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The use of ca rbohydra te s  as mul t i ch i ra l  s t a r t ing  m a t e r i a l s  is cu r r en t ly  one of the mos t  p romis ing  ap -  
p roaches  to the synthes is  of  na tura l ly  occur r ing  compounds of a wide va r i e ty  of types.  Of specia l  in teres t  is 
the use of ca rbohydra tes  in the synthes is  of m a e r o l i d e  ant ib iot ics ,  which a r e  speci f ica l ly  glycosylated poly-  
hydroxyl ie  m a e r o e y c l i c  lae tones .  Ou t s t and ingamongthese  in t e r m s  of impor tance  is the group of s t ruc tu ra l ly  
re la ted  14 -membered  m a c r o l i d e s ,  the s t ruc tu re s  of  which have been proved by a combinat ion of chemica l ,  phys -  
icoehemica l ,  and biosynthetic studies [2]. 
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The total synthes is  of these compounds would not only const i tute a solution of a mos t  difficult  synthetic 
p rob lem,  but would also open up the poss ib i l i ty  of sy s t ema t i c  modificat ion of this c lass  of biological ly act ive  
compounds which is impor tant  for  the elucidation of the f iner  deta i ls  of s t r u c t u r e - a c t i v i t y  re la t ionsh ips ,  and 
for  the identification of p rac t i ca l ly  impor tan t  synthetic  analogs.  

In accordance  with a p r o g r a m  undertaken in our l a b o r a t o r y ,  a imed at  the total synthesis  of mac ro l ide  an t i -  
b io t ics ,  a genera l  s t r a t egy  was evolved,  as follows. 

1. The s t ruc tu r e s  of the antibiotic aglycones were  broken down into the C 1-Ccand C9-C la f r agmen t s ,  syn-  
thes izable  f rom suga r s .  
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* For  a b r i e f  communica t ion ,  see  [1]. 
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2. Since the s t e r e o c h e m i s t r y  of C I - C  6 and C I ~  tl is the s a m e  for  all ant iobiot ies in the group under 
cons idera t ion ,  the synthetic  s chem e  was se lec ted  in such a way as to uti l ize the m a x i m u m  number  of s tages  
common to both f r agment s .  

3. 2he synthesis  should prov ide  f r agmen t s  with spec i f ica l ly  protected hydroxyl  groups ,  which mus t  sub-  
sequentIy allow the se lec t ive  g lyeosyla t ion of the synthetic  aglycone.  

In this and the following communica t ions ,  we give the r e su l t s  of the accompl i shmen t  of the f i r s t  pa r t  of 
the p r o g r a m ,  namely  the synthes is  of the C 1 - C  6 and C a - C  la f r agments  as mentioned above,  and other  an t i -  
biot ies  of this group.  

The s t a r t ing  m a t e r i a l  chosen for  the synthes is  was levoglucosan (i), the bicyel ic  skeleton of which en-  
su res  Mgh r e g i n -  and s t e r eose l ee t i v i t y  in the requi red  t r ans fo rma t ions  [3]. The key compound in the synthes is  
is 1,6-anhydro-2-desoxy-2,4-di-C-methyl-fi-D-galaetopyranose (IV), the synthes is  of wMeh was effected by a 
react ion  sequence p rev ious ly  descr ibed  by us [4, 5], with a few modif ica t ions .  The m o s t  significant  mod i f i ca -  
tion involved the use  of the s y s t e m  (COC1)JDMSO [6] for  the oxidation of the alcohol ([H), which provided a con-  
venient  method for  the p repa ra t ion  of subs tant ia l  amounts  of (IV). 

Exhaust ive benzylation of (IV) (NaH/DMF, BnC1) gave the dibenzyl e ther  r methanolys i s  of which a f -  
forded a mix tu re  (9:2) of c~-(VI) and B-methy lg lycos ides  (VII)-which was separa ted  ch romatograpMca l ly .  The 
mino r  g lycoside  (VII) was anomer ized  to (VD. In the PM1R spec t r a  of both i s o m e r s ,  the H a protons gave a doub-  
le t  with J2,a = 11 Hz, showing the equator ia l  or ienta t ion  of the subst i tuents  at C 2 and C a. Compar i son  of the 
chemica l  shifts  of the H 1 signals  and the s p i n - s p i n  coupling constant  (SSCC) J1,2 values  [5 4.67 ppm,  J1,2 = 3~ 
Hz for  (VI) and 5 4.05 ppm, J1,2 = 7 Hz for (VII)] permits  unambiguous ass ignment  of the configurat ion of the 
anomer ic  cen te r  in these compounds.  This is conf i rmed by a compar i son  of the chemica l  shifts  of the C ~ s i g -  
nals  in the 13C NMtt spec t r a  [5 102.5 ppm for (VI) and 106.3 ppm for (VII)]. 

In o r d e r  to obtain the requi red  s t e r e o e h e m i s t r y  at C 4 and C 5 in (V), co r respond ing  to the s t e r e o e h e m i s t r y  
of the C 1 - C  ~ f r agmen t  of the m a c r o l i d e s ,  we employed the route  used p rev ious ly  for  the O-methyl  analogs [7]. 
For  this purpose ,  the glycoside (VI) was oxidized by the s y s t e m  DMSO-(COC1) 2 [6] to give the aldehyde (VIH) 
in high yieId ,  which on heating with aqueous-methanol ic  Ca (OH)2 [7] was smoothly  conver ted  into the a , / ? -un -  
sa tura ted  aldehyde (IX). The PM1R s p e c t r u m  of (IX) was well r e so lved ,  and gave comple te  information on its 
s t ruc tu re .  Thus,  the signal for  the Me group at C 4 occurs  at low field (5 2.12 ppm),  and is spli t  by coupling 
with H a (Ja,CH a = 1 Hz). The aldehyde proton is seen as a s inglet  at tow field (5 9.79 ppm). This ,  together  with 
the d e c r e a s e  in the SSCC as compared  with (VI) (Jt,2 = 2.5 Hz; J2,a = 6.8 Hz) indicates cons ide rab le  flattening 
of the py ranose  r ing ,  conf i rming  the &4,5-ene s t r u c t u r e  of (IX). 

Oxidation of (IX) by the method of Corey [8] (MeOH, K C N - A e O H ,  lVlnO2) gave the c~,fl-unsaturated e ther  
(X), as shown by the d i sappea rance  of the signal at 9.79 ppm and the appea rance  of a singlet  due to the MeOOC 
group (3 3.75 ppm). 

Catalytic hydrogenat ion of (X) (Pd/C, MeOH) resu l ted  in rapid uptake of one equivalent  of hydrogen,  fo I -  
lowing which the reac t ion  slowed down cons iderab ly .  2he hydrogenat ion product  [the debenzylated e ther  (X[)] 
was conver ted [9] into the/3 -methoxye thoxymethyl  (MEM) e ther  (XII), and again hydrogenated 
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The resu l t ing  compound (XIII), a f t e r  purif icat ion on a column of s i l ica  gel ,  f r om its PMR spec t rum [the 
s i m i l a r  chemica l  shifts  of the doublet  for  the methyl  groups at  C 2 and C 4 (5 1.04 and 1.06 ppm),  H ~ doublets 
(6 4~ ppm,  Jl,2 = 3 Hz) and H 5 doublets (5 4~ ppm,  J4,5 = 3 Hz), and the singlets  at 3~ (anomeric methoxy) ,  
3.48 (methoxy of the MEM group) ,  and 3.76 (COOCH3) ] was methyl  ( m e t h y l - 2 , 4 - d i d e s o x y - 2 , 4 - d i - C - m e t h y l - 3 - O -  
MEM-f i -L - idopyranosy l )u rona t e ,  a spec i f ica l ly  protected C1-C 6 f r agmen t  in the synthesis  of the antibiotics 
l isted in the table ,  namely  lancomycin ,  p i c romyc in ,  ca rbomyc in ,  c romyc in ,  and c romine  [2]. In addition to the 
above findings, the s t r u c t u r e  of (XIII) was fu r the r  co r robora t ed  by compar i son  with its 3 -O-methy l  analogs [6]. 

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

PMR spec t r a  were  obtained on Tes la  BS-497 and Bruker  WM-250 hustruraents,  and t3C NMR spec t ra  on 
Bruker  WP-60 and Bruker  WM-250 ins t ruments  (CDC13 solut ions,  internal  s tandard TMS, 5 = 0). IR spec t ra  
were  r eco rded  on a UI~-20 in CC14, and UV spec t ra  on a Specord UV-VIS. Specific rota t ions  were  measu red  on 
a P e r k i n - E l m e r  141 p o l a r i m e t e r ,  in CHC13. The p r o g r e s s  of the reac t ions  was followed and the pur i ty  of the 
compounds obtained es t imated by TLC on s i l ica  gel L (5-40 m/~) and GLC on LKhM-8MD (column packed with 
3% SE-30 on Chromaton NAW-DMCS,I  2 m) and Biokhrom-21 (glass cap i l l a ry  column,  OV-101, I 50 m) in s t ru -  
men t s .  The mix tu re s  were  separa ted  by column ch roma tog raphy  on S i lpea r l  s i l ica  gel (25-40 m p ) ,  using con-  
tinuous l inea r  solvent  gradients  and an o v e r p r e s s u r e  of 0.5-1.2 arm. 

The compounds were  r e c r y s t a l l i z e d  s e v e r a l  t imes at -60~  the mothe r  l iquors  evapora ted ,  and following 
purif icat ion on s i l ica  gel columns the res idues  were  p r ec ry s t a l l i z ed .  

1 , 6 - A n h y d r o - 2 - d e s o x y - 2 - C - m e t h y l - 3 - O - a c e t y l - f i - D - x y l o p y r a n o s y l - 4 - u l o s e  (III). To a solution of 5.35 
ml  (63~ mmole)  of (COC1)2 in 145 ml  of dry  CH2C12 was added with s t i r r i ng  and cooling at -60~ over  15 min 
a solution of 9.8 ml  (138 mmole)  of d ry  DMSO in 30 ml  of  d ry  CH2C12. The mix tu re  was s t i r r ed  for  a fu r ther  
15 rain; then at the s a m e  t e m p e r a t u r e  there  was added ove r  15 min a solution of 11.6 g (5.74 mmole)  of ([I) 
[4] in 60 ml  of d ry  CH2C12. After  20 rain, the mix tu re  was t reated with 19.7 ml  (143 mmole)  of t r ie thylamine ,  
the cooling bath r em oved ,  and the t e m p e r a t u r e  brought  to 0~ ove r  15 min.  Water  (180 ml) was added, the o r -  
garlic l aye r  s epa ra t ed ,  and the aqueous l aye r  washed with 100 ml of CH2C12. The combined organic  ex t rac t s  
were  washed with 1 N HC1 (2 x 100 ml) ,  wa te r  (100 ml) ,  sa tura ted  sodium bicarbonate  solution (2 x 100 ml) ,  
and sa tu ra ted  sodium chlor ide  solution (2 x 100 ml) ,  dr ied over  anhydrous sodium sulfate ,  and evaporated to 
dryness~  Yield 11.0 g (96%), mp 72-74~ (ether), [~]D 21 - 1 . 6  ~ (c, 1.2). The glycol (IV) was obtained as in [5]. 

1 , 6 - A n h y d r o - 2 - - d e s o x y - 2 , 4 - d i - C - m e t h y l - 3 , 4 - d i - O - b e n z y l - f i - D - g a l a c t o p y r a n o s e  (V). A solution of 1.74 g 
(10 mmole)  of (IV) in 30 ml  of d ry  DMF was s t i r r ed  for  1 h at ~ 20~ with 1 g of Nail,  then 3 ml of benzyl chlo-  
r ide  (}~C1) was added and s t i r r i ng  continued for  a fu r ther  1 h. Excess  Nail was decomposed with 5 ml  of MeOH, 
and the mix tu re  was poured into 100 ml  of water  and ext rac ted  with ch lo ro fo rm (3 • 50 ml).  The organic  ex-  
t r ac t  was washed with water  and sa tura ted  NaC1 solut ion,  dried ove r  anhyd. Na2SO4, and evapora ted  to d ryness .  
Yield 3.40 g (96%), mp 73-74~ (hexane), [t~]D21 -26 .1  ~ (c, 1.3). PMR spec t rum (5, ppm):  5.24 s (1H, Hi), 2~ 
q (1H, J2,CH = 705 Hz, H2), 3.30 s (1H, H3), 4.06 d (1H, J5,6 exo = 5 Hz, Hs), 4.66 d (1H) (1H, JG,~' = 6 Hz, He), 
3~ d.d (1H,3H6), 4.48 s (2H, CH2Ph at  O3), 4.58 AB (2H, CH2Ph at O4), 7.20 s (10H, l~ 1.50 s (3H, CH 3 at C4), 
1.05 d (3H, CH 3 at C2). 13C NMR spec t rum (6, ppm):  104.5 (C1), 38 ~ (C2), 82.2 (C3), 79.2 (C4), 78ol (C5), 64.5 
(C6), 16~ (CH 3 at C2), 23.3 (CH 3 at  C4), 71.8 (CH2Ph at  C3), 63.9 (CH2Ph at C4)o Found: C 74,31; H 7.25%. 
C22I-]260 4. Calculated:  C74.57;  H7.37%. 

Methyl 2 - D e s o x y - 2 , 4 - d i - C - m e t h y l - 3 , 4 - d i - O - b e n z y l - ~ - D - g a l a c t o p y r a n o s i d e  (VI)and Its A n . m e t  (VII). a) 
A solution of 3.12 g (8.8 mmole)  of (V) in 25 ml  of a 20% solution of HC1 in methanol  was kept at 20~ for  2 h. 
It was then diluted with 50 ml  of dry e ther ,  and neutra l ized with gaseous  NH 3. The prec ip i ta te  of NH4C1 was f i l -  
tered off, the solution evapora ted ,  and the res idue  chromatographed .  Yield of the ~ -g lycos ide  (VI), 2.2 g (65%), 
syrup,  [O~]D23 +122.5 ~ (c, 0.95), and of the ~ -g lycos ide  (VII), 0.46 g (13.6%). PMR spec t rum (6, ppm) of (VI): 

1 3 1 4.67 d (1H, J1,2= 3.5 H z , H ) ,  3 .42d  (1H, J2.3 = 11 Hz, H ) , a n d  of (VII): 4.05 d (1H, Jt 2 = 8  Hz, H ) , 2 . 9 5  d (1H, 
�9 ' 5 

J2,3 -- 11 Hz, H3). 13C NMR s pec t rum  (5, ppm):  of (VI): 102.5 (C1), 37.5 (C2), 85.0 (C3), 76.8 (C) ,  61.8 
(C'G), 17.1 (CH 3 at C2) , 23.7 (CH 3 at C4). 67.1 (CHzPh at  C4), 75.0 (CH2Ph at O3), 55.1 (OMe); and of (VII): ]06.3 
(Ci), 39.4 (C2), 88.9 (C3), 76.1 (C4), 79.4 (C5), 61.6 (C6), 17.0(CH 3 at C2); 20.8 (CH 3 at  C4), 66.8 (CH2Ph at 04), 
77.0 (CH2Ph at 03), 56.6 (OMe). 

b) A solution of 0.46 g (1.3 mmole)  of (VII) in 5 ml of a 3% solution of HC1 in MeOH was kept at  20~ for  3 
h. The solution was neutra l ized with Amber l i t e  JRA-400 (CO3-), f i l t e red ,  evapora ted ,  and the res idue  c h r o m a -  
tographed to give 0~ g (70%) of (VI)o 

Methyl 2-Desoxy-2,4--d i - C - m e t h y l - 3 , 4 - d  i -O-benzy l -6 -ozo - (x -D-ga l ac topy rano  side (VIII). The oxidation 
of 3.4 g (8.8 mmole)  of (VI) was c a r r i e d  out as descr ibed  above with 1.72 g (22 mmole)  of DMSG, 1.27 g (10 
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mmole)  of (COC1) 2, and 5 ml of t r ie thy lamine ,  to give 3.30 g (98%) of a syrup,  [CqD2a +66~ ~ (e, 0.94). PMI:I 
spec t rum (8, ppm): 4.72 d (1H, Ji,2 = 3.5 Hz, H1), 2.50 m (1H, H2), 3.44 m (1H, J2,3 = 11 Hz, H3), 3.80 d (1H, 
J5,G = 2  Hz, HS) ,9 .64d (1H, H6) ,1 .08d  (3H, J2,cH 3 = 7  Hz, CH3at  C2),1.47 s (3H, CH3at  C4),3.33 s (3H, OMe), 
4164 s (2H, CH2Ph at  O3), 4.70 AB (2H, CH2Ph at O4), 7~ and 7.31 s.s (5H, 5H, 2CGH 0. 

Methyl 2 -Desoxy -2 ,4 -d i -C-me thy l -3 -O-benzy I -6 -oxo -A  4'5- u -L- th reopen tapyranos ide  (IX). A solution of 
3.3 g (8.7 mmole) of (VIII) in 30 ml of MeOH and 5 ml of saturated aqueous Ca (OH) 2 was boiled until s tar t ing 
mate r i a l  was no longer detected (~ 1 h). The mix ture  was cooled, neutra l ized with C Q ,  f i l te red ,  evaporated,  
and the res idue  ehromatographed to give 2.36 g (100%) of a syrup,  l a i d  2~ 197 ~ (e, 1.2). PMR spec t rum (6, 
ppm): 4.86 d (1H, J1,2 = 2.5 Hz, HI), 2.28 d.d.q (1H, J2,CH 3 = 6.8 Hz, H 2) , 3.81 d.d (J3,CH30) = 1 Hz, H3), 9.79 
s (1H, HS), 1.02 d (3H, CH 3 at C J ,  2o12 d (3H, CH 3 at C~), 3.50 s (3H, OMe), 4.60 s (2H, CH2Ph at O3), 7~ s 
(5H, CsH~)o 

Methyl 2 -Desoxy-2 ,4 -d i -C-me thy l -3 -O-benzy l -5 -me thoxyea rbony l -A  4,s- ~x-L-threopentapyranostde (X). 
A mix ture  of 0.312 g (1.3 mmole) of (IX), 0. 325 g (5.65 mmole)  of KCN, 0o135 g (2~ mmole)  of AcOH, and 3 g af 
of activated MnO 2 in 15 ml of absolute methanol was s t i r r ed  at 20~ for  12 ho The mix tu re  was f i l te red ,  and 
the solid washed with ch lo roform.  ~lqe solution was washed with water  (2 x 20 ml) and saturated NaCI solution 
(2 x 20 ml),  evaporated,  and the res idue  ehromatographed to give 0.293 g (85%), [r176 + 151 ~ (c, 1.1}. PMR 
spec t rum (6, ppm): 4.82 d (1H, Jr,2 = 2.5 Hz, Hi), 2.25 m (1H, H2), 3.66 d (1H, J2,3 = 5 t:Iz, H3), 0.93 d 0H,J2CH3: :  
8 Hz, CH 3 at C2), 2.06 s (3H, CH 3 at Ch, 3.75 s (3H, COOMe), 3.52 s (3H, ONe), 4.55 s (2H, CH2Ph) , 7.28 s (5H, CsHs). 

Methyl 2 -Des9xy-2 ,4 -d i -C-methy l -5 -methoxycarbonyl -A4 ,5-a -L- th reopen tapyranos ide  (XD. A solution of 
1.76 g (5.8 mmole)  of (X) in 15 ml of MeOH was hydrogenated over  1 g of 5~0 Pd/C for 1 h, f i l te red ,  and evap-  
ora ted.  Yield 1.22 g (98%), syrup,  laiD 21 +179 ~ (c, 1o2). PMR spec t rum (5, ppm): 4~ d (1H, J1,2 = 2 Hz, H1), 
1.12 d (3H, J2,CH 3 = 7.5 Hz, CH 3 at C2), 2o15 s (3H, CH 3 at C4), 3.55 s (3H, OMe), 3.88s (3H, COOMe), 2.60 br .  s 
(1H, OH). 

Methyl 2~Des~xy~2,4~di~C~methy~3~MEM~5~meth~xy~arb~ny~A4,5~a~L~thre~pentapyran~side  (XH)_. 
To a solution of 0.635 g (5.1 mmoie)  of IVtEM-C1 in 10 ml of d ry  MeCN was added 0.54 g (5.35 mmole) of t r i -  
e thylamine,  and the mix ture  kept overnight.  Compound (XI) (0.736 g; 3.4 mmole) was then added, the mixture  
boiled for  12 h, poured into water  (20 ml) ,  ext rac ted  with ch loroform (2 x 30 ml),  and the ext rac t  washed with 
saturated NaC1, evaporated,  and the res idue  ehromatographed.  Yield 0.9t g (81%), syrup,  [cJD24 + 108.5 ~ (e, 0.8)~ 
PMR spec t rum (5, ppm): 4.73 d 0H,  J1,2 = 2.5 Hz, H1), 0.91 d (3H, J2,CH 3 = 7.5 Hz, CH 3 at  C2), 2.05 s (3H, CH 3 
at C4) ,3 .76 ,3 .37 ,3 .52  s. s. s (9H, COOMe, 2 0 M e ) .  

Methyl (Methyl 2 ,4-didesoxy-2 ,4-di -C-methyl : -3-O-MEM-fi  - ;L- idopyranosyl)uronate  (XIII). A solution of 
0~ g (2.3 mmole)  of (XII) in 12 ml of MeOH was hydrogenated over  0.83 g of 5-d~0 pcyc at 40~ for  10 h,  and the 
cata lys t  f i l tered off, washed with MeOH, the f i l t ra tes  evaporated,  and the res idue ehromatographed.  Yield 0062 
g (88%), syrup,  [~]D 22 +70.5 ~ (c, 1o0). PMR spec t rum (5, ppm): 4.66 d (1H, Jh2 = 3 Hz, Hi), 2.0 m (2H, H ~, H4), 
4.47 d OH, J4,5 = 3.5 Hz, Hs), 1.04 and 1..06 d.d (6H, J2,CHa = J4,CH 3 = 7.5 Hz, CH 3 at C 2 and C4), 3~ 3.48, 
3.76 So s. s (9H, COOMe, 2 0 M e ) .  

C O N C  L U  S [ O N S  

1. A general  s t ra tegy  for the synthesis  of 14-membered  maero l ide  antibiotics f rom suger  der ivat ives  is 
discussed.  

2. The synthesis  has been ca r r i ed  out of the C 1 -C  ~ f ragment  common to the whole group of ant ibiot ics ,  
in 16 stages s tar t ing  f rom levoglueosan,  in an overal]  yield of 14%. 
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