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NUCLEOSIDES & NUCLEOTIDES, 10(6), 1333-1344 (1991)  

Krzysztof W. Fankiewicz*, m3-i A. ciszewski, 
and AI lMT.Ft& 

slcan-mttering Institute for Cancer -, Memorial Sloan-Ketterjng 
Cancer Center, Sloan-Ketlxzing D i v i s i o n  of Graduate School of Medical 

Sciences, Cornell UniverSity, New York, NY 10021. 

Abstract: 1- (p-D.Ribofuranosy1) -2 (Ui) - p y r i d o n e - 3 a d d e  (6a) and the 
6(W)-pyridone derivative (6b) were prepared by condensation of 1,2,3,5- 
tetra-O-aceQl-p-D.ribofuranose (3) w i t h  2- and 6-hydroxynicotinic acid, 
respectively, to  4a and 4b, followed by conversion of the carboxylic acid 
function of 4a,b into their comespnkg  ' carboxamides 5 ,  and then 
depxwtection of 5. Bath 6a and 6b w e r e  then t r e a t d  w i t h  1,3-dichlom- 
1,1,3,3-~~isoproWldisiloxane to give the corresponding 31,5'-O-TPDS 
derivatives, 7a and 7b. Meqlation of 7a,b w i t h  mesyl chloride in 
pyridine afforded the stable, protected mesylates 8a,b. Upon de-0- 
silylation of 8a,b w i t h  l 3 t p - F  gave a mixture of unprotectdmesylates 9a,b 
and 2,2-anhy&o- and 6,21-anhydronucleosides, la and lb. Upon storage of 
9a,b a t  man temperature, they are quantitatively cornrerted into la,b. 
Mild alkaline hydrolysis of la,b afforded their corresponding a r a b h  
nucleosides 10a,b. 

The prcanisimg anticancer 2- (J3-D-ri.tmfmancq1) -thiazole-4- 
carbodde, (Tiazofurin, TF, F i v  1) is metabolically converted into 
the nicotinamiae adenme * dhucleotide (NAD) analogue, tiazofurin adenine 
dinucleotide w h i c h  w a s  found to be a potent inhibitor of IMP- 
dehydrcqenad. Since the replacement of nicotinamide riboside ( M i )  in 
NAD by tiazofurin has produced a dramatic effect on its biological 
activity, an interest i n  the synthesis of other NR and NAD analogues as 
potential anticancer agents has grmn increasingly. The synthesis and 

enzymlogic propest is  of nicutinamide a r a b b i d e  (NA)'*, &cyclic 
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1334 PANKIEWICZ, CISZEWSKI, AND PTAK 

aCONH2 a CoNH2 a CoNH2 

Ho OH “-H 
T i a z o f u r i n  R = H N ico t i nan ide  r i b o s i d e  R = H N ico t i nan ide  orobinos ide R H 
TAD R = AD’ NAD R = A D P  ora-NAD R ADP 

a CoNH2 

ADpH 
NgcoNHz 

carbo-MD C-NAD 

F igu re  1 

analogue of m13, and their wrresponling NAD analogs have been recently 
rep-. Althcugh, bath am-NAD and carba-NAD function as coenzymes for 
yeast and horse liver alcohol dehydrqenase, only carba-NAD is resistant 

to clea~ge by NAD g i y ~ ~ h y d r ~ i a ~ d ~ J ~  (awing to  ti^ known stability of the 
glycosyl b~rd of carbacyclic nucleusides) .15-17 

Recently, we have synthesized c-nuclecside mogues of NFP~ as 
well as 5-(f3-~ribofuranosyl)ni&inamide adenine dinucleotide (C-MLD, 
Figure l).z C-MLD w a s  found to be an even better lMpdehydrogeMse 

inkibitor than TADz3. C-NAD is also an extrarely potent inhibitor of 
alcohol dehydrogeMse with a picmolar dissociation wnstani?. Since the 
C-C glycosyl bond in C-NAD is stable, we expect that this analogue should 
be also resistant to MID glycahydrolase cleavage. 

In this paper we report the synthesis of 2,21-anhydrc-2-hydrOxy- and 

lb,respectively, Figure 2) , which, when w n v ~  into their comsponding 

NAD analogues may also be resistant to Mu) glymhydmlase because of the 

6 , 2 ’ -anhydr0-6-hydrCjxy-l- (f3-D-arak1hf) nimtinamide (la and 
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NICOTINAMIDE NUCLEOSIDE ANALOGUES 

Hd 
la "synrc 

1335 

lb "ant i "  

Figure 2 

additional %uilt in" linkage between the nicotinamide aglycon and the 
sugar miety. 

Anhydro nuclecsides la and l b  can, on the other hand, be amsidered 

as close analogues of nicothndde arabinoside (NA) in  w h i c h  the 
wnfonnation is restricted to llsynll and %ntigl , respectively. 

oxidation-reductions by a l l  known dehydmgmases are w e l l  
established as stereospecific p m c e s s e ~ . ~  sane ~~~ydmgenases transfer 
exclusively the pr0-S hydrosen on the 4 position of the dihydropyridine 
ring in NAc%I, whereas others transfer pro-R hydrogen." The X-ray 
structures of various dehydrogenase-NAD -1- revded that thee 

enzymes that bind NAlX in the tlsynll amformation transfer pro-R hydrcgen.% 
It w a s  recently faurrd that unusually close intmmlecular contact between 
the sulfur atcw in the aglycon and oxygen in  the sugar ring in the 
tiazofurin molecule wmld l i m i t  rotation about the C-glycosyl bond, 
resulting in the favorable wnfonnation for binding to the enzyme(s) that 
converts tiazofurh to TAD, or for tight binding of TAD to IMP- 
dehyd.rogenase.n It was also reported recently that the %ntill form with 
C3I-endo conformation i n  the enzyme bmrd NAD is essential for activation 
of the Glactate dehydmgenase of T. caldciAilus.2B 

!the importance of the axformational factors for inhibition of 
uridine phcsphoqlase was reported." ~n t h e  studies 2,2*-anhydm-5- 
ethyhridine was faud to be the mst potent inhibitor of this enzyme and 
its rigid %yntt wnfonnation was shown to be responsible for its 
inhibitory activity. 

TIE synthesis of la ard Ib was achieved by preparation of the 
pyridine nucleosides cantaining an oxygen function in  the aglyam which 

was subsequently used for nucl@lic displacaaent of the leaving ~ m u p  
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1336 PANKIEWICZ, CISZEWSKI, AND PTAK 

nCoR N O  

R ' O  O R '  

40 R = O H ,  R '  = Ac 
5a R = OMe, R ' = Ac 
60 R = N Y , R ' =  H 

- Acowc AcO OAc 

3 

0 QCoR 

46 R = O H ,  R ' =  Ac 
5b R OMe , R ' = Ac 
6b R = N Y , R ' = H  

Scheme 1 

on C-2' in the s q a r  moiety. TYus, cordensatian of 2-hydroxyncotMc 
acid w i t h  1,2,3,5-tetra+acetyl-&D-ribofuranose (3, Scheme 1) a c w d n g  
to N i e d b a l l a  and Vorbriiqger? afforded exclusively &nucleoside 4a in 
almost quantitative yield. 
treatment gave 1- (&D-ribofuranosyl) -2 (3H) -pyridone-3ea&odde (6a) in 
high yield. Similarly, cod-tion of 3 w i t h  6-hydroxynicotinic acid gave 
a gcod yield of nucleoside 4b, which in the same manner was converted 
further into the corresponding 6 (IH) -pyridone derivative 6b (scheme 1) . 
caxtmxamide Q, was earlier synthesized by s c ~ i m m e  a t  ai.31 by an 
alternative methcd. 

pyridone nucleoside 6a was treated w i t h  1,3-clichloro-l,l,3,3- 
tetraisopmWldisilowne to give the 3 ,5 -C+TPlX protected derivative 7a 

(scheme 2) , which, by treatment with mesyl chloride, afforded the mesylate 
8a. A l l  (xv attexpts at displacenrent of the mesyl group i n  8a were 
unsuccessful. 
the unprotected mesylate 9a ard the desired 2,2'-anhydro arabino 
derivative la (pyridinim mesylate). I)uring storage of a t  room 
temperature (as a foam) or  in solution w, pyridhe or EtoH), 9a was 
ccanpletely converted into la. 

A similar difficulty in an intramolecular displacement of the 2'- 

Ild-81 -1 group of the 3',5'+-TPlX protected nucleoside versus 
unprotected 2'-me~ylate of q-uridine was noticed l k i s  may 
be q l a i n e d  on the basis of the conformational influence of "PIX3 

protection. The sugar moiety of such protected nucleosides was p m &  to 
be i n  a'-endo conformation in which the oxygen of the aglycon ard c-2' 

Esterification of l a  follmed by 

Desilylation of 8a with q N K F ,  however, gave a mixture of 
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NICOTINAMIDE NUCLEOSIDE ANALOGUES 133 7 

N 
iPr2Si  -0 

i ~ r 2 ~ ~ :  a?! 
* 

iPr2Si-0 OMS 
\ 

Ho OH iPr2Si-0 OH 

60 70 8a 

c S C O N H 2  0 H2mm 
HO H O  

i o  a l a  

a:2 N 

H O  OMS 

9a 

Scheme 2 

are held far enough apart to  prwent anhydm bond formation. The mesylate 
8b was obtained fmn 6b i n  a similar manner as 8a ard w a s  desilylated to 
give a mixture of mesylate 9b and anhydmnuclecside lb. Rris mixture when 
kept in MeDH for 5 days afforded lb as pyridinium -late. Both 
pyridinium nresylates la and Ib were converted into their co- 

pyridinium chlorides by pass- a water solution of pyridinium -la- 
1 through a column of Dmex =-8 (chloride fonn). 

A t t e m p t d  Separation of 9a and 9b fmn 1 on a silica gel column was 
not successful. the l-(p-D- 
a r a b i n 0 f u r a n o s y l ) ~ ~ d o m - 3 ~  'des 1Oa ard lob were  eluted frcan the 
column in good yield. Apparenuy the canversion of 9 into 1 took place 

first, folluwed by hydrolysis of the anhydro linkage on the silica gel 
giving rise to the a r a b h  derivatives 10. Nucleosides 10a and 10b were  
also prepared froan 1 in high yield by treatment w i t h  0.1 N KMI. 

Instead of expcted nucleasides 9 and 1, 

Melting points were determined on a ? h c a ~ s - H m e r  capillary 
apparatus and are uncorrected. 'H NMR spectra w e r e  rec~rded on a J M ~ L  FX 
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1338 PANKIEWICZ, CISZEWSKI, AND PTAK 

9oQ qectnmeter with W4si as the internal stardard. chemical shifts are 
reported in ppn (6) and signals a m  described as s (singlet), d (doublet), 

t ( t r ip le t ) ,  q (quartet), m (nailtiplet), dd (double doublet), brs (broad 
singlet) .  Bcchangeable signals are reported as these, which disappear 
upon exchange w i t h  40. Values given for coupling constants are f i r s t  
order. TI13 was performd on Uniplates (Analtf32h Co., Newark, DE) and 
column dxumatqraphy on Woelm silica gel (70-230 mesh). M i c r o a n a l y ~  
were  performd by Galbraith Laboratories, Inc., or by M.H.W. Iaboratories. 

1- (2,3,5-Tri+acetyl-B-Priboibofuanosyl) -2 (IH) -pyriQne-3-carbxylic 
Acid ( l a ) .  To a suspension of 2-hydroxynicot~c acid (4.5 g, 32.3 ml) 

i n  c3I.p (110 mL) was added bis(trbthylsily1)trifluoroaetamide (20 mL, 

78 ml), and the mixture w a s  stirred a t  rwm temperature under an aryon 

atmosphere for 1 h, then excess silylating agent w a s  remuved in vacuo. 
T h e  residue w a s  dissolved in a solution of 1,2,3,4-tetra+acetyl-D-D- 
ribofuranose (3, 11.6 9, 35.5 mmol) in Cl-$CN (57 mL) . A lM solution of 
snc4 in c%$Ch (112 mL) was added. 'Ihe mixture was stirred a t  rwm 
temperature ovemight, and then concentrated i n  vacuo. me residue w a s  
dissolved i n  CH$h (300 m ~ ) ,  washed w i t h  saturated N W ~ ,  dried over 
m4, and then amomtrated in vacuo. The residue w a s  ChrrmMtOgraphed on 
a column of silica gel us- CHCl+ (g:~, v/v) as the eluent to give 
l a  (12.3 g, 96%) as a foam. 'H NMR (m) 6 2.05-2.09 (9H, m, 3Ac) ,  

4.30-4.38 (3H, m, H-4', 5', 5"), 5.36-5.56 (W, m, H-2', 3'), 6.22 (lH, 
d, H-l', J1,,2, = 3.3 Hz), 6.77 (lH, t, H-5, J4,5 = J5,6 = 7.0 Hz), 8.23 (lH, 
dd, H-4, J4,6 = 1.9 Hz), 8.38 (lH, dd, H-6). Anal. cdlcd for C,fi$lO,o: C, 

51.39; H, 4.82: N, 3.52. ~a~nd: c, 51.18; H, 4.96; N, 3.41. 

l-I3-WRihofllmmSyl-2 (lH) -pyri&ne?3- 'be and l-*~ribofuranosyl- 
6 (IH) -pyri-3- 'de (6a and 6b). A solution of l a  (3.7 g, 9 
ml) in M&H (40 mL) was cooled to 0 "C, and then treated w i t h  an ethereal 

solution of CH$$ (50 mL, prepared from 1-methyl-3-nitro-1-Nt1-0~0- 

guanidine)36 for 15 min. Excess of CH$$ was by addition of AcOH 
( l a )  andthemixture was concentrated i n  vacuo t o  give crude 5a (3.0 9). 

~n analytical saqle of this ccmpxmd w a s  obtained by ChrceMtOgraphic 
purification on a silica gel column (OK-, 40:1, v/v) . 'H NMR (v 
dJ 6 2.05-2.08 (9H, m, 3 A c ) ,  3.75 (3H, s, Me), 4.17-4.45 (3H, m, H- 
4',5',5''), 5.36-5.53 (W, m, H-2',3'), 6.07 (Xi, d, H-11, J1,,2, = 3.0 Hz), 
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NICOTINAMIDE NUCLEOSIDE ANALOGUES 1339 

6.44 (lH, t, H-5, J4,5 = J5,6 = 6.9Hz), 7.96-8.14 (2H, dt, H-4,6, J4,6 = 2.2 
Hz). Anal. Qlcd for C,&lNOlo: C, 52.55; H, 5.15; N, 3.40. Found: C, 

52.46; H, 5.22, N, 3.39. 
Crude 5a (2.5 g) was treated with (60 niL) overnight. The 

mixture was concentrated in vacuo, and the residue was chromammed on 
silica gel (u-rC$-Me€)H, 5:1, v/v) to give crystalline 6a (1.6 9/98 %), m.p. 

176-178 OC (m). 'H NMR (Mep-dJ, 6 3.71-3.76 (2H, m, H-5',511), 3.93- 
3.99 (3H, m, H-2',3',4'), 5.07 (lH, d, OH exchg.), 5.21 (lH, t, OH 
exchg.), 5.53 (lH, d, OH exchg.) , 6.09 (lH, d, H-l', Jl,,,, = 1.9 Hz), 5.54 
(lH, t, H-5, J4,5 = J5,& = 6.9 Hz), 7.63 (lH, d, NH exchg.), 8.32 (lH, dd, 
H-4, J4,6 = 2.2 Hz, 8.42 (IH, dd, H-6), 8.95 (lH, d, NH exchg.). Anal. 
Calcd for C,1H,4%06: C, 48.89; H, 5.22; N, 10.36. Found: C, 49.07; H, 5.37; 
N, 10.51. 

Similarly, 4 b  (7.07 g, 18 mmol) was corn& into 5b (7.2 g, 99 %). 

Analytical sample was obtained as above. 'H NMR (*) 6 2.07-2.10 (9H, 
m, 3 Ac),  3.80 (3H, s, C y ) ,  4.34-4.45 (3H, m, H-4',5',5''), 5.32-5.53 (W, 
m, H-2',3'), 6.18 (lH, d, H-l', J,,,,, =3.5Hz), 6.46 (lH, d, H-5, J4,,=9.6 
H z ) ,  7.84 (lH, dd, H-4, J2,,=2.5Hz), 8.49 (lH, d, H-2). Anal. cdlcd for 
C,&lNOlo: C, 52.55; H, 5.15; N, 3.41. Faund: C, 52.85; H, 5.28; N, 3.15. 

Crude 5b (7.0 g) was treated with MeoH/Ny (200 mL) at 100 OC in a 
sealed steel cylirder for 2 day$, then the mixture was treated with 
activated chan=odl, filtered and concentrated in vacuo to give crystalline 
a (3.1 g, 65%), m.p. 212-214 O c  (-1. 'H NMR s p e c t m n  of a was 
identical with that of authentic sample." 

1-(3,5-O-Tetraisopropyldsiloxan-l,3-Bi-yl-B-D.ribofuranosyl)-2(~)- 
pyrihne-3-carfxncarm 'da and - 6 ( l H ) - r n h m 3 - -  'de (7a and 7b). 

Nucleoside 6a (4.0 g, 14.8 rmnol) was dissolved in pyridine (30 mL) and 
1,3-dichloro-1,1,3,3-tetraisapro~ldisiloxane (5.0 g, 15.8 mmol) was 
added. Themixture was stirred at roan temperature overnight, and then 
concentrated in vacuo. The residue was partitioned between mc13 (400 rriL) 
and w a t e r  (100 niL) . The organic layer was separated, washed with water (3 
x 100 mL) , dried (m4) , and concentrated in vacuo to give 7a (6.6 g, 87%) 
as a foam. The analytical -1e was prepard by purification on a silica 
gel column ( m c l 3 - ~ ,  5:1, v/v). 'H NMR (-1 6 0.93-1.08 (28H, 
m, iPr), 4.04-4.14 (5H, m, H-2',31,4',58,511), 5.80-5.85 (2H, m, H-ll,OH, 
collapsed to a singlet upon addition of 90) , 6.51 (lH, t, H-5, J ~ , ~  = J5,6 
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1340 PANKIEWICZ, CISZEWSKI, AND PTAK 

= 6.9 Hz), 7.63 (lH, d, NH exchg.), 8.12 (lH, dd, H-4, J4,6= 2.2 Hz), 8.35 
(lH, dd, H-6), 8.88 (lH, d, NH ex-.). 
53.87; HI 7.86; N, 5.46. Foinxl: C, 53.97; H, 7.87; N, 5.36. 

Anal. Qlcd for CL3H40NZOfSG: C, 

In the sam manner 6b (540 mg, 2 mmol) was mnverted into 7b (650 q, 

63%) and purified on silica gel w i t h  c 3 1 C 1 3 ~ ~  (3:1, v/v) . 'H NMR (Me$W- 

c&) 6 0.96-1.06 (28H, m, iPr), 3.85-4.11 (W, m, H-2',3',4',51,511), 5.61 
(lH, brS, OHeXchg.), 5.73 (lH, s ,  H-1'), 6.40 (lH, d, H-5, J4,,=9.3 Hz), 
7.10 (lH, brS, NH w.), 7.61 (lH, bs, NH exchg.), 7.86 (IH, dd, H-4, 
J2,4= 2.5 Hz), 8.35 (lH, d, H-2). 
53.70; H, 7.73; N, 5.30. 

Anal. Qlcd for Gw?SG. Found: C, 

1- (2+Mesyl-3 I 5+t&&sclgro~ldisiloaGabr I 3-Ui-yl-rt-rrriboruranosyr) - 
2 (la) -&*3-arbXam 'ds aad -6(la)-m-3- 'de (8a and 
8b) .  A m i ~ t ~ r e  of 7a (3.1 g, 6.05 -1) ard Mscl (0.92 mL, 12 ml) in 
pyridine (50 mL) was stirred at roam temperature for 3 days, and quenched 
w i t h  EWH (100 a). 'Ihe mixture was concentrated in vacuo and the residue 
was chrcwatographed on silica gel (CHC%-EW&& 1:1, v/v) to give 8a (2.5 
g, 70%) as a foam. 'H NMR (%) 6 0.97-1.07 (28H, m, iPr), 3.44 (3H, 

s, Ks), 4.03-4.32 (4H, m, H-3',4',5',51'), 5.27 (Hi, d, H-2', J2,,3, = 4.1 

Hz), 6.09 (W, s,  H-l'), 6.56 (lH, t, H-5, Jb5 = J5,6 = 6.9 Hz), 7.05 (lH, 
d, NH ex-.), 8.08 (lH, dd, H-4', J4,6= 2.2 Hz), 8.37 (lH, dd, H-6), 8.90 

Anal. Calcd for cL4H42NLopss~: C, 48.79; HI 7.16; N, 

A m i x h r r e  of 7b (512 mg, 1 mmol) , W (122 mg, 1 mmol) , and MsCl 

(154 uL, 2 m l )  in Cl$C$ (10 mL) containing Et ;N (202 rg, 2 m l )  was 
stirred overnight. 'Ihe reaction was quenchd by addition of EtOH (5 a). 
Themixture was concentratd in vacuo, am3 the residue was chromatographed 
on silica gel (CHCh-EtOH, 33:1, v/v) to give 8b (350 mg, 60%) as a foam. 
'H NMR (MegXM&) 6 0.98-1.10 (28H, m, iPr), 4.00-4.35 (4H, m, H- 

3',4',5',5"), 5.18 (lH, d, H-2', J2,,3, = 4.8 Hz), 5.96 (lH, s, H-l'), 6.50 
(XI, d, H-5, J4,5 = 9.6 Hz) , 7.32 (W, b m ,  NH ex-.), 7.68 (lH, b E ,  NH 
exchg.), 7.93 (W, dd, H-4, J2& = 2.2 Hz), 8.36 (W, d, H-2). Anal. C d L d  

for54H&.p+SSG. C, 48.79; H, 7.16; N, 4.74. Found: C, 48.72; H, 7.18; N, 
4.52. 

(HI  d, NH exchg.). 
4.74. Found: C, 48.59; H, 7.13; N, 4.56. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



N I C O T I N A M I D E  N U C L E O S I D E  ANALOGUES 1341 

solution of 8a (590 mg, 1 ml) in THF (5 mL) was added a 1 M solution of 
E t p F  in ZHF (2.5 mL, 2.5 equiv.). The mixtUre was stirred a t  room 
temperature for 1 h and concentrated in vaao. The residue was 
chromatograp& on a silica gel w i t h  mC~-EtOH (5:1, v/v) to give 9a (287 
mg, 82%) as a foam. ?his ampound, when dissolved in  Mep-C& in NMR tube, 
was converted immediately into an approximately 1:1 mixtum of 9a and la. 
'H NMR (-1 6 2.30 (3H, s, Ms-la), 3.32 (3H, s, Ms-ga), 3.32-4.40 (7H, 

m, H-31,41,51,511-9a and H-4',5',5''-&), 4.77 (W, d, H-3'-la, beccare a 
singlet upon e x h n g e ) ,  5.05 (W, t, OH-la exdig.), 5.10 (W, dd, H-2'-9a, 

J,,,2, = 6.0 Hz), 5.77 (W, d, OH-9a ex-.), 6.14 (lH, d, H-11-9a), 6.25 

H-1'-la) , 7.16-7 -22 (2H, m, NH, H-5-&), 8.29-8.48 (3H, m, NH, H-4,6-9a), 
8.72-8.97 (2H, m, H-4 , 6-la) . 
The same sample, when recorded after 8 h, gave a spectrum for pure la. 'H 

J7,,2, = 1.9 Hz, J2,,3, = 4.9 Hz), 5.36 (W, t, OH-ga), 5.64 (W, d, H-2'-la, 

(W, d, H-11-9a), 6.58 (lH, t, H-5-9a, J4,, = J5,6 = 7.1 Hz, 7.07 (W, d, 

NMR 6 2.37 (3H, S, XS) I 3-23 (W, dd, H-5", J5,,5,, = 12.6, Jba 9 1  = 2.5 HZ) I 
3.44 (lH, dd, H-5', J4,,,, = 1.9 HZ), 4.35 (IH, d, H-4'), 4.67 (IH, d, H-3', 
asingletuponexchange), 4.85 (IH, t, OHexchg.), 5.65 (W, d, H-2', Jl,,2, 

on brs, NH, H-5, J4,, = J5,6 = 6.0 Hz), 8.18 (XI, brs, NH exchg.), 8.76 (W, 

After being kept a t  roan teqerature for 4 days, CcBnpOund 9a (190 mg, 

'H NMR ( q C 1 )  

Anal. Calcd for C , f i 6 3 O 8 :  C, 41.38; H, 4.63; N, 8.04. Found: 

cxqxnm3 8b (590 mg, 1 ml) was treated w i t h  a 1 M solution of E t p H F  

in  as W e .  &pmximtely 1:1 mixture of 9b and lb (296 mg, 87%) was 
obtainedasafoam. 'Ihismixture , when kept in MeoH (3  mt) for 5 days, 
afforded lb. 3.47 (W, dd, H-5', Jc,,5, 
= 2.0, J,,,,, = 11.0 Hz), 3.60 (IH, dd, H-5", J4,,5,, = 2.0 Hz), 4.47 (a, m, 
H-4'), 4.70 (W, d, H-3', J3,,4, = 1.0 Hz), 5.73 (W, d, H-2', J11,2, == 6.3 
HZ), 7.00 (IH, d, H-l'), 7.56 (W, d, H-5, J4,= 9.3 Hz), 8.88 (IH, dd, H- 
4, J2,4 = 2.2 Hz), 9.16 (W, d, H-2). -1. Cald for  C,&N208S: C, 41.38; 

H,4.63; N, 8.04. . Faund: C, 41.32; H, 4.65; N, 7,89. 

= 6.1HZ), 6.14 (lH, d, OHexchg.), 7.07 (W, d, H-l'), 7.62-7.77 (2H, dd 

dd, H-4, J4,6= 1.5 Hz), 8.93 (W, dd, H-6). 

foam) was caple te ly  converted into la as judged by 
analysis. 
C, 41.40; H, 4.71; N, 7.97. 

'HNMR (CE$OD) 6 2.68 (3H, s, Ms), 

ccanpound la (348 mg, 1 ml) w a s  dissolved in Hp (2  a), and the 
solution was passed through a column of L X w e ~ l  (Cl- form). The column was 
washed w i t h  50 (50 mL) , and the solution was concentraw in vacuo. The 

resib w a s  crystallized fmm EtoH to give la (C1- form) (28 nrg, 97.3 %), 
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mp 195-198 OC. 'Ihe 'H NMR qectrm of this sample w a s  identical with that 
for la (W- form) except that the Ms signal at 6 2.37 was absent. 

In a similar manner, Ib (W- form) w a s  wnvertd into the Ib (cl- 
form) in ahm& quantitative yield, nrp 205-207 O C  (EtOH). 

l-&D-Arakinof2 (la) -gyri&nel-3 'de and l-D-D-arabb 

Auanocsyl-6 (lH) e - 3 -  'de (10a and lob). mnpound la (cl- 
form, 150 ny, 0.52 -1) was dissolved in 0.1 N NaOH (5.0 mL) stirred at 
roaw tenperature for 15 min,  ard the solution was neutralized with 0.5 N 
HC1. The mixture was concentrated in vacuo and the residue was  
chranatogral=hed on a silica gel (Cl-ICl+kOH, 7:3 v/v) to give 10a (140 mg, 

quantitative yield) , nrp 225-228 O C  (EtOH) . 'H NMR ( M e p - c & )  6 3.64-3.70 

3.8 Hz, J2,,3,= 2.2 Hz), 5.14 (lH, t, OH exchg.), 5.42-5.49 (2H, m, 2xOH 
exchg.), 6.32 (IH, d, H-l'), 6.52 (lH, dd, H-5, J4,5= 6.8 Hz, J5,6=7.4 H z ) ,  

7.57 (lH, bE, MI=*.), 8.06 (W, dd, H-4, J4,6=2.2 Hz), 8.33 (lH, dd, 
H-6), 8.94 (lH, bn, MI exchg.). C, 48.89; H, 
5.22; N, 10.36. Fouxd: C, 48.88; H, 5.41; N, 10.27. 

lob (141 ny, quantitative yield) was obtained, mp 234-236 O C  (WH). 

(W, m, H-5',5"), 3.94-3.97 (W, m, H-3',4'), 4.18 (W, dd, H-2', J1,,2,= 

Anal cdld for C,1H,4%06: 

In a similar alkaline treatment of Ib (, CY form, 150 mg, 0.55 mmol) 
'H 

NMFl (w) 6 3.60-3.67 ((W, m, H-5',5"), 3.86-4.08 (3H, m, H- 
2',3',4'), 5.05 (W, t, OH exchg.), 5.39-5.46 (W, m, 2xOI-I e.), 6.20 

(IH, d, H-l', J,,,2,= 3.8 Hz), 6.36 (lH, d, H-5, J4,5= 9.3 Hz), 7.80, 7.30 

(* bn, 2 W  exchg.), 7.88 (lH, dd, H-4, J2,4= 2.5 H z )  , 8.30 (Xi, d, H-2). 
Anal. C d L d  for C,lH,4&06: C, 48.89; H, 5.22; N, 10.36. Faund: C, 49.01; 
H, 5.31; N, 10.11. 
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