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tion of methyl 4,6-0- benzylidene-3-0- methyl-a-D-arabino- hexo- 
pyranosid-2-ulose were 301 mg (52.9%) of 9 and 192 mg (33.7%) of 
11 (the g1uco:manno ratio being thus 1.57:l). The analytical sam- 
ple of 11, an amorphous solid showed an [aIz7D +76O (c 1.0, 
CHC13); ir (CHC13) 3560 (broad peak) and 3470 (shoulder) (OH) 
nmr (CDC13) 6 7.6-7.3 (m, 5, phenyl), 5.58 (s, 1, methine H from 
benzylidene group), 4.77 (d, J 1 , 2  = 1.4 Hz, 1, H-l), 4.4-3.6 (m, 6, 
H-2, H-3, H-4, H-5, H-6 and H'-6), 3.53 and 3.37 (two s, 6, C-1 and 
C-3 methoxy groups), 2.65 (d, J = 1.4 Hz, 1, OH). 

Anal. Calcd for C15H2006: C, 60.80; H, 6.80. Found: C, 61.05; H, 
7.00. 

Methyl 4,6-0-Benzylidene-3-O-methyl-2-0-methylsulfon- 
yl-a-D-mannopyranoside (3). To a pyridine solution of 11 (87 
mg; 0.29 mmol) methanesulfonyl chloride (O.fO0 ml, 0.59 mmol) 
was added and the reaction mixture was kept at room temperature 
for 2 hr. The excess of methanesulfonyl chloride was destroyed by 
methanol and the solvents were evaporated in uacuo. The residue 
was chromatographed on silica gel (20 g). Elution with 97:3 ben- 
zene-2-propanol afforded pure crystalline 3 (105 mg, 95%). An an- 
alytical sample was obtained by recrystallizing 3 from acetone: mp 
185-186'; [aIz7D t 2 2 O  (c 0.7, CHC13); ir (CHC13) 1363 and 1170 
cm-' (asymmetric and symmetric SO2 stretch); nmr (CDC13) 6 
7.6-7.2 (m, 5 phenyl), 5.62 (s, 1, methine H from benzylidene 
group), 5.0 (m, 1, H-21, 4.90 (d, JIJ 5 1 Hz, 1, H-I), 4.4-3.8 (m, 5, 
H-3, H-4, H-5, H-6, and H'-6), 3.56 and 3.40 (two s, 6, C-1 and C-3 
methoxy groups), 3.13 (9, 3, methyl from C-2 methylsulfonyl 
group). 

Anal. Calcd for C&~ZO& C, 51\33; H, 5.92; S, 8.57. Found: C, 
51.39; H, 5.90; S, 8.79. 

Reaction of Methyl 4,6-0- Benzylidene-3-O-methyl-2-0- 
methylsulfonyl-a-D-mannopyranoside 3 with Potassium Ben- 
zoate in Refluxing N,N-Dimethylformamide. An N,N- di- 
methylformarnide solution (10 ml) containing 3 (202 mg, 0.54 
mmol) and potassium benzoate (202 mg, 1.26 mmol) was heated at 
reflux for 120 hr. The solvent was removed in uacuo and the resi- 
due was chromatographed on silica gel (30 g). Elution yith 2:l ben- 
zene-ethyl acetate afforded four fractions. The third fraction was 
pure starting material 3 (59 mg, 29%), whereas the other three 
fractions were unidentified products of decomposition of 3 under 
the given experimental conditions. 

Methyl 2 -0  -Benzoyl-4,6-0- benzylidene-3-0 -methyl-a-n- 
mannopyranoside (15). To a pyridine solution of 11 (81 mg, 0.27 
mmol) benzoyl chloride (0.100 ml, 0.59 mmol) was added and the 
reaction mixture was kept at room temperature for 2 hr. The pyri- 
dine was removed in uacuo and the residue was chromatographed 
on silica gel (20 9). Elution with 98:2 benzene-2-propanol gave 

slightly impure 15 (111 mg). The rechromatography on slica gel (16 
g) and elution with 982 benzene-2-propanol afforded pure 15 (110 
mg; 100%) as an amorphous solid: [@Iz7D -48O (c 1.0, CHC13); ir 
(CHCl3) 1720 and 1265 cm-l (C=O and C-0 stretch, benzoate); 
nmr (CDC13) 6 8.2-7.2 (m, 10, phenyl), 5.68 (s, 1, methine H from 
benzylidene group), 5.61 (m, 1, H-2), 4.85 (d, J1,z 5 1 Hz, 1, H-l) ,  
4.5-3.7 (m, 5, H-3, H-4, H-5, H-6, and "-61, 3.46 and 3.43 (two s, 
6, C-1 and C-3 methoxy groups). 

Anal. Calcd for C22H2407: C, 65.99; H, 6.04. Found: C, 66.18; H, 
6.20. 

Registry No.-1, 51016-19-4; 2, 52260-45-4; 3, 52260-46-5; 4, 

52260-49-8; 14, 52260-50-1; 15, 52260-51-2; methyl 4,6-0- benzyli- 
dene-3-0- methyl-a-D-arabino- hexopyranosid-2-ulose, 29774-59- 
2. 

52260-47-6; 10, 35775-68-9; 11, 52260-48-7; 12, 51364-57-9; 13, 
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Several selected fused nitrogen heterocyclic systems, 7-amino-u-triazolo[4,5-d]pyrimidine (I), pyrazolo[l,5- 
alpyrimidin-7-one (IV), s-triazolo[l,5-a]pyrimidin-7-one (VI), and 2-methylthiopyrazolo[1,5-a]-s-triazin-4-one 
(IX), and their N-ribofuranosides have been studied with respect to the effect of N-ribosylation on the carbon-13 
chemical shifts of the neighboring carbons. Large upfield a shifts and small downfield 6 shifts were observed in 
the nucleoside when compared to the base anion, thereby providing a convenient general method for the assign- 
ment of the glycosylation site in complex fused nitrogen heterocyclic systems. 

Recently, several nmr studies in this laboratory have 
demonstrated the  potential use of carbon-13 nuclear mag- 
netic resonance spectroscopy as a general unequivocal 
method for the  assignment of glycosylation site in both 
five- and  six-membered nitrogen  heterocycle^.^,^ T h e  as- 
signments were based upon the  use of previously reported 

a- and @-substitution shifts observed in other heterocyclic 
systems when the neutral species is compared with the  an- 
ionic f0rm.~-6 These shift parameters were first described 
by Pugmire and Grant from studies on the azines and their 
charged ~ p e c i e s , ~ . ~  where nitrogen protonation resulted in 
an upfield shift for the  a carbon and downfield shifts were 
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observed for the (? and y carbon atoms when compared to  
the free base. From the results of their theoretical calcula- 
tions on these systems, the observed a-substitution shifts 
have been explained on the basis of a decrease in bonding 
between N-C, while p and y shifts are the result of charge 
polarization effects. 

Our carbon-13 nmr results on several five- and six-mem- 
bered nitrogen heterocycles have indicated tha t  N-protona- 
tion and N-ribosylation result in similar a and @ shifts. In  
view of the success using these substitution parameters in 
determinations of the preferred positions of the labile pro- 
tons in the simple azines as well as benzimidazole, various 
purines and other fused-ring heteroaromatic systems,6*7 we 
have extended our carbon-13 nmr studies to  examination of 
the effect of ribosylation on the chemical shifts of neigh- 
boring carbon atoms in several selected fused nitrogen het- 
erocycles. In  these systems, the existence of the second ring 
provides an opportunity to  examine long-range cross-ring 
effects as well as the unusual characteristics of the bridge- 
head carbons. 

Results and Discussion 

A. 7-Amino-u-triazolo[4,5-d]pyrimidine (I). To deter- 
mine whether the effect of N-ribosylation in the fused-ring 
heterocycles is similar to  the previously studied five- and 
six-membered rings, we have chosen to  examine the car- 
bon-13 chemical shifts of 7-amino-3-@-D-ribofuranosyl-u- 
triazolo[4,5-d]pyrimidine (11, Chart I) and 7-amino-2-P-D- 
ribofuranosyl-u-triazolo[4,5-d]pyrimidine (111) and have 
compared their chemical shifts to  those of the anion of 7-  
amino-u-triazolo [4,5-d] pyrimidine (I). The glycosylation 
site in these two nucleosides had previously been assigned 
from uv spectra.8 The  carbon-13 chemical shifts are sum- 
marized in Table I. The  C5 and C7 carbons are assigned 
based on the splitting patterns observed in the proton cou- 
pled spectra. The  chemical shifts of the C, and Cb carbons 
are found to  be similar to those reported for a d e n o ~ i n e . ~  

In this series of compounds the c b  carbon is 01 to  the gly- 
cosylation site in I1 but is p to  the glycosylated nitrogen in 
111. A corresponding upfield shift of 6.8 ppm was observed 
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Table I 
Comparison of Carbon-13 Chemical Shif ts  for the Various Fused Nitrogen Heterocyclic Systems (See Char t  I)  

r Chemical shift, 6 ppma \ 
Compd C2 c 3  c 5  c 6  c 7  c a  c b 

I 155.8 158.9 124.0 152.4 
I1 153.0 154.0 121.1 145.6 

153.7 154.4 122.9 153.5 I11 
4-11 +2.8 1-4.9 i-2.9 +6.8 

IV 151.3 92.9 141.2 91.7 159.4 151.7 

___ - __ - 

As,-I11 +2.1 +4.5 i-1.1 -1.1 

156.0 V 142.8 96.6 138.1 93.8 
A61V-v i-8.5 -3.7 c3.1 -2.1 +3.4 
VI 152.5 154.1 97.2 160.1 
VI1 140.8 153.3 104.0 156.8 

155.4 VI11 151.6 138.9 100.2 
A6"I-VI I +11.7 +0.8 -6.8 1-3.3 
A ~ v  I-VI I I  co.9 +15.2 -3.0 +4.7 

- - ___ - ___ 

- - - __ 

141.4 

158.3 
149.6 
143.1 
+8.7 
+15.2 

m 

- 

c 7  C 8  c 2  c 4  C 9  C1' c 2  ' c 3 ,  c 4 ,  CS' 

Ix 143.0 92.8 150.6 167.1 151.0 
X 147.0 98.1 146.0 156.6 142.9 90.6 72.2 68.7 78.8 62.3 
XI 148.8' 102.0 148.5b 153.3b 145.8b 91.4 74.6 70.9 80.9 63.8 
A61x-x -4.0 -5.3 +4.6 +l0.5 +8.1 
A61X-Xl -5.8 -9.2 +2.1 +12.8 +5.2 

- - - __ - - 

A6X-XI -0.8 -2.1 -2.4 --2.2 -1.5 
Chemical shifts measured from DMSO-de, converted to TMS scale using 6 ~ 1 ~ ~  = 6 0 ~ ~ 0  + 39.5 ppm. Assignments tentative owing to 

low signal to noise ratio in the proton-coupled spectrum. 

for the c b  resonance in I1 whereas a downfield shift of 1.1 
ppm was observed for I11 when compared to  the c b  chemi- 
cal shift in I (Table I). The substitution parameters ob- 
served here are very similar to the previously reported a- 
and b-protonation parameters of +9.04 and -1.59 ppm, re- 
spectively, for the five-membered azines5 and the corre- 
sponding values of +7.8 and -4.4 ppm reported for the six- 
membered azines4 It must be noted in the case of I11 tha t  
the change in chemical shift of c h  is actually an average of 
/3 and y positional effects. Furthermore, the C, carbon of I1 
and I11 which is /3 and y to the respective glycosylation site 
shows upfield shifts of 2.9 and 1.1 ppm. This is similar to  
the reversal in trend noted by Pugmire, e t  ~ l . , ~  a t  the 
bridgehead positions in some methylpurines. 

We also note that  the long-range cross-ring effects are 
not preserved for the y carbons. Upfield shifts of 2.1 and 
2.8 ppm for C5 and 4.5 and 4.9 ppm for C j  were observed 
rather than the downfield y shifts reported in other simpler 
systems. 

B. Pyrazolo[ 1,5-a]pyrimidin-7-one (IV). Evidence 
tha t  glycosylation in pyrazolo[ 1,5-a]pyrimidin-7-one (IV) 
occurs a t  the N4 position was first obtained by comparing 
the pmr spectrum of this nucleoside (V) with those of sev- 
eral related heterocycles. I t  has been observed tha t  N- 
methylation results in an increase in the coupling constant 
between protons on neighboring carbons. Some of our re- 
sults are summarized in Table 11. We note that  in cases 
where methylation occurs a t  the N1 position, the H2-3 cou- 
pling constants are of the order of 3.5 Hz, whereas methyl- 
ation a t  N4 results in smaller couplings of 2.0 Hz.lo Since 
ribosylation or methylation is expected to produce very 
similar inductive effects, the fact tha t  the observed J H ~ _ ~  in 
N-~-~-ribofuranosylpyrazolo[l,5-a]pyrimidin-7-one is only 
2.0 Hz leads to the conclusion that  N4 is the glycosylation 
site. 

Confirmation of this assignment was derived from the 

Table  I1 
Some Typical Changes in  Proton Coupling Constants  

as a Result  of N-Methylation 

Compd J H  

1 ,5-Dimethylpyrazolo(  1,5-0 Ipyrimidin-7-one 3.55 
1,2 -Dimethylpyrazol-3 -one 3.50 
4,5-Dimethylpyrazolo~l,5-n]pyrimidin-7 -one 2.05 
5 -Methyl -4 -P-D -r ibofuranosylpyrazolo - 

4 -P-D -Ribofuranosylpyrazolol 1,5 -(I Ipyrimidin - 
[1,5 -a]-pyrimidin-7 -one 2.00 

7 -one 2.00 

following carbon-13 nmr studies. The proton splitting pat- 
tern in the carbon-13 spectrum enables one to distinguish 
the C j  and c b  carbons where the large carbon-13-proton 
coupling is absent, since there are no protons directly a t -  
tached. The  carbonyl carbon is assigned to  the resonance 
furthest downfield in the spectrum. The specific assign- 
ment of the remaining C2, Cs, C5, and C6 carbons in the 
heterocycle or the nucleoside is not possible from the pro- 
ton-coupled spectra alone, since they all exhibit identical 
proton splitting patterns. From chemical shift consider- 
ations, i t  is expected that  the C2 and Cs carbons should 
occur considerably more downfield compared to the C:j and 
C6 carbons. The  specific assignments of these carbons were 
achieved using off-resonance proton decoupling tech- 
niques. The  results are summarized in Table I. 

The two carbons adjacent to  the glycosylation site N4 are 
c b  and Cg. When the carbon-13 shifts of the nucleoside are 
compared with those of the anion of the heterocycle, a large 
upfield shift of 10.3 ppm was observed for c h  and a smaller 
but  also upfield shift of 3.1 ppm was observed for Cs. The 
two /3 carbons C3 and C6 also exhibit the usual downfield 
shifts of 3.7 and 2.1 ppm, respectively. The  y shifts for Cp 
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and  C7, however, are upfield, being 8.5 and 3.4 ppm, again 
showing a reversal in trend in the long-range inductive ef- 
fects. 

C. s-Triazolo[ 1,5-a]pyrimidin-7-one (VI). There are 
three possible glycosylation sites in s-triazolo[ 1,5-a]pyrimi- 
din-7-one, namely, N1, N3, and N4. Although the attach- 
ment of the fl-D-ribofuranosyl moiety in position 1 could 
not be ruled out absolutely from uv data, tentative assign- 
ments of the 3- and 4-fl-D-ribofuranosyl isomers had been 
reported based on comparisons of the uv spectral1 with 
those of the corresponding N3 and Nd methyl deriva- 
tives.lOJ1 

The  carbon-13 chemical shifts obtained for the two nu- 
cleosides of this series are presented in Table I, along with 
the carbon-13 chemical shifts of the heterocycle anion for 
comparison. The  carbonyl resonance was assigned to  the 
most downfield signal from chemical shift considerations 
and cb can be assigned from the proton-coupled spectrum, 
since i t  is the only other carbon with no directly bonded 
protons. The  Cg and c6 resonances in both nucleosides can 
be distinguished from the Cz resonance by a small geminal 
coupling arising from the adjacent proton. The  upfield res- 
onance is assigned to  the c6 carbon by comparison with the 
chemical shifts of related compounds. 

The  possibility that  glycosylation had occurred a t  N1 can 
be eliminated from the positive fl  shift of 3.3 and 4.7 ppm 
observed for C7 for nucleosides VI1 and VIII, respectively, 
when compared to  the carbon shifts of the base anion. The  
nucleoside VI1 exhibits large upfield shifts of 11.7 and 8.7 
ppm for the Cz and c b  carbon resonances, whereas the C5 
resonance remains essentially unchanged. These a shifts 
confirm that  this nucleoside is 3-fl-D-ribofuranosyl-s- tri- 
azolo[l,5-a]pyrimidin-7-one (VII). In the case of the 4 iso- 
mer VIII, there is little change in the chemical shift for the 
Cz carbon when compared to  the base anion, but both c b  
and Cg resonances move upfield by 15.2 ppm and both of 
these carbons are adjacent to  the glycosylation site. The  c6 
resonance exhibits a downfield fl  shift of 3.0 ppm. The y 
shifts in both nucleosides are again inconsistent with the 
downfield shifts reported for other simpler ring systems, 
being +0.8 ppm for Cg and +3.3 ppm for C7 in the 3 isomer, 
and +0.9 and +4.7 ppm for the Cz and the carbonyl carbon 
in the 4 isomer, respectively. 

D. 2-Methylthiopyrazolo[ 1,5-a]-s-triazin-4-one (IX). 
The pyrazolotriazine heterocycle (IX) also provides three 
possible sites for glycosylation, i .e. ,  N1, N3, and N6. We 
have examined the carbon-13 spectra of the base anion 
(IX),  the corresponding nucleoside (X),  and the dethiated 
derivative of the nucleoside (XI).  All pertinent carbon-13 
nmr data are summarized in Table I. The  assignment of the 
various carbon resonances in the heterocycle is based on 
comparison of the proton coupled and decoupled spectra. 
The  C7 and  Ca carbon resonances can be identified from 
large carbon-13 proton couplings. Since carbons bonded to  
nitrogen atoms are generally known to be appreciably 
deshielded relative to  benzene while (3 carbons are 
shielded,I2 the 50-ppm difference between these two reso- 
nances strongly supports the assignment of the lower field 
signal to the C7 carbon a t o  the nitrogen. The  most down- 
field resonance in the spectrum is assigned to  the carbonyl, 
C4. The  remaining Cp and Cg resonances can be unequivo- 
cally assigned by examining their proton splitting patterns 
in the undecoupled spectra. The Cp resonance appears as a 
singlet while Cg appears as a doublet, split by the vicinal H7 
proton. 

In the nucleoside spectrum, C7, Cg, and C4 carbons are 
assigned in a similar manner. The  Cg resonance is again 
identified as a closely spaced doublet in the proton coupled 
spectrum, but the splitting pattern for the Cp resonance 
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cannot be distinguished owing to  the overlap with one leg 
of the C7 doublet. However, the Cz carbon can be assigned 
to  the only remaining downfield resonance. The chemical 
shifts of the ribose carbons are assigned by comparison 
with previously reported spectra.13 

When the chemical shifts of the base carbons of the nu- 
cleoside X were compared to  those of the triazine anion, 
large upfield shifts were noted for three carbons, namely, 
Cz, C4, and Cg, the shifts being 4.6, 10.5, and 8.1 ppm, re- 
spectively. Using the previously reported large positive 
shifts observed in other heterocyclic systems upon compar- 
ison of a neutral species with an anionic form, we can elimi- 
nate N6 as the site of glycosylation because of the negative 
a shift (-4.0 ppm) a t  C7 but it is not possible to establish 
whether N1 or N3 is the glycosylation site from these chem- 
ical shift data alone. 

Let us first consider the case where the ribose is attached 
a t  the N3 position. Examination of molecular models re- 
veals that  the anti  conformation [for purposes of discussion 
here, the anti glycosidic conformation refers to  the range of 
torsional angles about the glycoside bond such that  the 4- 
keto is directed away from the furanose ring (see Chart I)] 
is impossible, since the SCH8 substituent is too bulky to  go 
over the ribose ring. In the syn conformation, the 4-keto 
group of the base would be located over the ribose ring. 
The  presence of the keto group over the ring as occurs in 
6-methylcytidine and other 2,6-dioxopyrimidine nucleos- 
ides has been shown14 to  result in C-H bond polarization 
whereby the Czt is observed to  shift upfield by 2-2.5 ppm 
while the Hz] and H3’ protons shift downfield by 0.2 and 0.1 
ppm, respectively. We have therefore examined the carbon- 
13 ribose chemical shifts and have compared them to those 
of the dethiated nucleoside XI  where the bulky SCH3 
group is absent and the ribose is expected to  be free to  ro- 
tate round the glycosyl bond. Our results (Table I) indicate 
that  all the ribose carbon resonances in X are upfield com- 
pared to the dethiated analog (XI). In  particular, the Czf 
and C3’ carbons in X were shifted upfield by 2.1 and 2.4 
ppm, respectively. In the lH nmr spectra, the Hp( and H3’ 
in X occur a t  -5.90 and -5.66 ppm, respectively, whereas 
those for XI  appear a t  -5.58 and -5.52 ppm. Therefore, 
the carbon shifts were observed to  change in opposite di- 
rections to  the proton shifts of the directly bonded hydro- 
gens, indicating the presence of a carbonyl group over the 
ring in X. Both the carbon-13 and proton chemical shift 
data indicate that  the nucleoside X exists predominantly in 
the syn conformation whereas the nucleoside X I  exists pre- 
dominantly in the anti conformation. In  order to account 
for the presence of the keto group over the ring, the ribose 
must be attached to  the N3 position, since the keto group 
would be too far away to  exert any effect on the ribose 
shifts if the ribosylation had occurred a t  N1. The large pos- 
itive a shifts observed in Cz and C4 are also consistent with 
this structure. As has been observed in all of the nucleos- 
ides examined in this study, a positive y shift is noted a t  Cg 

(8.1 ppm). 
In summary, carbon-13 nmr study of the four heterocy- 

clic series have shown that  large upfield a shifts and the 
small downfield fl  shifts are preserved in these complex 
fused-ring systems. The  only exception observed in the p 
shift is in the case of 7-amino-2-fl-D-ribofuranosyl-u-tria- 
zolo[4,5-d]pyrimidine (III), where a bridgehead carbon is 
involved. The  y shifts in these systems, however, are en- 
tirely inconsistent with past observations in other fused ni- 
trogen heterocycles, namely, the N-methylpurines.6 The  y 
carbons in the nucleosides all exhibit upfield rather than 
downfield shifts and a wide range of magnitudes are ob- 
served. Nonetheless, in most heterocyclic systems, mea- 
surement of the a and fl  shifts alone are sufficient to estab- 
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lish the glycosylation site. This study shows that  carbon-13 
nmr can readily be applied for structural assignments of 
the nitrogen a t  which alkylation or glycosylation has oc- 
curred in complex fused heterocyclic systems. 

Experimental Section 
Proton magnetic resonance spectra were obtained at 60 MHz on 

a Hitachi Perkin-Elmer R-20A spectrometer in DMSO& using 
DSS (sodium 2,2-dimethyl-2-silapentane-5-sulfonate) as an inter- 
nal reference. A Bruker HX-90 nmr spectrometer operating at 
22.62 MHz in the Fourier transform mode was used to obtain the 
carbon-13 nmr spectra. A Fabri-Tek 1074 signal averager with 
4096 word memory was used for data accumulation and a PDP-8le 
computer (Digital Equipment Corp.) for data processing. Saturat- 
ed solutions were prepared in DMSO-d6 and were studied in 10- 
mm tubes. Chemical shifts were reported in parts per million rela- 
tive to TMS using the relationship 6 ~ ~ s  = 6DMS0.ds + 39.5 ppm. 

Ultraviolet spectra were recorded on a Cary Model 15 spectro- 
photometer and infrared spectra on a Perkin-Elmer 257 spectro- 
photometer (KBr pellets). Specific rotations were measured in a 
1-dm tube with a Perkin-Elmer Model 141 automatic digital read- 
out polarimeter. Elemental analyses were performed by MHW 
Laboratories, Garden City, Mich. 

Evaporations were carried out under reduced pressure with bath 
temperature below 30'. Detection of components on silica gel F- 
254 (EM Reagents) was by ultraviolet light and by a 10% sulfuric 
acid in methanol spray followed by heating. Chromatography sol- 
vent mixtures were by volume. 

The anions of various heterocycles were formed by neutraliza- 
tion with LiOH in DMSO-de. Trimethylsilyl derivatives of hetero- 
cycles were prepared using the general procedure of Wittenburg.15 
The heterocycle of interest was heated under reflux in an excess of 
freshly distilled hexamethyldisilazane with a catalytic amount of 
ammonium sulfate under anhydrous conditions until complete so- 
lution was achieved and evolution of ammonia ceased (-15 hr). 
The excess hexamethyldisilazane was removed by distillation 
under reduced pressure and the residue (syrup or crystalline solid) 
was used directly without further purification. 7-Amino-u-triazo- 
lo[4,5d]pyrimidine, 7-amino~3-~-D-ribofuranosyl-u-triazolo[4,5- 
dlpyrimidine, and 7-amino-2-~-D-ribofuranosyl-u-triazo~o[4,5- 
dlpyrimidine used in this study were prepared as previously re- 
ported.8 The synthesis of 3- and 4-(/3-~-ribofuranosyl)-s-triazo~o~l,5- 
alpyrimidin-7-one had been reported by Winkley, et and Re- 
vankar, et  a l l6  
4-~-D-Ribofuranosylpyrazolo[l,5-a]pyrimidin-7-one (V). 

To tetra-0-acetyl-P-D-ribofuranose (10.5 g, 0.033 mol) in dry di- 
chloromethane (50 ml) at -20' was added a solution of dry dichlo- 
romethane (originally 50 ml) which had been saturated at -20' 
with dry hydrogen bromide gas. The mixture was protected from 
moisture with a drying tube and allowed to warm to 0'. The sol- 
vent was evaporated and the resulting syrup was coevaporated 
twice with dry toluene (50 ml). The residual syrup was dissolved in 
"Nanograde" acetonitrile (100 ml) and was added to the syrupy 
trimethylsilyl derivative of 7-hydroxyryrazolo[l,5-a]pyridine [pre- 
pared from 4.05 g (0.030 mol) of baselo] in dry acetonitrile (50 ml). 
The reaction vessel was sealed and the mixture was stirred at room 
temperature. After 3 days the reaction mixture was filtered to re- 
move some heterocyclic starting material (0.7 g) and the dark fll- 
trate was evaporated to a syrup. Sodium bicarbonate (5.0 g), water 
(15 ml), and ethanol (50 ml) were added. The mixture was evapo- 
rated to dryness. Coevaporation with absolute ethanol several 
times afforded a dry residue which was extracted with chloroform 
(3 X 100 ml). The combined extracts were washed with cold satu- 
rated aqueous sodium bicarbonate solution (2 X 10 ml) followed by 
water (3 X 10 ml) and dried over anhydrous sodium sulfate. The 
chloroform was evaporated to dryness and the residual syrup was 
dissolved in a minimum volume of chloroform and applied to a sili- 
ca gel column (4.5 X 35 cm) prepacked in chloroform. The column 
was eluted with chloroform-acetone (8:2) and each of the 25-ml 
fractions was collected. The fractionation was monitored by tlc 
and appropriate fractions were pooled and solvent evaporated to 
yield colorless foam, 7.40 g (75.8%). 

The above blocked nucleoside (7.0 g) was dissolved in methanol- 
ic ammonia (200 ml, methanol presaturated with ammonia at 0') 
and the solution was allowed to stand at room temperature over- 
night. The crystalline solid that separated was collected and 
washed with a little methanol. The combined filtrate and washings 
were evaporated to dryness. The resulting foam was triturated 
with cold methanol, and the solid that separated was collected and 

crystallized from aqueous ethanol to provide pure V, 4.4 g (92.5%) 
(70% for two steps): mp 265'; [aI2'D -23.0' (c 1.0, DMSO); uv A,,, 
(pH 1) 255 nm (e 7200), 303 (8300); A,,, (pH 7) 255 nm (e 7500), 
303 (8800); A,,, (pH 11) 255 nm (e 72001,303 (8550); ir A,,, (KBr) 
1690 cm-' (c=o of heterocycle); pmr (DMs0-d~)  6 8.30 and 5.95 
(doublets, for C-5 H and C-6 H, respectively, J .56 = 7.5 Hz) and 
8.00 and 6.60 (doublets, for C-2 H and C-3 H, respectively, Jz,3 = 2 
Hz). 

Anal. Calcd for CllH13N30~: C, 49.44; H, 4.90; N, 15.72. Found: 
C, 49.49; H, 4.89; N, 15.71. 
5-Methyl-4-~-D-ribofuranosylpyrazolo[ 1,5-a]pyrimidin-7- 

one. A solution of 2,3,5-tri-0-acetyl-D-ribofuranosyl bromide from 
5.25 g (0.0165 mol) of tetra-0-acetyl-P-D-ribofuranose in dry ace- 
tonitrile (80 ml) was added to the trimethylsilyl derivative of 5- 
methylpyrazolo[l,5-a]pyrimidin-7-one [prepared from 2.24 g 
(0.015 mol) of basel'] and the resulting solution was stirred at 
room temperature for 4 days in a sealed reaction vessel. The dark 
reaction mixture was filtered to remove some heterocyclic starting 
material (0.9 g) and the filtrate was evaporated to dryness. The 
residue was extracted with chloroform (150 ml), and the chloro- 
form phase was washed with saturated aqueous sodium bicarbon- 
ate solution followed by water (3 X 75 ml) and dried over anhy- 
drous sodium sulfate. The chloroform was evaporated to dryness 
and the residual syrup was dissolved in a minimum volume of 
ethyl acetate and applied to a silica gel column (4.5 X 35 cm) pre- 
packed in ethyl acetate-water-1-propanol (4:2:1, upper phase). 
The column was eluted with the same solvent system and 15-ml 
fractions were collected. The fractionation was monitored by tlc on 
silica gel using the eluting solvent as the developer. Fractions 31- 
80 were pooled and the solvent was evaporated to yield cream-col- 
ored foam, 2.25 g (61.5%): uv A,,, (pH 1) 253 nm (sh) ( e  6500), 298 
(10,600); Amax (pH 7) 253 nm (sh) ( e  6500), 300 (10,200); A,,, (pH 
11) 253 nm (sh) (e 6500),300 (10,200). 

The above blocked nucleoside (2.0 g) was dissolved in methanol- 
ic ammonia (80 ml, methanol presaturated with ammonia at 0') 
and the solution was allowed to stand at room temperature over- 
night. The solution was evaporated to dryness and the residue was 
triturated with anhydrous ether (5 X 30 ml). The ether-insoluble 
material was dissolved in ethyl acetate containing a few drops of 
water and chromatographed on a silica gel column (2.5 X 35 cm) 
eluting with ethyl acetate-water-1-propanol (4:2:1, upper phase). 
The appropriate fractions were pooled and the solvent was evapo- 
rated. The residue was dissolved in water (50 ml), frozen, and ly- 
ophilized to obtain hygroscopic solid, 0.9 g (65.2%), no definite 
melting point: uv A,,, (pH 1) 250 nm (c  5900), 298 (8150); A,,, 
(pH 7) 250 nm ( e  50501, 298 (8150); A,,, (pH 11) 250 nm (e 56001, 
298 (8400); ir A,,, (KBr) 1680 cm-I (C=O of heterocycle); pmr 
( D M s 0 - d ~ )  6 7.90 and 6.87 (doublets, for C-2 H and C-3 H, re- 
spectively, J 2 . 3  = 2 Hz), 5.85 (singlet, C-6 H). 

Anal. Calcd for C12H15N305 HzO: C, 48.16; H, 5.72; N. 14.04. 
Found: C, 48.50; H, 5.51; N, 13.81. 
2-Methylthio-3-(2,3,5-tri-O-acetyl-~-~-ribofuranosyl)py- 

razolo[ 1,5-a]-s-triazin-4-one (X). A solution of 2,3,5-tri-O-ace- 
tyl-D-ribofuranosyl bromide from 7.0 g (0.022 mol) of tetra-0-ace- 
tyl-P-D-ribofuranose in dry acetonitrile (100 ml) was added to the 
trimethylsilyl derivative of 2-methylthiopyrazolo[1,5-a]-s-triazin- 
&one [prepared from 3.64 g (0.020 mol) of base18] and the result- 
ing solution was stirred at room temperature for 2 days in a sealed 
reaction vessel. The brown reaction mixture was filtered to remove 
0.6 g of heterocyclic starting material. The filtrate was evaporated 
to dryness and dissolved in chloroform (150 ml). The chloroform 
solution was washed successively with saturated aqueous sodium 
bicarbonate solution (3 X 75 ml) and water (3 X 100 ml) and dried 
over anhydrous sodium sulfate. The residual foam, after removal 
of chloroform, was dissolved in a minimum volume of chloroform 
and chromatographed on a silica gel column (3.5 X 50 cm); the 
eluting solvent was chloroform-acetone (8:2). The appropriate 
fractions were pooled and the solvent was evaporated, which af- 
forded orange-colored foam, 6.10 g (83.0%): [aIz5D +13.7' ( e  1.0, 
DMSO); uv A,,, (pH 1) 226 nm (e 86001, 287 (9900); A,,, (pH 7 )  
226 nm ( c  9050), 286 (10,300); A,,, (pH 11) 230 nm (e 5500), 286 
(9900); ir A,,, (KBr) 1340 (SCHs), 1750 cm-I (OAc); pmr (DMSO- 
d6) 6 8.08 and 6.45 (doublets, for C-2 H and C-3 H, respectively, 
52.3 = 2 Hz), 2.65 (singlet, for CH3). 

Anal. Calcd for C17H2&08S: C, 46.36; H, 4.58; N, 12.72. Found: 
C, 46.56; H, 4.43; N, 12.94. 

3-(2,3,5-Tri-O- acetyl-j3-D-ribofuranosyl)pyrazolo[ 1,5-a 1- 
s-triazin-4-one (XI). Freshly prepared Raney nickel (30 g) was 
added to a solution of 2-methythio-3-(2,3,5-tri-O- acetyl-@-D-ribo- 
furanosyl)pyrazolo[l,5-a]-s- triazin-4-one (X, 3.0 g, 0.0068 mol) in 
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50 ml of absolute ethanol. The suspension was heated at reflux on 
a steam bath for 1 hr. The catalyst was removed by filtration on a 
Celite pad and washed with hot ethanol (3 X 15 ml). The combined 
filtrate and washings were evaporated to dryness, dissolved in the 
minimum volume of chloroform, and chromatographed on a silica 
gel column (3.5 X 50 cm) eluting with chloroform-acetone (8.51.5). 
The appropriate fractions were pooled and the solvent was evapo- 
rated to yield a colorless foam, 1.80 g (67.0%): [aIz5D f2.7“ (c 1.0, 
DMSO); uv A,,, (pH 1) 262 nm ( 6  10,300); A,,, (pH 7) 262 nm ( E  

9900); A,,, (pH 11) 262 nm ( 6  9900); ir A,,, (KBr) 1750 cm-l 
(OAc); pmr (DMSO-ds) 6 8.05 and 6.50 (doublets for C-7 H and 
C-8 H, respectively, 57 ,8  = 2 Hz), 8.20 (singlet for C-2 H). 

Anal. Calcd for C1&18N.& - HzO: C, 46.60; H, 4.89; N, 13.59. 
Found: C, 46.80; H, 4.80; N, 13.49. 
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“0ctakis-0-(3-aminopropyl)sucrose” (OAPS) containing about seven aminopropyl side chains per sucrose moi- 
ety has been prepared by reduction of octakis-0-(2-cyanoethyl)sucrose. Measurements of its basicity and equilib- 
rium constant for forming imines with isobutyraldehyde have been made. OAPS is an effective catalyst for the de- 
deuteration of isobutyraldehyde-2-d in aqueous solution; a pH-rate plot shows a maximum around pH 8.4 a t  35’. 
Under these conditions the catalytic activity is about 14 times that which would be expected if the catalyst were 
acting only monofunctionally. Hence it is concluded that one amino group on the catalyst transforms the alde- 
hyde to an iminium ion, and then the activated @-deuteron in this isobutyraldiminium ion is removed by another 
amino group from the same molecule of catalyst. Reasons why this bifunctional catalytic activity is more efficient 
than that due to polyethylenimines, but less efficie‘nt than that due to 8-amino-l-dimethylamino-2-octyne, are 
discussed. 

Primary amine salts catalyze a-hydrogen exchange reac- 
tions of isobutyraldehyde-2-d, acetone-de, and other al- 
dehydes and ketones by transforming them to iminium 
ions, whose a-hydrogen atoms are much more rapidly re- 
moved by bases than are the a-hydrogen atoms of the origi- 
nal carbonyl corn pound^.^,^ The monoprotonated forms of 

Me,CDCHO + RNH; Z+ Me,CDCH=NHR+ H,O 
Me,CDCH=”R* + B _L Me,C=CHNHR + BD 

Me,C=CHNHR - - Me,CHCHO + R”,’ 

amines of the type MezN(CHZ),NHz, where n is 2, 3, 4, 
and 5,  show a catalytic activity toward isobutyraldehyde- 
2-d that  increases monotonically with increasing basicity 
(increasing n ),4,5 but the monoprotonated form of 3-di- 
methylaminopropylamine is by far the best catalyst 
toward acetone-d 6. 4,6 These results indicate bifunctional 

BH H2° 

CD3 
I 

I C H, 

Me,N-CH,-CH, 
1 

catalysis of the dedeuteration of acetone-de via a transi- 
tion state like 1. The absence of such catalysis in the case of 
isobutyraldehyde-2-d was explained in terms of the desta- 
bilizing steric interactions between a methyl group from 
the aldehyde and the NH-bound methylene group from the 
catalyst that  would be present in the analogous transition 
state for isobutyraldehyde. Such strain may be avoided if 
the basic group that  removes the a-deuteron and the pri- 
mary amino group that  forms the iminium ion are sepa- 
rated by a long enough chain for internal deuteron removal 

I + 6  I 


