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Abrtrrcl-l~~Amino-3.6didcoxy.~-1~nhoheropyranosyluronlc acd)cyfosine was synthesi7cd and IIS identity with 
he natural product pcntopyranaminc D was established 

Recently, Seto’-* isolated several cytosinc nucleosides 
(pentopyranines (A -* F) from the fermentation broth of 
Streptomyces gtiseochromogents. Tlw proposed’ struc- 
tures of pentopyranine A and C as I - (2.3 - dideoxy - n - I. 
- glycer~ntopyranosyl) - cytosine and I - (3 - dcoxy - n - 
1. - fhreopcntopyranosyl)cytosine, respectively, were 

confirmed’.’ by total syntheses. Pentopyraninc E and F 
were assigned’ structures of I - (a - I - 
arabinopyranosyl)cytosine and I - (fi - I> 
xylopyranosyl)cytosine. respectively by direct compari- 
son to known’ nucleosides. Seto et ol. also isolated two 

new nuclcosidic products, pentopyranic aci& and hlas- 
ticidin H.-from the culture broth of S. griseochromogenes. 
The structure of the former compound was firmly 

established as I-(@-&glucopyranosyluronic acidkytosinc 

by chemical synthesis.‘The latter product is an immediate 
biogenetic precursor of blasticidin S. Pentopyranamine D, 

the nucleosidc moiety of blasticidin H. was obtained by 
hydrolysis and assigned the structure 9 [I - (4 - amino - 3,4 
- dideoxy - /3 - D - rihohcxopyranosyluronic acid)cytosine] 

on the basis of physicochemical studies.’ From these 
StNCtUd assignments, Seto el a/.’ proposed a reaction 
sequence for the biosynthesis of the important nuclcosidc 

antibiotic, blasticidin S. It is noteworthy that the proposed 

structure of pentopyranamine D resembles closely that of 
C substance I - (4 - amino . 4 - deoxy - @ - D - 
glucopyranosyluronic acid)cytosine.’ a degradation pro- 

duct of the antibiotic gougcrotin. We report herein the 
total synthesis of I - (4 - amino - 3.4 - dideoxy - B . D - 
ribohcxopyranosyluronic acid)cytosme (9) and its identity 
with the natural product. pentopyrdnaminc D. 

The known” I - (3 _ deoxy - /J - I) - xvlohex- 
opyranosyl)cytosine (1) was used as starting material. 
Treatment of I with triethylorthoformatc m DMF 
containing dry hydrogen chloride according to the 

‘Thus investlgatron was supported in part by funds from the 
National Cancer Insrrtute. U.S. Public Health Service (Grants So 
CA-09748. CA 1[1601. CA-17085). the Gimbcl Fund (lo IJ R.) and 
the Hean Fund (IO C.K.C.) 

‘Presented m pan IO the Symposium on Anlihtic Sugars. 
Divrsron of Carbdydrak Chem&. American Chemical S&y. 
169th National Meetinn. Philadelphia. Pennsylvama. US A. Aprrl 
1975. Abstract. No. !t. _ 

+Wc arc indebted to Dr. Davrd Fukushrma of [he Institute of 
Steroid Research. Hronx. New York for the measurements of 
optical rotation on a Rudolf potanrnetcr cqurppcd with a 
pholomulIiplier. 

procedure of Zemlicka” afforded an epimeric mixture of 

orthoestcrs which were benzoylatcd and hydrolyzed to 

give the dibenzoylated 3. Reaction of 3 with bis(4- 

methoxyphcnyl)phenylchloromethane (MMTrCI) in 

pyridine followed by treatment with mesyl chloride 

yielded the crystalline 4’mesylate (4) in -50% yield. 

Treatment of 4 with sodium a7jde in hexamethylphos- 
phoric triamide (HMPT) gave the 4’azido derivative 5 

which without purification was detritylated with 84% 

aqueous acetic acid to crystalline 6. Compound 6 was 
oxidized with chromic anhydride in aqueous acetic acid’: 

to 7 which was debenzoylatcd directly to the free 4-azido 
nucleosidc 8. Reduction of the 4’-azido substituent of 8 by 

hydrogenation with palladium-charcoal catalyst afforded I 

. (4 - ammo - 3.4 - dideoxy - /3 - D - rib0 - 

hexopyranosyluronic acid)cytosine 9. The PMR spectrum 

of 9 was consistent with structure 9 (Fig. I). The IR 

spectrum of the dihydrochloride of 9 was identical with 
that of pentopyranamine D dihydrochltide (Fig. 2). The 
optical rotation of the dihydrochloride of pen- 

topyranamine D ([a jr,% - 24” z 3”. HrO, C = 0.08) and of 
the synthetic material 9 ([ah,% - 27” ? 3, H:O. c = 0.09) 
was determined.+ These values establish the D 

configuration for the natural product. 

EX_-TAl 

M.ps were determimd on a Thomas-Hoover capillary ap 
params and wcrc corrcctcd. PMR spectra wcrc ob~arnod on a 
J.E.O.I. -JIM-PhT.100 spectrometer with TMS as reference 
unless specified otherwise Chemical shifts are reported m ppm 
(6) and slgnalr arc described as s (sin&~). d (doublet). I ftripkt) 
and q (quartet). Values given for coupling conslams are tint order. 
IR spectra were recorded on a Perkin-Flmcr lnfracord usmg 
pressed KHr pclkts. TI.C was performed on mrcroscopc slides 
coaled with silica gel CF,,, (!&rck) and spots were detected by 
U\’ absorbance or by spraying wrth !DsE v/v H,SO.-EIOH and 
heatrng. Mrcroanalyscs were performed by Galbraith 
laboralor~es. Inc.. Knoxvrlk. Tcnn. and by Spang Microanalyti- 
cal laboratory. Ann Arbor. hlich 

N’ Rtnroyl . I - (2 . 0 bemy/ 3 dray /3 o 
xylohrxopgronosyl )cyrosinc (3). I’” (I6 g. 0 055 mol) was drssol- 
ved in IJMF (80 ml). To hr soln was added triethytorthoformate 
(32 ml) followed by IO 51 HCI in DMF (8 ml). After 20 min. solid 
SaHCO, (I6 g) was added and the mixture was stirred oven&t 
and then filtered through a Celite pad which was thoroughly 
washed with pyndmc The combined fihra~c and washings were 
evaporated to dryness below 45’ using a mechanical pump The 
residue. was trituratcd with ether (lOOmI) and the ether was 
discarded 
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The colorkss. sticky SyNp (a singk spol on TLC bcnzenc- 
ethanol 9: I) was dissolved in 100 ml pyridine. AfIcr cooling the 
solutron IO 0’. bcnzoyl chloride (!Og. 0.14 mob was added 
dropwise and the mixture was srincd for Xl min and then poured 
Inlo ice water (Woo ml) The pp~ was colkcted by decanrarton of 
the supcmatart The residue was trituratEd with waler WI ml x 3). 
dissdvcd in chbroform (2cOml). dnal over Na,SO. and Iher, 
cvapwatcd IO dryness to a syrup (2) which could not be crystallized 
from several sdvenlr or mlxlures of solvents. 

H2 
44 34) 

H4’ 
(349) 

i 

0"h 

‘The above syrup (2) uas dissolved In merhylenc chloride 
(I00 ml) and the soln was ddutal with F,tOH (90 ml) sod water 
(10 ml). The mixture was acidified with cont. HCI (2 ml). After 
20 mm. the mixture was evaporated IO dryness. Crystallization of 
the resulting colorless solid from ROH afforded 3 as tine needles 
(Igg. 70 5%). m.p. 214’(sintered). 225-228” (cff). (Founds C. 61.X5; 
H.I.O!;N.9.OO.Cak forC H NO:C.61.9 :H.49R;N.9.01). ,. >I I 7 

N’ Rtnroyl . I . (2 . 0 bmoyl - 3 . &my . 6.0 . di - p . 
m&u~xWifyl . 4 . 0. mtsyl . B 0. xylohrxopyrano~y/)cylosinr 

g-g&+ 
I N 

HS’ ” 
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Fig. l PMR spectrum of synthetic pcntopyranaminc D(9) (D,O). Chemical shifts are given in parentheses in parts per 
million(g). DSSas~heex~crnalstandard. 
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fg. 2. IR spccIra of dihydrochlorlder of narural and synrhcric penIopyranammc D (KBr) 

0) A mixture of 3 (I3 g. 0.028 mall and MMTrCI (IO.1 g. and Ircatcd wlIh 20 ml of IN NaOH overnrghr aI room Iemp. The 
0 030 mol) m pyridinc (I 50 ml) was slured ovemighr aI 45’ and &OH was e\aporarcd ad the residue was parMod between 
Ihcn heated IO 6@ for 4 hr. The mixrurc was cooled IO (P and mcsyl water and ether (100 ml. each). The aqueous layer was xparalcd 
chlomlc (4 ml. 0.05 mol) was added. AfIer 4 hr II rmm Iemp. the and acid&d IO pH - I with cone HCI and Ihen extracted wiIh 

mixrure wa poured inIo an ice.waIer mrxlure (800 ml). The sohd 
pp~ was collec~cd by Mation. washed with waler. dissolved m 

chloroform (200 ml). dried (Sa#Ll. and evaporated IO dryness. 
The solid residue was recrysrallircd from EIOH Compound 4 
(I!g. 51%) was obtained as cdorkss. fine needles. m.p. Ip6200’ 

(IO a red Irqwd). PMR (1)MSO-d.l 6 2.53 (JH. myl CH, and 

H3’a). 3.74 (9 H. 2 artisyl CH,. H3’c and H6’. 63.4.61 (IH. H4’l. 
5 IW(IH.H”).S.3’(IH.H!‘).6.33(IH.HI’.J,~ =946),6wI.? 

(- !!H. aromarrc). II.29 (IH. h’ljR.. dissociabk). (Found: C. 
65.71; H. 4.99. N. 4.79; S. 3% Calc. for C,H.,N,O,,S: C. 65 33; 
H. 5.09. tii. 4.97: S. 3.79). 

TLC cxaminalmn (benzene-EIOH 9. I) showed thaw Ihc moIhcr 
liquor of recrystallirarlon contained a conslderahk amount of 
dcIriIylaIed producI. 

further. buI used direcIly in the nexI step. 

S’-hm:oyl I (4. a:ido 2.0. bm:ovl . 3.4. didtoxy .B . D 

N’ - Rm:oy/ . I . (4. a:ido . 2 0 ben:oyi . 3.4 . dideoxy .6. 
0. di . p . mcfhoxyrriryl B D . rihohrropyrano~~/)cyroant (5). 

A mrxlurc of 4 (8.5 g. 0.01 mol) and sodrum az& (2.6g. 0.04 MI) 

in HYPT (30 ml) was healed ar 70” wifh sIining ovcrnighl. The 
mixture was poured inIo an ice-waler mixIurc (400 ml) conlaining 
a few drops of pyridine The ppl was collecIcd by ClIraIion. 
washed with water (4IM ml conlaming a few drops pyridme). and 
Ihen drssolvcd m chloroform (250 ml). The chloroform soln was 
washed wiIh water (250 ml x 3). dried over SasO,. and evapo- 

rated 10 dryness IO afford a colorless pwder (5). The IR spccrrum 
of Ihis sample cxhlbiIcd a srrong absorprion band aI !.16Ocm ’ 
characrenstrc of the ali& group. This producI 5 was noI purified 

erhcr (IO0 ml x 2). ‘I’be aqueous layer was passed through a 
column of Dowex I x X (OH l (lO&!OO mesh. 4.5 x 20 cm) and lhc 
column was washed succcss~vely wiIh waler (6 I) and0.1 N formrc 
acid (4 I). Compound g was cluled with 0 1 N formic acid. The 

cluenI was evaporated IO dryness Compound 8 was obraind as 
colorless. fme needles (289mg) which wcrc rccrysIalhzcd from 

waler: m.p. 22&2!J’ (dec). IR. vZ: MOO. XM. 2160 (N,). 1710. 
1600. 1560. 1520. 1400 1270 and l090cm ’ (Found. C. 40 34; H. 
4.24; N. 28.1 I. Calc. for C H S 0 : C. 40 54; H. 4 OS; N. 2R.M) ID I* . * 

I (4 Amino . 1.4 . didtoxy . B - 1). nbohexropyranorylumntr 

aridlcprosinc (9). The azdo derlvatrve 8 (I92 rr& was drssolvcd m 

DYF (75 ml) and waler (25 ml). and hydrogenarcd over 10% PI-C 
(7: mg) for IC min with rhc imIial pressure aI 23 x IO’kg m ‘. 
AfIcr removal of the caIalysI by filIraIion. ~hc hhrate was 
evaporarcd IO dryncrs IO a crystalline solid that was recrysIallizcd 

from DMF-waler. Compound 9 was obtamcd as colorless needles 
ll22mg. 70%). m.p. 246-b!@ (&cl. PMR (Fig. I) (Found: C. 

44.23; H. 5.38: N. 20 SC. Calc. for C,,H,,N.O.: C. 44.44: H. 5.19: 
s. 20.74). 

The dihydrorhloridc 01 a was pcpared by dissolving 9 (5 mg) in 
0.2 ml of IN HCI. Affcr 2 days ai room Iemp. the scparaled 
cryslals were colkckd (3.2 mg). The IR spcclrum of this sample 

was idential wiIh IhaI of the naIural product (Fig 2). 

UnivcrsiIy of Tokyo for a sam& of pcnIopy&ine D 

dihvdiochloride We thank Dr. B. A OIIcr of this InstituIc for 

Arknor/rdgtmmrs-The auIhors crprcsc their apprcclalion lo 

Dr. H Scro of rhc InsIiIuIe of Applied Mcrobrology of the 

nbohrxop~lano~y/)rvrosinr (6) Compc&d 5 (!.Og. 0.0063~mol) 

u-as drssol\cd in AcOH (16 ml). The soln was diluted with waler 
(4 ml) and slirrcd at room temp. for 2 hr. After evaporation of rhc 
sol\cnI. lhc residue was InIuraIcd with erher. The colorless soltd 

was colkc~cd by filIraIlon and crystallized from EIOH IO afford 6 
(2 6g. 84%) as colorless needles. m.p. 16)’ (smrercdl. !&L!lT 

(ef0. PMR lDMS0d.l. 6 2.13 (IH. q. H3’a. I,..,:: I,., = 
II OH?). 2 ?I (IH. m. H3’c). 3.74.0 (4H. m. H6’. 6’. H5’. H4’). 
4.95 (IH. I. O,! dlrsoclabkl. 5.31) (IH. KXICI. H!‘. 

J: a -. J, ,.,9.!Hz.J - ( ’ Hz). 6.15 (IH. d. HI’. 1, , a 9.2). : ,. .. . . 
‘.34.1 ( II H. m. aromabc). 8 28 (IH. d. H6. I,, : 7.6Hr). II 2 
(IH. s. NUB?. dirsociabk (Lmmd: C. XI.<S. H. 461; N. 17.00. 
(‘ale. for CI,HzjS.O.. (‘. %.7g: H. 4.49; N. 17 II). 

I I4 . Aado - 3.4 . didtoxy . B . I) - nbohrxopyranosyluronic 
acidkyrosiac (8). To a sdn of 6 (2.4 g. 0.005 mol) m @ial AcOH 
(15 ml) was added I5 ml of oxidizing agenl [3-fold excess. 
prepared by drssolvrng CrO, (6.7 g) in wafer (IO ml). and ddurmg lo 
IOOml with AcOH The mixlure was sIined ovcrmghl at room 
temp. afIcr whrcb iI was partitioned between chloroform (LCO ml) 
and waler (200 ml). The chloroform was dned (Na,SO.l and 
conccnualed IO dryness lo grvc crude 7. 

The crude. bl+zkcd nuckostdc 7 was dissolved in McOH (80 ml) 

hclbful suggcstmns. We are indebted IO Mr. ht. J. Olsen for 

recording Ihc PMR spcc~ra. 
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