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Abstract------ ?he synthesis of 7- a d  8-substituted 4-[1-(2,3,5-tri-0- 

benzoyl-6-D-ribfuranosyl)oxol-l,3-dihydro-Z~-l,5-benzdiazepin-2-one 

fram furanone glymside (1) is described. Reatment of 1.2-dimino-4- 

substituted benzenes (.?.as) with 1 gave a mixture of 7- and 8-substituted 

4-[1-~2,3,5-tri-~benzoy1-6-D-ribof~rano~y1)oxo1-1,3,4,5-tetrahydro-2~-1,5- 

benzdiazepin-2-one lk-31. Dehydrogenation of k-d with D m  and a trace 

of FTSA afforded 7- and 8-substituted 4-[1-(2,3,5-tri-~-benzoyl-6-D-rib- 

furanmyl)oxol-l,3-dihydro-2~-1,5-benzdiazepin-2-ones (4a-£1. me position 

of the substituent in campounds (4a-f) was confid by H-I 3~ long-range 

W S Y  and NOE erperiments with the corresponding Nl-ethyl derivatives (5a-c) .  

Deprotection of ccmpwnds (4a+) with mthanolic sodium hydroxide afforded 

49-k. 

In a recent report2 from our laboratory, we described the preparation of 4-[l-(6-D- 

rihofuranosyl)oxol-l,3-dihydro-2~-1,5-benzadiazepin-2-one through condensatim of 1.2- 

diaminobenzene with furanone glymside (11. It was of interest to examine whether 7-substituted 

benzdiazepin-2-one hm-C-nudeasides or the corresponding 8-is-rs would be obtained on 

treatment of 1.24iamino-4-substituted benzenes with "mpod ( 1 ) .  

Treatment of 1.24iamino-4-chlorobenzme (2a) with furanone glycoside (1) in chloroform at roan 

temperature gave a mixture of 7- and 8-chloro-4-[1-(2,3,5-tri-~ben~oyl-B-D-1ibfurano~y1~0~ol- 

1,3,4,5-tetrah~o-2fi,5-knzdiazepin-2dnes (3a) and (3b) in 20% and 34% yield, reswtively 

(Schem 1 ). CanpoUna l3b) was faster mvmg rn tlc than was its i m r  3a. h p u n d s  l3a) and 

l3b) are an inseparable mixture of diastereoi-rs (differing in configuration only at C-4). 

The 'H nmr spectra of 3a and 3b show that, in the higher field region, a couple of 3-M2-4-M- 

protons resonate as an ABX ~ystem.~ While canpounds (3.3) and (3b) gave satisfactory 'H and 3~ 

nmr spectra, it appeared to be unstable. Dehydrogenation of 3a and 3b with 2.34ichloro-5.6- 

dicyano-e-benzoquinone (04 )  and a trace of ptoluenesulfonic acid (PEA) in chloroform at roan 
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t-rature afforded 7- and 8-chlor~4-l1-(2,3,5-tri~-benzoyl-B-UriInf~1an0~yl)ol-l,34ihydr~ 

2B-1.5-knzcdiazepin-2-5 (4a) and (4b) in 11% and 22% yield, respectively. The position of 

the substituent in c d  (4b) was determined by 'H-~~c lmg-range OOSY and NOE experbents with 

the correponding N1 -methyl deri~tive 15a), prepred by rethylation of 4b with methyl icdide. 

1 13 In the H- C lcng-range exprimnt of Sa, a correlation was ohserb2d between methyl proton at 6 

3.57 and C-2 at 6 155.23. Irradiation of the methyl s i g ~ l  in 5a gave a 12 % enhancement of the 

signal at 6 7.16 sharing as a singlet. %is data indicated that the chloro group in 4b was 

located at the 8 position. merefore, the position of the chloro mcup in capmd (4a) was 

assignd at the C-7. 

When the same reaction of furanone glycoside (1) with 1.2-diamino-4-methylbenrene (Zb) is 

performed, an inseparable mixture of 7- and 8-methyl-4-[I-(2,3,5-tri-s-benzoyl-B-D- 

rilafuranosyl~oxol-l,3,4,5-tetrahydro-2~-1,5-henzcdiazepin-2-one (3c) is obtained in 40% yield. 

cmpmnd (3c) was dehydrogmted with and a trace of PTSA to afford 7- and 8-methyl-4-[I- 

~2,3,5-tri+benzoyl-6-~ri~furanosyl)aol-l,34ihydr@2~-l,5-~zcdiarepin-2-ones (4c) and (4d) 

which m l d  k separated by preparative tlc. Next, furanone glycoside (1) and 1.2damino-4- 

nitrobenzene (2c) in toluene were heated at 90 "C for 5 h giving a 91% yield of an inseparable 

mixtm of 7- and 8-nitro-4-11-2,3,5-tri~knzoyl-B-uribfuranosyl)ml-i,3,4,5-tetrahydro-2~- 

(3) a: C I  H 
b: H CI  
C: H , C y  
d: H .  NO, 

Xq X t  R X j  XI R 
(4) a: c l  H Bz (41 9: CI  H H 

b: H CI Bz h: H C l  H 
(El  a:CI H 

E:CH, n Br I: CH. H H 
b: n C l  

6: H CH, Br I: H CHI H 
Scheme 1 c: CH, H 

.:NO, H 8 2  k H NO, H 
d: H CH, 

I: H NO, Bz 
0:  H NOa 
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1.5-benzodiazepin-2-ones (3d).  Cam@ ( 3 4  was also successfully dehydrogenated by the sam 

prnedure afford 7- and 8 - n i t r o - 4 - l l - ( 2 , 3 , 5 - t r i - ~ - b e n ~ o y l - 8 - D - ~ l - l , 3 - d i h y d r o - 2 ~ -  

1.5-benrodiazepin-2-ones (4e) and (4f) which could be separated by preparative tlc. The 

psiti- of the substitent in 4c-f were also determined by ' H - ~ ~ c  long-range O X Y  and NOE 

-rimnts with the correspcnding N1 -methyl derivatives (5b.c) (Figure 1 ) . Debenzoylation of 

ccmpounds (4a-e) with methanolic sodim hydroxide afforded the deblocked cunpauxls (49-k). 

Hmver, the r-a1 of the sugar protecting graups in 4f with alkaline did not afford the 

deprotected 7-nitro-l,5-benzodiazepin-2-one haw-C-nucleoside. Tne assignments of anoreric 

configuration of m @ s  (49-k) were mde on the basis of the difference in the chanical shifts 

of the two methyl sig~ls of the corresponding 2,3-Fisopmpylidene derivatives (6a-e). Ihe 'H 

m chemical-shift differential value (46) of the "ethyl groups in the isopropylidene derivatives 

is indicative of 6 stereochemistry in accordance with the Imbach's rule4 ((0.15 and) 0.1 5 ppn for 

the a and B ancmers)(see -limntall. lhis s h d  that the 6-ribofuranoside configuration had 

bm preserved during the reaction sequence. 

x, x, NOE enhancement (%) 

17.2 
b: CHI H 14.0 
C: NO2 H 12.5 

~lgure I : ms'n ."c long range cosy and NOE experiments wlth 
Ih - melyl compounds (5a - 0). 

wss spectra were taken on a Hitachi M-80 i n s t m t  by direct insertion at 70 eV; fast-atan 

bontardm2nt (fab) mss spectra were run on a JMS-HX 110. 'H- and 13c-w spectra were msured 

with a JEIM-GX-270 Kd a GX-400 (JEOL) spectraneters, with tetr-thylsilane as int-1 standard. 

Analytical tlc was performed on glass plates cmted with a 0.5 mn layer of silica gel GF254 

(mrck). ?he ccmpounds were detected by uv light (254 MI). 

7- a d  8Chloro-4-[l-(2,3,5-tri+~l-@-Wribof~ra~5yl)0~~l-l,3,4,5-tetrahydr~2~ ,5-- 

diazepin-2- (k) and (3b). To a solution of 1 (67.6 mg, 0.12 -1) in chlorofom I3  ml) at 0 

'C was added 26.6 mg (0.15 -1) of 4-methyl-1.2-diaminoknzene. The mixture was stirred at r m  

temperature for 5 h, then evaporated, and the residue was seprated by plc with hexane-ethyl 
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acetate (1 : 1 ) as developer. 

Clxpmd 3a: yleld 19.8%; Rt 0.25 (hexane-ethyl acetate, 1:l); 'H m (CD213) 6 3.01, 3.17 (1 H, 

each dd, 5.9.4 and 18.5 Hz, 3-Hal, 3.49, 3.56 (1 H, each dd, J=3.0 and 18.5 Hz, 3-Hb), 4.42, 4.48 

(1 H, each dd, J=3.0 and 9.4 Hz, 4-HI. 4.58-4.82 (5 H, m, 1'-, 4 5'-H and NH exchanges with 

D20), 5.73 (1 H, t, JS.4 Hz, 3'-HI, 5.84 (1 H, t, JS.4 Hz, 2'-H), 6.21-6.71 (3 H, m, 6-, 8- and 

9-H), 7.26-8.12 (15 H, m, ArH), 9.38, 9.42 (1 H, br, NH exchanges with %O); 13c m (m13) 6 

41.24, 41.48 (C-3), 51.31, 51.66 (C-4), 63.77 (C-5'1, 72.43, 72.72, 73.07, 78.69, 84.89, 85.06 (C- 

1 2 -3' and -4'), 107.29-133.85 (Rr-C), 165.33, 165.50, 166.03, 166.15, 168.08 (C=O and C-21, 

205.64, 206.11 (C-12). Hrms Found: m/z 424.0832. Calcd for C22H17N205U; M+-2xBzO~. 424.0825. 

Clxpmd 3b: yield 33.8%; Rf 0.32 (hexaneithyl acetate, 1:lI; 'H m (CDC13) 6 3.02, 3.18 (1 H, 

each dd, J=9.4 and 18.5 Hz, 3-Ha), 3.50, 3.59 (1 H, each dd, J=3.0 and 18.5 Hz, 3-Hb), 4.38, 4.45 

(1 H, each dd, J=3.0 and 9.4 Hz, 4-H), 4.48-4.79 (5 H. m, 1 '-, 4'-, 5'-H and NH exchanges with 

D20), 5.73 (1 H, m, 3'-H), 5.84 (1 H, m, 2'-HI, 6.54-6.85 (3 H, m, 6-. 7- and 9-H), 7.26-8.12 (15 

H, m, ArH), 9.03 (1 H, br, NH exchanges with 40); 13c m 6 41.19 (C-31, 52.18 (C-41, 

63.94 (C-5'1, 72.60, 72.89, 73.30, 85.30 (C-1 ', -2', -3' and -4'1, 115.66-133.50 (W-C), 165.33, 

165.50, 166.27, 168.08 (C.O and C-2). 205.87, 206.28 (C-12). Hrms Fnud: m/z 424.0811. Calcd for 

C22H1 7N205Cl; Mt-2xBz0~, 424.0825. 

7- and 8~thyl-4-[1-(2,3,5-tri~~l-B-~ribof~1~~1-1,3,4,5-tetrahy3ro-2&-1,5-~D- 

diazepin-2- (3c). lbe same prccedme was used as for the reaction of 1 with 4-ethyl-1.2- 

diaminobenrene. 

Canpound 3c: 39.5%; 'H nrm (CD213) 6 2.23, 2.24 (3 H, each s ,  M3), 3.02, 3.20 (1 H, each dd, 

J=9.4 and 18.5 Hz, 3-Ha), 3.51, 3.58 (1 H, each dd, J=3.0 m d  18.5 Hz, 3-Hb), 4.42 (1 H, m, 4-HI, 

4.60-4.78 (5 H, m, l'., 4'-, 5'-H and NH exchanges with D201, 5.71 (1 H, m, 3'-H), 5.85 (1 H, m, 

2'-H), 6.46-6.72 (3 H, m, 6.. 9-, 7- or 8-H), 7.32-8.13 (15 H, m, ArH), 9.00, 9.04 (1 H, br, NH 

exchanges with D20). Hrms Fourd: mlz 404.1346. Calcd for C23H20N205; M+-Z~B~OH, 404.1370. 

7- and 8-Nib4-[1-(2,3,5-tri~benzoyl-~-D-ribof~~anosyl)oxl-l,3,4,5-tetrahydro-2&-1,5-benzo- 

diazepin-2- (3d). ?b a solution of 1 (20.0 rq, 0.04 -1) in toluene (2 ml) was added 6.8 rq 

(0.04 ml) of 4-nitro-1,2-diaminobenze~. The mixture was heated at 90 'C for 5 h, then 

evaporated under reduced pressure, and the residue was purified by plc with h-e-ethyl acetate 

( 1 : 1 I as developer. 

Cawcud 3d: yield 91.3%; 'H m (CDW3) 6 3.18 (1 H, m, 3-Ha), 3.55 (1 H, m, 3-Hb), 4.47-87 (6 H, 
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m, 1 4 5'-, 4-H and NH exchanges with D20), 5.76 (1 H, m, 3'-H), 5.86 (1 H, m, 2'-HI, 6.74 

(1 H, m, 6- or 9-H), 7.28-8.07 (17 H, m, ArH), 9.29, 9.32 (1 H, br, NH exchanges with D20) Hrms 

Found: mlz 435.1091. Calcd for C22H17N34; Mt-2XBz0~. 435.1065. 

7- and 8-~-4-I1-(2,3,5-tri+benzayl-~-~ribof~~anog,l)o1-1,3~~2~-1,5-bpnzadiazepin- 

2- ( 4 4  and (4b). To a solution of 1 (100 mg, 0.18 m l l  in chlomfom (3 mll at 0 'C was 

added 39.4 mg (0.28 -1) of 4-chloro-1,24iaminobenzMe. The mixture was stirred at lm 

temperature for 5 h. After the tlc analysis indicated q l e t e  disappearance of starting 

material, DCQ (83.5 mg, 0.36 -1) and plSA (15 mg) were added, and the mixture was stirred for 

additi-1 1.5 h. water was added, and the mixture was extracted with chloroform. m e  extracts 

were combined, washed with water, and dried over magnesium sulfate. The extracts. on 

evaporation, afforded a yellar oil which was separated by plc with chlorofom-"ethanol (200:l I as 

developer. 

Canwund 4a: yield 11.2%; Rf 0.48 (hexane-ethyl acetate, 1:l); 'H nmr (0Xl3) 6 4.62 (1 H, dd, 

J=4.0 and 12.1 Hz, 5'-Ha), 4.78 (1 H, m, 4'-HI, 4.91 (1 H, d, Jz4.0 Hz, 1'-HI, 4.94 (1 H, m, 5'- 

Hbl, 5.78 (1 H, dd, JS.0 and 6.4 Hz, 3'-H), 6.00 (1 H, dd, J=4.0 and 5.0 Hz, 2'-HI, 6.68 (1 H, 5 ,  

3-H), 6.99-7.11 (3 H, m, 6-, 8- and 9-H), 7.26-8.05 (15 H, m, ArH),  11.15, 13.24 (2 H, each br s, 

NH exchanges with DZO); 13c m ( m 1 3 )  6 63.94 (C-5'). 72.54, 74.71, 80.03, 85.18 (C-1'. -2', -3' 

and -4'), 91.09 (C-31, 117.24-133.44 (a-C), 144.91 (C-4), 157.02 (C-21, 165.33 (C=O), 195.69 (C- 

12). Hrms Found: m/r 422.0701. Oilcd for C22H15N205Cl; M+-~~BZOH, 422.0668. 

Compound 4b: yield 22.6%; Rf 0.56 (hexane-ethyl acetate, 1:l); 'H m (W13) 6 4.64 (1 H, dd, 

J=4.0 and 11.8 Hz, 5'-Ha), 4.79 (1 H, m, 4'-H), 4.88 (1 H, m, 5'-Hb), 4.92 (1 H, d, 5.3.7 Hz, 1'- 

H), 5.78 (1 H, t, J.3.7 m, 3'-HI, 6.01 (1 H, t, 5.3.7 Hz, 2'-HI, 6.68 (1 H, s, 3-HI, 7.02-7.25 (3 

H, m, 6-, 7- and 9-H), 7.26-8.04 (15 H, m, ArH), 11.07, 13..38 (2 H, each br s ,  NH exchanges with 

D20); 13c m (W13) 6 64.12 (c-5'). 72.72, 74.86, 80.03, 85.24 (C-1'. -2'. -3' and -4'). 90.85 

(c-3), 123.09-133.39 (w-C), 144.97 (C-4), 156.85 (C-2), 165.39, 166.15 (-1, 195.11 (C-12). Hrms 

Found: m/z 424.0687. Calcd for C22H15NZ05Cl; ~'-2x~zOf3. 422.0668. 

7- and 8-Methyl-4-[I -(Z,3,5-tri+~l-B-~ritof~~ancsyl)oxl-l,3-dih~2~-l.5-benzdazepin- 

2-ones (4c) and (4.3). The  me pmcedure was used as for the reactmn of 1 with 4shloro-1 ,2- 

diaminobenzene. 

Canpound 4c: yield 18%; Rf 0.44 (chlorofom-mthanol, 97:3); 'H nmr (W13) 6 2.37 (3 H, 3, M3), 

4.65 (1 H, dd, J=4.4 and 11.8 Hz, 5'-Ha), 4.77 (1 H, m, 4'-HI, 4.87 (1 H, m, 5'-Hb), 4.91 (1 H, d, 
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5.4.0 Hz, 1'-HI, 5.78 (1 H, dd, J5.0 and 6.4 Hz, 3'-HI, 5.99 (1 H, dd, J.4.0 and 5.0 Hz, 2'-HI, 

6.65 (1 H, s, 3-HI, 6.96 (3 H, m, 6.. 8- and 9-H), 7.29-8.10 (15 H, m, kH), 10.69, 13.44 (2 H, 

each br s, NH exchanges with D201; 13c m (an3) 6 21.03 (M31, 64.00 (C-5'1. 72.43, 74.74, 

79.72, 85.10 C l ,  2 -3' and -4'1, 90.11 (C-31, 115.94, 116.44, 125.68 (C-6, -8 and -91, 

123.72, 124.13 (C-10 and -11 I, 128.19-134.94 (k-C), 145.54 (C-41, 157.13 (C-2), 165.27, 166.25 

(C=Ol, 194.68 (C-121. Hrms Found: m/z 402.1243. Qlcd for Cz3HI8N2O5; M+-~~BZOH, 402.121 4. 

Ccmpound 4d: yield 23.1%. Rf 0.48 (chlorofominethmol, 97:31; 'H ~ n r  (UCl31 6 2.38 (3 H, s, 

Q131, 4.65 (1 H, dd, 5=4.4 and 11.8 Hz, 5'-Ha), 4.77 (1 H, rn, 4'-H), 4.87 (1 H, rn, 5'-Hb), 4.91 (1 

H,d, J=4.0Hz, 1'-HI, 5.77 (1 H, t, J=4.0Hz, 3'-H), 5.99 (1 H, t, 5=4.0Hz, 2'-H), 6.64 (1 H, S, 

3-HI, 6.92-7.08 (3 H, m, 6-, 7- and 9-HI, 7.29-8.13 (15 H, m, ArH), 10.95, 13.58 (2 H, each br s, 

NH exchanges with D201; 13c m (UU31 6 21.03 (M31, 63.88 (C-5'1. 72.34, 74.78, 79.66, 85.09 

1 2 -3' and -4'1, 89.76 (C-3), 116.22, 116.32, 125.85 (C-6, -7 and -91, 122.09 (C-10 or 

-11 ), 128.14-135.25 (Ar-C), 145.50 (C-41, 157.41 (C-21. 165.27, 166.22 (C=Ol, 194.07 (C-12). Hrms 

F d :  rn/z 402.1223. Cald for C23H18N205; M+-ZXBZOH, 402.1214. 

7- and 8-Nib4-I1-(2.3,5-tri~baYoy1-B-~rib3Euranosy1~~-1.34ih@rc-2~-1,5-~diazepin- 

Z-nes(4e)and(4f). Toasolutionof 1 (100.0mg.0.18mll i n to luene (3ml )wasadded6 .8  

mg (0.04 -11 of 4-nitro-1 ,2-diamimbenzene. me mixture , m s  heated at 90 'C for 5 h, then 

evaporated under reduced pressure. Then, chlorofom (3 ml), DCQ (83.5 mg, 0.36 m l l  and P E A  

(15 rgl were added, and the mixture was stirred at ram temperature for 30 min. Water was added, 

and the mixture was extracted with chloroform (3x10 mll. l he  extracts w e  ccmbined, washed with 

water, and dried over r~gnesimn sulfate. me extracts, on evaporation, afforded a yellow oil 

which was separated by plc with chlorofom-methanol (200:l) as developer. 

Compound 4e: yield 19.9%; Rf 0.36 (chlorofom-mthanol, 97:31; 'H nmr (UCl31 6 4.61 (1 H, dd. 

5.4.0 and 12.1 Hz, 5'-Hal, 4.80 (1 H, m, 4'-H), 4.93 (1 H, d, 5.4.0 Hz, 1'-HI, 4.96 (1 H, m, 5'- 

Wbl, 5.79 (1 H. t, J=4.0 Hz, 3'-HI, 6.02 (1 H, t, 5~4.0 Hz, 2'-HI, 6.73 (1 H, s ,  3-HI, 7.17-8.04 

(18 H, m, =-HI, 11.42, 13.11 (2 H, each br s, NH exchanges with D20); 13c nmr ICX13) 6 63.78 (C- 

5'1, 72.34, 74.48, 79.96, 85.09 (C-l', -2', -3' and -4'1, 91.96 (C-31, 111.81, 116.32, 119.56 (C- 

6, -8 and -91, 124.48 (C-10 or -11 I, 128.24-133.56 (Rr-Cl, 143.96 (C-41. 157.32 (C-2). 165.36, 

166.13 (C=Ol, 196.52 (C-12). Hrms Found: m/z 433.0918. Qlcd for CZ2H15N3D,; M~-~XBZOH, 433.0909. 

Cooplnd 4E: yield 22%; Rf 0.40 (chlorofom-methanol, 97:31; 'H m (UC13) 6 4.61 (1 H, dd, 5=4.0 

and 12.1 Hz, 5'-Ha), 4.79 (1 H, m, 4'-HI, 4.90 (1 H, m, 5'-W), 4.93 (1 H, d, 5~4.0 Hz, 1'-HI, 

5.76 (1 H, t, 5.4.0 Hz, 3'-H), 6.01 (1 H, t. 5=4.0 Hz, 2'-HI, 6.78 (1 H, s, 3-HI, 7.15-8.13 (19 H, 
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m, ~ r - H  and NH exchanges with D20), 13.05 (1 H, br s, NH exchandes with D201; 13c m (UX13) 6 

63.75 (C-5'), 72.33, 74.30, 79.98, 85.12 (C-1'. 2 -3' and -4'1, 93.29 (C-3). 111.81, 115.98, 

120.22 (C-6, -7 and -9), 125.66 (C-10 or -11), 128.20-133.53 (Ar-C), 143.23 (C-4). 156.75 (C-2). 

165.35, 166.15 (CS), 197.22 (C-12). Hrms Found: m/z 433.0919. Qlcd for C22H15N307; M+-~~BZOH. 

433.0909. 

-a1 M o t e d i m  procedure. Sufficient methmolic sodim hydroxide (0.5 ml, 0.63 ml) was 

added to the protected C-nucleoside (0.07 -1) in mthanol(4 ml). The mixture was kept at rcan 

temprature for 5 h, rendered neutral with acetic acid, and evaporated. The residue was purified 

by plc to afford the free C-nucleoside. 

7-oll-4-[1-(B-rrribof~1)0~01-1,3~0-2~-1,5-benzcrliazepin-2ine (49) :  mp 168-169°C; 

yield 20.1%; IH m (m30D) 6 3.69 (1 H, dd, J.2.0 and 12.4 Hz, 5'-Ha), 3.83 11 H, dd. 5.2.4 and 

12.4 Hz, 5'-Hb), 3.98 (2 H, m, 3'- and 4'-H), 4.12 (1 H, t, Jd.7 Hz, 2'-H), 4.39 (1 H, d, 5.4.7 

Hz, l'.~), 6.48 (1 H, s, 3-H), 7.05-7.15 (2 H, m, 8- and %HI, 7.39 11 H, d, 54.7 Hz, 6-HI; 13c 

mu [(CD3)2SOI 6 62.04 (C-5'), 71.41, 74.62, 84.28, 86.91 (C-1 ' ,  -2', -3' and -4'1, 90.38 (C-3). 

115.98, 116.59, 123.29, 125.39, 125.51, 127.17 (C-6, -7, -8, -9, -10 and -11). 144.03 (C-41. 

155.47 (C-2). 198.43 (C-12). Hrms Found: m/z 318.0382. Qlcd for Cl5Hl1N2O4C1; ~ ~ - 2 x H ~ 0 ,  318.0405. 

8-oll-4-[l-[~-rrribof~anmyl)0~01-1 , 34 ihm2E- l ,S -bPnzcd iazep i r -2a  (4h): mp 21 1-21 3OC; 

yield 13.7%; 'H nmr ( q O D )  6 3.69 (1 H, dd, J=2.0 and 10.8 Hz, 5'-Ha), 3.83 (1 H, dd, J=2.0 and 

10.8 Hz, 5'-Hb), 3.97 (2 H, m, 3'- and 4'-H), 4.11 (1 H, t, J=4.7 Hz, 2'-H), 4.39 (1 H, d, J=4.7 

Hz, 1'-H), 6.46 (1 H, s, 3-HI, 7.14 (2 H, m, 7 and %HI, 7.28 (1 H, d, JS.4 Hz, 6-H); 13c nmr 

[(CD~)~SO] 6 62.08 (C-5'), 71.45, 74.70, 84.29, 86.89 - 1 ,  2 -3' and -4'1, 90.00 (C-3), 

114.67, 117.98, 123.19, 123.34. 127.28, 127.89 (C-6, -7, -8, -9, -10 and -I?), 144.21 (C-41, 

155.66 (C-2). 208.16 (C-12). m s  Found: m/z 318.0429. Calcd for q5HllN204C1; Mt-2xH20, 318.0405. 

7-Elethy1-4-[1 - ( B - t L r i b o f u r - l - 1 , 3 4 i h y d m - Z ~ - l  ,5-benzcdiazepin-2a (4i): mp 21 0-21 2'C; 

yield 26.8%; 'H nmr (w30D) 6 2.36 (3 H, s, CH3), 3.67 (1 H, m, 5'-Ha), 3.84 (1 H, dd, 5.2.7 and 

12.4 Hz, 5'-Hb), 3.98 (2 H, m, 3'- and 4'-H), 4.11 (1 H, t, 5=4.4 Hz, 2'-H), 4.39 (1 H, d, J=4.4 

Hz, l'.~), 6.43 (1 H, s,. 3-H), 7.02 (2 H, m, 8-, and 9-H), 7.12 (1 H, s, 6-H); 13c m [(CD312S01 

6 20.53 (a3), 62.09 (c-5'), 71 .42, 74.73, 84.22, 86.92 (C-1 ', 2 -3' and - 4 ' ) ,  89.39 (C-3), 

115.24, 116.34, 124.36 (C-6, -8 and -9). 123.80, 124.81, 133.16 (C-7, 1 0  and -11). 144.98 (C-4). 

155.40 (C-21, 198.03 (C-12). Hrms Found: m/z 298.0942. Calcd for q6H1 4N204; Mt-2xH20, 298.0952. 

8-Methyl-4-[l -(B-D-ribof~anmyl-l,3-clih~2~-l,5-benzodiazepin-2-one (4j ): mp 165-1 67-C; 

yield 25.9%; 'H m (W3CD) 6 2.35 (3 H, s, ail), 3.69 (1 H, m, 5'-Ha), 3.86 (1 H, m, 5'-Hb), 3.98 
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(2 H, m, 3'- and 4'-H), 4.11 (1 H, t, J=4.4 Hz, 2'-H), 4.39 I1 H, d, J=4.4 Hz, 1'-HI, 6.40 (1 H, 

s ,  3-H), 6.99 (2 H, m, 7- and 9-H), 7.18 (1 H, d, Jd.1 Hz, 6-H); 13c iunr L(CD3)2SOI 6 20.67 

(a3), 62.12 (C-5'), 71.43, 74.75, 84.19, 86.85 (c-l', 2 3 '  and -4'), 89.02 IC-31, 115.38, 

116.33, 124.50 (C-6, -7 and -9), 121.83, 126.59, 133.57 (C-8, 1 0  and -11). 144.88 IC-4). 155.66 

(C-2). 197.48 (C-12). Hrms Found: m/z 298.0939. Cakd for C16H14N204; M t - 2 ~ ~ 0 ,  298.0952. 

8-Nik~4-[l-(@-a-ribof~1-1)1-1,34ihydro-2~-1 ,5-benzodiazepin-2-one l4k): mp 21 0-21 2OC; 

yield 12.7%; 'H m (lD33M)) 6 3.69 (1 H, dd, 5.4.0 and 11.8 Hz, 5'-Ha), 3.80 (1 H, dd, J=3.0 and 

11.8 Hz, 5'-~b), 3.98 (2 H, m, 3'- and 4'-H), 4.13 I1 H, t, J.4.7 Hz, 2'-~), 4.41 (1 H, d, Jd.7 

Hz, 1'-H), 6.59 (1 H, s, 3-H), 7.42 (1 H, d, J=9.1 Hz, 6-H), 7.95 (1 H, d, J.2.0 Hz, 9-H), 8.01 (1 

H, dd, J=9.1 and 2.0 Hz, 7-H); 13c m [(CD3)2SOI 6 61.99 IC-5'). 71.46, 74.57, 84.51, 86.98 (C- 

1 ', -2'. -3' and -4' ) ,  92.42 (c-3). 110.43, 116.58, 118.99 (C-6, -7 and -9). 126.75, 130.20 (C-10 

and -11 ) ,  142.05, 142.98 (C-4 and -8), 155.68 IC-2). 199.68 (C-12). Hrms Found: m/z 329.0636. 

Calcd for C1 5Hl lN306; M+-~XH~O, 329.0646. 

~eneral &thylatian -. To a solution of a protected s-nucleoside (0.05 -1) in acetone 

(3 ml) was added mthyl iodide (130 mg, 0.9 -1) and potassium carbsmte I175 mg, 1.1 m 1 )  and 

the mixture was refluxed for 5 h, then evaporated. Water was added, and the mixture was 

extracted with chloroform. The extracts were combined, washed with water and dried over 

magnesium sulfate. The extracts, m evapatim, afforded a syrup, wilich was purified by plc 

with chloroform as developer. 

8-~lorolo-l-methyl-4-[1-(2,3.5-tri-~-benzoyl-@-D-ribofuranosyl~oxol-1,3-dihydro-2~-l.5- 

benzodiazepin-2- 1%): yield 54.5%; 'H m (La'13) 6 3.57 I3 H, s, M3), 4.63 (1 H, dd, 5.4.4 

and 11.8 Hz, 5'-Ha), 4.76 (1 H, m, 4'-HI, 4.85 (1 H, dd, J=3.7 and 11.8 Hz, 5'-Hb), 4.89 (1 H, d, 

J=4.0 Hz, 1'-H), 5.74 (1 H, dd, 53.4 and 6.4 Hz, 3'-HI, 5.97 I1 H, dd, J=4.0 and 5.4 Hz, 2'-H), 

6.66 (1 H, s, 3-H), 7.07 (1 H, d, J=8.7 Hz, 6-H), 7.16 (2 H, apparent d, 7- and 9-H), 7.26-8.07 

(15 H, m, ArH), 13.54 (1 H, br s, NH exchanges with D20); 13c nmr (ClX13) 6 29.86 (N-CH3), 64.04 

(C-5'), 72.45, 74.55, 79.68, 85.09 (C-l', -2', -3' and -4'), 91.28 (C-3), 114.56, 117.74, 124.25 

(C-6, -7 and -9), 123.41, 128.14-133.38 (C-8, -10, -11 and A?-C), 144.59 IC-4), 155.23 IC-21, 

165.21, 165.25, 166.14 (C*), 194.72 (C-12). Hrms Found: m/z 436.0802. Calod for C23H17N205C1; M+- 

2xBzOH. 436.0824. 

1 ,7-Dimethyl-4-[1-(2,3,5-ki~benzoyl-8-D-rib3f~~anosyl)oxl-l. 34ih-25-1 ,5-benzcdiazepin-2- 

one (5h): yield 76.1%; 'H m IaEl3) 6 2.38, 3.59 (6 H, each 5 ,  a3), 4.66 I1 H, dd, J=4.4 and 

11.7 Hz, 5'-Ha), 4.75 I1 H, m, 4'-H), 4.84 (1 H, dd, 5.3.9 and 11.7 Hz, 5'-Hb), 4.91 I1 H, d, 
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5.3.4 HZ, 1'-HI, 5.76 (1 H, dd, 5.4.9 and 6.8 Hz, 3'-HI, 5.97 (1 H, dd, J=3.4 and 4.9 Hz, 2'-H), 

6.64 (1 H, s, 3.~1, 6.96 (1 H, s, &HI, 6.99-7.08 (2 H, m, 8 and %HI, 7.30-8.07 (15 H, m, ArHl, 

13.58 (1 H, br s ,  NH exchanges with D201; 13c m (CITl31 6 20.72 (a3), 29.75 (N-M3), 64.32 (C- 

5 72.60, 74.71, 79.68, 85.20 (C-l', 2 -3' and -4'1, 90.72 (C-31, 114.24 (C-9), 117.16, 

125.50 (C-6 and -81, 124.51 (C-11), 126.49 (C-101, 128.16-133.33 (Ar-C), 134.47 (C-71, 145.29 (C- 

4 ) .  155.34 (C-2). 165.24, 165.26, 166.23 (C=O), 194.42 (C-121. M s  Found: m/z  416.1349. Calcd for 

C24H20N205; M+-~XBZOH, 41 6.1 370. 

1-Methyl-7-nitro-4-[1-(2,3,5-tri-~-benzoy1-~-D-ribofuranosy1~oxo1-1,3-dihydro-2~-l.5- 

benzodiazepin-2- (5c): yleld 74.6%; 'H m (CIT13) 6 3.63 (3 H, s, M31, 4.59 (1 H, dd, J=3.9 

and 12.2 HZ, 5'-Ha), 4.76 (1 H, m, 4'-HI, 4.87 (1 H, m, 5'-~b), 4.90 (1 H, d, 5.3.4 Hz, 1'-HI, 

5.75 (1 H, t, 3.3.4 Hz, 3'-HI, 5.96 (1 H, t, J=3.4 Hz, 2'-HI, 6.72 (1 H, 5 ,  3-HI, 7.24 (1 H, d, 

&8.8 Hz, 9-H), 7.31-8.06 (17 H, m, &HI, 13.33 (1 H, br s, NH exchanges with D201; 13c m 

( m 1 3 )  6 30.21 (N-M31, 63.78 (c-5'1, 72.40, 74.38, 79.99, 85.04 (C-l', -2', -3' and -4'1, 92.58 

(C-31, 111.79, 114.54, 119.21 (C-6, -8 and -9), 125.08-133.43 (C-10, 1 1  and A?-Cl, 143.68, 143.89 

(C-4 and -7). 155.40 (C-2). 165.21, 165.26, 166.08 (C=Ol, 196.11 (C-12). Hrms Found: m l z  447.1057. 

Cald for C23H1 7N307; M+-~XBZOH, 447.1 064. 

General Acetonization Procedure. To a solution of a deprotected C-nucleoside (0.01 -11 in 

acetone (2 mll was added PISA (5 mgl, and the mixture was stirred at rom temperature for 2 h. 

?he reaction mixture was neutralized with saturated sdium hydrogen carbonate solution. Water 

was added, and the mixture was extracted with chloroform. The extracts were cmbined, washed 

with water and dried over mgnesim sulfate. The extracts, on evaporation, afforded a syrup, 

which was purified by plc with chlorofommthanol (97:31 as developer. 

7-Chloro-4-[1-(2,3~isop~lidene-6-wribof~anmyl~oxol-l,34ih~~-l,5-benzodiazepin-2dne 

(6al: yield 24.6%; 'H m (CITl3) 6 1.37, 1.60 (6 H, each s, isopropylidene Me), 3.63 (1 H, m, 5 ' -  

Ha), 3.96 (1 H, m, 5'-tb), 4.44 (1 H, m, 4'-HI, 4.78 (4 H, m, 1'-, 2'-, 3'-H and OH exchanges with 

D20), 6.44 (1 H, s, 3-HI, 7.00 (1 H, d, J=8.7 Hz, %HI, 7.12 (1 H, dd, J=2.0 and 8.7 Hz, 8-HI, 

7.20 (1 H, d, J.2.O Hz, &HI, 9.70, 13.12 (2 H, each br s. Mi exchanges with D20L Hrms Found: m/z  

394.0933. Cald for Cl8HlgN2O6C1; Mi, 394.0930. 

8-(Noro-4-I 1 -(2,3-O-i~0prgrylidene-B-~ribf~~ana~yl - loxol-l,34ihydro-2~-l,5-benzodiazepin-2-one 

(6bI: yield 30%; 'H m (UC131 6 1.37, 1.61 (6 H, each s, isopropylidene Me), 3.62 (1 H, rn, 5'- 

H a ) ,  3.95 (1 H, m, it-%), 4.44 (1 H, m, 4'-HI, 4.78 (4 H, m, 1'-, 2 ' - ,  3'-H and OH exchanges with 

D201, 6.42 (1 H, s, 3-HI, 7.13 (3 H, m, 6-, 7- and %HI, 9.87, 13.26 (2 H, each br s, NH exchanges 



964 HETEROCYCLES. V o l  34. No. 5.  1992 

with D20). h s  Found: mlr 394.0943. Calcd for C18H19N206U; Mtr 394.0930. 

7-MeUlyl-4-[1-(2,3ai~lidene-B-D-ribof~l)axoI-l - ,3-dihydro-2~-1,5-knzadiazepin-2-one 

(6~): yield 40.0%; IH m (an3) 6 1.37, 1.61 (6 H, each s ,  isoprowlidene Me), 2.38 (3 H, s, 

M3), 3.63 (1 H, dd, 5.3.4 and 12.4 Hz, 5'-~a), 3.53-3.83 (1 H, br, OH exchanges with D20), 3.96 

(1 H, dd, 5.2.7 and 12.4 Hz, 5'-Hb), 4.44 (1 H, br s, 4'-HI, 4.78 (3 H, m, 1'-, 2'- and 3'-H), 

6.39 (1 H, s ,  3-H), 7.03 (3 H, m, 6-, 8- and %HI, 10.78, 13.30 (2 H, each br s, NH exchanges with 

D20) Hrms Found: mlz 374.1467. Calcd for ClgH22N206; M', 374.1475. 

8-Methyl-4-[ 1 - ( 2 , 3 ~ i ~ l i d e n e - B - D - ~ i b 3 f ~ l ~ 0 ~ ~ 1 - 1 , 3 ~ ~ 1  ,S-henzo3iazepin-2-e 

(6%: yield 43%; 'H rum (m13) 6 1.37, 1.61 (6 H, each s, isopropylidene Me), 2.41 (3 H, s ,  CH3), 

3.63 (1 H, m, 5'-Ha), 3.96 (1 H, m, 5'-Hb), 4.45 (1 H, m, 4'-H), 4.65 (1 H, br s, OH exchanges 

with D20), 4.81 (3 H, m, Is-, 2'- and 3'-HI. 6.39 (1 H, s, 3-HI, 6.97-7.17 (3 H, m, 6.. 7- and 9- 

H), 10.88, 13.44 (2 H, each br s, NH exchanges with D20). Hrms h d :  m/z 374.1477. Qlcd for 

C, gH22N206; M+, 374.1 475. 

%Nib441 -(2,3+isqanpylidene-~-~~ibofuranmy1~~0(01-1,34ihydro-2i-l,5-benzadiazepin-2-one 

(6e): yield 66.9%; 'H m (CCC13) 6 1.37, 1.61 (6 H, each s ,  isopmpylidene Me), 3.63 (1 H, m, 5'- 

Ha), 3.98 (1 H, m, 5'-Hb), 4.43 (1 H, m, 4'-H), 4.79 (3 H, m, 1'-, 2'- and 3'-HI, 6.58 (1 H, s ,  3- 

HI, 7.24 (1 H,d, J=8.7Hz, 6-H), 7.97 (1 H,d, J=2.4Hz, 9-H), 8.08(1 H,dd, J=2.4and8.7Hz1 

7-H), 9.65, 13.05 (2 H, each br s, NH exchanges with D20) Hrms Fnud: mlz 405.1193. Qlcd for 

Cl8HlgN3O8; Mi, 405.1 171. 
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