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Abstract —— A new aminonucleoside, kanagawamicin (fa), is produced by a

strain belonging to Actinoplanes kanagawaensis. The structure of Ia has

been deduced from physico-chemical data obtained using the natural compound

and its acetates (Ib, Ic and Id).

During the course of our screening program for antibiotics, a new aminonucleoside, named
kanagawamicin, was fsolated from the fermentation broth of a strain belonging to Actinoplanes
kanagawaensis. The antibiotic showed antitumor activity and weak antibacterial activity against
Gram-negative bacteria. This paper deals with the structure of kanagawamicin {Ia).

The fermentation broth (100 liters) was purified by successive column chromatography on
Diaion HP-20 (eluted with 10% acetone), Amberlite IRC-50 (H+ form) and Sephadex LH 20 {eluted with
90% MeOH) to give Ia (0.1 g) as a colorless amorphous powder, C13H}7N506-H20,1) mp 225-258 °C(dec),
(215> -14.0° (c=1, DMSO), v O, i 3200-3400 cn™', v {71710 and 1630 em™' .

For the purpose of further spectral analysis, the following acetates of Ia were prepared.
AcetyTation of la with ACEO—MeOH at 0 °C gave an N-monoacetate (Ib), C]5H19N507, mp 205-207 °C,
in 994 yield. Treatment of la with Ac20—pyridine at room temperature afforded an N,0,0-triacetate
(Ic), C]9H23N509, mp 170-171 °C, and an N,N,0,0-tetraacetate (Id), CEIHZSNSOIO’ amorphous powder,

1

in 20% and 10% yields, respectively. The H-NMR {PMR) and mass spectral data of Ia-d are shown

in Tables I and II. Comparison of 13

C-NMR (CMR) data of Ia and Ic with those of cadeguomycin
(11}2) and 2'-aming-2'-deoxyguanosine (IIIa)g} are compiled in Table III.
These spectral data shown in Tables I-III suggested that Ia is an aminonucleoside being an

analog of cadeguomycin (II).Z)

The mass spectra of la-c exhibited a fragment ion peak at m/z 208
(aglycon + 1) indicating that the aglycon moiety of Ia was C8H7N403 (MW 207) having COOCH3, NH,

and NH {or OH) groups which were consistent with their PMR data. The UY spectral data of Ia
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Table I ]H—NMR (PMR) Data of Kanagawamicin (Ia) and 1ts Acetates {Ib, Ic and Id)
position 1) 1pd)s ) 1c2)» 9 1) M)
6-H 7.70 (s)%) 7.60 (s) 7.56 {s) 7.56 (s)
5-CO0CH, 3.69 {s) 3.70 (s) 3.72 {s) 3.85 (s)
2-NH, 6.55 (bs=0)9) 6.35 (bs=0)  6.37 (bs>0) -
Chemical  3-NH nae) 10.40 (bs=>0} 10.54¢ (bs-»0) 9.50 {bs-»0)
Shifts 4.y 6.17 (d) 6.24 (d) 6.33 (d) 6.26 (d)
(8) 2'-H 4.42 (dt->t)  4.79 {(n->dt)  4.99 (m->dd)
3 3.3-4.1 418 (m—»t)  5.38 (t—st)  5.98 (t—st)
4'-H (m) } 4539 4.18 {(m—sm)  4.80 (m—sm)
5'-H, {m) 4,30 (m—m) = 4.22 (m —»m)
2° -NHCOCH, . 7.87 (d—0)  8.16 (d—0)  6.30 (bs=0)
2" -NHCOCH, - 1.60 (s) 1.60 (s) 1.73 (s)
coupling 210,27 6.0 6.0 6.5 7.2
Constants Q 21 !31 na 6.1 7.2 8.4
(Hz) g0 g na 6.1 7.2 8.4

a) 100 MHz in DMSO—ds. b) 10C MHz 1in C[}Cls. c) Splitting, d) —: Change of splitting on
deuteration with D,0. 0: Disappearance of signal on deuteration. e} Mot assigned, f) Other

data; 3'-0H & 5.63 (d—0), 5'-0H § 5.20 (bs—0) =8.0 Hz, J3.qy 5:%5.0 Hz. g) Other

» JZINﬂ,ZI
data; OCOCHy 8 2.09 (s, 6K}, Jy.p 5.=7.8 Hz. b) Other data; OCOCHy § 2.10 (s, 3H) and & 2.18

{s, 3H}, 2--NHC0('.E3 § 2.28 (s, 3H)




Table II
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Mass Spectral Data of Kanagawamicin (1a) and Its Acetates (Ib, Ic and Id)

Relative Intensity (%)

a) b al a) a)

Fragmentation Pattern mz 2 Ta’ Ib 7 lc ' Id

149 100 - 100 6 21

O COOCH,
150 68 - 43 25 16
Ia, Ib, Ic, Id ——| Hl | 3 176 14 - 36 28 56
— RHN N"N

H 177 15 - 43 35 52

RO=q - R3=Ac 208 8 s 80 100 100

m/z 208 m/z 250 219 . - - _ 35

+ ¥ 25 6

0 - - - - 4

AcO 0 m/z 219
N \: 58 - - - 6§ 15
[m/z 177, 176, 150, 149] N

Ac O NHACc M - 35 10 10 18
n/z 258 {m/z) (339) (339) (381) (465) (507)

a) EI-MS. b) FD-MS, 100%=m/z 340 (M'+1)

Table III  Comparison of 13C-NMR (CMR) Chemical Shifts {8} in Kanagawamicin (la) and

Its Triacetate (Ic), Cadeguomycin {II) and 2'-Amino-2'-deoxyguanosine (I1la)

position 1a%) 1) 1cd)s &) 1112%)
c-2 153.46 s°) 153.32 s 153.13 s 154.93 s
c-4 167.57 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 11012 s -

C-6 126.43 d 125.64 d 125.63 d 139.11 4
¢-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-1 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
¢-3" 75.59 d 70.47 d 73.72 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 in DMSO-d

c) These data were cited from reference 3). (25 MHz in 020). d) Other carbons: COQH3; §

6

. b) These data were cited from reference 2}. (100 MHz in DMSO-dG).

21,859,

20.499 and 20.329, COCH,; 8 169.96%, 169.87° and 169.175. e) Splitting.
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297 (3.84) ] showed a closed similarity te those of {1 [ A max = N max

2)

272 (3.84), 298 (3.88) 7. As shown in Table 111, the (MR signals due to the aglycon moiety of

2, 4) except a signal at § 50.75-50.77

{a and Ic appeared at comparable position with those of II
attributable to the methyl carbon (C-9, COOQH3) of the ester group. The PMR signal at 6 7.70
(DMSO—ds} of Ia {Table I) was assigned as 6-H by comparison with the signal at § 7.78 (DMSD-dG)
due to 6-H of II.Z) These results suggested that the aglycon moiety of Ia is methyl 2-amino-3,4-
dihydro-4-oxo-7H-pyrrolo[2,3-d]pyrimidine-5-carboxylate. The spectral data of Ia (the fragment
ion peak at m/z 208 described above in its mass spectrum, a signal at & 6.17 attributable to 1'-H
in its PMR spectrum, and a signal at & 84.49 due to C-1' in its CMR spectrum} indicated that Ia

2, 3) As in the case of the known N-7-glycosides of 7H-pyrrolo[2,3-d]-

2)

has an N-glycosyl bond.

pyrimidine derivatives, such as the modified nucleoside Qs) and 1I°7, the aglycon of Ia was not

obtained by acidic hydro]ysis.z’ 6)
The mass spectra of lc and Id exhibiting a fragment ion peak at m/z 258 depicted in Table II

7) which was substantiated by

indicated that the sugar moiety of Ia is an amino-deoxyfurancse
their PMR data. By comparison of CMR data shown in Table III, it was noted that the chemical
shift of one carbon (& 60.30) of the sugar moiety of Ia was similar to that of C-2' {§ 58.15) of
Illa, but higher than those of C-2' (& 74.14) and C-3' (8 70.47) of II. These facts suggested
that the amino group of Ia is attached to C-2' or C-3' position of the furanose moiety. Assign-
ment of the position of the amino group in Ia as C-2' position was accomplished by the PMR
spectral analysis of 2'-N-acetates, Ib and Ic, as shown in Table I. A1l signals due to 1'-H,
2'-H, 3'-H and 2'-NHAc of these acetates were fully assigned by means of spin decoupling and
deuteration with DZD' Compariscn of the PMR data shown in Table I with those of the reported
nucleosides having 2-aming-2-deoxyfuranose moiety provided further information on the
configuration of the aminosugar moiety of la. As already noted,a) the chemical shift of the
anomeric proton (1'-H) being cis-configuration to 2'-H appeared at lower field (usually at about
0.5 ppm} than that of 1'-N being trans-configuration te 2'-H in the PMR spectra. The chemical
shift of 1'-H of la (8 6.17, d, J=6.0 Hz, DMSO—dG) was similar to those of 9-(2-amino-2-deoxy-8-

B) and 9-(2-amino-2-deoxy-B-D-

p-arabinofuranosyl)guanine {IvVa) {§ 5.98, d, J=6.0 Hz, DMSD-dG}
arabinofuranosyl}adenine (8§ 6.22, d, J=6.5 Hz, DMSO-dﬁ)B), but different from that of Illa [9-(2-
amine-2-deoxy-B-D-ribofurancsyl}quanine] (8 5.44, d, J=6.0 Hz, DMSO-ds).g) The chemical shift of
1'-H of Ia was 0.73 ppm lower than that of [lIa in DMSO—dS. Thus, it was suggested that ITa has

a 1'-H-2'-H-cis-configuration. As shown in Table I, the first order coupling constant of

§‘1.,2.-. oo gi- and g_3, 4.—va1ues of la and its acetates {Ib-d) were 6.0-7,2 Hz, 6.1-B.4 Hz
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and 6.1-8.4 Hz, respectively. And in the PMR spectra of Ib-c¢, the sfgnal due to 3'-H observed
as triplet after deuteration with DZO indicating that J 21,3 and QA3.,4.—values of them
resembled each other. The g_z.,3.— and g_3.,4.-va1ues of Ib-d were closely similar to those of
9-(2-azido-2~deoxy-8-D-arabinofuranosyl)guanine (IVb) (g_z.’3.=8.0 Hz, g_3.,4.=7.0 Hz,
DMSO-ds)S), 9-(2-azido-2-deoxy-g-D-arabinofuranosyl)adenine (g_z,,3.=g_3.,4.=8.0 Hz, DMSO—dB)B)
and 1—(2—deoxy-3,5-di—0-E;nitrobenzoy1—2-trif1uoroacetamido-a—D—arabinofuranosy1)—4—methoxy-
2(1H}-pyrimidinone [ Qﬁz.,3.=g_3.’4.=6.5 Hz (Pyridine-ds or acetune—ds}; g_z.’3.=6.8 Hz,
2.,3.=5.5 Hz, J 3.8
These facts indicated that the

=6.5 Kz (C0C1,) 1'0), but different from those of 111b (J =2 Hz,

3)

_J_3|’4I
3) -

DZO) and IIlc (i]. 2,’3|'5.8 HZ, _\J_3|!4|

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

=2 Hz, CDC]S—CD3OD).

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 (§ 1.60,
DMSO—dG). One of the acetyl signal of the acetates, Ic and Id, also appeared at higher field,
8 1.60 (DMSO—ds) and 6 1.73 (CDC13}, respectively (Table I). On the other hand, the chemical
shifts of the corresponding 2'-N-acetyl signal of IIIb and IlIc have been reported as & 2.01 (DZO)
and § 1.94 (CDC13—CDBOD).3) These evidences were readily reconciled with the B-glycosylic linkage
of Ia in which the 2'-N-acety? group is in the cis-configuration to the pyrrolol2,3-d]pyrimidine
ring having an anisotropic effect.

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

1) except for

amino-2-deoxy-R-D (or L)-arabinofuranosyl]-7H-pyrrolo[2,3-d]pyrimidine-5-carboxylate
its absolute configuration. The basic structure of the aglycon moiety of Ia is identical with

those of the modified nuclecside Qs) and cadeguomycin (11)2), but the cccurrence of Z-amino-2-

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

ACKNOWLEDGEMENTS The authors express deep thanks to Professor H. Nonmomura, Faculty of

Engineering, Yamanashi University, for the supply of Actinoplanes kanagawaensis strain. The

authors are grateful to Drs. M. Shimizu and H. Nishimura, Dainippon Pharmaceutical Co., Ltd., for
their encouragement throughout the course of this work. Thanks are also due to the staffs of the

Analytical Center of these lahoratories for microanalyses and spectral measurements.

REFERENCES AND NOTES
1) A11 new compounds in this paper gave satisfactory analytical data.
2) R. T. Wu, T. Okabe, M. Namikoshi, S. Okuda, T. Nishimura and N. Tanaka, J. Antibiotics, 1982,

35, 279.
~Y




3} T. Nakanishi, T. Iida, F. Tomita and A. Furuya, Chem. Pharm. Bull., 1976, gﬂ, 2955, and

references cited therein,

4) The CMR signal at & 161.3% (C-4) of Ia was similar to the signal at & 159.4 (C-4, DMSO—ds) of

2-amino-5-methy1-3,4-dihydro-4-ox0-7H-pyrrolo[2,3-d]pyrimidine; J. A. Secrist III and P. §.

Liu, J. Org. Chem., 1978, 43, 3937.
A

5) H. Kasai, Z. Ohashi, F. Harada, S. Nishimura, N. I.

D, L. von Minden and J. A. MacClosky, Biochemistry, 1975, li, 4198,

6) T. Ohgi, T. Kondo and T. Goto, Chem. Lett., 1979, 1283.
7} S. H. Eggers, S.

I. 8iedron and A, 0. Hawtrey, Tetrahedron Lett., 1966, 3271.

8) A. Sato, R, Imai, N. Nakamizo and T. Hirata, Chem. Pharm. Bull., 1979, 33, 821.

§) M, Tkehara and T. Maruyama, Chem. Pharm. Bull., 1978, %Q’ 240.

10} M. L. Wolfrom and S. Inouye, Carbohyd. Research, 1975, 42, 305.

Oppenheimer, P. F. Crain, J. G. Liehr,

11) Atthough la is a methyl ester, the presence of Ia was detected in the fermentation broth and

the early process of purification of la without use of MeOH. Thus, kanagawamicin (la) is not

an artifact.

Received, 27th September,

1982

AN s e



