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NUCLEOSIDES & NUCLEOTIDES, 2 ( 2 ) ,  113-125 (1983) 

CONVERSION OF T U B E R C I D I N  TO TOYOCAMYCIN: SOME PROPERTIESIOF 
TUBERCIDIN DERIVATIVES (NUCLEOSIDES AND NUCLEOTIDES. 4 7 ) .  

* 
Shin - i ch i  Watanabe and Tohru Ueda 

F a c u l t y  o f  Pha rmaceu t i ca l  S c i e n c e s  , Hokkaido U n i v e r s i t y  
Sapporo,  060, J apan  

ABSTRACT 

A f a c i l e  method of c o n v e r s i o n  of  t u b e r c i d i n  t o  the 5- 
methyl  d e r i v a t i v e  and toyocamycin i s  d e s c r i b e d .  The NMR and 
CD s p e c t r a  of  5- and 6-subs ti t u  t e d  t u b e r c i d i n s  are  p r e s e n t e d .  
These d a t a  show t h a t  t h e  6 - s u b s t i t u t e d  t u b e r c i d i n s  are  i n  the 
syn-conformat ions  i n  s o l u t i o n .  

I n  a p r e v i o u s  paper  w e  have  r e p o r t e d  tha t  t r e a t m e n t  of 
2 t u b e r c i d i n  w i t h  th iocyanogen c h l o r i d e  gave  the 5 - th iocyana te .  

Convers ion  of t h e  5 - th iocyana te  to  the 6-cyano and 6-propyl  

t u b e r c i d i n s  h a s  also been  d e s c r i b e d .  I n  t h e  c o n t i n u i n g  s t u d y  

of  s y n t h e s i s  o f  t u b e r c i d i n  a n a l o g s  , the p r e s e n t  pape r  d e s c r i -  

bes f u r t h e r  e l e c t r o p h i l i c  r e a c t i o n s  of  t u b e r c i d i n ,  namely t h e  

i n t r o d u c t i o n  of a ca rbon  u n i t  and n i t r o  group a t  p o s i t i o n  5. 

Some confo rma t iona l  p r o p e r t i e s  of  5 and 6 - s u b s t i t u t e d  t u b e r -  

c i d i n s  as s t u d i e d  by NMR and CD s p e c t r a  are d i s c u s s e d .  

u n i t  i n t o  t h e  p o s i t i o n  3 of i n d o l e s ,  such  as t h e  Mannich re- 
Among r e a g e n t s  used  €or t h e  i n t r o d u c t i o n  o f  a ca rbon  

agen t?  d i t h i o l a n y l a t i n g  a g e n t s 4  , a r y l s u l f o n y l  i s o c y a n a t e s  5 , 
6 and a combina t ion  o f  t r i p h e n y l p h o s p h i n e  and th iocyanogen , 

the Mannich r e a g e n t  seemed t o  be q u i t e  e f f i c i e n t  i n  p r e l i m i -  

na ry  i n v e s t i g a t i o n s .  Trea tment  of  t u b e r c i d i n  (1) w i t h  a n  i m -  
monium s a l t  p repa red  from formaldehyde and morphol ine  i n  d i -  

methylformarnide gave  t h e  5-morpholinomethyl d e r i v a t i v e  (2) i n  
3 3 %  i s o l a t e d  y i e l d .  When t h e  r e a c t i o n  m i x t u r e  w a s  f u r t h e r  
t r e a t e d  w i t h  a c e t y l  c h l o r i d e  the tri-2-acetate (2) w a s  i so la -  

113 , 
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114  WATANABE AND UEDA 

ted in 58% yield. The NMR spectra of 2 clearly showed that 
the morpholinomethyl group was on position 5 of 1. 

Hydrogenation of 2 over a palladium catalyst afforded the 
5-methyl derivative ( 4 )  which was deacetylated to furnish 5- 

methyltubercidin (2) !Compound - 5 has been synthesized by a 
7 multistep conversion of a pyrrolopyrimidine base. 

Conversion of 2 to toyocamycin was then undertaken. Tre- 
atment of 2 with peracetic acid gave the oxido-morpholino- 
methyl derivative ( 5 ) .  In the peracid treatment of adenine de- 
rivatives the formation of N1-oxides was the general course. 
In the present case N-oxidation of the aliphatic amine moiety 
took precedence to that of the pyrimidine portion, which was 
evident by no substantial change in the UV spectra of the pro- 
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TUBERCIDIN DERIVATIVES 115 

d u c t .  Treatment  o f  w i t h  a c e t i c  a c i d  gave  r ise  t o  t h e  Polo- 

novski  r e a c t i o n 8  t o  a f f o r d  t h e  t u b e r c i d i n  5-carboxaldehyde jz) 
i n  a c r y s t a l l i n e  form. The p r e s e n c e  of  t h e  formyl  g roup  i n  1 
was ev idenced  by t h e  d e t e c t i o n  of  a p r o t o n  s i g n a l  a t  9.75  ppm 
i n  t h e  NMR s p e c t r a .  Reduct ion  of  1 w i t h  sodium borohydr ide  
gave t h e  5-hydroxymethyl d e r i v a t i v e  8, t o g e t h e r  w i t h  t h e  de- 
a c e t y l a t e d  d e r i v a t i v e  2. Trea tment  o f  1 w i t h  hydroxylamine i n  
aqueous e t h a n o l  a t  7 0 °  o v e r n i g h t  fo l lowed  by d e a c e t y l a t i o n  a f -  
f o r d e d  t h e  aldoxime (10) i n  a c r y s t a l l i n e  form. Trea tment  of  1 
w i t h  hydroxylamine and s u c c e s s i v e  treatment o f  t h e  p r o d u c t  w i t h  
a c e t i c  a c i d - a c e t i c  anhydr ide  gave ,  a f t e r  d e a c e t y l a t i o n ,  5-cyancr 
t u b e r c i d i n ,  known as toyocamycin. The p h y s i c a l  p r o p e r t i e s  ( UV, 

I R  and NMR s p e c t r a )  of 5 -cyano tube rc id in  (11) were comple t e ly  

i d e n t i c a l  w i t h  t h o s e  of  t h e  n a t u r a l  p roduc t .  T h i s  r e a c t i o n  se- 
quence i s  t h e  f i r s t  example of  t h e  c o n v e r s i o n  o f  t u b e r c i d i n  t o  
toyocamycin. 

I n  o r d e r  t o  i n t r o d u c e  a n i t r o g e n  f u n c t i o n  a t  p o s i t i o n  5 or 
6 o f  t u b e r c i d i n ,  n i t r a t i o n  w a s  s t u d i e d  w i t h  v a r i o u s  n i t r a t i n g  
sys tems.  Trea tment  of  2',3',5'-tri-O-acetyltubercidin - (12 1 
w i t h  fuming n i t r i c  a c i d - s u l f u r i c  a c i d  i n  methylene  c h l o r i d e  
gave two p r o d u c t s  which w e r e  s e p a r a b l e  on a s i l i c a  g e l  column. 
One of  t h e  p r o d u c t s , i s o l a t e d  i n  a c r y s t a l l i n e  form, was a s s i g n e d  
a s  t h e  5 - n i t r o  d e r i v a t i v e  (13) on t h e  b a s i s  o f  i t s  NMR spec t rum.  
The o t h e r  p r o d u c t  w a s  de te rmined  t o  be  6 - n i t r o  d e r i v a t i v e  (14). 
Base c a t a l y z e d  d e a c e t y l a t i o n  of  13 r e s u l t e d  i n  decomposi t ion  
o f  t h e  p r o d u c t .  D e a c e t y l a t i o n  by a c i d  c a t a l y s i s  a t  room tempe- 
r a t u r e  gave 5 - n i t r o t u b e r c i d i n  (15). All a t t e m p t  a t  d e a c e t y l -  
a t i o n  o f  14 w a s  u n s u c c e s s f u l .  The u s e  of  n i t r o n i u m  t e t r a f l u o -  

r o b o r a t e  f o r  t h e  n i t r a t i o n  d i d  n o t  improve t h e  y i e l d s  or cha- 
nge t h e  r a t i o  o f  t h e  p r o d u c t s .  I t  i s  t o  b e  no ted  t h a t  ha loge-  

n a t i o n  of  t u b e r c i d i n  g i v e s  5- or 6 - d e r i v a t i v e s  by s e l e c t i n g  
t h e  r e a c t i o n  c o n d i t i o n s ?  Th iocyana t ion  of  1 a lways  g i v e s  t h e  

2 5 - th iocyana te .  

2 

- 

P h y s i c a l  P r o p e r t i e s  of  5- (and  6 - ) S u b s t i t u t e d  T u b e r c i d i n s .  
One o f  t h e  s t r u c t u r a l  f e a t u r e s  o f  n u c l e o s i d e s  r e l a t e d  t o  

t h e i r  b i o l o g i c a l  a c t i v i t i e s  i s  t h e  confo rma t ion  around t h e  
g l y c o s y l i c  l i n k a g e .  For  t h e  e s t i m a t i o n  o f  a n t i - s y n  conforma- 
t i o n s  of  n u c l e o s i d e s  i n  s o l u t i o n  NMR and CD s p e c t r a  have been 
used .  I t  h a s  been  g e n e r a l l y  r ecogn ized  t h a t  t h e  u s u a l  p u r i n e  
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116 WATANABE AND UEDA 

nucleosides prefer to possess conformations in solution, 
whereas 8-substituted purine nucleosides tend to possess 2 
conformationslO The differences in the conformations are re- 
flected in the chemical shifts of the 2I-protons of the sugar 
moiety. In the nucleosides deshielding anisotropy of the 
N3-electrons has been observed for the 2'-proton. In Table I 
the selected chemical shift values of tubercidin derivatives 
prepared in this and previous2 works are summarized. As is 
evident the 2'-protons of all 6-substituted tubercidins app- 
eared at the downfield as compared to those of 5-substituted 
derivatives. This is due to the similar deshielding effect of 
the N -electrons (equivalent to the N3-electrons of purines) 
of the base moiety in the form of these derivatives. The 
downfield shifts of the anomeric protons of 20 and 21 are due 
to the deshielding effects of the respective 6-carbonyl groups. 

The signs of CD bands at the main absorption region have 

1 

also been used for the estimation of anti-syn conformations. 
In the purine nucleosides the anti forms (2-, 6- and 2,6-di- 
substituted purines) show negative Cotton bands while those in 

I1 the 9 forms (8-substituted purines) show positive bands , 
in general. 

The CD spectral data of 5- and 6-substituted tubercidins 
are summarized in Table 11. All 5-substituted derivatives 
showed negative CD bands at the mainabsorptionregion which 
reflect that these are in the anti conformations. In the case 
of 6-substituted derivatives the 6-carboxamide and 6-carboxy- 
lic acid (20 - and 3) showed a reversal of the sign as expected. 
However, the 6-cyano and 6-propyl derivatives (18 and 191 ex- 
hibited negative CD bands at the main absorption region. This 
would mean that these substituents are less bulky as compared 
with the 6-carboxylates, thus causing some differences in the 
torsion angle of the glycosylic linkages. Since it is confir- 
med that these also exist in the 2 form by NMR measurements, 
the anti-syl preference cannot be simply concluded from the 
sign of the CD bands. As the molar ellipticities of all tube- 
rcidin derivatives are rather small there would be frequent 
interconversion of anti-sp equilibrium. 

EXPERIMENTAL 
UV spectra were measured on a Shimadzu UV-300 spectro- 

photometer. IR spectra were taken on a Hitachi 215 spectro- 
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TUBERCIDIN DERIVATIVES 119 

photometer. Mass spectra were measured on a JEOL JMS-D 300 
mass spectrometer. NMR spectra were taken on a JEOL JNM-FX 
100 FT spectrometer with tetramethylsilane as an internal 
standard. CD spectra were measured on a JASCO 5-40 spectro- 
polarimeter in H20 at room temperature. Melting points were 
measured on a Yanagimoto MP-3 micromelting point apparatus 
and were uncorrected. 

5-(l-Morpholinomethyl)tubercidin (2)----A formaldehyde 
solution (37%, 45.7 mL) was slowly added to 48.6 mL of morpho- 
line under stirring. After the exothermic reaction was comp- 
leted, compound 1 (5 g) was added to the solution, which was 
kept overnight at 90°C. The mixture was evaporated with added 
water and the evaporation with water was repeated severaltimes. 
The final residue was adsorbed onto 60 g of silica gel and the 
mixture was dried in vacuo. The residue was placed on top of a 
silica gel column (90 g, 25x4.8 cm) with CHC13. The column was 
washed with CHC13-MeOH (100:2) and the product was eluted with 
4-8% MeOH in CHC13. The product was purified through a silica 
gel column (25~4.8 cm) by the same solvent to give 2.25 g of 2 
as a powder. A part of the powder was crystallized from EtOH: 
mp 123-126OC; UV (H20) hmax 275nm (L, 9800), hmin 246 (€,3300) 
and (0.1 N HC1) 273 ( L ,  11000), Amin 248 ( E ,  4000); NMR (DMSO- 
d6)68.01 ( s ,  1, H-2) , 7.9-7.5 (broad s ,  2, NH2), 7.28 (broad s ,  

1, H-61, 5.95 (d, 1, H-l'r J= 6.3 Hz), 5.4-5.1 (m, 3, HOX~), 
4.38 (dddr 1, H-2'1, 4.06 (m, 1, H-3'1, 3.57 (broad S, 8, H-5', 
NCH2-5, CH20CH2), 2.53 (broad, CH2NCH2, buried in DMSO). A X .  
Calcd for C16H23N505.EtOH: C, 52.54; H, 7.10; N, 17.02. Found: 
C, 52.43; H, 6.87; N, 17.04. 

2 '  ,3' , 5'-Tri-O-acetyl-5-(l-morpholinomethyl) tubercidin (3) 
---- Paraformaldehyde (740 mg) was suspended in 30 mL of dime- 
thylformamide and morpholine (2.16 mL) was added to the mixture, 
which was stirred for 1.5 h at 60OC. To the mixture was added 
3 g of - 1 and the reaction was kept at 7OoC for 5.5 h. After re- 
moval of the solvent in vacuo the residue was taken up in 50 mL 
of 50% AcOH and kept at 6OoC for 1.5 h. The solvent was removed 
in vacuo and the residue was dried and added to a mixture of 
AcOH (20 mL) and acetyl chloride (8 mL). After 1 h, the solvent 
was evaporated and the residue was patitioned between CHC13 and 

-- 
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120 WATANABE AND UEDA 

H20, and neutralized by the addition of NaHC03. The organic 
layer was dried over Na2S04 and then evaporated. The residue 
was taken up in CHC13 and applied to a silica gel column (15x 
4.8 cm). After washing the column with CHC13 the product was 
eluted with CHC13-MeOH (1OO:l) to give 3.2 g (58%) of 2 as a 
powder. This was used for the next step without purification. 

2',3',5'-Tri-O-acetyl-5-methyltubercidin (4)----Compound 

- 3 (1 9) in 50 mL of 30% EtOH was hydrogenated over 10% Pd-C 
(400 mg) under gentle reflux and atmospheric pressure for 3 

days. The catalyst was removed, the filtrate was concentrated, 
and the residue was taken up in AcOH-AcC1 (10 mL-1 mL). After 
1 h, the solvent was removed and the residue was crystallized 
from EtOH to give 0.76 g (92%) of - 4: mp 188-191OC (sintered 
at 152OC); UV (H20) hmax 2781x11, hmin 247 and (0.1 N HC1) hmax 
281nm, hmin 252. Anal. Calcd for C18H19N407-1/2 EtOH: C, 
53.52; H, 5.20; N, 13.14. Found: C, 53.26; H, 5.42; N, 13.38. 

5-Methyltubercidin ( 5 )  ---- Hydrogenation of 1 ( 5 0 0  mg) in 
25 mL of 50% EtOH over Pd-C (150 mg) for 2 days under reflux 
and crystallization of the product from H20 gave 238 mg (62%) 
of - 5: mp 265-268OC (lit. 262-2630Cr dec.); UV (H20) Xmax 280 
nm ( € ,  13200), hmin 242 ( E ,  4600) and (0.1 N HC1) hmax 283 ( & ,  

12900), hmin 253 (E, 5600) and (0.1 N NaOH) hmax 281 ( E ,  129001, 
Imin 242 ( € ,  4900); NMR (DMSO-d6) 68.00 ( s ,  1, H-21, 7.07 (bro- 
ad s ,  1, H-6), 6.59 (broad s ,  2, NH2), 5.96 (d, 1, H-l', J= 
6.4 Hz), 5.37-4.89 (m, 3, HOx31, 4.36 (ddd, 1, H-2'1, 4.06 
ddd, 1, H-3'), 3.87 (dt, 1, H-4'), 3.56 (broad d, 2, H-S'), 
2.34 (broad s, 3 ,  Me-5). A S .  Calcd for Cl2Hl6N4O4-1/4 H20: C, 
50.61; H, 5.84; N, 19.68; Found: C, 50.80; H, 5.77; N, 19.66. 

7 

2',3',5'-Tri-0-acetyl-5-(l-oxido-l-morpholinomethyl)- 
tubercidin (6)----To a solution of 2 (1.86 9) in 20 mL of 
AcOH was added 0.43 mL of 3 0 %  11202 and the mixture was heated 
at 60°C for 17 h. Water was added to the mixture and the sol- 
vent was removed in vacuo. Evaporation with H20 was repeated 
several times and the residue was taken up in CHC13, which was 
applied to a column of silica ge l  (15~3.8 cm). Elution with 
CHC13-MeOH (100:8, 100:16) gave, after evaporation of the sol- 
vent, 1.22 g (64%) of 5 as a foam: UV (H20) Amax 272nm, hmin 
246 and (0.1 N HC1) hmax 272, hmin 229; NMR (CDC13) 68.28 ( s ,  

-- 
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TUBERCIDIN DERIVATIVES 121 

1, H-2), 7.11 (s, 1, H-6), 6.42 (d, 1, H-l', J= 6.3 Hz), 5.66 
(dd, 1, H-2'), 5.48 (m, 1, H-3'1, 4.51 (broad S r  2, H-5')r 
4.37 (broad s, 4, -CH20CH~), 4.29 (m, 1, H-4'1, 3.83 (m, 2, 
CH2-5), 3.23 (m, 4, -CH2N(0)CH2-), 2.15, 2.12, 2.02 (s ,  3 each, 
Acx3). 

2',3',5'-Tri-O-acety1-5-formyltubercidin (7)---- A solu- 
tion of 6 (1.16 9) in 50 mL of AcOH was heated at 12OOC for 6 
h with an addition of a small volume of AcC1. After evapora- 
tion of the solvent the residue was partitioned between H20 
(containing NaHC03) and CHC13. The organic layer was separated 
and applied to a silica gel column (10~2.8 cm). Elution of the 
column with CHC13-MeOH (100:6) gave a product which was crys- 
tallized from EtOH to give 0.98 g (quant.) of - 7: mp 159-162°C; 
UV (MeOH) Amax 319nm (E, 56001, 278 ( E ,  12300)r 259 (ShrPr 
9900) , 242 ( f ,  9700) , Amin 248 ( € ,  8700) , 224 ( E .  6800) ; NMR 

- 

(CDC13) F 9.75 ( s ,  1, CHO-5)r 8.33 ( S i  1, H-21, 7.83 ( S r  1, H-61, 
6.37 (d, 1, H-l', J= 5.1 Hz), 5.73 (dd, 1, H-2'), 5.56 (m, 1, 
H-3'), 4.42 (broad s, 3, H-4',5'), 2.15, 2.08 (s,  6 and 3, Acx3). 
The protons of the amino group were undetected. A&. Calcd 
for C18H20N404: C, 51.43; H, 4.80; N, 13.33. Found: C, 51.26; 

H, 4.72; N, 13.18. 

5-Hydroxymethyltubercidin (9)----To a solution of 7 (0.59) - 
in 25 mL of 80% EtOH was added NaBH4 (40 mg). After 1 h, the 
solution was neutralized with AcOH and the solvent was evapo- 
rated, and the residue was partitioned between CHC13 and H20. 
The organic layer was applied to a column of silica gel (12x 
1.8 cm). Elution of the column with CHC13-MeOH (100:6-12) gave 
8 in the first fraction (211 mg, 42% as a foam). The later fra- 
ction was concentrated and combined with the aqueous layer of 
the partition and treated with 1 N NaOH for 1 h. After neutra- 
lization, the solution was passed through a column of XAD-4 
(28~4.8 cm). The eluate was concentrated and the residue was 
crystallized from aqueous EtOH to give 163 mg (46%) of 9:  mp 
237-238OC; UV (H20) Amax 273nm ( f ,  10300), Amin 244 ( f ,  3600) 
and (0.1 N HC1) hmax 276 ( f ,  9500), Amin 251 ( € ,  4400) and (0.1 
N NaOH) hmax 273 ( E ,  10100) , Amin 245 ( E l  3800); NMR (DMSO-d6) 
6 8.05 (s,  1, H-21, 7.26 (s,  1, H-61, 6.93 (broad s ,  2, NH2), 

- 

5.98 (d, 1, H-l', J= 6.3 Hz), 5.73 (t, 1, gOCH2-5, J= 5.1 Hz), 
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122 WATANABE AND UEDA 

5.28-5.04 (m, 3, HOx3) , 4.58 (d, 2, HOCH2-5) - , 4.37 (ddd, 1, 

H-5'). A-. Calcd for C12H16N405: C, 48.64; H, 5.44; N, 18.91. 
Found: C, 48.53; H, 5.37; N, 18.94. 

H-2'), 4.06 (add, 1, H-3'1, 3-88 (m, 1, H-4')r 3.55 (m, 2, 

5-Formyltubercidin Oxime (lo)---- To a solution of 1 (0.4 
9) in 10 mL of 50% EtOH was added 73 mg of hydroxylamine hy- 
drochloride and 86 mg of AcONa, and the solution was kept at 
70°C overnight. After evaporation of the solvent the residue 
was partitioned between CHC13 and H20. The organic layer was 
concentrated and the residue was obtained as a powder (450 mg, 
quant.). This was dissolved in 20 mL of MeOH containing 230 mg 
of NaOMe and stirred for 4 h at room temperature. The solution 
was neutralized with Dowex-50 (H ) resin, the resin was fil- 
tered, and the filtrate was concentrated. The residue was cry- 
stallized from EtOH to give 239 mg (81%) of 10: mp 197.5- 
198.5'C; UV (H20)Amax 280nm ( f ,  16000), 263 (sh,E, 12300), Amin 
240 ( E l  8600) and (0.1 N HC1) AmaX 285 ( € ,  10500), 263 (ErlO600)r 
238 ( 2 ,  14100) and (0.1 N NaOH) hmax 288 (E, 16200) , 270 (sh, 
f, 14100) , hmin 248 

+ 

- 

(E, 10000); NMR (DMSO-d6) d10.99 ( S r  1, 
=NOH), 8.14 ( S ,  1, H-2), 8.08 ( S r  1, -N=CH-5), 7.72 ( S r  1, H-6)r 
8.40 and 7.00 (broad s each, 2 ,  N€12), 6.00 d, 1, H-l', J=6.1 HZ), 
5.40-5.06 (m, 3, HOX~), 4.36 (ddd, 1, H-2'1, 4.07 (ddd, 1, H-3'), 
3.90 (dt, 1, H-4'1, 3.58 (m, 2, H-5'). 5. Calcd for C12H15 
N505.3/4 H20: C, 44.65; H, 5.15; N, 21.70. Found: Cr 44.75; Hr 
5.09; N, 21.69. 

Toyocamycin (11)----Compound (200 mg) was treated with 
73 mg of hydroxylamine hydrochloride and 86 mg of AcONa in 
50% EtOM for 2 h at 6OoC to give the oxime as described in the 
previous section. This was dissolved in a mixture of AcOH (3 mL) 
and Ac20 (3 mL) with 100 mg of AcONa, and the mixture was he- 
ated for 8 h under reflux. The solvent was removed in vacuo, 
and the residue was partitioned between CHC13 and H20 contain- 
ing NaHC03. The organic layer was concentrated, and the residue 
was taken up in EtOH saturated with NH3 and kept overnight at 
room temperature. After evaporation of the solvent the residue 
was applied to a preparative thin layer chromatogram developed 
with CHC13-MeOH (100:6). The appropriate band was excised and 
the product was extracted with MeOH. The concentrate was crys- 
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TUBERCIDIN DERIVATIVES 123 

tallized from H20 to give 42 mg (30%) of - 11: mp 210-212'C; UV 
(H20) Amax 290nm (sh), 279, 273 (sh), 232, 208, Xmin 248, 233 
and (0.1 N HC1) hmax 275, 235, Amin 250, 215; NMR (DMSO-d6) 6 

8.44 ( s ,  1, H-61, 8.22 ( s ,  1, H-2), 6.91 (broad s ,  2, NH2), 
6.06 (d, 1, H-l', J= 5.6 Hz), 5.46 (dr 1, HO), 5.22 (m, 2, 
HOX~), 4.38 (ddd, 1, H-2'1, 4.10 (ddd, 1, H-3'1, 3.95 (m, 1, 
H-4'), 3.62 (broad s ,  2, H-5', partially buried in the signal 
of H20); IR (KBr) 2230 cm-l (-CN) . Anal. Calcd for C12H13N504: 
C, 49.48; H, 4.50; N, 24.05. Found: C, 49.40; H, 4.58; N, 23.86. 

2',3',5'-Tri-O-acetyl-5-nitrotubercidin (13)---- A. Com- 
2 pound - 12 (7 g) was dissolved in 120 mL of CH2C12 in an ice- 

bath. A mixture of 9.5 mL of H2S04 and 9.5 mL of fuming HN03 
was added dropwise to the solution under vigorous stirring for 
5 min. After 20 min in the bath, the stirring was continued at 
room temperature for 20 min. The mixture was poured into an 
ice cold NaHC03 solution, and the separated organic layer was 
dried over Na2S04 and concentrated. This was applied to a col- 
umn of silica gel (200 g, 30x4.8 cm). Elution of the column 
with CHCl -MeOH (1OO:l and 100:2) gave a product which was 
crystallized from EtOH to give 2.83 g (36%) of - 13: mp 182.5- 
184°C; UV (MeOH) hmax 360nm (E, 45001, 291 (sh, E ,  7700) , 275 
(2, 11000), 254 (E, 11300), 236 (sh, f , 9500) , Amin 310 (E, 
1900), 264 (E, 106001, 224 ( E ,  7400); NMR (CDC13) S 8.32 (bro- 
ad s ,  2, H-2,6), 6.43 (d, 1, H-l', J= 4.4 Hz), 5.67 (dd, 1, 

2.11 ( s  each, 9, Acx3); MS (m/z) 437 (M'), 259 (sugar+), 180 
(B+2+), 179 (B+l+). Anal. Calcd for Cl7HlgN5O9: C, 46.68; H, 
4.38; N, 16.01. Found: C, 46.46; H, 4.35; N, 15.92. 
B. Nitromium tetrafluoroborate (1.57 g) was suspended in 50 
mL of CH2C12 in an ice bath and 12 (4.63 g )  was added to the 
mixture. The mixture was stirred overnight at room temperature. 
After the work-up as in the previous section, 1.38 g (27%) of 
13 was obtained. 

3 

H-2'1, 5.51 (dd, 1, H-3'), 4-43 (m, 3 ,  H-4',5'), 2-24, 2-13, 

- 
2',3',5'-Tri-O-acetyl-6-nitrotubercidin (14)---- The later 

eluate from the column for the separation of 2 was concentra- 
ted to leave 1.37 g (18%) of 14 as an amorphous powder: UV 
(H20) hmax 380nm, 246, Amin 300, 222 and (0.1 N HC1) hmax 345, 
218, Amin 290; NMR (CDC13) S 8.42 ( s ,  1, H-21, 7.50 ( S r  1, H-51, 
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WATANABE AND UEDA 124 

6.88 (d ,  1, H - l l ,  J= 3.7 H z ) ,  6 .18 (dd, 1, H - 2 ' ) ,  5 . 9 1  (broad 

m ,  3 ,  H - 3 ' ,  N H 2 ) ,  4.65-4.18 (m, 3 ,  H - 4 ' , 5 ' ) ,  2 . 1 5 ,  2 .11 ,  2 .06 
( s  e a c h ,  9 ,  Acx3) ;  MS (m/z)  437 

180 (B+2+) ,  179 (Bi-1'). 

+ + 
( M + ) ,  395 (M-Ac 1 ,  259 ( S u g a r ) ,  

5 - N i t r o t u b e r c i d i n  (15)----Compound 13 (600  mg) was t a k e n  

i n  1 0  mL of EtOH a n d  1 0  mL of 0 . 1  N H C 1 ,  and  t h e  s o l u t i o n  was 
s t i r red for  2 d a y s  a t  room t e m p e r a t u r e .  A f t e r  n e u t r a l i z a t i o n ,  

the s o l u t i o n  was c o n c e n t r a t e d  a n d  the  r e s i d u e  w a s  t a k e n  i n  a 
small  volume of H 2 0 .  The s e p a r a t e d  c r y s t a l s  were collected to  
t o  give 88  mg ( 2 1 % )  of 15. R e c r y s t a l l i z a t i o n  from H 2 0  g a v e  a 

p u r e  sample: m p  232OC (dec.) ;  UV (H20)Amax 365nm ( € ,  39001,  

73001, Amin 317 ( E ,  20001, 264 ( € ,  8650)  I 225 ( E ,  6200)  a n d  

( 0 - 1 ~  HC1)  Amax 333 ( f ,  48001, 260 ( € ,  10700)  , h m i n  298 

( s ,  1, H - 2 ) ,  7 .55  (broad d ,  2 ,  N H 2 ) ,  6 . 1 3  ( d ,  1, H - l ' ,  J= 

4.37 (ddd, 1, H - 2 ' ) ,  4 . 1 4  (ddd, 1, H-3'1,  3 .98 ( m ,  1, H-4'1,  

3.70 ( m ,  2 ,  H-5 ' ) .  A*. Calcd f o r  CllH13N506: C ,  42.44;  H ,  

4 . 2 1 ;  N ,  22.50.  Found: C ,  42.62;  H ,  4 .17;  N ,  22.63.  

290 ( s h ,  f , 6 8 0 0 ) ,  275 ( € 1  9100)  257 ( € ,  8750)  2 3 7  ( s h ,  E I 

( € ,  3 4 0 0 ) ,  234 ( f ,  6 3 0 0 ) ;  NMR (DMSO-d6) 6 8 . 9 2  ( s ,  1, H-6) ,  8 .24  

4.9 H z ) ,  5 .55 (d ,  1, H O ) ,  5 .22  ( t ,  1, H O ) ,  5 - 2 0  ( d ,  1, HO), 
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