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A'trad--- - - - -  Treatment of 1 with 2-amimthioph-1 afforded 2-L1-(2J.5- 

triahenzoyl-0-Wribofuram6yl)carbnyl 1-2,3-dihydro-l,5-benzothiazepin- 

4(5g)-e ( 2 ) .  Cehydrcq-tion of 2 with 2,3-dichloro-5,6-dicya~-p 

benzqinone an3 a trace m t  of ptoluenesulfonic acid in benzene afforded 

2-1 1-1 2,3,5-triabenzoyl-0-D-ribfuranosyl )carby1 I-1.5-benzothiazepin- 

4(5g)-cne (3). Ihe r m l  of the sugar protecting gmups in 3 afforded 

2-L1-(1,4-anhydr0-2-d~--pent-l~ofuran~syl)car~yl1-1,5- 

benzothiazepin-4(5E)+ne (4) resulting frm the abstrudion by base of H-1'. 

C m p u d  (1 ) was treated with 2-aminoethmethiol to give 3-(2,3,5-trio 

hzoyl-@-&ribf~mo~yl)-5,6-dihydro-4~-1,4-thiazine-2-~tcXaldehyde ( 5 ) .  

tkp-otection of the m m p r d  15) with aqueous scdim carhnte afforded the 

deprotected cm'pm3 ( 6 ) .  

For several years, we have studied the transfarmation of 5-hydranl-5-(2,3,5-tri+henzql-8-D- 

riMur~yllfuran-2(5g)-e (1 ) into a variety of C-n~cleosides.~ In this pap%, we descrik 

the ring transformation of 1 with 2mimthiaphenol an3 2-aminoethanethiol to 1.5-benzothiazepine 

ard 1,4-thiazine. It is well !amm that 2-amimthicpheml can react with 1,3-bis carton 

eledrophiles to give various types of 1,5-henzothia~epine.~ 

Treatment of 2-amimthiopheml with the furanone glymside (1) in chloroform at 10 'C afforded 2- , 
11 -(2,3,5-tri-~-benzoyl-@-Wribfuranmyl)carb3nyl1-2,34ihydro-l,5-benzothiazepin-4(5~)-e (2) 

in 94% yield. armpnu+t ( 2 )  is an inseparable mixture of epimers at C-2. Dehydr-tion of 2 

with 2,3~chlor0-5,64icya~)-pbenzoquinone (Cm) and a trace amnvlt of ptoluenesulfonic acid 

(PISA) in benzene at 50 "C afforded 2-[1-(2,3,5-tri~ben~oyl-~-D-ribfuranosylrhyll-l,5- 

henzothiazepin-4(5~)-e (3) in 75% yield. Debenzoylatlcn of 3 with alkaline did not afford the 

deprotected hothiazepine nucl-ide, leading to 2-[I -( 1 , 4 - ~ 0 - 2 ~ - ~ - p e n t - l -  

enofurmsyl)~hyl]-1,5-benzothiazepin-4(5g)-e ( 4 )  resulting frm the abstruction by base of 
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Scheme 1 : m e l H  - ' a ~  long range COSY wd NOE experlments with 1,4-thlarlnecarboxaldehyde (6) 
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H-1'.4 

Ihe furancne glycoside ( 1 )  was a l l a n d  t o  react with 2-amincethanethiol i n  chlorofonn a t  roon 

te rpera ture  fo r  3 h t o  afford 3-l2.3,5-tri-~-benzoyl-8-D-ribofuranosyl~-5,6~h~0-4~-1,4- 

thiazine-2-!mxaldehy& (5 )  in cnly 11% yield tosether with a nunber of unidentified prducts.  

Variatim in the reacticn tEwerature, time, reactant pmpxtions, and solvent did mt improve the  

above yield. Ihe 'H and 13c mm spectra of this substance ( 5 )  clearly shared the p r e ~ e ~ ~ ~ e  of a 

single f-1 group a t  6 9.74 and 6 180.87, respedively. In  the 13c m r  spednan, the siwl 

-ng to the olefin cd rh  aton of e i t i m  2 was not observed. Ihe missing signal m y  

he attributed t o  exchange m-ing between taut-ic fonns (Scheme 1 ).5 In the mss spednm, 

the ml- i m  peak was found a t  m/z 573 I#). Ranxral of the sugas protecting mps in 5 

was readily acconplished with aqueaos d m  c a r b t e  t o  afford 3-(6-E-riko£~~amsyll-5,6- 

dihydro-4~-1,4-thiazine-2~~tOXal~e (6 )  in 75% yield. Zhe stereochenistry of 5 has 

determined by a nuclear -user effect  euperiment. Irradiation of the 1 '-H a i m 1  (6 5.10) i n  

6 g a v e a 4 . 1  % ~ t o f t h e s i g ~ l a t 6 3 . 8 2 a s s i g n a b l e t o t h e 4 ' - H .  I n t h e 1 3 ~ m m  

spednm of 6, the missing C-2 sigw.1 was characteristically f d  a t  6 99.06 under heating 

experimental ccnditicn (70°C). In the 'H-13c lag-r- CaSY experiment of 6,  a mr re l a t im  was 

cbserb33 bebeen methyl- proton of C-5 a t  6 3.53 and C-3 a t  6 155.17 and amino proton a t  6 7.35 

and C-2 a t  6 99.06. In the "ass spebnan, the o o l d a r  im peak was found a t  m/z 261 (M'). We 

can offer m oanvinciw aqmzmt a s  to the mchanistic origin of the 1,4-thiazine carbptaldehyde, 

and the f m t i m  of this type of prcduct does mt appjar t o  have ken previously observed. 

?+ass spectra were taken on a Hitachi M-80 instrrnnent by direct inser t im a t  70 eV; high resolution 

mss -tra were m m a a - H X  110. and 13c-Nm spectra were measured with a m a - 2 7 0  

and a Q(-400 IJECa) Speamneters, with tetranethylsilane a s  internal stan3ard. Analytical t l c  was 

perfcamed on glass plates mated with a 0.5 mn layer of silica gel GF254 IMerck). ccqamds 

were detsaed by w light I254 rm). 
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2-[1-(2,3,5-hi~benzoyl-B-D-rihcdlnamsyl)carbcnyl1-2,3-dihydro-l ,5-benzothiazepin-4(5g)-one 

(2). To a solution of 1 (104.4 mg, 0.20 -11 in chloroform (3 ml) at 10 *C was added 28.8 mg 

(0.23, m l )  of 2-aminothiaphenol and the resulting solution was stirred for 30 min and them 

evaporated. We residue was chm~tcgraphea over a mlrmn of silica gel with hexane-ethyl 

acetate (5:l) as developer to give 2 (117.7 ng, 94.2%) as a pale yellar oil; 'H m (UC13) 6 

2.79, 2.86 (each 112 H, each t, J=5.0 Hz, 3-Ha), 3.47, 3.53 leach 112 H, each dd, A4.4 and 8.1 

Hz, 3-W), 4.13 (1 H, m, 2-H), 4.55-4.79 (3 H, m, 4'- and 5'-H), 4.85, 4.93 (each 112 H, each d, 

J=4.7 Hz, 1'-H), 5.67, 5.80 leach 112 H, each t, 5.4.7 Hz, 3'-H), 5.95, 6.06 (each 112 H, each t, 

J=4.7 Hz, 2'-H), 6.84-7.24 (4 H, m, 6-, 7-, 8- and 9-HI, 7.29-8.07 115 H, m, ArH), 9.06, 9.11 

(each 112 H, each br s, NH exchanges with D20); 13c MU lUC13) 6 36.73, 36.82 (C-2), 37.20, 37.59 

(C-3), 63.65, 63.97 (C-5'1, 71.97, 72.18, 73.06, 73.47, 79.93, 80.24, 85.64, 85.79 (C-1', -2', -3' 

and -4'), 117.46-135.97 (Ar-C), 165.05, 165.26, 166.12, 166.21, 167.45 (C.0). 202.78, 203.63 (C- 

12). Hrms M: m/z 407.0828. Qlcd for CZ2Hl713)5S; n+-Zx&cH, 407.0826. 

2-[l-(2.3.5-WiUbenzoyl-6-Wribofuranmy1)~lI-1 - ,S-kewdh 'zepin-4(5gl-me (31. 

A solution of 2 (86.2 mg, 0.13 m l )  in benz- (3 nrl) coltdining CE4 (58.2 mg, 0.25 m l )  and 

PPSA (5 mg) was heated at 50 'C for 9 h. Water was added, and the mixture was extracted with 

ethyl acetate. 'Ihe extracts were conbined, washed with water, and dried over mgnesium sulfate. 

?he extracts, on evapuation, afforded a yellar oil which was purified by preparetive tlc (plc) 

with hexane-ethyl acetate (1:l) as develqer to give 3 164.7 mg, 75.3%) as a yellar oil; lm 

(W213) 6 4.61 (1 H, dd, 5.3.7 and 12.1 Hz, 5'-Ha), 4.79 (1 H, m, 4'-H), 4.90 (1 H, dd, 5.3.4 a d  

12.1 Hz, 5'-W), 5.00 (1 H, d, 5.4.4 Hz, 1'-HI, 5.76 (1 H, t, 5.4.4 Hz, 3'44). 6.01 (1 H, t, 5.4.4 

Hz, 2'-H), 6.99-8.09 (19 H, m, M I ,  8.01 (1 H, s, 3-H), 10.23 (1 H, s ,  NH exchanges with 40); 

13c mn ( m 3 )  6 63.71 (C-5'1, 72.30, 73.96, 80.30, 85.35 1 2 -3' and -4'), 116.60, 

117.46, 124.36, 125.57 (C-6, -7, -8 and -9), 127.86-133.62 (Ar-C and C-3), 142.74 (C-4), 156.53 

(C-21, 165.24, 166.18, 171.61 (C=O), 194.86 (C-12). H m s  Found: m/z 405.0666. Calcd for 

%21$ 5N05S; M+-ZXBZOH, 405.0669. 

2-[ 1 -( 1, 4-Anhydro-2-d--D-erythro-pent-1 - e n c d u r a n c s y l 1 ~ 1 1 - 1 , 5 - ~ e p i n - 4 ( 5 g 1 -  

(4). To a solution of canpound 3 (64.7 mg, 0.10 -1) in metham1 (6 ml) at 10 'C was added 0.5 

N sodim w b t e  (1 mll and the mixture was kept at r m  t w a t u r e  for 3 h. m e  reacticn - 
mixture was neutralized with acetic acid and evaporated. 'Ihe residue was purified by plc with 

chlorofm-than01 (9:l) as develqer to give 4 (1 4.2 mg, 44.7%) as a yellar f-; 'H m (CD30D) 
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6 3.68 (2 H, d, 5.5.0 Hz, 5'-H), 4.47 11 H, apparent q, 4'-HI, 4.93 11 H, t, J=3.0 Hz, 3'-HI, 6.12 

(1 H, d, 5.3.0 Hz, 2'-H), 7.10 (2 H, apparent q, 7- and 8-H), 7.26 (1 H, d, A8.1 Hz, 6- or 9-HI, 

7.35 (1 H, dd, J=1.3 and 8.1 Hz, 6- or 9-H), 7.92 (1 H, s, 3-H); 13cmu ( W 3 )  6 63.94 (C-5'). 

77.04, 92.39 (C-3' and -4'). 113.20, 118.91, 125.78, 127.42, 129.72 (C-2', -3, -6, -7, -8 and -9). 

118.11, 135.08 (C-10 and -11), 145.09, 157.41, 159.05 (C-1', -2 and -4), 183.83 (C-12). b 

F d :  m/z 319.0521. Calcd for CI5Hl3W5S; M', 319.0513. 

3 - ( 2 , 3 , 5 - h i + ~ l - E D . r ~ l ) - 5 , 6 - e - 1 , 4 - t h i a z i n e - 2 ~  (5). To a 

soluticm of 1 (220 r q ,  0.40 -1) in chloroform (3 ml) at 10 'C was added 2-i-thanethiol 

1183.3~. 1.6-1)andsalilm~~tmate (171.5~. 1.6ml). 'l%emixturewasstirredatroon 

tanperat- for 3 h. hater was added, and the mixture was extracted with chloroform. The 

extracts were d i n e d ,  washed with water, and dried aw rmgnesium sulfate. Ihe extracts, cn 

evaporaticn, afforded a colorless oil which was plrified by plc with hexane-thy1 acetate (1 :1) as 

developer, to give 5 (24.4 mg, 10.5%) as a mlorless syrup; 'H m ( m 3 1  6 2.76 (2 H, m, 6-H), 

3.59 (2 H, m, 5-H), 4.69 (1 H, m, 4'-H), 4.75 (1 H, dd, J=4.4 and 12.1 Hz, 5'-Ha), 4.90 (1 H, dd, 

J=2.4 and 12.1 Hz, 5'-Hb), 5.44 (1 H, dd, J=5.4 and 8.1 Hz, 2'-H), 5.83 (2 H, m, 1'- and 3'-H), 

6.35 (1 H, s, NH exchanges with qo), 7.34-8.14 (15 H, m, ArH), 9.74 (1 H, s, W I ;  13c rrmr 

(=I3) 6 22.75 (C-6), 43.43 (C-5), 63.81 (C-5'), 72.42, 75.31, 75.73, 77.00 (C-1', -2', -3' and 

-4'), 128.29-133.86 (arc), 150.69 (c-31, 165.16, 165.43, 166.82 (C=O), 180.87 (OD). Hrms F d :  

m/z 573.1458. Calcd for C31H27W8S; M', 573.1456. 

3 - ( B - D . R i b o f u r a m s y l l - 5 , 6 ~ ~ - 1 , 4 - t h i a z i n e - Z ~  161. Ib a solutim of- - 5 (36.2 ng, 0.06 -1) in mthanol (3 ml) at 10 'C was added 0.5 N salim carbcnate I 1  

ml) and the mixture was kept at r m  temperature for 1 h. ?he reaction mixture was neutralized 

with acetic acid and -prated. me residue was plrified by plc with chloroform-mthanol (9:l) 

as developer, to give 6 (1 2.3 mg, 74.6%) as a colorless neplles; mp 198-199 OC; 'H m u  I (W3)2Y31 

6 2.74 12 H, m, 6-H), 3.53 I2 H, m, 5-H), 3.07 (1 H, dd, Js2.9 and 12.2 Hz, 5'-Hal, 3.69 (1 H, dd, 

5.2.9 and 12.2 Hz, 5'-Hbl, 3.82 (2 H, m, 2'- and 4'-H), 3.91 (1 H, t, 5.5.4 Hz, 3'-H), 5.10 (1 H, 

d, J= 5.4 Hz, 1'-H), 4.75-5.28 (3 H, br, OH exchanges with D 9 1 ,  7.35 (1 H, s,  NH exchanges w i t h  

40). 9.44 (1 H, s, C H O ) ;  13c m u  IlCQ3)2S01(700 Cl 6 22.06 (C-6). 42.64 (C-5). 60.18 (C-5'). 

70.12, 76.54, 78.57, 84.29 (C-1 ', -2', -3' and -4'). 99.06 (C-21, 155.17 (C-3). 179.70 (OD). Hrms 

F d :  m/z 261.0667. Qlcd for C10H15K15S; M', 261.0670. 
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