-(2'.3 '-Dihydroxypropyl)uracit- i266 (9400) 
2'(3')-phosptiate dilithium salt di- 
hydrate (IX) 

NI~(2".8 '-DihydrOxypropyl)thymine- i 271 (9800) 
2,'(8')-phosphate dilithium salt mono- i 
hydrate (X) [ 

N1-(2',3 '-Dihydroxypmpyl)-N4-acetyl- 245 (6300) 
cytosine 2'(3')-pfi6spfiate dilithium 310 (13 100) 
~alt monohydrate (XlVa) 4 I 

N -(2',3' -Dihydroxypropy!)-N -benzoyl-i 252 (12 200) 
cytosine 2'(3')-pliospt~ate dilithium 3t8 (19 300) 
salt monohydrate (XIVb) ! 

N9-(2',3 ' -Dihydroxyptopyl)-NS-benzoyl~ 252 (10 000) 
adenine 2'(3')-phosphate dilithium !292 (25 200) 
salt monohydrate (XV) i 

"! 267 

1272(10400t!270 (7t00) 
I 

1250 (12 800) 318 (12900) 
i305 (5600} 

258 (209001,314 (19300) 
!306 (11 30o~ 

]284 (199oo) 298 (13400) 
i 

(9900)!265 (7400i i 74 

76 

7I 

79 

74 

* All of  the compounds obtained were  e l ec t rophore t i ca t l y  homoge-  
neous.  

adenine in 600 ml  of d ry  DMFA. After  v igorous  hydrogen evolution had ceased,  the mix tu re  was heated to 
room t e m p e r a t u r e  and then to 90 ~ A 22.5-g s amp le  of 2 ,3 -O- i sopropy l ideneg lycero l  chlorohydrin was 
added dropwise  to the hot mix ture ,  and the resul t ing  mix tu re  was heated at  90 ~ fo r  30 h. The solution was 
cooled and evapora ted  to d rynes s  in vacuo,  and the solid was s t i r r e d  with 450 ml of wa te r  and ex t rac ted  
thoroughly  with ch lo ro fo rm.  The ex t r ac t s  were  dr ied ,  the solvent  was r emoved ,  and the res idue  was evap -  
o ra t ed  hhree t imes  with alcohol (50 ml  each  t ime).  The solid was r e e r y s t a l l i z e d  f r o m  alcohol  to give 9.1 
g (24%) of a product  with m p  214-215 ~ UV spec t rum (in alcohol):  Xmax 261 nm (g 11,800). Found: C 
53.2; H 5.9%. CI1H15N502. Calculated: C 53.0; H 6.1%. 

2T,3 ' -O-Isopropyt idene-N�- (2 ' ,3 ' -d ihydroxypropyI) -N6-benzoyladenine  (XII, Table  2). A 4 .2-g  (30 
mmole)  s amp le  of benzoyl chlor ide was added dropwise  with cooling to a suspension of 6.8 g (27 mmole)  of 
IV in 75 m l  of d ry  pyr idine,  and the m i x t u r e  was s t i r r e d  a t  r oom t e m p e r a t u r e  for  16 h. Wate r  (27 ml) was 
then added to the mix tu re ,  and i t  was s t i r r e d  fo r  ano ther  2 h. The solution was vacuum evapora ted  to d r y -  
ness ,  and the res idue  @as s t i r r e d  with 75 ml  of water .  The aqueous mix tu re  was ex t rac ted  with ch loro-  
form,  and the ex t r ac t s  were  washed with sa tu ra ted  NaHCO 3 solution and water ,  dried, and evapora ted  to 
d rynes s .  The res idue  was evapora ted  with alcohol ( three  20-ml  port ions) ,  50 ml  of wa t e r  and 5 ml  of e ther  
w e r e  added to the res idue ,  and the m i x t u r e  was al lowed to stand overnight  in a r e f r i g e r a t o r .  The r e s u l t -  
ing c r y s t a l s  w e r e  r e m o v e d  by f i l t ra t ion,  washed  with wate r ,  and dr ied  to give 8.4 g (87%) of product .  UV 
s p e c t r u m  (in alcohol):  Xmax nm, (~): 235 (13,600) and 279 (17,100). 

Acid Hydro lys i s  of 2 ' , 3 ' - O - I s o p r o p y l i d e n e  D e r i v a t i v e s .  A suspens ion of 10 m m o l e  of 2 ' , 3 ' - O - i s o -  
propyl idene de r iva t ive  in 200 ml of 50% ace t ic  ac id  was heated a t  90 ~ fo r  30 rain. The solution was then 
cooled and vacuum evapora t ed  to d rynes s  a t  30 ~ , and the res idue  was evapora ted  th ree  t imes  with alcohol 
(50 ml  each  t ime) .  The res idue  was r e c r y s t a l l i z e d  f rom alcohol  (see Table  2). 

Phosphoryla t ion  of Ana logs  of Nucleos ides .  A mix tu re  of 3 m m o l e  of the nucleoside analog and 6 ml  
of 1 M solution of cyanoethyl  phosphate  in pyr idine [3] was vacuum evapora ted  to d rynes s  a t  30 ~ and the 
res idue  was r e - e v a p o r a t e d  with d ry  pyridine (five 15-ml  por t ions) .  The res idue  (protec ted  f r o m  a i r  m o i s -  
ture)  was d isso lved  in 30 ml  of dry  pyr idine,  6 g of d icyc tohexylcarbodi imide  was added, and the mix tu re  
was s t i r r e d  in a h e r m e t i c  s y s t e m  a t  room t e m p e r a t u r e  fo r  3 days.  Wate r  (30 ml) was added to the m i x -  
ture ,  and i t  was  s t i r r e d  f o r  ano ther  16 h. The resu l t ing  p rec ip i t a t e  was r emoved  by f i l t ra t ion  and washed 
with 10% aqueous pyr id ine  (two 10-ml  por t ions) .  The combined f i l t r a tes  we re  ex t rac ted  with cyclohexane 
( three 30-ml  por t ions) ,  evapora ted  a t  30 ~ to t h r ee - fou r th s  of t he i r  or iginal  volume,  and f i l tered.  The f i l -  
t r a t e  was applied to a column filled with DE-32 ce l lu lose  (HCO3- fo rm,  300 ml).  The column was washed 
with w a t e r  until the re  was no longer  absorp t ion  at  254 rim, and i t  was  then eluted wi th  a l inea r  grad ien t  
a m m o n i u m  bicarbonate  buffer  (pH 7.5) f r o m  0.001 to 0.05 M concentra t ions  (the total  volume of eluant  was 
5 l i ters}.  The eluant  was moni to red  f r o m  the absorp t ion  a t  254 rim. The cyanoethyt e s t e r  solution d i sap-  
pea red  in the p r e s e n c e  of an app rox ima te ly  0.025 M buffer.  The f rac t ions  were  combined and vacuum 
evapora ted  to d rynes s  at  30 ~ and the res idue  was evapora ted  four  t imes  with 100 ml  of water .  The r e s i -  
due was s t i r r e d  fo r  p r e c i s e l y  2 rain with 15 ml  of 2 N l i thium hydroxide solution, during which 15 mI  of 2 
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N hydrochlor ic  acid was added to i t  slowly. The pH of the solution was brought up to 7 (on a pH-meter )  
with l i thium hydroxide solution, and the resul t ing  prec ip i ta te  was reraoved by f i l t ra t ion and washed with 10 
ral of water .  The combined f i l t ra tes  were  vacuum evaporated to d ryness  at 30 ~ and the res idue  was mixed 
with 50 ml of absolute r a e t h a n o l - d r y  acetone (1 : 5) and centrifuged. The liquid was decanted, the solid 
was again s t i r r e d  with 50 ral of r ae thano l - ace tone ,  and the mixture  was again centrifuged.  This operat ion 
was repea ted  until the supernatant  liquid gave a negative tes t  fo r  CI-.  The solid was t r a n s f e r r e d  with ab-  
solute e t h e r  to a f i l ter ,  washed with absolute e ther ,  and dr ied  (see Table 3). 

Removal  of Alkal i -Labi le  P ro tec t ive  Groupings.  A) A suspension of 1 ramole of XIa Or XIb in 10 ml 
of absolute methanol  se ra i sa tu ra ted  at  0 ~ with d ry  NH 3 was s t i r r e d  fo r  20 h. The resul t ing  solution was 
evapora ted  to d ryness ,  and the res idue  was evapora ted  with alcohol (two 10-ral portions) and r e c r y s t a l -  
l ized f rom alcohol.  The yield of Nl- (2 ' ,3 ' -d ihydroxypropyl )cy tos ine  (VII) with rap 178-180 ~ was 87-92%. 
UV spec t rum,  kmax, nm (c): 282 (12,300) at  pH 1, 274 (8400) at pH 7, and 274 (8100) a t  pH 13. PMR spec-  
t r um (in D20) , ~, ppra: 7.84 (doublet, J = 8  Itz, 6-I-I), 6.26 (doublet, 5-I-I), 3.80-4.42 (multiplet,  1 '- ,  2 ' - ,  and 
3'-H); in (CD3)2SO 7.72 (doublet, J=  8 Hz, 6-H), 7.22 (broad singtet,  NIt2) , 5.93 (doublet, 5-H), 5.28 (doublet, 
J = 4  ttz,  2'-OH), 5.07 ( t r iplet ,  J = 3  Hz, 3 ' -Ott) ,  3.40 (doublet, J=6  Hz, l ' - t t ) .  

B) Absolute methanol (10 ral) sa tura ted  with d ry  NH 3 at '0 ~ was added to a solution of XIVa, XIVb, or  
XV in 5 ral of water ,  and the mix tu re  was s t i r r e d  at roora t empera tu re  fo r  20 h. Water  (10 ral) was added 
to the mix ture ,  and the resul t ing  prec ip i ta te  was removed  by f i l t ra t ion and washed with 10 ml of water .  
The combined f i l t ra tes  were  vacuum evapora ted  to d ryness  at  30 ~ and the res idue  was s t i r r e d  with 10 ral 
of absolute alcohol and washed success ive ly  on the f i l t e r  with absolute alcohol (two 10-ml portions) and 
absolute e the r  (five 10-ral port ions) .  

Nl- (2 ' ,3 ' -Dihydroxypropyl)  cytosine 2 ' (3 ' ) -Phosphate  Dilithium Salt Monohydrate (XVD. This com- 
pound was obtained in 84-91% yield.  It was e lec t rophore t i ca l ly  homogeneous.  UV spect rum,  kmax, nra (~): 
282 (11,800) at  pH 1, 274 (8600) a t  pH 7, and 274 (9100) at  ptI 13. PMR spec t rum (in D20) , ~, ppra: 7.92 
and 7.95 (doublets,  J = 8  ttz,  6-I-I of a ra ixture  of 2 ' -  and 3 ' -phosphates ,  2: 1), 6.31 (two doublets,  5-H), and 
4.01-4.48 (raultiplet, 1 ' - ,  2 ' - ,  and 3 '- tI) .  

Ng-(2, ,3 ' -Dihydroxypropyl)adenine 2 ' (3 ' ) -Phosphate  Dilithium Salt Monohydrate (XVID. This com-  
pound was obtained in 87% yield and was e l ec t rophore i i ca l ly  homogeneous.  UV spect rum,  Xmax, nra (D: 
258 (13,000) a t  pH 1, 262 (13,800) at pH 7, and 262 (13,800) at pit 13, accord ing  to the l i t e ra tu re  data for  
the 3 ' -phosphate  [2], ;~raax 259 (13,800) at pH 7. 

Nl- (2 , ,3 , -Dihydroxypropyl)urac i l  2 ' ,3 ' -Cyclophosphate  (XVIID and Nl-(2 ' ,3 ' -Dihydroxypropyl) thymine.  
2 ' ,3 ' -Cyclophosphate  (XIX). A solution of 1 mraole of the li thium sal t  of V o r  VI in 10 ral of water  was ap-  
plied to a Column fil led with Dowex-50 (H + fo rm,  10 ral) and eluted with water .  The f ract ion absorbing at  
260 nm was vacuum evapora ted  to d ryness  a t  30 ~ and again evaporated with d ry  DMFA (three 10-ral po r -  
tions). With protec t ion  f rom a i r  raois ture ,  1.2 g of d icyclohexylcarbodi imide and 25 ml of DMFA were  
added to the res idue .  The mix ture  was s t i r r e d  carefu l ly  until the solids had dissolved corapletely. After  
20 rain, 120 ral of wate r  was added to the turbid solution, and the prec ip i ta te  was r emoved  by f i l t ra t ion and 
washed with two 10-ral por t ions  of water .  The combined f i l t ra tes  were  ex t rac ted  with cyclohexane (two 
20-ml port ions) ,  evapora ted  in vacuo at  30~  150 ml, brought to pH 7 (pH-meter)  with 1 N NaOH, and vac-  
uum evapora ted  at  30 ~ to the consis tency of an oil.  When dry  acetone was added, the res idue  began to c r y s -  
tal l ize.  The c rys ta l s  were  r emoved  by f i l t ra t ion and washed success ive ly  with acetone and dry  e ther .  

The yield of the sodium sal t  of XVIII was 94%. UV spect rum,  Xmax, nra (D: 261 (8,000) at  pH 1, 261 
(8,800) at  pH 7, 262 (6,000) at  pH 13. PMR spec t rum (in D20) , ~, ppra: 7.94 (doublet, J=8  Hz, 6-H), 6.16 
(doublet, 5-H), 3.33 (doublet, J=9  t tz ,  I ' -H) ,  4.16-4.63 (multiplet,  2 ' -  and 3 ' -I t ) .  

The yield of the sodium sal t  of XIX Was 96%. UV spect rum,  Xraax, nm (~): 270 (7800) a t  pH 1, 270 
(8100) at pH 7, and 269 (6100) at pH 13. 

Both compounds were  e lec t rophore t ica l Iy  homogeneous and had half  the raobili t ies of the cor respond-  
ing phosphates .  

Nl-(2, ,3 , -Dihydroxypropyl)  cytosine 2 ' ,3 ' -Cyclophosphate  (XX) and Ng-(2 ' ,3 ' -Dihydroxypropyl )adenine  
2 ' ,3 ' -Cyelophosphate  (XXI). A solution of 1 ramole of XVI or  XVII in 10 ml of water  was applied to a col -  
~ n n  fi l led with Dowex-50 (H + form,  10 ml). The column was eluted success ive ly  with 10 ral of water  and 
2.5~0 ammonium hydroxide.  The f rac t ion  absorbing at  260 nm was vacuum evaporated to d ryness  a t  30 ~ 
and again evapora ted  with absolute raethanol (four 20-ml port ions) .  With protect ion f rom a i r  mois ture ,  
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1.7 g of d icyelohexylcarbodi imide and 28 ml of absolute methanol were  added to the res idue,  and the mix-  
ture  was shaken until  the solids had dissolved completely,  a f t e r  which the solution was allowed to stand at  
room t e m p e r a t u r e  overnight.  The methanol  was r emoved  by vacuum evaporat ion a t 3 0  ~ and the res idue  
was s t i r r e d  with 20 ml of water .  The solid was removed  by f i l t rat ion and washed with wate r  (two 10-ml 
port ions) .  The combined f i l t ra tes  were  ex t rac ted  with cyclohexane (two 30-ml portions) and vacuum evap-  
orated~almost  to d ryness  at 30 ~ When dry  acetone was added, the res idue  began to c rys ta l l i ze .  The c r y s -  
tals  were  removed  by f i l t ra t ion and washed success ive ly  with d ry  acetone and absolute e ther .  

The yield of the ammonium sal t  of XX was 86%. UV spect rum,  ~max, nm (~): 282 (10,400) at  pH 1, 
273 (7500) a t  pH 7, and 273 (7300) a t  pH 13. PI~IR spect rum (in D20) , 6, ppm: 7.98 (doublet, J=8  Hz, 6-H), 
6.35 (doublet, 5-H), and 4.21-4.67 (multiplet,  1,- ,  2 ' - ,  and 2'-H). 

The yield of the ammonium sal t  of XXI was 83%. UV spect rum,  kmax, nm (e): 259 (13,200) at  pH 1, 
261 (13,700) at  pH 7, and 261 (13,200) a t  pH 13. 

Both compounds were  e lec t rophore t i ca l ly  homogeneous and had  half  the mobil i ty of the corresponding 
monophosphates .  

Nl - (2 ' ,3 ' -DihydroxypropyD-4- th iourac i l  (XXID. A mix ture  of 0.555 g (3 mmole) of VH, 7.5 ml of 
water ,  7.5 ml of pyridine,  and 15 ml of liquid hydrogen sulfide was heated in an autoclave at  75 ~ for  45 h. 
The mix tu re  was evaporated,  and the res idue  was t r ea t ed  with water .  The aqueous mix ture  was f i l tered,  
the f i l t r a te  was evapora ted  to dryness ,  and the res idue  was r ec rys t a l l i z ed  f rom alcohol to give 0.473 g 
(78%) of  XXII with mp 174-175 ~ UV spec t rum,  kmax, nm (e): 245 (3900) and 333 (20,1007 at  pH 1, 245 
(3400) and 333 (18,400) at  pH 7, and 317 (17,200) at pH 13. Found: C 41.2; H 5.2%. CTHIoN203. Calculated: 
C 41.6, H 5.0%. 

Nl - (2 ' ,3 ' -Dihydroxypropyl ) -4 - th iourac i l  2 ' (3 ' ) -Phosphate  (XXIH). Liquid hydrogen sulfide (10 ml) 
was added to a solution of 295 mg (1 mmole)  of dilithium salt  XVI in 5 ml of pyridine and 5 ml of water ,  
and the mix tu re  was heated in an autoclave at  80 ~ for  25 h. It  was then vacuum evapora ted  to d ryness  a t  
30 ~ and the res idue  was s t i r r e d  with water .  The aqueous mix ture  was f i l tered,  and the f i l t ra te  was evap-  
ora ted to a smal l  volume. The dilithium sal t  of XXIII was prec ip i ta ted  by the addition of absolute alcohol, 
and the prec ip i ta te  was removed  by f i l t ra t ion and washed success ive ly  with absolute alcohol and absolute 
e ther .  The yield of the dilithium sal t  of XXIH was 180 mg (61%). UV spect rum,  krnax , nm (e): 245 (4320) 
and 333 (18,400) a t  pH,1, 245 (5520) and 333 (18,400) at pH 7, and 314 (15,800) at pH 13. The compound 
was e lee t rophore t i ca l ly  homogeneous.  
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