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Antibiotic A23187 L1 is a cation ionophore highly specific 
for Ca2+. Because of its unique dioxaspiro ring structure as well 
as its biological activities,2 several synthetic approaches to the 
compound have been r e p ~ r t e d . ~  We report here the first example of 
the total synthesis o f 1  based on the use of a carbohydrate tem- 
plate.4 The target structure 1 was synthesized from the chiral 
synthons or " ~ h i r o n s " ~  5 and via a key intermediate 4, as shown 
in Scheme I. A thermodynamically controlled, acid catalyzed ring 
closure of 5 was expected to provide a correct configuration at 
the spiro center C-14 according to the anomeric effect.6 The two 
chirons 5 and gwere prepared from Q-glucose - via the same inter- 
mediate 9 - as follows (Scheme 11). 

7 

obtainable in 4 steps from methyl a-Q-glucopyranoside, - was se- 
lectively oxidized and protected to give an a,B-unsaturated ketone 
- 8 (86%). 
of g proceeded stereoselectively (>95%) to afford %.8 
of the ketonic group and subsequent benzylation produced a dia- 
stereomeric mixture of g (72%). 
ethyl group from g (86%), tr if luoromethanesulfonylation and 
displacement with cyanide afforded the nitrile fi in 87% yield. 
Methanolysis of 11 afforded the methyl ester 12, which was then 

Methyl 3,4-dideoxy-a-_D-erythro-hex-3-enopyranoside - 1_, 

Addition of lithium dimethylcuprate to the enone system 
Reduction 

After removal of the ethoxy- 
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488 NAKA€IARA, FUJITA, AND OGAWA 

10 

kq S 6 0 T B D M S  

2 R’=fle. R 2 = H  

3 R’=f le .  R2=COCF, 

t S  
EE--CH(Me)OEt 

5 TBDBS-S 1Me2But Scheme I 

6 

reduced to the alcohol 13 (84% from 11). 
generated through deprotective processes , was cleaved by periodate 
oxidation and then reduced to the trio1 15. Selective blocking of 
the 1,3-diol with cyclohexylidene gave a homogeneous mono-alcohol 
- 16 ([&It6 +6.2”, C=0.68, CHC13: 43% from 13) after silica gel 
chromatography. Treatment of x w i t h  2,4,5-triiodoimidazole- 
Ph3P in toluene under reflux afforded the iodo derivative 
responding to the chiron 5 ( [a]D26 +18.4”, C=0.6, CHC13; 159%)~ 
and representing the C8-Cl3 framework. The other chiron &was 
synthesized via a synthetic intermediate Elo in the following 
way. Wittig methylenation of - 9 gave II. (80%) which was hydro- 
genated to afford a diastereomeric mixture of dimethyl compounds 
- 18. Replacement of ethoxyethyl group by the tosyl group facili- 
tated the separation o f  the diastereomers by medium pressure 
column chromatography to give 19 (58% from E). A further trans- 
formation of 19 to the chiron 6, involving highly stereoselective 
methylation of the bicyclic intermediate 20 into - 21, was achieved 
as described in the previous paper. 

The coupling of two chirons - 5 and & was performed in the 
presence of t-BuLi in hexane-HMPA to give 21. in 70% yield. 

The vicinal glycol 14, 

9 cor- 

10 
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ANTIBIOTIC A23187 (CALCIMYCIN) 489 

OMe OMe 

7 R=OH9 X=H,OH (a) 9 R=OEE. X=O 1 2  R'=Me. R2=Bn, R3=C02Me 

14 R1=R2=H. R3=CH20H 

8 R=OEE. X=O 10 R=OEE. X=H,OBn 13 R ' = M ~ .  R'=BR, R ~ = C H ~ O H  

I 1  R=CN. X=H.OBn 

1, b, - H0+OR1 
OR2 

15 R ' = R ~ = H  

16 R' , R 2 = c v c l o h e x v l  i d e n e  

& < , &  4 & 
d, n 

20 R ' = R ~ = H  OMe OMe 

17 18 R=OEE 21 R'=Me. R2=H 
19 R=OTs 

Scheme I I  

aLtkzCu,  e ther .  -78'. 'NaBH,,,, EtOH. '8flEr, NaH. OKF. $-TsOH, KeOH. '(CF,SO~)zO. i-Pr,EtN, 

CH2ClZ, -10". fNaCN, OMF. room temperature, 3 h i n .  qHC1-MeOH, -8'. .?days; then Me0H-ether. 

re f lux .  4h. hLiAIH,. e ther .  iH,(3.5Kg/cmZ). 1OXPd-C, EtOAc. jAczO. BF30Et2. 'NaCHe, MeOH. 

'NaIO,. EtOH. ml ,1-dimthoxycyclohexrnc, CSA. OnF; then 5OUcOHuq. e t h e r .  "p-TrC1. p y r l d l n e  

Desilylation (Bu4NF, THF) of 22, followed by benzoylation (BzC1, 
pyridine), gave a 71% yield of 23. Hg2+ catalyzed hydrolysis o f  
- 23 and subsequent acid treatment gave a spiroketal 
sole product ( [a]D26 +44.9", C=0.49, CHC13; 66% overall yield 
from 23). 

In order to complete the synthesis of 1, two heteroaromatic 
rings were introduced in the following way.r2 Silylation of 24 
and then debenzoylation afforded - 25, which was oxidized and subse- 
quently transformed13 into the pyridylthiol ester & ([a], 
+49.7", C=0.62, CHC13; 43% overall yield from z). 
tive condensation o f  26 with 3 equivalents o f  pyrrolemagnesium 

as the 

26 

Regioselec- 
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490 NAKAHARA, FUJITA, AND OGAWA 

22 R=SlMe2But (TBDMS) 
23 R=Bz 

+ COR2 

26 R1=S1Ph2But. 

27 R1=S1Ph2But. R2= 

29 R=H 

30 R=Me 
Scheme 111 

24 R'=H. R'=BZ 

25 R1=SIPh2But. R2=H 

P 0 

C02H 

28 

31 R=H 

32 R=Ne 

'HgC12. CaCO,. qCH3CN. *H3POk-qTHF. r e f l u x .  20h. Ct-BuPhZSiC1, imidazole. M F .  

'K,CO3, MeOH. 'W-Jones reagent, acetone. f(PyS)Z. Ph3P. CHZC12. Bpyrrylmagnesium bromide, 

Cut. THF-ether. 0'. hn-B~t,NF. THF. iCH(0Me)3, p-TsOH, DMF. jMe1, KzC03. acetone. 

'didiL.HC1. 90°. 3 b i n ;  then aqNazC03. 

bromide14 i n  the presence of CuI (1.5eq) i n  1:l THF-Et20 a t  0" 
26 afforded an 80% y ie ld  of a c r y s t a l l i n e  2 (mp 102-103", ["ID 

+57.4", C=0.195, C H C 1 3 ) .  
The appropriately subs t i t u t ed  aminophenol 30 (mp 121-121.5") 

was prepared from i n  3 s t e p s ;  (i) se l ec t ive  protection of 
the  adjacent aminophenolic function as an oxazole r i n g  t o  give 31 
(94%),  ( i i )  methylation of - 31 t o  give 32 (94%) and ( i i i )  hydroly- 
s i s  of the oxazole r ing  (68%).  Desilylation (92%) of 2 and Jones 
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ANTIBIOTIC ~ 2 3 1 8 7  (CALCIMYCIN) 491 

o x i d a t i o n  (84%) gave ( [a]D26 +120.9", C=0.88, CHC13), which 
was f u r t h e r  conver ted i n t o  t h e  mixed anhydr ide by t rea tmen t  w i t h  

C1C02Et-Et3N i n  CH2C12 f o r  0.5h a t  0" and immediate ly  condensed 
w i t h  30 i n  THF. 
oxygen b u t  d u r i n g  chromatography ove r  s i l i c a  g e l  t h e  a c y l  group 
m ig ra ted  t o  g i v e  t h e  amide, which was r e f l u x e d  i n  C1(CH2)2C1 i n  
t h e  presence o f  p y r i d i n i u m  p - t o l u e n e s u l f o n a t e  t o  g i v e  t h e  ben- 
zoxazole ?. F i n a l l y ,  t rea tmen t  o f  - 3 w i t h  Bu4NF a f f o r d e d  A23187 
methy l  e s t e r  gl' i n  24% o v e r a l l  y i e l d  f rom 3. The s y n t h e t i c  2. 
was i d e n t i c a l  i n  a l l  r espec ts  ( IR ,  ~OOMHZ-NMR,  h i g h  r e s o l u t i o n  

MS, CD, HPLC) w i t h  t h e  a u t h e n t i c  sample prepared f rom t h e  n a t u r a l  

p r o d u c t  1 (CH2N2, e t h e r ) .  H y d r o l y s i s  o f  1 t o  t h e  f r e e  a c i d  1 has 
been desc r ibed  p r e v i o u s l y .  

I n  conc lus ion ,  t h e  f u l l y  s t e r e o c o n t r o l l e d  s y n t h e s i s  o f  A23187 

by u s i n g  t h e  c h i r o n s  d e r i v e d  f rom D-glucose - i s  desc r ibed .  T h i s  
approach may be v e r s a t i l e  enough t o  be a p p l i c a b l e  t o  t h e  s y n t h e s i s  

o f  v a r i o u s  analogs15 o f  A23187. 

The i n i t i a l  a c y l a t i o n  took p l a c e  a t  t h e  p h e n o l i c  

3a 
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