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Abstract - The nucleoside antibiotic cadeguomycin, 2-amino-3,4-dihydro-4- 
oxo-7-8-D-ribofuranosyl-7H-pyrrolo[2,3-~]pyrimidine-5-carboxylic acid (1) 
was synthesized ?rom 3,4-d.i.hydro-3-methoxymethyl-5-methyl-2-methylthio-7- 
~2,3-0-isopropylidene-5-0-triphenylmethyl-B-D-ribofur~~l~7H-pyrrolo- 
[2.3-$]pyrimidin-4-one (lOB), which was effectively prepared by glycoayl- 
ation of 3,4-dihydro-3-methoxymethyl-5-methyl-2-m~~lthio-7H-py~olo- 
[2,3-fi]pyrimidin-4-one (8) with 2,3-O-isopropylidene-5-O-triphenylmethyl- 
B-D-ribofuranosyl chloride (9). 

In 1982, a novel nucleoeide antibiotic, cadeguomycin (l), was isolated from the culture broth 

of Streptomyces hygroscopicua IR7912T as a minor component concomitant with tubsrcidin (2).1 

Cadeguomycin (1) displays a property of enhawing incorporation of c3H)thymidine into DNA of K 562 

human leukemic cells and exhibits inhibitory effects on transplantable animal tumors, but shows no 

significant antimicrobial activity against bacteria and fungi in contrast to tubercidin (2).l 

It has a guanosine-like pyrrolo[2,3-dlpyrimidine nucleus, which haa been found in nucleoside Q 

(3)t2 preQD (4),3 preQ1 (5),' and kanagawamicin (6).5 In our previous paper.6 we reported a total 

synthesis of cadeguomycin (1) involving glycosylation with riboayl bromide protected with benzyl 

groups. which were replaced with isopropylidene group in a later stage. 

HO OH 

Cadeguomycin (1). 

Nucleoside Q (3). 

Pm+, (4), 

DreQl (5), 

R=COOR 

R-CH2N 

R=CN 

R-CH2RR2 

Tubercfdin (2) 

Pig. 1. 

Kanagawamlcin (6) 

We now report a total synthesis of cadeguomycin (1) using a much improved method of 

glycosylation. In this case, replacement of protecting groups is unnecessary. The new synthetic 

route reduced the number of reaction atepa and improved tha a:B ratio, thus raising the yield of 

the deeimd nucleoaide. 3.4-Dihydro-5-mat~l-2-~t~lthio-m-pJfiolo[2,3-~]pyriaidin-4-one (7) was 

synthesized according to the previously reported procedure. 
8 

Direct methoxymethylation of 7 was 
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accompliehed by using ;-BuLi (1.0 eq) and chloromethyl methyl ether in 1,2-dimethoxyethane (DMB) to 

give 8 in 72% yield. In this caee. 4-0-methoxymethyl isomer was formed in trace amounta, whereas 

more polar solvents such ae N,N-dimethylfonoamide (DNF) were ueed formation of the O-protected 

compound increased. 2,3-O-Ieopropylidene-5-0-triphenylmethyl-B-D-riboPuranoayl chloride 9 wae 

obtained in three steps from D-(-)-riboee according to the literature. 9 Assuming that condeneation 

reaction of the base 8 with 9 proceed0 in SN2 type, it is predicted that the a isomer is formed in 

preference to the B isomer. Indeed, as shown in table 1, glycosylation of 8 with 9 in DMF 

afforded lOa in 98% yield ae a 3:l mixture of a and B isomers. It ie expected that the addition 

of halide ion in the reaction system would cause conversion of the B-chloro riboee to the mom 

active a form to raiee the ratio of the 6 isomer 1OB. The beet result (a:6 = 1:2) waa obtained 

when the reaction wae carried out in the presence of powdered sodium bromide at room temperature. 

+ 

7, R-H 

8, R=CH20CH3 

9 

1OaB 

Fig. 2. 

Table. 1. Glycoeylation of the base 8 with the sugar 9 

Reaction 10 

Bass Additive solv . Taq. lima (h) Yield ($1 Bat10 (a:61 

N&i Non DHF rt 4 98 3:l 

NaH NaBr DMF O'C-rt 10 64 1:l 

NaH NaBr DMF rt 4 81 1:2 

NaH NaI DMF rt 4 70 3:2 

NaH MgBr20Et2 CRF rt 12 no reaction 

NaH (n-Buj4NBr DMF rt 4 90 2:l 

The 1:2 mixture of nucleoeidee lOa and 106 wae used in the following reaction without separation. 

Treatment of the mixture with acetamide anion generated by fusion of fleshly sublimed acetamide and 

sodium hydride at 135 'C gave the correeponding acetylamino derivative llad as an inseparable 

mixture in 81% yield. Detritylation of 1laB was accomplished with hydrogen bromide in dichloro- 

methane at 0 'C to give a mixture of 121 and 12g in 69% yield. The anomeric mixture 12@8 was 

separated into 8 (44% yield) and a isomer (25% yield) by silica gel column chromatography. 

Acetylation of l2B with acetic anhydride and pyridine at room temperatum gave 5'-0-acetyl 

derivative 13 in quantitative yield, which was identical with the authentic nucleoeide.'l In order 

to convert 13 into cadeguomycin (l), the methyl group at five position muet be oxidized to 

carboxylic acid. Prior to oxidation of the methyl group, 13 was treated with N-bromoeuccinimide 

(NBS) in benzene to give the bromide 14 (93% yield). Further treatment of the bromide 14 with NBS 

in carbon tetrachloride in the presence of benzoyl peroxide (BF'O) ae a radical initiator afforded 

the dibromide, which was hydrolyzed immediately vith silver carbonate to give the b--alcohol 15 

in 81% yield. Oxidation of the alcohol 15 with active manganeee(IV) oxide was accompanied partial 

deacetylation of N-diacetyl group to give an aldehyde, which wae macetylated With acetic anhydride 

and pyridine to afford the b-o-aldehyde 16 (66% yield). Conversion of the aldehyde 16 into the 



carboxylic acid 17 ,wa+x accomplished by the use of NBS. 
10 

Thus, 16 was treated with NW3 in carbon 

tetrachloride under irradiation by a reflecting photo-lamp at room temperature to give the 

corresponding acid b&de. which was subsequently hydrolyzed to afford the broao-carboxylic acid 

17 in 74% overall yield from 16. ,Debrcmination of 17 in the preeence of 101 PI-C and pota~lium 

acetate gave the corresponding carboxylic acid 18 in 74% yield. Treatment of 18 with amonium 

hydroxide followed by tritluoroacetic acid (TFA) afforded almost pure cadoguomycin (1) in 84% 

yield. Further purification was carried out by ODE HPLC. The synthetic cadeguomycin wae 

identified by comparing ita physical data with that of the natural cadeguomycin cl).1 

1) cym$* Iw 

135 'C. 2.5 h 

311 

lBaB 
21 NBr in CR2C12 

O'C-rt, 0.5 h 

69% 

1S R-CH2OH 

16 R-CBO 

lla8 Y-Tr 

120 and 6 Y=H 

1) m, K2CC3 

CClQ. rt. 50 mfn 

74g 

1) Ac20, Pyridine 

rt. lh 

wt. 

1) NBS, Bm. cc14 

2 
nflux, 1.5 h 

2) Diora~~-~O 

.?I NBS, Benzene 

ct. 0.5 h 

punt. 

c 

4,Co3. rt, 1.5 h 

812 

14 Z-Bt 

2) 10% Pd-C/R2 

KOAc. MeOH 

l-t. 15 min 

7w 

18 Z=H 

1) NRpR-PboH 

rt. 15h 

2) TM-HZ0 

70 'C. 1 h 

81% 

Pig. 3. 

EXPERIMENTAL 

General. Nelting points were taken on a Mitamura When flat-bulb thermometer with a heating 

metal block and uncorrezted. Elemental analyses were done on a Perkin-Elmer 240C elemental 

analyzer. Nuclear magnetic reeonance spectra (NME) were obtained with a 36oL FX-100 or a FX-200 

inet-nt in the FI mode. Chemical ahifte were expreesed in parts per million from internal 

tetramethylsilane (6) unless otherwise noted. Coupling constants are in hertz (Hz) and splitting 

pattern abbreviations are: a, singlet; d. doublet; q, quartet: dd. doublet of doublets; ddd. 

doublet of double doublete; br, broad. Mane spectra (MEIS) were obtained on a JWL D-100 (SI) or 

DX-300 (high-resolution and FAB) spectrometer. Infrared spectra (IR) were recorded on either a 

Shimadzu IR 435 or a JAECC A-3 spectrophotometer. Ultraviolet spectra (UV) were measured on a 

Hitachi 228 apectrophotometer. Optical rotations [aID were recorded on a JABCC DIP-181 digital 

polarimeter. 

Analytical thin-layer chromatography (TLC) was conducted on precoated TLC glass aheete (silica 

gel 6OF-254. layer thickness 0.25 mm) -factured by B. Merck. Preparative silica gel thick layer 

chromatography was performad on 20 X 20 cm glaae platea coated with silica gel PF-254 (E. Merck, 

Darmatadt). Silica gel columne for chroaatography were prepared with Merck silica gel 60 

(70-230 meehl. 
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~,4-Di~~o-3-~thox~thyl-S-nsethyl-2-methg~tbio-7H-~olo[2,3-djpgrimidin-4-one (8). To a 

mtirmd solution of 7 
8 

(6.0 g, 30.7 mmol) in anhydrous 1.2-dimethoxyethane (LIMB) was added dropwies 

a 1.70 g hexene eolution of n-EuLi (18.0 atl, 30.6 -1) at -40 ‘C under argon atntephere. After 

20 ain the dxture was cooled to -60 ‘C and chlorometbyl methyl ether (4.8 ml, 63.8 mmol) uas added 

to it. The mixture was allowed to warm to room temperature and stirred for further 4 h. Anbydroua 

potaeaium carbonate (58) was added to it.1’ the reeulting mixture was evaporated in vacua, end the -- 
residue wan partitioned betueen CH Cl and water. 

2 2 The organic layer wan washed with water and 

brine, dried over anhydroue Na SO 2 4, and evaporated to give a crystalline wasa. vblch W(UI washed 

with ether to yield 8 (5.3 g, 72%) as white crystals: mp 193-194 *C; UV(MeOH) 302 (E 11080) and 

280 nm (ah, 9220); lH-NHB (CBCl3) 6 2.38 (3H, d, J-l.OHz. CH3), 2.57 (3H. 8. SCH3), 3.46 f3H. a. 

T). 5.59 (2H. 6, 0CH2E). and 6.53 (lH, q. J=l.Offz, H-6); IR(KBr) 3210 (NH), 1658 (amide Il. and 

1585 (amide II) cm-‘; MSIS(E1) m/z 239 (M*). Anal. Calcd for CroHr3N302S: C, 50.19; H, 5.48; N, 

17.56. Found: C, 50.25; H, 5.29; N, 17.55. The washinge were evaporated in vacua and the residue -- 
was chromatographed on a silica gel column (benzene-ethyl acetate. 6:1) to give a trace amount of 

4~-methoxymsthyl-~-methyl-2-raatbyltbio-7~-Vyrrolo~Z,3-~]pyrimidine: mp 126-127 'C; 'H-~~~~13) 

6 2.40 (3H, d, J=l.OHz, CH3f, 2.60 (3H, E. SCH3), 3.60 138, 8% ocW31, 5.75 f2H, 8, 0CH20), 6.78 

(lH, q. J=l.OHx, H-61, and 9.50 (lH, br, NH); HS(gI) m/z 239 (M'). Anal. Celcd for CloH13N302S: 

C, 50.19; H, 5.48; N, 17.56. Found: C, 50.33; H. 5.45; N, 17.33. 

Glycosyletion of the base 8 with 9, To a mixture of 8 (4.2 g, 17.6 rmool), 9' (12.0 g, 

26.6 extol), powdered sodium bromide (7.0 g, 68.0 mmol), and sodium hydride (50% 011 suspension, 

1.1 g, 22.9 ~mol1 at room tempera&m ~88 edded at once anhydrous DWF (60 ml) wfth stirring under 

argon atmosphere. The suspended mixture was stirred for 4 h, and poured into cold water. then 

extracted with ethyl acetate. The combined organic layers were washed with water and brine, dried 

over anhydrous Na2S04, and the solvent wae removed $ vacua. The crude material was purified by 

chromatography on a silica gel column (hexane-ethyl acetate, gradient elution from 2:l to 1:2) to 

give 3,4-dlhydro-3-methoxymathyl-5-methyl-2-methylth~o-7-~Z,3-O-iso~ropylidene-5-O-triphe~l~t~l- 

D-ribofuranosyl)-7H-pyrrolo[2.3-~]pyrtmidin-4-one (X&B) (9.5 g, 81%) as a 1:2 mixture of a and B 

isomer, which showed q ingla spot on TLC, and could not be separated: W(MeOH) 307 and 271 nm; 

lH-N?iR (CDC13) 6 1.36 and 1.62 (2 X e, 2 X CH3), 1.94 (a, a-SCH3), 2.27 (d, J=l.OHz, B-CH3-51. 2.44 

(d, J=l.OHx, a-(X3-5), 2.53 (e, S-SCH3f, 3.15 (dd, J5, 4,=2.4Hx, 55, 5,=10.3Hz, o-H-5’). 3.33 (dd, 

35’,4,=2.4&. J5.,5,=‘0.5Hz, B-H-5’). 3.35 idd, J5,,4,- . I2 4Hx, J 
5',5' 

:10.5Hx, E-H-5'). 3.44 (8, 

B-ocH3). 3.45 (6, a-0CH3f. 3.62 (dd, J5, 4,=2.2Hx, 55, 5, =10.3Hz, a-H-5'), 4.3-4.4 (m, a,E-H-4'). 

4.84 (dd. J3,,2,a3.2Hx, J3,,'(, =6.4H~, 13-G-3'), 4.95 (d: J=6.1Hz, a-H-3'), 5.0-5.1 (m, a&H-2'), 

5.56 and 5.58 (AS quartet, J=12.0Hz, GCH2N), 6.26 (d, Jl, 2, =3.4Hz, &H-l'), 6.60 (q, J=l.OHx, 

B-H-6). 6.97 (q. J=l.OHz, a-H-61, 7.08 (d. Jl, 2, -3.9W2, &H-l'), and 7.1-7.6 (m, ArH); IR(neat) 

2925, 1690 (amide I),and 1517 cm-l; WEI) m/x’653 (I+). 

A 1:2 mixtum of 2-Acetylsmino-3.4-dihydro-3-methox~thyl-5-~t~l-7-f2,3-0-isoVrOVYlidene-5- 

O-triphenylmethyl-0 and E-D-ribofuranosylf-7H-Vyrrolo~2.3-d]Vyrixkidin-4-one (llafk). A mixture of 

aodium hydrfde (3.2 g), acetamide (32 g, sublimed juet before UBO), and 1OaB (6.4 g, 9.8 mmol) w(u1 

heated at 135 ‘C for 2.5 h under argon atmosphere. After cooling, acetamide was largely removed 

in V~CUO, and the msidue uaa then carefully neutralized with 50% acetic acid under ice cooling. 

and extracted with benzene. The combined extracts were washed with water, saturated NaHC03 and 

brine, dried over anhydrous Na2S04, and evaporated in vacua to afford a yellov syrup, which was -- 

chromatographed on a silica gel column (hexane-ethyl acetate, gradient elution from 2:l to x:21 to 

give 1laS (5.3 g, 81%) as a pale yellow syrup: W(MeOH) 303 and 270 nm; 'H-NMR(CDC13) 6 1.33 (a, 

a-CH3), 1.35 (8, B-CH31, 1.53 (a, a-CH31, 1.59 (8, g-CH3L 1.99 (a, a-CH3CON), LZ@ (ds J=l.OHx, 

E-CH3-51, 2.41 (d, J=l.Ofix, a-CH3-5). 2.46 Is, 8-CH3COg1, 3.15 (dd, J5, 4,=2.4Hx, J5, 5,=10.5Hx, 

o-H-5'). 3.3-3.4 (m, e-H-5'), 3.57 (dd, J5, 4,-2.2Hz, J5, 5, =10.5Hx, o-;r-5'). 4.3"4.5'(m, 

e,6-H-4'). 4.8-4.9 (IO, o,E-H-3'). 4.9-5.t (i. a,&H-2'). $.4-5.6 (m, 0CH2N). 6.14 (d, Jl, 2,m3*2Hx. 

B-H-l'), 6.67 (q, J-l.OHz. B-H-6), 6.81 (d, Jl, 2, =4.4Hz. o-H-l’), 6.95 (q, J=l.OHx, o-H-61, 

7.1-7.5 (m, ArH), 8.34 (br. 0, a-NH), and 8.40 ibr. 6, S-NH); IR(neat) 3320 (NH), 1688 (amide I), 

and 1575 (amide II) cm -'; MS(BI) m/z 664 (M+). 
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2-AcetYlslino-3,4-dihyd~-3-rwthox~thyl-5-aethyl-7-~2.3-0-iaop~Iid~e-g-D-ri~f~O6Y~~- 

7IGpyrrolo[2.3-d~yrilidin-4-one (iza) and ita a ieomer (Us). To a solution of 1Zel) (5.0 g. 

7.5 mool) in anhydrous CH2C12 (50 ml) wae treated with a CH2C12 solution of hydrogen brmide 

(0.035 M, 310 ml, 10.9 aam at 0 'C under argon atmoephere. After stirring for 10 min at the name 

temperature, the mixture wae allowed to warm to room temperature, and etirred for furtbm 20 min. 

Saturated N-3 wae added to it and the organic layer was eeparated. dried over anhydroue Na2S04, 

and evaporatedln vacua to give a syrup, _- which waa chromatographed on a silica gel column 

(ethyl acetate-acetone, 7:l). The firat fraction contained B isomer l2g (1.4 g, 44%) and the 

second, a ieomer Uo (0.8 g, 25X), both of which were crystallized from bexane-benzene: 121; 

mp 182-184 'C; W(MOOH) 302 nm (E 9840); [a$ -30.5' (c 0.2, ctic13,; 'H-NMB(CDC13) 6 1.37 (3H, 8, 

CH~), 1.60 (3~, 8, cH3), 2.36 (3H, d. J=l.OHz, CH3-5), 2.37 (3H, 8, CH3CON). 3.20 (lH, br, OH), 

3.45 (3H, e, CH30), 3.7-3.95 (m, 2H, H-5'), 4.30 (lH, q, J-3.OH2, H-4'), 5.06 (lH, dd, J3, 2,=6.5Hz, 

J3, 4,=2.4Hz, H-3'), 5.15 (lH, dd, J2, l,=3.6Hx, J2, 3, =6.5Hz, H-2'), 5.46 and 5.61 (2H, Ai quartet, 

J=li.OHt, OCH2N), 5.84 (lH, d, Jl, 2,=j.6Hz, H-l'), i.63 (lH, q. J=l.OHz. H-6). and 8.38 (1H. br. 8, 

NH); IR(XBr) 3478, 3299 (NH, OH),.i702, 1661 (amide I), and 1590 (amide II) CB -l; MS(BI) 422 (M+). 

Anal. Calcd for ClgH26N407: C, 54.02; H, 6.21; N, 13.26. Found: C. 53.95; H, 6.24; N, 13.46. 

12a: q p 145-147 'C; W(HeOH) 304 nm (c 9570); [ali -71.3' (c 0.1, CHC13); 'H-NMR(CDC13) 6 1.32 

(3H, e, CH3), 1.51 (3H, q , CH3', 1.7 (lH, br, OH), 2.38 (3H, d, J=l.5Hx, CH3), 2.42 (3H, 8, CH3CONL 

3.42 (3H. e, CH30L 3.7-3.9 (2H, m, H-5'). 4.3-4.4 (lH, II. H-4'). 4.7-5.0 (2H. m, H-2'and 3'), 5.51 

(2H, br. e, CCH2N), 6.48 (lH, d, Jl, 2,-7.5Hx. H-l'), 6.88 (lH, q. J=1.5Hz, H-6). 8.39 (lH, br. a, 

NH); IR(KBr) 3440, 3300 (NH, OH), 1643, 1675 (amide I), and 1588 (amide II) cm -1; MS(U) m/z 422 

(PI*). Anal. Calcd for C H N 0 
19 26 4 7 

: C, 54.02; H. 6.21; N, 13.26. Found: C, 54.03; H, 6.45; N, 13.08. 

2-Diacetyl~ino-3,4-d~hydro-3-methox~et4yl-5-methyl-7-~5~-acetyl-2,3-O-ieopro~ylidene-8-D- 

ribofuranosyl)-7H-pyrrolo[2.3-d]pyrimidin-4-one (13). A mixture of 126 (1.0 g, 2.4 mmol), acetic 

anhydride (2.5 ml), and anhydrous pyridine (7.0 ml) WM stirred at room temperature for 1 h and 

evapoeated in vacua to give a syrmp, -- which wae chromatograpbed on a silica gel column (herane-ethyl 

acetate, gradient elution from 2:l to 2:3) and then crystallized from herene-benzene to give 13 

(1.1 g, 100%) as a white powder: mp 56-57 'C; [ali -40.0' (c 0.1, CHC13); W(MeOH) 304 nm 

(E 8480); 'H-NMB(CDC13) 6 1.36 (3H, 8, CH3), 1.60 (3H, 8, CH3), 2.11 (3H. 6. CH3COO), 2.36 (3H, 8, 

CH3CON), 2.38 (3H, e, CH3CON), 2.41 (3H, d, J=0.7Hz, CH3-5), 3.41 (3H, 8, CH30), 4.18 (lH, dd, 

J5’ ,4' =6.6Hz, J5,,5,-12.7Hz. H-5'), 4.33 (lH, dd, J5,,4,=4.4Hz, J5,,5,=12.7Hz, H-5'), 4.34 (lH, 

ddd, J4,,3,-3.9~, J4,,5, =4.4 and 6.6H2, H-4'). 4.81 (lH, dd, J3, 2,-6.Wz, J3, 4,-3.9Hz. H-3'). 

4.96 (lH, dd, J2,,1, =2.7Hz, Jo, 3,=6.3H~, H-2'), 5.29 and 5.32 (21;, AB quartet.'J=10.5Hz, OCH2N), 

6.17 (lH, d, Jl,,2, =2.7Hz, H-l';, and 6.75 (lH, q. J=O.'/Hz, H-6); IR(KBr) 2940, 1733 (COO). 1690 

(amide I), and 1575 (amide II) cm-'; PIS(EI) m/z 506 (M+). Anal. Calcd for C23H30N40g: C, 54.54; 

H, 5.97; N, 11.06. Found: C, 54.81; H, 6.11; N. 10.85. 

6-Bromo-2-diacetylamino-3,4-dihydro-3-methox~thyl-5-methyl-7-~5-O-acetyl-2.3-0- 

leop~pylidene-E-D-rl~~oeyl~-~-pyrrolo[2,3-d]pyrimidin-4-one (14). To a eolution of 13 

(1.2 g. 2.4 mm011 in benzene (30 ml) was added NBS (465 mg, 2.6 mm011 and the mixture was stirred 

at room temperature for 30 min. After filtration, the filtrate wae evaporated in vacua to give a -- 
aymrp, which was chromatographed on a silica gel column (hexane-ethyl acetate, gradient elutlon 

from 2:l to 1:l) and triturated with hexane to give 14 (1.38g. 100%) ae a pale yellow powder: 

mp 64-66 'C; W&OH) 310 (E 10730), 271 nm (6700); [a]k5 -7.8' (c 0.1, CHC13); 'H-NRK(CDC13) 6 1.36 

(3H, 8, 'X3), 1.61 (3H, 6. CH3). 2.07 (3H, 8, CH3COO), 2.37 (3H. 6, CH3-5), 2.38 (3H, 6, CH3CON), 

2.39 (3H, e, CH3CON), 3.41 (3H, e, CH30), 4.11 (lH, dd. J5,,4,=6.0Hz, J5,,5,=10.3Hz, H-5'), 4.28 

(1H. ddd. J4,,3,=4.4Hz. J4,,5, e4.9 and 6.OHz, H-4'), 4.36 (lH, dd. J5, 4,.4.9Hz, J , ,-10.3H2, 

H-5'). 4.88 (1H. dd, J3,,2=6.3Hz, J3,,'(, =4.4Hx, H-3'), 5.30 (2H, e. 2H: CCH2N), 5.:l':lH, dd, 

J2, 1,'2.4~2, J2, 3' -6.3Hz. H-2'). and 6.30 (1H. d. Jl, 2, -2.4Hz, H-l'); IR(KBr) 2930, 1735 (COO), 

169; (emide I), 1475. and 1560 (amide II) cm -1 ; exact 4 m/z 584.1096 (calcd for C23H2gN40g7gBr, 

584.1118). Anal. calcd for C23H2gN40gBr: C, 47.19; H, 4.99; N, 9.57. Found: C. 47.34; H. 5.21; 

N, 9.83. 
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isoDroD~idene-g-O-ribofuranasyl)-~-~yrrolo[2,3-d]Dyr~din-4-one (15). To a solution of 14 

(655 mg, 1.12 glol) in carbon tetrachlorids (15 ml) vure added NBS (260 mg, 1.46 mmol), anhydrous 

potassium carbonate (550 mg, 3.98 ml), and benxoyl peroxide (BFQ. 30 mg). The mixture vas 

refluxed for 1.5 h with stirring under argon atmosphere. After cooling, the precipitate vas 

removed through a glass filter and the filtrate was condensed to afford a dfbromide. The crude 

dibromide was dissolved in dioxane-rater (3/l v/v, 60 ml) and silver carbonate (500 mg, 1.81 mmol) 

vas added to it. The heterogeneous mixture was stirred for 1.5 h at room temperature, filtered, 

and evaporated in vacua to give a syrup, which vas chromatographed on a silica gel column (benzene- -- 
ethyl acetate, gradient elution from 2:l to 1:l) and triturated with hexane to give 15 (545 mg, 

81%) as a pale yellow povder: mp 65-67 'C; UV(MeOH) 306 (E 10500) and 269 nm (8310); [a]: -16.7' 

(c 0.1, CHC13); kBiB(COC13) 6 1.36 (3H, 8, CH3), 1.61 (3H, 8. CH3), 2.07 (3H, 8, CH3COO), 2.37 

(3H. 8, CH3CON), 2.39 (3H, 8, CH3CON). 3.42 (3H, 8, ',X30), 4.09 (1H. dd, J5, 4,=6.0Hz, 

J5',5' 
=10.3Hx, H-5'). 4.29 (lH, ddd. J4, 3,.4.4Hz, J4, 5, -4.9 and 6.OHx, H-4'), 4.37 (1H. dd. 

J5, 4,=4.9Hz, J5, 5,=10.3Hx, H-5'). 4.58'(1H. br. t, J:4.2Hx, OH), 4.74 (ZH. br. d, J=4.2Hz, 

CH2k5), 4.87 (1H: dd, J3,,2,=6.3Hx, J3,,4 ,.4.4Hx, H-3"), 5.28 (lH, dd. J2, 1,m2.4Hz, J2, 3,-6.3Hx, 

H-2'), 5.34 (ZH, a, CCH2N), and 6.29 ('y, d, J1,,2, =2.4Hz. H-l'); IR(KBr) 3430 (OH), 1735'(Co), 

1670 (amide I), and 1570 (amide II) cm ; NB(E1) 600 and 602 (H'). Anal. Calcd for C23H2g010Br: 
C, 45.93; H, 4.86; N, 9.32. Found: C, 46.08; H, 4.85; N. 9.46. 

6-Bromo-2-diacetylamino-3,4-dihydro-5-formy 3 l- -methoxYmethyl-7-(5-0-acetyl-2,3-O-isoDroDyli- 

dene-B-D-ribofuranosyl)-'/H-pyrroloE2.3-d]pyrimidin-l)-one (16). To a solution of 15 (610 mg, 

1.01 nxnol) in acetonitrile was added active Mn02 (4.0 g) in four portions every 30 min with 

stirring. After stirring for further 2 h at room temperature, the mixture was filtered and the 

solid vas washed well with acetone. The filtrate was evaporated and the residual syrup, which was 

deacetylated partially, vas acetylated with acetic anhydride (1.5 ml) and anhydrous pyridine 

(3.0 ml) at rocm temperature for 1 h. The mixture was evaporated in vacua to give a syrup, which -- 
was chromatographed on a silica gel column (hexane-ethyl acetate, gradient elution from 2:1 to 1:1) 

and crystallized with hexane to afford 16 (402 mg, 66%): mp 57-59 'C; W(MeOH) 296 (E 13890) and 

239 nm (15140); [a]: -28.8' (c 0.1, CHC13); 1H-NMH(COC13) 6 1.37 (3H. 8, 'X3), 1.62 (3H, 8, CH3). 

2.07 (3H, q , CH3CoO), 2.39 (3H, 8, CH3C0N), 2.42 (3H, 8, CH3CON), 3.44 (3H. 8, CH30), 4.0-4.5 (3H. 

m, H-4' and 5'), 4.88 (lH, dd, J3, 2,=6.8Hx, J3, 4,-3.9Hx, H-3'), 5.32 (1H, dd, J2, 1,=2.4Hx, 

J2, 3,.6.8Hz. H-2'), 5.37 (ZH, a, &H2N), 6.40 (1;1, d, J1, 2,~2.4Hx, H-l'), and 10.5; (1H, 6, CHO); 

IR(kBr) 1740 (COO). 1700 (CHO), 1680 (amide I), and 1570 (&de II) cm -l; MB(E1) m/x 598 and 600 

(Me). Anal. Calcd for C23H27N4010Br: C, 46.09; H, 4.54; N, 9.35. Found: C, 45.72; H, 4.37; N, 9.66. 

2-Acetyl~ino-6-b~o-3,4-di4ydro-3-methoxymethyl-4-oxo-7-(5-O-acetyl-2,3-O-isoDroDYlidene-6- 

D-ribofuranosyl)-7H-Dyrrolo[2,3-d]pyrimidine-5-carboxYlic acid (17). To a solution of 16 (240 mg, 

0.40 mmol) in carbon tetrachloride (60 ml) were added NBS (85 mg, 0.48 mmol) and anhydrous 

potaesium carbonate (360 mg, 2.60 mmol). The mixture was stirred with irradiation by a 500 W 

reflecting photo-lamp at room temperature for 50 min under argon atmosphere. The pale yellow color 

of the solution turned to dark brown and decolorized at the end of the reaction. The mixture was 

ice-cooled and dioxane-water (3/l v/v, 4 ml) was added to it. The resulting mixture was stirred 

for 30 min and acidified (pH ca 2) with 2N HCl, and then partitioned with CH2C12 end water. The 

organic layer vas separated and washed with water and brine, dried over anhydrous Na2B04, and 

evaporated in vacua to give a crude product, which vae treated with 28% cumnonium hydroxide -- 
(2 drops) in methanol (60 ml) to hydrolyze the remaining diacetate. Aiter evaporation, the residue 

vee purified by preparative silica gel TLC (CH2C12-MeOH, 2O:l) and triturated with hexane to give 

the carboxylic acid 17 (170 mg, 74%) as a white povder: mp 73-75 'C; W(MeOH) 305 (sh, E 9930). 287 

(12300). and 223 nm (18030); [ol;4 +34.1' (c 0.1, CHC13); 1H-NMH(COC13) 6 1.41 (3H, 8, CH3), 1.62 

(3H. s, CH3), 2.04 (3H. s, CH3COO), 2.30 (3H. s, CH3CON), 3.54 (3H, 8, CH30), 4.0-4.5 (3H. me H-4' 

and 5'), 5.22 (1H, dd, J3,,2,-6.8Hx. J3,,4, .4.OHx, H-3'), 5.44 and 5.84 (2H, AB quartet, J*ll.OHx, 

0CH2N), 5.56 (lH, dd. J2, 1,=2.1Hz, J2, 3, -6.8~2, H-2'), 6.40 (lH, d. J1, 2,=2.1Hz, H-l'), 8.75 

(1H. br. e, NH), and 13.7; (1H. br. s, &OH); IR(KBr) 3400 (NH), 1736 (Cd), 1638 (amide I), and 

1580 (amide 1I)cm -*; MB(EI) m/z 572 and 574 (M'). Anal. Calcd for C21H25N4010Br: C, 43.99; H. 4.40; 
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N, 9.77. Found: C, 44.23; H, 4.27; N, 9.88. 

2-Acetylamino~3,4-dihydro-3-methoxymethyl-4-oxo-7-~5-O-acetyl-2,3-O-ieopropylidene-g-D-ribo- 

furanoeyl)-7H-pyrrolo[2.3-d~yrimidine-5-carboxylic acid (18). A mixture of 17 (150 mg, 0.26 mmol). 

potassium acetate (1.2 g), and 10% Pd-C (450 mg) in methanol (45 ml) and water (6 ml) wae stirred 

vigorously at room temperature for 15 min under hydrogen atmosphere. After removal of the catalyst 

by filtration, the filtrate wae evaporated in vacua end partitioned between CH2C12 and 1N HCl. -- 

The organic layer wae separated and waehed with water and brine, dried over anhydroue Na2S04 and 

evaporated in vacua to give a syrup, which wee purified by preparative silica gel TLC (chloroform- -- 

methanol, 7:l) and crystallized from carbon tetrachloride to give 18 (96 mg, 74%) as white crystals: 

mp 60-62 'c; W(MeOH) 298 (E 8170), 281 (8840). and 226 IUII (14640); talk3 -11.8' (c 0.1, CHC13); 

'H-NMR(CDC13) 6 1.37 (3H, 8, CH;), 1.61 (3H, 8, CH3), 2.14 (3H, 8, CH3COO), 2.50 (3H. 8, CH3CON), 

3.52 (3H, S, CH30), 4.1-4.6 (3H, m, H-4' and 5'1, 4.8-5.1 (2H, m. H-2' and 3'), 5.60 end 5.65 (2H, 

AB quartet, J=ll.OHz, 0CH2N), 6.13 (lH, d, J=2.5Hz, H-l'), 7.81 (lH, 8, H-61, 8.60 (lH, br. 8, NH), 

end 13.28 (lH, br. S, COOH); IR(KBr) 3430 (NH), 1738 (COO), 1720 (sh, COO). 1652 (amide I), and 

1538 (amide II) cm -l; MS(FAB) m/z 495 (M+H). Anal. Calcd for C21H26N4010: C, 51.01; H, 5.30; 

N, 11.33. Found: C, 50.98; H, 5.18; N, 11.47. 

2-Amino-3.4-dihydro-4-oxo-7-B-D-ribofur~oeyl-7H-p~rolo[2,3-d]pyrlmidine-5-car~xylic acid 

(cadeguomycin) (1). A solution of 18 (70 mg, 0.14 mmol) in 28% azmnonium hydroxide (4 ml) and 

methanol (4 ml) was stirred at room temperature for 15 h and evaporated in vacua. The residue was -- 

dissolved in trifluoroacetic acid-water (2/l v/v, 9 ml) and heated at 70 'C for 1 h under argon 

atmosphere. The reaction mixture was evaporated in vacua to give a powder, which was washed with -- 

ether to give almost pure cadeguomycin (1) (39 mg, 84%). A sample for analysis was obtained by 

purification with ODS HPLC (JASCO Finepak SIL C18, at 40 'C; eluent: 20% MeOH containing 1% acetic 

acid): mp 230-240 'C (dec); UV(H20) 299 (E 76301, 272 (6890). and 232 ~11 (19710); Cal: -44.6’ 
(c 0.1, Me2SO); 'H-NMR(D20-CF3COOD, 4:l; internal standard: t-BuOH as 1.23 ppm; at 60 'C) 6 3.89 

(1H, dd, J5,,4,=3.7Hz, J5,,5, =12.5Hz, H-5'), 3.93 (lH, dd, J5, 4,=3.0Hz, J5, 5,=12.5Hz, H-5'), 4.26 

(lH, ddd, J 4, ?,=3.9Hz, J4, 5,- -3.0 and 3.7H2, H-4'), 4.36 (lH,'dd, J3, 2,=5.iHz. J3, 4,=3.9Hz, 

H-3'), 4.51 (iti, t. J2, l,=;.6Hz, J2, 3 ,=5.6Hz, H-2'), 5.93 (lH, d, Jl: ,,=5.6Hz, H-i'), and 7.83 

(lH, e, H-6); IR(KBr) 3150 (NH, OH) a:d 1655 (COO) cm-'; MS(FAB) m/z 32; (M+H). 
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