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Three  methods a r e  known for  the synthes is  of 2 - a z i d o - 2 - d e s o x y - D - g a l a c t o s e  de r iva t ives  : the t radi t ional  
method,  which is based on the nucleophil ic  opening of epoxides [1]; the az ido -n i t r a t e  method [2]; and the ha lo -  
azide method [3]. At the s a m e  t ime,  only the method given in [1], which is cha rac t e r i zed  by being mul t i s tep ,  is 
appl icable  for the analogous D-glucose  de r iva t ives .  In o r d e r  to c r ea t e  a convenient  method for the synthes is  of 2-  
2 - a z i d o - 2 - d e s o x y - D - g l u c o s e  f rom 2-subst i tu ted  D-mannopyranose  de r iva t ives  we studied the nucleophil ie sub-  
sti tution at  C 2 in 2 - O - m e s y l - D - m a n n o p y r a n o s e  (I) and 2 - b r o m o - 2 - d e s o x y - D - m a n n o p y r a n o s e  {II). 

The fact  that this seeming ly  m o s t  na tura l  approach was not rea l ized up to now is assoc ia ted  with the un-  
usual ly  difficult nucleophil ic substi tut ion at C 2 of hexopyranoses  [4, 5] : the t ransi t ion s ta te  in the SN2 reac t ion  
is des tabi l ized by the d i p o l e - d i p o l e  in teract ion of the negat ive ly  charged nucleophlle  with the hemiace t a l  f r a g -  
ment  of the sugar .  Even subst i tut ion by a neu t ra l  nucleophi le ,  like hydraz ine ,  is s t rongly  hindered [4]. Conse-  
quently,  it can be said that substi tution at  the C 2 of hexopyranoses  is uniquely forbidden. 

Easy nucleophil ic  substi tut ion should be observed  for  the acycl ic  fo rms  of compounds (I) and (II), which 
r e p r e s e n t  c~-sulfonyloxy or  a -ha lo  aldehydes.  We s ta r t ed  with the p r e m i s e  that compounds (I) and (if) in polar  
DMF will exis t  as an equi l ibr ium m i x t u r e  of  the cycl ic  and acycl ic  f o r m s ,  in which connection the la t te r  will 
enter  into the reac t ion  with NaN 3 (Scheme 1), even though it is p resen t  in smal l  amount ,  because  it is much m o r e  
reac t ive .  
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Actual ly,  whereas  the mix tu re  of 2 -O-mesy l - c~ , f i -me thy l -D-mannopyranos ide s  r e m a i n s  unchanged on prolonged 
reac t ion  with NaN 3 at  150~ the de r iva t ives  with a f r ee  hemiace t a l  group,  (I) and (II), quickly reacted  at  a lower  
t e m p e r a t u r e .  Thus,  m e s y l a t e  (i) reac ted  comple te ly  with 2 equiv, of NaN 3 in 6 h a t  70 ~ to give ,  a f te r  acetylat ion 
(Ac20 in pyr idine) ,  a single product  that absorbed  at  2100 cm -1 (-N3) , whose yield was 87%. However ,  the ob-  
tained compound proved to be  not 2-az  ido -2 -desoxy-D-g lucos ide  ace ta te ,  but instead 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l -  
f i -D-g lucopyranosy l  azide (liD, which followed f rom the PMR spec t r a l  data and by compar ing  with an authentic 
spec imen .  This r e su l t  can be explained by p r o g r e s s  of the reac t ion  by the following s c h e m e :  
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X ~ OMs (1), Br (If). 
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Nucleophilic a t tack  by group X of the hydroxyl  at  C 1 should proceed eas i ly  (for the c~-anomer),  s ince both 
groups  a r e  axial  [6] in the p r e f e r r e d  py ranose  4C 1 conformat ion.  It should be mentioned that the format ion  of 
the epoxide was not observed  in the absence  of the nucleophile and only the s ta r t ing  m e s y l a t e  (i) was isolated.  

To check the theore t ica l  poss ibi l i ty  of nucleophil ic  substi tut ion at C 2 taking place via the acycl ic  fo rm 
(Scheme 1), we ran the analogous reac t ion  with the D--galactose de r iva t ive ,  with 2 - O - m e s y l - D - g a l a c t o p y r a n o s e  
(IV), where  the leaving group in the 4C 1 conformat ion  is equator ia l ,  which excludes the poss ib i l i ty  of fo rming  the 
in te rmedia te  t h r e e - m e m b e r e d  ring [6]. Mesyla te  (IV) did not r eac t  with NaN 3 under  the above indicated condi-  
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t ions, but at 150 ~ in the presence  of d ibenzo-18-crown-6  it underwent complete conversion in 30 rain. Two 
products were isolated af ter  acetylat ion and chromatographic  separat ion of the mixture :  2 ,3 ,4 ,6 - t e t ra -O-ace t -  
y l - a - D - g a l a c t o p y r a n o s y l  azide (V) and 2 ,3 ,4 ,6 - t e t r a -O-ace ty l - a -D- t a lopy ranosy l  azide (VI) in respect ive  yields 
of 27 and 49%. Like in the react ion of mesy la te  (I), the product of the direct  replacement  of the mesyloxy group 
by the azido group was also absent  in this case.  

C.H2OAr QH20Ac 

(v) (vHa) (wq~) (Vt) 
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Compounds (V) and (VI) were identified via the PMR spectra  and by comparing with authentic specimens.  The 
fact  that the format ion of products ,  both with inversion and with a retention of the configuration at C 2, is ob-  
served when mesyla te  (IV) reacts  with NaN 3 can be explained by progress  of the reaction by the SN1 mechanism 
with the formation of the cat ions,  (VIIa) and WIffl). 

As a resul t ,  the 2 -O-mesy l  der ivat ives  of D-mannose and D-galactose  reac t  with a nucleophile only in 
their  cyclic form.  

Mesylate (D was synthesized by the mesyla t ton of 1 ,3 ,4 ,6 - te t ra -O-ace ty l - f i -D-mannopyranose  (VIII) in 
the p resence  of sym-col l id ine  and subsequent O--deacylation in aqueous acetone in the presence  of a cationite. 
Reproduction of the method given in [7] for  the synthesis of the s tar t ing te t raaceta te  (VIII) led to a constantly 
low yield (6-9%, instead of the 29% indicated in [7]). Consequently, another variat ion was proposed,  which leads 
to (VIII) in a stable yield of 30%, and specif ical ly  by the hydrolysis  of D-mannose ethyl or thoacetate  with a 1 M 
HC1 solution in acetone (cf. [8]); hydro lys is  of the o r thoes te r  with 90% AcOH solution (cf. [9]) lowers the yield 
of (VIII) substantially.  

E X P E R I M E N T A  L 

The melting points were determined on a ]~et ius  apparatus.  "Ihe optical rotations were measured on a 
P e r k i n - E l m e r  141 inst rument  at 20-25 ~ The PMR spectra  were obtained on a Varian XL-100 instrument (100 
MHz) using TMS as the internal s tandard.  The TLC was run on Kieselgel 60 F-254 plates (Merck), and the com-  
pounds were detected by heating at 200-220 ~ The column chromatography was run on silica gel L, 40-100 #m 
(Chemapol, Czechoslovakia).  The IR spect ra  were  recorded on a UR-20 instrument as Nujol mulls. The sol -  
vents were evaporated in vacuo at 30-40 ~ 

1 ,3 ,4 ,6 -Te t r a -O-ace ty l - f l -D-mannopyranose  (VIII). To 100 ml of Ac20 was added 3 drops of 57% HC1O 4 
solution and at 40-45 ~ with s t i r r ing ,  was added 26.4 g of "i)-mannose. After 1 h were added 5.5 g of red P and 
then at 15 ~ in drops ,  15 ml of b romine ,  af ter  which 9.2 ml of water  was added slowly. After 2 h the mixture 
was poured on ice,  extracted with 3 • 150 ml of CHC13, and the extract  was washed in succession with water ,  
NaHCO 3 solution, and water ,  dried over  CaC12, f i l tered,  and evaporated. The obtained acetobromomannose was 
converted as such to the ethyl or thoaceta te  in the following manner.  To a solution of the bromide in 20 ml of 
MeCN were added 15 ml of abs. EtOH and 30 ml  Of sym-col l id ine ,  and the mixture was kept for 10 h at 45 ~ The 
mixture was diluted with 350 ml of CHC13, washed in success ion with water ,  2 • 250 ml of 0.5 M HC1 solution, 
and water ,  and dried over CaC12. The obtained af ter  evaporation or thoes te r  was dissolved in 400 ml of acetone 
and 40 ml of 1 M HC1 solution was added. After  30 rain the acetone was evaporated,  the residue was extracted 
with 600ml of CHC13, and the extract  was washed with water and dried over CaC1 v To the residue after  evapora-  
tion was added 500 ml of ether ,  thus causing the crysta l l izat ion Of (VIII); yield 30%, mp 164, [CqD -22  ~ (C 1, 
CHCI~); cf. [7]. 

2 -O-Mesy l -D-mannopyranose  (I). To 16.4 g of (VIII) and 20 ml of sym-col l id ine in 60 ml of CH2C12 at 20 ~ 
was added 10 ml of mesyl  chloride.  After  5 h the mixture  was diluted with 500 ml of CHC13, washed in s u c c e s s -  
ion with water ,  0.5 M HC1 solution, and NaHCO 3 solution, dried over  CaC12, f i l tered,  and evaporated. The r e s i -  
due was recrys ta l l i zed  from a CHC13-ether  mixture  to give 92% of 1 , 3 , 4 , 6 - t e t r a -O-ace ty l -2 -O-mesy l - f i -D-  
mannopyranose ,  mp 117 ~ [a]D -33~  (C 1, CHC13). The obtained mesyla te  (13.7 g) was refluxed for 5 h in a mix-  
ture of 150 ml of dioxane and 60 ml of water  in the presence  of cationite IR-120 (H+). The mixture  was evapo- 
rated to dryness  and the refluxing was repeated another 2 t imes.  The cationite was f i l tered,  the fi l trate was 
evapora ted ,  and the res idue was dissolved in MeOH and let stand in the r e f r ige ra to r  overnight.  We obtained 70% 
of c rys ta l l ine  (I), mp 130 ~ [oq D +2 ~ (C 1, water);  cf. [10]. 
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Reaction of Mesyla te  (I) with NaN 3. A mix tu re  of 6 g of {i) and 3 g of NaN 3 in 100 ml  of DMF was s t i r r ed  
for  6 h at  70 ~ To the w a r m  solution were  added 10 m l  of pyridine and 10 ml  of Ac20, and a f t e r  1 h a n o ~ e r  10 
ml  of each,  and the mix tu re  was let stand overnight  at 20 ~ The mix tu re  was diluted with 1 l i t e r  of CHC13, 
washed in success ion  with 1 M HC1 solution, N a H C Q  solution,  and wa te r ,  and dried o v e r  CaC12. The solution 
was decolor ized  with act ive  carbon,  f i l tered through a bed of s i l ica  gel ,  evapora ted ,  and the res idue  was r e -  
c rys ta l l i zed  f rom ether .  The yield of 2 ,3 ,4 ,6 - t e t r a -O-ace ty l - f i -D- -g lucopyranosy l  azide  (Ig) was 87%, mp 129 ~ 
[c~] D - 3 3  ~ (C 1, CHC13); IR s p e c t r u m :  2100 cm-1; c f . [ l l ] .  

The ace to lys i s  of ([II) in an Ac20 + HC1Q mix tu re  leads to 1 ,2 ,3 ,4 ,6 -pen ta -O-ace ty l - a -D- -g lucopyranose ,  
mp 114.5 ~ , [C~]D+ 1Ol~ 1, CHCI3). 

React ion of Mesylate  (IV) with NaN 3. As descr ibed  for the D-mannose  de r iva t ive ,  we obtained the syrupy 
2 - O - m e s y l - D - g a l a c t o p y r a n o s e  (IV) f rom 1 , 3 , 4 , 6 - t e t r a - O - a c e t y l - a - D - g a l a c t o p y r a n o s e  [9]. A mix tu re  of 6 g of 
(IV), 3 g of NAN3, and 0.1 g of d ibenzo-18-c rown-6  was refluxed for  20 rain in 50 ml  of DMF, cooled,, and t reated 
with 15 ml  of Ac20 and 15 ml  of pyridine.  After  3 h the m i x t u r e  was diluted with 1 l i t e r  of  CHC13, washed in the 
usual m a n n e r ,  and chromatographed  on Silica gel in the s y s t e m :  1 : 3  ethyl a c e t a t e - t o l u e n e .  Sequential elution 
gave 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - f l - D - g a l a c t o p y r a n o s y l  azide (V) in 27% yield ,  mp 96 ~ [a]D - 1 6  ~ (C 1, CHC13), IR 
s p e c t r u m :  2100 cm -~ (cf. [12]), and 2 , 3 , 4 , 6 - t e t r a - O - a c e t y l - ~ - D - t a l o p y r a n o s y l  azide (VI) in 49% yield ,  mp 55- 
56 ~ ( e t h e r - h e x a n e ) ,  [aiD + 145~ (C 1, CHC13) , IR s p e c t r u m :  2100 cm -1, PMR spec t rum (5, ppm,  CDC13); 1.98 
s (3H, OAc) ,2 .06 s (3H, OAc) ,2 .12 s (6H, 2 OAc) ,5 .49  d (1H, H 1 J1,2 =2 .0  H z ) , 5 . 0 0 m  (1 H , H  2,J~23=3.6 Hz, 

' 5 ~' s 
J2,4 = 1.0 Hz), 5.22 d.d. O-H, H 3, J3,4 = 3.6 Hz), 5.35 m O-H, H4), 4.44 m O-H, H ), 4.25 m (2H, H 6,6 ). "Ihe ace to -  
lys is  of (V) in an Ac20 + HC104 m i x t u r e  leads to 1 ,2 ,3 ,4 ,6 -pen ta -O-ace ty l - c~-D-ga lac topyranose ,  mp 95.5 ~ [c~] D 
+ 107 ~ (CHC13). Compound (VI) und e r  the s a m e  conditions gives  1 , 2 , 3 , 4 , 6 - p e n t a - O - a c e t y l - a - D - t a l o p y r a n o s  e, mp 
107 ~ [c~] D +70 ~ (CHC13). 

C O N C L U S I O N S  

The 2 - O - m e s y l  de r iva t ives  of hexopyranoses  r eac t  with NaN 3 to give the 1-azido de r iva t ives ,  in which con-  
nection the reac t ion  of the D-mannose  de r iva t ive  p roceeds  with comple te  invers ion of the configuration at C 2, 
while the reac t ion  of  the D-ga lac tose  de r iva t ive  p roceeds  with a par t ia l  re tent ion of the configuration at  C 2, 
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