
Synthesis of 5-Vinyluridine and 5-Vinyl-2’-deoxyuridine 

Anal. Calcd for C10H13N40sP-0.5H20: C, 33.62; H, 3.95; N, 
15.69. Found C, 33.57; H, 3.86; N, 15.64. 

Registry No.-5, 55555-55-0; 5 triacetate, 55530-09-1; 6, 
55555-56-1; 6 triacetate, 55530-10-4; 7, 55530-11-5; 7 triacetate, 
55530-12-6; 7 triacetate % HBr, 55530-13-7; 8,55530-14-8; 8 triace- 
tate, 55530-15-9; 8 triacetate 1h HBr, 55530-16-0; 9,55530-17-1; 10, 
55555-57-2; 11, 55530-18-2; 12, 55530-19-3; 13, 17434-53-6; 14, 
55530-20-6; 15, 55530-21-7; 16, 55555-58-3; 17, 55530-22-8; 18, 
55530-23-9; 19, 65530-24-0; 20, 55530-25-1; tri-0-acetyl-8-L-arabi- 
nopyranosyl bromide, 14227-90-8; bis(trimethylsilyl)uracil, 
10457-14-4; tri-0-acetyl-a-L-lyxopyranosyl bromide, 55555-59-4; 
bis(trimethylsilyl)cytosine, 18037-10-0; 1,2,3,4-tetra-O-acetyl-a- 
L-arabinopyranase, 17080-99-8 tetra-0-acetyl-a-L-lyxopyranose, 
2595-11-1; N6- benzoyladenine, 4005-49-6; N6- benzoyl-9-(2,3,4-tri- 
0-acetyl-a-L-lyropyranosyl)adenine, 55530-26-2; 2,2-dimethoxy- 
propane, 77-76-9; phosphoryl chloride, 10025-87-3; 2,6-dichloro- 
purine, 1839-23-2. 
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5-Formyluracil condensed smoothly with carbethoxymethylenetriphenylphosphorane to give trans - and cis -3- 
(5-uracily1)acrylic acid ethyl ester (3). The analogous reaction, using methylenetriphenylphosphorane leading to 
5-vinyluracil ( I ) ,  failed. Alternatively, 5-chloromethyluracil was converted to the phosphonium salt 4 by reaction 
with triphenylphosphine. 4 readily condensed with paraformaldehyde in the presence of base to afford 1 in good 
yield. Condensation of the trimethylsilyl derivative of 1 with 1-0-acetyl-2,3,5-tri-0-benzoyl-~-D-ribofuranose in 
the presence of stannic chloride gave, after deblocking, 5-vinyluridine (7). Similarly, condensation of the trimeth- 
ylsilyl derivative 5 with 2-deoxy-3,5-di-D-p -toluoyl-D-erythro -pentofuranosyl chloride, followed by transesterifi- 
cation with sodium methoxide, gave 5-vinyl-2’-deoxyuridine (LO) and its a anomer 11. The anomeric configuration 
was determined by NMR spectroscopy. 

In view of the antiviral activity of 5-ethyl-2’-deoxy- 
uridine,’P2 which has been reported to be comparable to 
that of 5-iod0-2’-deoxyuridine~,~ vs. Herpes Simplex and 
Vaccinia viruses, and that of other 5-alkylpyrimidine nu- 
c l e o s i d e ~ , ~ , ~  it appeared worthwhile to synthesize 5-vinylur- 
idine (7) and 5-vinyl-2‘-deoxyuridine (lo), whose 5 substit- 
uent has a van der Waals radius in-between that of the 
methyl and ethyl groups. 

Although the necessary intermediate 1 had previously 
been prepared by dehydration6 of 5-( 1-hydroxyethy1)ura- 
cil, decarboxylation’ of 3-(5-uracilyl)propenoic acid, and 
also by the base-catalyzed condensations of 2-dimethoxy- 
methyl-3-methoxybutyrate with urea, the yields were very 
low. Since a larger amount of 1 was needed for the synthe- 
sis of nucleosides, we sought to develop an improved proce- 
dure for the preparation of 1. 

Initially, we attempted the synthesis of 1 by condensa- 
tion of methylonetriphenylphosphorane with 5-formylura- 

0 0 

I R = C H = C H z  6 .  R: COCgHg 8 R=p-CH3CeH4CO 
3 R.CH=CH-COOEt 7 R = H  10 R:H 

cil (2), which was obtained by the oxidation of 5-hydroxy- 
methyl~rac i l .~  However, this procedure failed to furnish 1 
under a variety of experimental conditions. The failure of 2 
to undergo Wittig reaction with methylenetriphenylphos- 
phorane parallels the observation made by other work- 
ers,lOJ1 when only trace amounts of 6-vinylpyrimidines 
were obtained by condensation of this relatively unstable 
ylide with 6-formylpyrimidines. Satisfactory results were 
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obtained, however, when an ylide stabilized by conjugation 
was used in the Wittig reaction of 2. Thus, condensation of 
2 with carbethoxymethylenetriphenylphosphorane in 
DMF, a t  room temperature, proceeded smoothly to yield 
70% of the (4:3) trans- and cis-3-(5-uracilyl)acrylic acid 
ester (3). The identity of each component in the mixture 
was determined by the different coupling constants of the 
vinyl protons. 

Alternatively, the procedure similar to that described by 
Klein and for the synthesis of 6-vinyluracil, was cho- 
sen for the preparation of 1. 5-Chloromethyluracil, which 
was readily prepared from 5-hydroxymethyluracil by treat- 
ment with concentrated HC1,12 afforded, upon reaction 
with triphenylphosphine in DMF, under nitrogen, 5-uracil- 
ylmethyltriphenylphosphonium chloride (4). The phospho- 
nium salt 4 reacted with paraformaldehyde in DMF in the 
presence of excess sodium ethoxide to give 5-vinyluracil (1) 
in good yield. While this work was in progress, an inter- 
esting synthetic procedure for the preparation of 1 ap- 
peared in the 1iterat~re.l~ 

For the preparation of nucleosides, 1 was converted to its 
trimethylsilyl derivative (5) by reaction with hexamethyl- 
disilazane in the presence of a catalytic amount of ammo- 
nium ~u1fate.l~ Condensation of the crude 5 with 1-0-ace- 
tyl-2,3,5-tri-0-benzoyl-@-D-ribofuranose in 1,e-dichlo- 
roethane, at  room temperature, in the presence of stannic 
chloride15 gave 2',3',5'-tri-O-benzoyl-5-vinyluridine (6). 
The blocked nucleoside (6) was purified by silica gel chro- 
matography. Removal of the protecting benzoyl groups 
from 6, by treatment with sodium methoxide in methanol, 
afforded 5-vinyluridine (7). It  is generally recognized that 
condensation of the protected ribofuranosyl 1-0-acetate 
with trimethylsilylpyrimidines by the procedure of Nied- 
balla and VorbrUggenl5 leads almost exclusively to the cor- 
responding @-nucleosides. The NMR spectrum of 7 showed 
the coupling constant J1!,2~ = 3 Hz, a value somewhat indic- 
ative of the @ configuration.16 The @ configuration of 7 was 
further substantiated by the difference in the chemical 
shifts (AI?) of the methyl signals of the isopropylidine deriv- 
ative of 7, which is 0.20, as reported by Imbach and his co- 
~ o r k e r s ~ ~ J *  (AS < 0.15 for the a anomer and >0.15 for the 
@ anomer). 

Treatment of 2,4-bis(trimethylsilyloxy)-5-vinylpyrimi- 
dine ( 5 )  with 2-deoxy-3,5-di-0-p-toluoyl-D-erythro-pento- 
furanosyl chloridelg in dry benzene at  0-5O for 2 hr, and 
then at  room temperature for 8-10 hr under nitrogen, in 
the presence of stannic chloride furnished a 40% yield of 
the blocked nucleosides 8 and 9, with an anomeric ratio of 
p/a = 3:l. A large portion of the @ anomer (8) was sepa- 
rated from the mixture by fractional crystallization and the 
remaining mixture, containing a and 0 anomers, was re- 
solved by chromatography on a dry silica gel column using 
benzene-ethyl acetate (7:3) as the eluent. 

Transesterification of 8 by sodium methoxide in metha- 
nol furnished the desired 5-vinyl-2'-deoxyuridine (10). As- 
signment of the @ configuration to 10 was made on the basis 
of the NMR spectrum, wherein the anomeric proton ap- 
peared as the characteristic triplet.2°,21 Similarly, deblock- 
ing of the protected nucleoside 9 by sodium methoxide in 
methanol afforded 1-(2-deoxy-a-~-erythro-pentofuran- 
osy1)-5-vinyluracil (11). In the NMR spectrum of 11, the 
anomeric proton appeared as a pair of doublets,20721 sup- 
porting the a configuration of the nucleoside. 

The site of glycosidation of the nucleosides (7, 10, and 
11) was assigned at  N-1 on the basis of the uv spectra. 
While the uv spectra of N-1 substituted uracil derivatives 
show little change when compared at  pH 7 or pH 12, the 
N-3 substituted uracil derivatives at pH 12 undergo a 

strong bathochromic shift of the maxima and an increase in 
the extinction c ~ e f f i c i e n t . ~ ~ ~ ~ ~  The uv spectra of the com- 
pounds 7, 10, and 11 remained unchanged at  pH 7 or 12, 
supporting the above conclusion. 

Experimental Section 
General Procedure. Melting points were determined on a 

Fisher-Johns melting point apparatus and are uncorrected. Uv 
spectra were measured on a Cary Model 14 spectrophotometer, 
and NMR spectra on Varian A-60 and XL-100 spectrometers using 
Me4Si as internal standard. The mass spectra were recorded on a 
CEC 21-491 double-focusing mass spectrometer using an ioniza- 
tion voltage of 70 eV. Thin layer chromatography was performed 
on silica gel N-HR/uvzs4 precoated plastic sheets (Brinkman); the 
spots were detected by uv absorbance or by spraying with 10% 
(v/v) sulfuric acid-ethanol and heating. Column chromatography 
was done on silica gel (60-200 mesh), J. T. Baker No. 3405. 5-Hy- 
droxymethyluracil was purchased from Raylo Chemicals Limited, 
Edmonton, Alberta. Microanalyses were performed by Robertson 
Laboratory, Florham Park, N.J. 

trans- and cis-3-(5-Uracilyl)acrylic Acid Ethyl Ester (3). 
Anhydrous 5-formyluracils (1.20 g, 0.0086 mol) was suspended in 
50 ml of dry DMF and to this was added 4.50 g (0.0129 mol) of car- 
bethoxymethylenetriphenylphosphorane. The reaction mixture 
was stirred a t  room temperature for 20 hr, at which time TLC, 
using benzene-ethyl acetate (3:7), showed essentially the disap- 
pearance of 5-formyluracil. The DMF was evaporated and the 
product was crystallized from absolute ethanol, yielding 1.26 g 
(70%) of the analytically pure 3 as colorless crystals: mp 215-216O; 
Xmax (MeOH) 299 nm ( e  14,651), 261 (10,255); Am,, (MeOH) 275 
(94411,227 ( e  2767). 

The NMR spectrum of the crystalline 3 showed it to be a mix- 
ture of the cis and trans isomers in the ratio of 3:4. Some of the 
trans isomer was separated from the mixture by fractional crystal- 
lization from ethanol: mp 258-259O; NMR (DMSO-&) 6 1.25 (t, 3, 
OCHzCHd, 4.17 (4, 2, OCHZCH~), 6.86 and 7.45 (two AB doublets, 

No attempt was made to isolate the cis isomer from the mixture. 
However, the NMR signals corresponding to the cis isomer of the 
mixed spectrum can be described as follows: NMR (DMSO-d6) 6 
1.23 (t, 3, OCHZCH~), 4.17 (q,2, OCHzCHs), 5.88 and 6.90 (two AB 
doublets, 2, Jcia = 12.5 Hz, CH=CH), 8.75 (s, 1, H-6), 11.40 (br, 2, 
2"'s). 

Anal. Calcd for C ~ H ~ ~ N Z O ~ :  C, 51.43; H, 4.76; N, 13.33. Found: 
C, 51.18; H, 4.75; N, 13.05. 
5-Uracilylmethyltriphenylphosphonium Chloride (4). To a 

suspension of 5-chloromethyluraci111 (8.50 g, 0.0527 mol) in 100 ml 
of dry DMF was added 20.00 g (0.0763 mol) of triphenylphosphine. 
The mixture was stirred a t  100" under nitrogen for 16 hr. A clear 
solution thus obtained was then evaporated to dryness. The resi- 
due was triturated with anhydrous ether to remove the unreacted 
triphenylphosphine. The product was obtained as a colorless, crys- 
talline solid, yield 21.50 g (96%). Recrystallization from absolute 
ethanol gave the analytical sample: mp 287-288O; Amax (MeOH) 
274 nm ( e  10,717), 267 (11,644), A,,, (MeOH) 247 (6595). 

Anal. Calcd for C23HzoN20zPC1.1.5HzO: C, 61.40; H, 5.11; N, 
6.22; C1,7.89. Found: C, 61.73; H, 5.31; N, 6.09; C1,8.13. 

5-Vinyluracil (1). A mixture of the phosphonium chloride 4 
(6.50 g, 0.0154 mol, dried over PzO5 a t  llOo for 10 hr) and parafor- 
maldehyde (2.7 g, 0.0900 mol, dried over PzO6 a t  50" for 12 hr) was 
suspended in 300 ml of dry DMF. To the stirred suspension was 
added dropwise under nitrogen a solution of sodium ethoxide (pre- 
pared from 1.60 g of sodium metal in 100 ml of absolute ethanol). 
The addition of the sodium ethoxide led to the dissolution of most 
of the solid, although a clear solution could not be obtained. After 
a few minutes, the reaction mixture became turbid as a precipitate 
formed. After all the sodium ethoxide was added (20 min), the 
thick suspension was stirred a t  room temperature under nitrogen 
for 18 hr. The reaction mixture was then warmed to 50-60' for 20 
min, cooled to room temperature, and evaporated to dryness. The 
solid material was taken up in 400 ml of MeOH, neutralized with 
Dowex 50 (H+) resin, and filtered. The clear solution was evapo- 
rated to dryness and the residue was triturated with ether to re- 
move triphenylphosphine oxide. The crude material thus obtained 
was 1.90 g (89%). After two recrystallizations from water, 1.69 g of 
1 was obtained (80% yield). The analytical sample was prepared by 
pouring the material in a small amount of water on a dry silica gel 
column, eluting with ethyl acetate, and finally crystallization from 

2, Jtrans = 16.5 Hz, CH=CH), 8.08 ( ~ , l ,  H-6), 11.45 (br, 2, 2"'s). 
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water: mp 250-2E15O (lit.6 mp 248’ dec, lite7 mp 230-270’); Amax 

(MeOH) 288 nm ( c  8452), 238 (13714), A,,, (MeOH) 259 ( e  4398); 
mass spectrum mle 138 (M+), 139 (M+ + 1); NMR (INvK~O-&) 6 
5.06 (2 d, 1, JAC = 11, JBC 3 Hz, H-C), 5.94 (2 d, 1, JAB = 18, 
JBC = 3 Hz, H-B), 6.40 (2 d, 1, JAB = 18, JAC = 11 Hz, H-A), 7.58 

Anal. Calcd for C,&N202: C, 52.20; H, 4.39; N, 20.30. Found: C, 
52.14; H, 4.53; N, 20.11. 
2,4-Bis(trimethylsilyloxy)-5-vinylpyrimidine (5). A mixture 

of well-dried 4 (1.65 g, 0.0120 mol), hexamethyldisilazane (35 ml), 
and 30 ml of dry benzene was heated under reflux in the presence 
of anhydrous ammonium sulfate (0.03 9). After 6-7 hr, a clear solu- 
tion resulted. The solvents were evaporated in vacuo and the oily 
product was coevaporated with dry toluene. The crude trimethylsi- 
lyl derivative (5) thus obtained was utilized directly for condensa- 
tion with protected sugars. 

2’,3’,5’-Tri- 0-benzoyl-5-vinyluridine (6). To a solution of 5 
[prepared from 0.67 g (0.0049 mol) of 11 and 1-0-acetyl-2,3,5-tri- 
0-benzoyl-6-D-ribofuranose (3.00 g, 0.0059 mol) in 50 ml of dry 
1,2-dichloroethane was added slowly a solution of 0.2 ml of stannic 
chloride12 in 15-20 ml of 1,2-dichloroethane. The reaction mixture 
was stirred at  room temperature for 16 hr under anhydrous condi- 
tions. TLC of the mixture using benzene-ethyl acetate (7:l) 
showed the presence of essentially one major spot (Rf 0.69) in ad- 
dition to some urireacted sugar. The solution was extracted with 
saturated aqueous sodium bicarbonate and three times with water, 
and dried over anhydrous sodium sulfate. The solvent was re- 
moved by evaporation and the crude 6 was purified on a dry silica 
gel column, eluting with benzene-ethyl acetate (7:l). After evapo- 
ration, 6 was obtained as a colorless foam. Crystallization from ab- 
solute ethanol gave 1.65 g (58%) of the analytically pure 6, mp 
141-142’. 

Anal. Calcd for C32H26N~Og: C, 65.98; H, 4.47; N, 4.81. Found: C, 
65.96; H, 4.64; N, 4.76. 

5-Vinyluridine (7). A solution of 6 (0.89 g, 0.0015 mol) and so- 
dium methoxide (0.15 g, 0.0028 mol) in 100 ml of methanol was 
stirred at  room temperature for 45 min. It was then neutralized 
with Dowex 50 (H+) resin and filtered, and the resin was washed 
with methanol. The combined filtrate was evaporated and the resi- 
due was crystallized from ethanol, giving 0.37 g (89%) of 7: mp 
160-165’ sintered, 255-260’ dec; A,,, (MeOH) 291 nm (e 94501, 
237 (11,285), A,,, (MeOH) 259 (3983); NMR (DMSO-&) 6 5.12 (2 
d ,  1, JAC = 11, J13c = 3 Hz, H-C), 5.78 (d, 1, J1 , ,2 ,  = 3 Hz, H-l’), 
5.88 (2 d, 1, JAB = 18, JBC = 3 Hz, H-B), 6.38 (2  d, 1, JAB = 18, 
JAC = 11 Hz, H-A), 8.20 (s, 1, H-6), 11.40 (9, 1, NH). 

Anal. Calcd for CllH14N206: C, 48.89; H,  5.19; N, 10.37. Found: 
C, 48.79; H,  5.34; N, 10.17. 

1-(2-Deoxy-3,5-di- 0-p-toluoyl-8-D-erythro-pentofura- 
nosyl)-5-vinyluracil (8) and  1-(2-Deoxy-3,5-di- O-p-toluoyl-cr- 
D-erythro-pentofuranosyl)-5-vinyluracil (9). A solution of the 
trimethylsilyl derivative 5 [prepared from 1.65 g (0.0120 mol) of 11 
and 2-deoxy-3,5~di-O-p-toluoyl-D-e~y~hro-pentofuranosyl chlo- 
ride17 [obtained from 6.50 g (0.0169 mol) of methyl-2-deoxy-3,5- 
di-O-p-tolu~yl-D-erythro-pentofuranoside~~] in 150 ml of dry ben- 
zene was kept in ice under a nitrogen atmosphere. To this cooled 
solution was added slowly 0.4 ml of stannic chloride in 100 ml of 
dry benzene over a period of 20 min. About 100 ml of anhydrous 
1,2-dichloroethane was also added to the reaction mixture. The 
mixture was stirred for 2-3 hr at 0-5’ and then at  room tempera- 
ture for 8-10 hr. The solution was extracted with saturated aque- 
ous sodium bicarbonate and twice with water, and dried over an- 
hydrous sodium sulfate. TLC of the mixture using benzene-ethyl 
acetate (7:3) showed essentially two major products with Rf values 
0.45 and 0.53, together with some minor products. The mixture 
was evaporated to dryness, giving a colorless foam, which was dis- 
solved in 300 ml of acetone and then evaporated to approximately 
10 ml when crystallization started. Methanol (10-15 ml) was added 
and the crystals were filtered. TLC of this crystalline material, in 
the above solvent !system, showed it to be the 6 anomer 8 (0.90 g, Rf  
0.53). The mother liquor containing the 01 and 6 anomers was chro- 
matographed on B dry silica gel column, eluting with benzene- 
ethyl acetate (7:3). The first fraction containing the 6 anomer was 
evaporated, furnishing the crystalline material, which was recrys- 
tallized from methanol to yield 0.86 g of 8. Thus the pure 6 anomer 
8 was obtained in a total yield of 1.76 g (30%), mp 172-173’. 

Anal. Calcd for C27H26N207: C, 66.12; H,  5.31; N, 5.71. Found: C, 
66.11; H, 5.49; N, 5.65. 

(s, 1, H-6), 11.12 ( ~ , 2 ,  2 NH). 
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Evaporation of the second fraction gave the crystalline a anomer 
9, which was recrystallized from ethanol, 0.53 g (9%), mp 136-137’. 

Anal. Calcd for C27H26N207: C, 66.12; H,  5.31; N, 5.71. Found: C, 
65.91; H, 5.53; N, 5.54. 

5-Vinyl-Zf-deoxyuridine (10). To a suspension of compound 8 
(0.40 g, 0.0008 mol) in 100 ml of dry methanol was added a freshly 
prepared solution of sodium methoxide (0.15 g of sodium in 50 ml 
of methanol). The mixture was stirred at  room temperature for 2 
hr, neutralized with Dowex 50 (H+) resin, and filtered, and the 
resin was washed with methanol. The combined filtrates were 
evaporated to dryness. The residue was triturated with ether to re- 
move the methyl p-toluate. This procedure yielded 0.16 g (76%) of 
the deblocked nucleoside 10. Recrystallization from absolute etha- 
nol gave the analytical sample: mp 230-235O with effervescence, 
260-265’ dec; A,,, (MeOH) 292 nm (c  0190), 238 (12,2531, A,,, 
(MeOH) 260 (4021); NMR (DMSO-&) 6 5.14 (2 d, 1, JAC = 11, 
JBC = 3 Hz, H-C), 5.90 (2 d, 1, JAB = 18, JBC = 3 Hz, H-R), 6.18 (t, 
1, J1,,y = 6.5 Hz, H-1’1, 6.42 (2 d, 1, JAB = 18, JAC = 11 Hz, H-A), 
8.14 (8, 1, H-6), 11.40 (br, 1, NH). 

Anal. Calcd for CllH14N205: C, 51.96; H, 5.51; N, 11.02. Found: 
C, 51.69; H, 5.74; N, 10.72. 

1-(2-Deoxy-cu-D-eryt~ro-pentofuranosyl)-5-v~ny~urac~~ 
(11). A suspension of 0.24 g (0.0005 mol) of 9 in 50 ml of dry meth- 
anol was treated with sodium methoxide (0.08 g of sodium in 50 ml 
of methanol). After 2 hr of stirring at  room temperature, the solu- 
tion was neutralized with Dowex 50 (H+) resin, filtered, and evap- 
orated. Trituration of the residue with ether gave 0.10 g (80%) of 
11. An analytical sample was prepared by recrystallization from 
ethanol: mp 235-240’ with effervescence, 260-265’ dec; A,,, 
(MeOH) 292 nm (e  9024), 239 (11,698), Amin (MeOH) 260 (c  4177); 

d, 1, J1,,2,,2” = 2.5 and 7.0 Hz, H-l’), 6.42 (2 d, 1, H-A), 8.06 (s, 1, 
H-6), 11.38 (br, 1, NH). 

Anal. Calcd for CllHldN206: C, 51.96; H, 5.51; N, 11.02. Found: 
C, 51.69; H, 5.78; N, 10.72. 

NMR (DMSO-&) 6 5.12 (2 d, 1, H-C), 5.88 (2 d, 1, H-B), 6.14 (d of 

Acknowledgment. This investigation was supported in 
part, by Grant 124 from the American Cancer Society and 
Grant CA-13038 from the National Cancer Institute, 
USPHS. 

Registry No.-1, 37107-81-6; cis-3, 55520-59-7; trans-3, 55520- 

55520-65-5; 9, 55520-66-6; 10, 55520-67-7; 11, 55520-68-8; &for- 
myluracil, 1195-08-0; 5-chloromethyluracil, 3590-48-5; triphenyl- 
phosphine, 603-35-0; hexamethyldisilazane, 999-97-3; 1-0-acetyl- 
2,3,5-tri-O-benzoyl-/3-D-ribofuranose, 6974-32-9; 2-deoxy-3,5-di- 
0 - p  -toluoyl-a-D-erythro -pentofuranosyl-5-vinyluracil, 3601-89-6. 

60-0; 4, 55520-61-1; 5, 55520-62-2; 6, 55520-63-3; 7, 55520-64-4; 8, 

References and Notes 
M. Swierkowski and D. Shugar, J. Med. Chem., 12, 533 (1969). 
K .  K. Gauri, K. W. Pflughaupt, and R. Muller, 2. Naturforsch., TeilB, 24, 
833 (1969). 
K. K. Gauri, G. Malorney, and W. Shiff, Chemotherapy, 14, 129 (1969). 
M. Muraoka, Y. Seto, and T. Ueda, Chem. Pharm. Bull., 18, 269 (1970). 
E. H. Hamamura, K. Sato, and J. G. Moffatt, J. Med. Chem., 15, 1061 
(1972). 
C. H. Evans, A. S. Jones, and R. T. Walker, Tetrahedron, 29, 1611 
(1973). 
J. D. Fissekis and F. Sweet, J. Org. Chem., 38, 264 (1973). 
J. D. Fissekis and F. Sweet, J. Org. Chem., 38, 1963 (1973). 
R. Brossmer and 0. Ziegler, Tetrahedron Lett., 5253 (1966). 
B. R. Baker and J .  H. Jordaan, J. Heterocycl. Chem., 3, 3 15 (1 966). 
R. S. Klein and J. J. Fox, J. Org. Chem., 37, 4381 (1972). 
A. Giner-Sorolla and L. Medrek, J. Med. Chem., 9, 97 (1966). 
A. S. Jones, 0. P. Stephenson, and R. T. Walker, Nucleic Acids Res., 1, 
105 (1974). 
M. W. Winkley and R.  K. Robins, J. Org. Chem., 33,2822 (1968). 
U. Niedballa and H. Vorbrijggen, J. Org. Chem., 39,3654 (1974). 
R. L. Tolman, R. K. Robins, and L. B. Townsend, J. Heterocycl. Chern., 
4, 230 (1967), and references cited therein. 
B. Rayner, C. Tapiero, and J.-L. Imbach, J. Heterocycl. Cbem., I O ,  417 
(1973). 
J.L. Imbach, J.-L. Barascut, 8. L. Kam, and C. Tapiero. Tetrahedron 
Lett., 129 (1974). 
C. C. Bhat, Synth. Proced. Nucleic Acid Chem., 1968-1973, 1, 521 
(1 968). 
M. J. Robins and R. K. Robins, J. Am. Chem. Soc., 87,4934 (1965). 
R. U. Lemleux, Can. J. Chem., 39, 116 (1961). 
J .  P. Scannell and F. W. Allen, J. Org. Chem., 25, 2143 (1960). 


