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Abstract-- A new aminonucleoside, kanagawamicin ( I a ) ,  i s  produced by a 

s t r a i n  be long ing  t o  Ac t inop lanes  kanagawaensis. The s t r u c t u r e  o f  l a  has 

been deduced from physico-chemical  da ta  ob ta ined us i ng  t h e  n a t u r a l  compound 

and i t s  ace ta tes  ( I b ,  i c  and I d ) .  

Dur ing t h e  course o f  o u r  sc reen ing  program f o r  a n t i b i o t i c s ,  a new aminonucleoside, named 

kanagawamicin, was i s o l a t e d  f rom t h e  f e rmen ta t i on  b r o t h  o f  a s t r a i n  be long ing  t o  Ac t inop lanes  

kanaqawaensis. The a n t i b i o t i c  showed an t i t umor  a c t i v i t y  and weak a n t i b a c t e r i a l  a c t i v i t y  aga ins t  

Gram-negative b a c t e r i a .  T h i s  paper dea ls  w i t h  t h e  s t r u c t u r e  o f  kanagawamicin ( l a ) .  

The fe rmenta t ion  b r o t h  (100 l i t e r s )  was p u r i f i e d  by successive column chromatoqraphy on 

D ia i on  HP-20 ( e l u t e d  w i t h  10% acetone),  Ambe r l i t e  IRC-50 ( H ~  form) and Sephadex LH 20 ( e l u t e d  w i t h  

90% MeOH) t o  g i v e  l a  (0.1 g )  a s  a c o l o r l e s s  amorphous powder, Cl3HI7N5O6.H20,') mp 225-258 "C(dec) ,  

KBr [a]: -14.0" ( c= l ,  DMSO), v OH, NH 3200-3400 cm". u ::: 1710 and 1630 cm". 

FOT t h e  purpose o f  f u r t h e r  s p e c t r a l  ana l ys i s ,  t h e  f o l l o w i n g  ace ta tes  o f  I a  were prepared.  

A c e t y l a t i o n  of  l a  w i t h  Ac20-MeOH a t  0 "C gave an N-monoacetate ( I b ) ,  C15H19N507, mp 205-207 'C, 

i n  99% y i e l d .  Treatment o f  I a  w i t h  Ac20-pyr id ine  a t  room temperature a f f o r d e d  an N,O,O-triacetate 

( I c )  , ClgH23N509. mp 170-171 'C, and an N,N,O,O-tetraacetate ( I d ) ,  CZ1 H25N5010, amorphous powder, 

1 i n  20% and 10% y i e l d s ,  r e s p e c t i v e l y .  The H-NMR (PMR) and mass s p e c t r a l  da ta  o f  I a -d  a re  shown 

i n  Tables I and 11. Comparison o f  1 3 ~ - ~ ~ ~  (CMR) da ta  o f  I a  and i c  w i t h  those o f  cadeguomycin 

( 1 1 ) ~ )  and 2'-amino-2'-deonyguanosine ( 1 1 1 a ) ~ )  a re  compi led i n  Table 111. 

These s p e c t r a l  data shown i n  Tables 1-111 suggested t h a t  I a  i s  an aminonucleoside be ing  an 

analog of  cadeguomycin (II).') The mass spec t ra  of  l a - c  e x h i b i t e d  a fragment i o n  peak a t  m/z 208 

(ag lycon t 1 )  i n d i c a t i n g  t h a t  t h e  aglycon moie ty  of  l a  was C8H7N403 (MW 207) hav ing  COOCH3, NH2 

and NH ( o r  OH) groups which were c o n s i s t e n t  w i t h  t h e i r  PMR data .  The UV s p e c t r a l  da ta  of  l a  
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Table I 'H-NMR (PMR) Data of  Kanagawamicin ( l a )  and i t s  Acetates ( I b ,  l c  and I d )  

6-H 

5-COOCK3 

2-NH2 

Chemical 3-NH 

S h i f t s  

2'-H 

3 ' -H 

4 ' -H 

5 ' -HZ 

2 '-NEOCH3 

2'-NHCOCK3 

7.70 (s)') 7.60 ( s )  

3.69 ( 5 )  3.70 ( s )  

6.55 ( b s + ~ ) ~ )  6.35 (bs-0)  

nae) 10.40 (bs-0)  

6.17 (d )  6.24 ( d l  

4.42 ( d t - t )  

4.18 (m+t)  

3.5-3.9 

- 7.87 (d-0) 

1.60 ( s )  

7.56 ( s )  7.56 ( s )  

3.72 ( s )  3.85 ( s )  

6.37 (bs+O) - 
10.54 (bs+O) 9.50 (bs-0)  

6.33 (d )  6.26 (d )  

4.79 (m+dt)  4.99 (m-dd) 

5.38 (t-+t) 5.98 ( t - t )  

4.18 ( m d m )  4.80 (m-+m) 

4.30 (m--tm) ' 4.22 (m -m) 

8.16 (d-0)  6.30 (bs-0) 

1.60 ( s )  1.73 ( s )  

6.0 6.0 6.5 7.2 Coupl ing -? 1 1 ~ 2 ~  

Constants J 2 1  ,30  na 6.1 7.2 8 .4  

(HZ) J38,41 na 6.1 7.2 8 .4  

a )  100 MHz i n  OMSO-d6. b )  100 MHz i n  C0Cl3. c )  S p l i t t i n g .  d )  +: Change o f  s p l i t t i n g  on 

deu te ra t i on  w i t h  D 2 0  0: Disappearance o f  s i gna l  on deu te ra t i on .  e )  Not  assigned.  f )  Other 

data;  3'-OK 6 5.63 (d+O), 5'-OK 6 5.20 (bs+O), J2,NH,2,=8.0 Hz, -5.0 Hz. g )  Other 
- - 

data; 0COCK3 6 2.09 ( s ,  6H), J2,NH,20=7.8 Hz. h )  Other data;  0COC13 6 2.10 (s ,  3H) and 6 2.18 
- 

(5, 3H), 2-NHCOCK3 6 22.8 ( s ,  3H) 
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Table I 1  Mass Spec t ra l  Data o f  Kanagawamicin ( l a )  and I t s  Acetates ( I b ,  I c  and I d )  

R e l a t i v e  I n t e n s i t y  ( % )  

Fragmentat ion P a t t e r n  m/z l a a )  l a b )  l b a )  l c a )  l d a )  

a )  EI-MS. b )  FO-MS. 100%=m/z 340 ( ~ ~ t l )  

Table 111 Comparison of  '%-NMR (CMR) Chemical S h i f t s  ( 6 )  i n  Kanagawamicin ( I a )  and 

I t s  T r i a c e t a t e  ( I c ) ,  Cadeguomycin (11) and 2'-Amino-2'-deoxyguanosine ( I I I a )  

p o s i t i o n  l a a )  l i b )  ,,a), d )  l l l a C )  

C-2 153.46 se) 153.32 s 153.13 s 154.93 s 

C-4 157.57 s 161.39 s 156.95 s 160.42 s 

C-4a 97.30 s 96.31 s 96.99 s 117.85 s 

C-5 109.12 s 110.96 s 110.12 s 

C-6 126.43 d 125.64 d 125.63 d 139.11 d 

C-7a 151.96 s 152.18 s 152.17 s 152.51 s 

C-8 163.37 s 162.67 s 163.10 s 

C- l  ' 84.49 d 86.17 d 81.54 d 87.56 d 

C-2' 60.30 d 74.14 d 55.10 d 58.15 d 

C-3' 75.59 d 70.47 d 73.72 d 72.81 d 

C-4' 84.19 d 85.27 d 77.30 d 89.21 d 

C-5' 60.42 t 61.29 t 62.58 t 63.00 t 

C-9 50.75 q 50.77 q 

a )  20 MHz i n  DMSO-d6. b )  These da ta  were c i t e d  f rom re fe rence 2) .  (100 MHz i n  DMSO-d6). 

C )  These da ta  were c i t e d  from reference 3) .  (25 MHz i n  $0). d )  Other carbons: COcH3; 6 2 1 . 8 5 ~ .  

2 0 . 4 9 ~  and 2 0 . 3 2 ~ .  gCH3;  6 169.9hS, 169.87' and 169.17s5 e )  S p l i t t i n g .  



H 0 m?& 233 nm ( l o g  E 4.20), 

(3.84) ] showed a c losed 

(3.84). 298 (3.88) 1.') 

272 (3.801, 298 (3.84);  h :;iN HC1 231 nm ( l o g  E 4.15). 272 (3.80),  

s i m i l a r i t y  t o  those of 11 [ A :$: = h :;? HC1 232 nm ( l o g  c 4.30), 

As shown i n  Table 111, t h e  CMR s i g n a l s  due t o  the  aglycon moie ty  of  

l a  and I c  appeared a t  comparable p o s i t i o n  w i t h  those o f  112' 4, except  a s i g n a l  a t  6 50.75-50.77 

a t t r i b u t a b l e  t o  t h e  methyl carbon (C-9, COOCH3) o f  t h e  e s t e r  group. The PMR s i gna l  a t  6 7.70 

(DMSO-d6) o f  I a  (Table I )  was assigned as 6-H by comparison w i t h  t h e  s i gna l  a t  6 7.78 (DMSO-d6) 

due t o  6-H o f  11.') These r e s u l t s  suggested t h a t  t h e  aglycon moie ty  o f  I a  i s  methyl  2-amino-3,4- 

dihydro-4-oxo-7~-pyrrolo[2,3-~]pyrimidine-5-carboxylate. The s p e c t r a l  da ta  of  I a  ( t h e  fragment 

i o n  peak a t  m/z 208 descr ibed  above i n  i t s  mass spectrum, a s i g n a l  a t  6 6.17 a t t r i b u t a b l e  t o  1 ' -H 

i n  i t s  PMR spectrum, and a s i gna l  a t  6 84.49 due t o  C-1' i n  i t s  CMR spectrum) i n d i c a t e d  t h a t  I a  

has an N-glycosyl  bond. " 3, As i n  t h e  case o f  t h e  known N-7-glycosides of  7H-pyrrolo[2,3-$1- 

py r im id i ne  d e r i v a t i v e s ,  such as t h e  mod i f ied  nuc leos ide  and II", t h e  aglycon of I a  was n o t  

ob ta ined by a c i d i c  hyd ro l ys i s . 2 '  6, 

The mass spec t ra  o f  l c  and I d  e x h i b i t i n g  a f ragment i o n  peak a t  m l z  258 dep i c t ed  i n  Table I1 

i n d i c a t e d  t h a t  t h e  sugar mo ie ty  o f  I a  i s  an amino-deoxyfuranose7) which'was subs tan t i a t ed  by 

t h e i r  PMR data .  By comparison o f  CMR data shown i n  Table 111, i t  was no ted  t h a t  t h e  chemical 

s h i f t  o f  one carbon ( 6  60.30) of  t h e  sugar mo ie ty  of  l a  was s i m i l a r  t o  t h a t  of C-2' ( 6  58.15) of  

I i l a ,  b u t  h i ghe r  than those of C-2' ( 6  74.14) and C-3' ( 6  70.47) o f  11. These f a c t s  suggested 

t h a t  t h e  amino group o f  I a  i s  a t tached t o  C-2' o r  C-3' p o s i t i o n  of  t h e  furanose moiety.  Assign- 

ment o f  the  p o s i t i o n  of  t h e  amino group i n  I a  as C-2' p o s i t i o n  was accomplished by t h e  PMR 

spec t ra l  ana l ys i s  of  2 ' -N-acetates,  I b  and I c ,  as shown i n  Table I. A l l  s i g n a l s  due t o  1'-H, 

2'-H, 3 ' -H  and 2'-NEAc of  these ace ta tes  were f u l l y  assigned by means o f  s p i n  decoup l ing  and 

deu te ra t i on  w i t h  DZO. Comparison of  t h e  PMR data shown i n  Table I w i t h  those o f  t h e  r epo r t ed  

nucleosides having 2-amino-2-deoxyfuranose moie ty  p rov ided f u r t h e r  i n f o rma t i on  on t h e  

c o n f i g u r a t i o n  of  t h e  aminosugar mo ie ty  o f  l a .  As a l ready  noted,3)  t h e  chemical s h i f t  o f  t h e  

anomeric p ro ton  ( 1 ' 4 )  be ing  +-conf igurat ion t o  2 ' -H  appeared a t  lower  f i e l d  ( u s u a l l y  a t  about  

0.5 ppm) than t h a t  o f  1 ' -N be ing  =-conf igura t ion  t o  2'-H i n  t h e  PMR spec t ra .  The chemical  

s h i f t  of  1 ' -H o f  l a  (6 6.17, d, F 6 . 0  Hz, DMSO-d6) was s i m i l a r  t o  those o f  9-(2-amino-2-deoxy-0- 

D-arabinofuranosy1)guanine ( IVa )  ( 6  5.98, d, p 6 . 0  Hz, D M S O - ~ ~ ) ~ )  and 9-(2-amino-2-deoxy-8-o- 

arabinofuranosy1)adenine ( 6  6.22, d, 5-6.5 Hz, D M S O - ~ ~ ) ~ ) ,  b u t  d i f f e r e n t  f rom t h a t  o f  l I I a  [9 - (2 -  

amino-2-deoxy-8-D-ribofurirnosyl)guanine] ( 6  5.44, d, 2 6 . 0  Hz, D M S O - ~ ~ ) . ~ )  The chemical s h i f t  of 

1 ' -H  o f  I a  was 0.73 ppm lower than t h a t  o f  I l I a  i n  DMSO-d6. Thus, i t  was suggested t h a t  I a  has 

a 1 ' -H-2 ' -H-*-conf igurat ion.  As shown i n  Table I, t h e  f i r s t  o rde r  coup l i ng  cons tan t  of  

i 1 ' , 2  ,-, J 2, ,3, -  and J 3,,4,-values o f  I a  and i t s  ace ta tes  ( I b -d )  were 6.0-7.2 Hz, 6.1-8.4 Hz 
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and 6.1-8.4 Hz, respectively. And ,in the PMR spectra of Ib-c, the signal due to 3 ' - H  observed 

as triplet after deuteration with D20 indicating that J 2, ,3,- and J 3, ,4,-values of them 

resembled each other. The J 2,,3,- and J 3,,4,-values of lb-d were closely similar to those of 

9-(2-azido-2-deoxy-B-D-arabinofuranosy1)guanine ( IVb) (J 2, ,3,=8.0 Hz, J 38,48=7.0 Hz, 

DMSO-~~)~', 9-(2-azido-2-deoxy-0-D-arabinofuranosyl )adenine (J 2, ,3,-- -J 3, ,4 ,=8.0 Hz,  DMSO-d6) 8) 

and 1-(2-deoxy-3,5-di-O-~-nitrobenzoyl-2-trifluoroacetamido-a-D-arabinofuranosyl)-4-methoxy- 

2(1H)-pyrimidinone [ J 2, ,3,=J 3, ,4 ,=6.5 Hz (pyridine-d5 or acetone-d6); J 2,,3,=6.8 Hz, 

J3',4 ,=6.5 Hz (CDC13) ]lo), but different from those of IIIb (J 2,,3,=5.5 Hz, J 3,,4,=2 Hz, 

~ ~ 0 ) ~ )  and IIIc (i 2,,3,=5.8 Hz,  J 3, ,4,=2 Hz,  CDCI~-CD~OD).~) These facts indicated that the 

aminosugar moiety of Ia is 2-amino-2-deoxyarabinose. 

The remaining problem is the mode of the glycosylic linkage of Ia. In the PMR spectrum of 

the N-monoacetete (Ib), the signal due to 2'-N-acetyl group resonanced at higher field (6 1.60, 

DMSO-d6). One of the acetyl signal of the acetates, lc and Id, also appeared at higher field, 

6 1.60 (DMSO-d6) and 6 1.73 (CDC~~), respectively (Table I). On the other hand, the chemical 

shifts of the corresponding 2'-N-acetyl signal of IIIb and IIIc have been reported as 6 2.01 (D20) 

and 6 1.94 (CDC13-C030D).3) These evidences were readily reconciled with the 0-glycosylic linkage 

of Ia in which the 2'-N-acetyl group is in the *-configuration to the pyrrolo[2,3-~Ipyrimidine 

ring having an anisotropic effect. 

Consequently, the structure of Ia was deduced to be methyl 2-amino-3,4-dihydro-4-0x0-7-[2- 

amino-2-deoxy-B-D (or ~)-arabinofuranosyl]-7~-pyrrolo[2,3-~]pyrimidine-5-carboxylate~~) except for 

its absolute configuration. The basic structure of the aglycon moiety of Ia is identical with 

those of the modified nucleoside q5) and cadeguomycin (II)~), but the occurrence of 2-amino-2- 

deoxyarabinose as a sugar moiety of natural nucleosides was found for the first time. 
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