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The aglycone of the o l ivomycin  ant ibiot ics ,  olivin (I), contains five chi ra l  cen te rs  s epa ra t ed  by the 
ketonic carbonyl  of the side chain into two a s y m m e t r i c  moie t i e s :  C 2 -  C 3 - C  1, and C 3, -C4 , .  The s t e r e o -  
c h e m i s t r y  of the f i r s t  of them (C 2 -  C 3 -  C1,) has been de te rmined  by us prev ious ly  [4]. The p re sen t  pape r  
gives  the r e su l t s  of a proof  of the re la t ive  and absolute configurat ions of the second a s y m m e t r i c  moiety 
(C 3, -C4,)  and CI,, i .e. ,  a l l  th ree  chi ra l  cen te r s  of the side chain, thanks to which the spat ia l  s t ruc tu re  of 
olivin (1) has been es tabl ished.  

To de te rmine  the configuration of the C 4, cen ter  we blocked all  the hydroxyls  in olivin except  the 3 ' -  
OH and cleaved the 2 ' ,  3 ' -ke to l  grouping oxidatively with the  isolat ion of a C 3, - C  5, f r agment .  With this 
a im we obtained f rom olivin a t e t r a a c e t a t e  (H) [5], which was then conver ted  through the 3 ' - b e n z y l o x y c a r -  
bonyl de r iva t ives  (HI) and (IV) into pentaacetylol ivin  (V). When this was oxidized with per iodic  acid fo l -  
lowed by po tass ium permangana te ,  O - a c e t y l - D - l a c t i c  acid was isolated,  this  being identified in the f o r m  
of the p -b romophenacy l  e s t e r  (VIII). These r e su l t s  pe rmi t t ed  the asc r ip t ion  to olivin of the 4 'R  conf igura-  
tion. 

Informat ion  on the re la t ive  configuration of the C 3, - C 4, a s y m m e t r i c  moiety  (and hence on the ab-  
solute configuration of the C 3, center)  was initially obtained f rom the NMR spec t rum of the isopropyl idene 
der iva t ive  of t e t raace ty lo l iv in  (V1) (for its p repara t ion ,  see  [5]) by compar ing  it  with the spec t r a  of the 
model  compounds (XI) and (XV) synthes ized f r o m  the methyl  e s t e r s  of t h r e o -  and e ry th ro -d ihydroxybu ty r i c  
acids (X) and (XIV). I t  was  found that  the s ignals  of the geminal  methyls  of the isopropyl idene group in 
the spec t rum of the th reo-ace ton ide  (XI) a lmos t  coincided (A6 0.02 ppm) while in the case  of the e ry th ro  
i s o m e r  (XV) the i r  chemical  shif ts  differed substant ia l ly  (A6 0.23 ppm) as a consequence of the cis location 
of the other  two subst i tuents  in the dioxolane r ing (see [6]). In the spec t rum of the olivin der iva t ive  (VI), 
the s ignals  of the geminal  methyls  were  separa ted  by only 0.06 ppm, which shows the threo configuration 
of the 3 ' ,  4 ' -d io l  grouping and, consequently,  the S configurat ion of the C 3, center .  

We have shown the validi ty of this conclusion by cleaving olivin at the C I, - C 2, bond with the isolat ion 
of the C 2 , -  C s, f ou r - ca rbon  f ragment ,  which was done by the B a e y e r - V i l l i g e r  oxidation of olivin hexaace -  
ta te  (VII) with subsequent  hydro lys i s .  The (-) acid obtained as  a resu l t  of these  t r ans fo rma t ions  was iden- 
t ified by a d i rec t  compar i son  as D- th reo-d ihydroxybutyr ie  acid (IX), the absolute configuration of which 
had been es tabl i shed previous ly  [7, 8]. This  showed unambiguously the 3'S, 4 'R configuration of olivin. 

So f a r  as concerns  the C 1, center ,  to de te rmine  its configuration we used the s p e c t r o p o l a r i m e t r i c  
approach,  the olivin molecule  being previous ly  s impl i f ied so as to e l iminate  as f a r  as  poss ib le  effects  
connected with the other  ch i ra l  cen te rs  and the influence of the chromophor ic  sy s t em.  Fo r  this purpose ,  
olivin (I) was conver ted by a published method [9] into the e s t e r  of fo rmyl t r imethy lo l iv in ic  acid (XII), f r om 
which the 2 - fo rmyloxy  group and the 1-oxo group were  subsequently e l iminated by hydrogenolys is ,  f i r s t  
under  the action of zinc in fo rmic  acid and then by hydrogenation in the p re sence  of palladium; the resul t ing 

* } 'or  Communicat ions XXIII and XXIV, see [1, 2]; for  a p r e l im ina ry  communicat ion,  see  [3]. 
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e s t e r  of t r imethyldeoxodeoxyol iv in ic  acid (XV1) was then saponified,  and the f r ee  acid {X'VII) was conver ted  
into the anil ide (XVIID. In addition, the isopropyl idene der iva t ive  of the subst i tuted D-manni to l  (XEQ [10] 
was  hydrolyzed to the diol (XX), the oxidative c leavage of which with lead t e t r a a c e t a t e  led to the aldehyde 
(XXl). The {benzoyl) (me thy l ) -D-g lyce r i c  acid (XXID obtained by its pe rmangana te  oxidation was conver ted  
in the usual  way into the e s t e r  (XXIII) and the anilide (XXIV). The r e su l t s  of a compar i son  of the ORD 
curves  of compounds (XVI-XVIID and of the model  substance  s (XXII-XXIV) showed (Fig. 1) that  they dif -  

, 
f e t ed  in the configurat ion of the a s y m m e t r i c  cen te r  C - C H ( O M e ) - C O R  and, consequently,  olivin {I) and the 
products  of i ts  degradat ion  have the 1'S configurat ion.  

Thus,  the convers ions  desc r ibed  above have enabled the configurat ions of all  t h ree  chira l  cen te r s  
of the side chain of olivin to be de te rmined  (I 'S,  3'S, 4 'R).  In assoc ia t ion  with the s t e r e o c h e m i s t r y  of the 
C2, Cs, and C 1, cen te r s  ( t rans , threo  configuration) that we es tabl i shed prev ious ly  [4], this  shows the ab -  
solute configurat ion 2S, 3R, I ' S ,  3 'S, 4 'R  for  olivin (I). 

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

Chromatography  was p e r f o r m e d  in a thin nonfixed l aye r  of s i l ica  gel of "aqueous s i l ic ic  acid" grade  
(less than 150 mesh ,  act ivi ty  grade  III-IV).  Molecular  weights  were  de te rmined  by m a s s  s p e c t r o m e t r y ,  
unless  o therwise  s ta ted .  IR s p e c t r a  were  taken in mul ls  with paraff in  oil, UV s p e c t r a  in 96% ethanol, and 
NMR s p e c t r a  in CDC1 s at  100 MHz (s - singlet ,  d - doublet,  t - t r ip le t ,  q - quadruplet ,  m - multiplet) .  The 
e l e m e n t a r y  ana lyses  of compounds (IV, V, VIII, XVIII, XX, and XXIV), of the b isphenylure thane of sub-  
s tance  (X), and of the p-n i t rophenylhydrazone  of substance  (XXl) co r responded  to the calculated f igures .  

1. 2 ,6 ,8 ,9 -Te t r aace ty l -3 ' - benzy loxyca rbony lo l iv in  (IID. Over  30 min,  2 ml  of benzyl  ch lo roformate  
was  added to a solution of 574 mg of t e t raace ty lo l iv in  {ID [5] in 3 ml  of pyridine at  - 10°C  with s t i r r i ng .  
The mix ture  was s t i r r e d  at  20°C for  45 rain, and then 10 ml  of methanol  was added. It was  left to stand 
for  30 min,  and was evapora ted  at 30°C/0.01 m m .  The res idue  was dissolved in 30 ml  of ch loroform,  and 
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Fig. 1. ORD curves  of t r imethyldeoxodeoxy-  
olivinic acid (XVII), its e s t e r  (XVI), and its 
anilide (XVIII) and of (benzoyi)(methyl)-D- 
g lycer ie  acid (XXII) and its e s t e r  (XXIID and 
anilide (XXIV) in 96?0 ethanol: 1) R=OH; 2) 
R = OMe; 3) R= NHPh. 

the solution was washed with 1 N H2SO4, with 5% NaHCOs, 
and with saturated NaC1 solution, dr ied,  and r eevapora t -  
ed. After  chromatography in the b e n z e n e - a c e t o n e  (5 : 1) 
sys tem,  400 mg (57%) of the benzyloxycarbonyl  de r iva -  
tive (HI) with [o~]~+4 ° (c 1; (benzene); Rf 0.34, ~max 
259, 304, 359 nm (log ~ 4.72; 3.86; 3.56); Vma x 1570, 
1630, 1705, 1760, 1778, 3530 cm - i  was obtained. 

Found: tool. wt. 708. Cs6H36OIs. Calculated: mol. 
wt. 708. 

2. 2 ,4 ' ,6 ,8 ,9 -Pen taace ty l -3 ' -benzy loxycarbonyl -  
.olivin (IV). A solution of 180 mg of the t e t raace ty lben-  
zyloxycarbonylol ivin (III) in 5 ml of pyridine was t r ea ted  
with 5 ml of Ac20, and the mixture  was kept at 20°C for  
24 h. The excess  of reagent  was evaporated off in vac-  
uum, and the residue was worked up as in exper iment  1. 
This gave 145 mg (77%) of the pentaaeetate  (IV) CssH38016 
[a]~+ 11.5" (c 1; benzene); Rf 0.65 [in the b e n z e n e -  ace -  
tone (5:1) system],  Xma x 259, 304, 359, nm (log e 4.84; 
3.89; 3.57); Vma x 1570, 1630, 1705, 1760, 1778 em-l .  

3. 2 ,4 ' ,6 ,8 ,9-Pentaacetylol ivin  (V). A solution of 
250 mg of the pentaacetylbenzyloxycarbonylol ivin (IV) in 
5 ml of glacial  AcOH and 15 ml of ethanol was hydro-  
genated with Pd black (from 62 mg of PdCl2) until 8.6 
mI of hydrogen had been absorbed.  After the usual work-  
ing up and chromatography in the benzene -ace tone  sys -  
tem (5 : 1), 72 mg (29%) of the s tar t ing  mater ia l  (IV) and 
67 mg (32%) of pentaacetylol ivin (V) were  obtained; the 
la t ter  had [~]~+33 ° (c 1; benzene),  Rf 0.51, kmax 259, 
304, 359 nm (log e 4.77; 3.86; 3.53) Vma x 1570, 1630, 
1705, 1760, 1775, 3485 cm -1. 

Found: mol. wt. 616. C30H32014. Calculated: mol. wt. 616. 

4. p-Bromophenaeyl  Es t e r s  of D-Acetyl lact ic  Acid (VIII) and the L- I somer .  A. A mixture  of 61 mg 
of pentaaeetylol ivin (V) in 2 ml of 2 -methylpropan-2-o l  and 3.5 ml of a 0.085 M solution of HIO a in the same 
solvent was kept at 20°C for  6 h, and then 1.75 ml of a 0.6% solution of KMnO 4 and 0.58 ml of 0.i  N H2SO ¢ 
were  added. After 30 min, the IO 3- and IO 4- ions were  precipi ta ted with 60 mg of Pb(N%) 2 in 0.5 ml of 
wa te r  and, a f t e r  f i l t rat ion,  the solution was neut ra l izaed with NaHCO 3 to pH 4.5 and was evaporated.  The 
res idue was ext rac ted  with ethanol (2× 0.3 ml), and the solution was boiled for  i h with 35 mg of p -b romo-  
phenaeyl bromide.  After  chromatography in the b e n z e n e - a c e t o n e  (10 : i )  sys tem,  2.5 mg of the p -b romo-  
phenaeyl e s t e r  of D-aeetyl lac t ie  acid (VIII) was isolated with [a]~ + 13.5 ° (e 0.3; benzene),  R f  0.78. 

B. L-Lac t i c  acid was alkylated with p-bromophenacyl  bromide as in exper iment  A. The yield of the 
p-brom--~phenacyl e s t e r  CllHllBrO4 was 53%, mp 106-107°C (from ethanol, [0~]~-1.2 ° (c 5; ethyl acetate) .  

The acetylat ion of this substance with Ae20+ l>y (24 h at 20°C) gave the p-bromophenacyl  e s t e r  of 
L-ace ty l lac t ic  acid, ClsHlaBrOs, mp 84-85°C (from ethanol), [ ~ ] ~ - 4 9  ° (c 5; benzene),  Rf  0.78 [in the ben- 
z e n e - a c e t o n e  (10 : 1) sys tem].  

5. Aeetonides of the Methyl E s t e r s  of Raeemic th reo -  and e ry th ro-Dihydroxybutyr ic  Acids (XI and 
(XV). A. A solution of 630 mg of methyl  th reo-d ihydroxybutyra te  (X) [11] in 3 ml of acetone was t r ea ted  
with 430 mg of anhydrous CuSO 4 and 3 mg of cone. H2SO4, and the mixture  was s t i r r ed  for  24 h, f i l tered,  
and evaporated,  and the res idue was dist i l led.  The yield of the acetonide (XI) was 260 mg (32%), bp 38°C 
(bath t empera tu re ) /0 .3  ram, Rf 0.71 [benzene-ace tone  (20:1) system],  Vre t 0.28 (relative to methyl 
s teara te ;  polyethyleneglyeol  sudcinate on Chromosorb W, 160°C), 5 1.40 (3H, s) and 1.42 (3H, s) (]VIe2C). 

B. The methyl e ry thro-d ihydroxybutyra te  (XIV) [12] was converted into the aeetonide (XV) under the 
conditio--ns of exper iment  A (reaction t ime 3 h). Yield 40%, bp 30-32°C (bath t empera tu re ) /0 .2  mm, Rf 
0.63, Yre t 0.32, 5 1.36 (3H, s) and 1.59 (3H, s) (Me2C). 
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6. D- threo-2 ,3-Dihydroxybutyr ic  Acid (IX) and Its Derivat ives .  A. To a solution of 263 mg (0.4 
mmole) of hexaaeetylolivin (VII) [5] in 1 ml of methylene chloride was added 0.45 ml of a 6.25 M solution 
of t r i f luo rope race t i c  acid obtained f rom equimolar  amounts of (CFsCO))O and anhydrous tt2Oz, and the 
mixture  was left  at 20°C for  72 h. Then 5 ml of wate r  was added, the mixture  was heated at 800C for  4 h and 
evaporated;  the res idue was dissolved in water ,  and the solution was ex t rac ted  with ethyl acetate .  The 
aqueous solution was then evapora ted  to dryness ,  and the res idue was chromatographed in ethyl aceta te .  
This gave 22 mg of crude dihydroxybutyr ic  acid (IX) with [a]~  - 4 . 5  ° (c 1; water) ,  Rf 0.55 (on si l ica gel), 
Rf 0.37 [on paper  in the n - B u O H - H 2 0 - H C O O H  (10 : 5 : 2) sys tem].  The acid was t r ea t ed  with an excess  
of diazomethane in e t h e r - m e t h a n o l .  After  chromatography in the b e n z e n e - a c e t o n e  (2 :1)  sys tem,  6 mg of 
the methyl  e s t e r  (X) was isolated with Rf 0.37, Vre t 0.51 (relative to methyl acetate ,  10% of PEGS, 179°C). 

The bisphenylurethane of the e s t e r  (X) was obtained f rom 6 mg of (X) and 12 mg of PhNCO by boiling 
in 0.15 ml of t e t rahydrofuran  for  4 h. Yield 1.5 rag, mp 103-105°C (from benzene),  [a]~  +29 ° (c 0.13; e th-  
anol), Rf  0.62 [benzene -e thy l  acetate  (5:1) system];  chromatographical ly  and spec t ra l ly  (IR, ORD), the 
substance was identical  with the compound obtained in exper iment  B. 

B. As descr ibed  in exper iment  A, D-( - ) - th reo-d ihydroxybutyr ic  acid (IX) [13] was converted into the 
methyl  e s t e r  (X) and then into the bisphenylurethane of the methyl e s t e r ,  ClsH20N206, mp 118-1200C (from 
benzene),  [~]~ + 52 ° (c 1; ethanol). 

7. Methyl 6 ,8 ,9-Tr imethyl -2-deoxyol iv ina te  (:Kill). A solution of 100 mg of methyl  fo rmyl t r ime thy l -  
olivinate (X1D [9] in 4 ml of 85% fo rmic  acid was s t i r r ed  at 0°C with 50 ml of Zn dust for  5 min and was 
then f i l te red ,  diluted with water ,  and ex t rac ted  with ethyl acetate  After  chromatography in the h e x a n e -  
ethyl acetate  (2:1) sys tem,  the zone with Rf 0.23-0.35 yielded 72 mg (82%) of the reduct ion product (XIII), 
[~]~ - 8 ° (c 1.8; ethanol), kma x 223, 270, 330 shoulder,  368 nm (log e 4.40; 4.57; 3.76; 3.85); Vmax 1573, 
1620, 1690, 1747 cm -x. 

Found: tool. wt. 388. C21H240 T. Calculated: m01. wt. 388. 

8. Methyl 6 ,8 ,9 -Tr ime thy l - l -deoxo-2 -deoxyo l iv ina te  (XVI). A solution of 30 mg of compound (XID 
in 5 ml of ethanol was hydrogenated with 15 mg of Pd black (obtained f rom PdCI 2 by reduction with HCOOH) 
until 2 moles  of hydrogen had been absorbed.  After  chromatography in the b e n z e n e - a c e t o n e  (10:1) sys -  
tem,  the zone with Rf  0.72-0.80 yielded 17 mg (61%) of the hydrogenolysis  product  (XVI), [~]~ - 33 ° (c 0.5; 
ethanol); kmax 242, 290, 302, 340 nm (log e 4.82; 3.74; 3.67; 3.39); Vma x 1578, 1607, 1627, 1747 cm -1. 

Found: tool. wt. 374. C21H2606. Calculated: mol. wt. 374. 

9. 6 ,8 ,9 -Tr ime thy l - l -deoxo-2 -deoxyo l iv in i c  Acid (XVII) and Its Anilide (XVm). The e s t e r  (XVI) 
(130 mg) was hydrolyzed with 0.6 N aqueous methanolic KOH (4 h at 20°C). After  the usual working up, 86 
mg (68%) of the acid (XVII) was obtained with mp 146-148°C (from ether) ,  [a]~  - 3 1  ° (c 0.1; ethanol); Xmax 
242,290,  300, 340 nm (log e 4.86; 3.82; 3.81; 3.53), Vma x 1579, 1602, 1635, 1750, 3280 em -1. 

Found: tool. wt. 360. C20H2406. Calculated mol. wt. 360. 

A solution of 45 mg of the acid (XV1D, 31 mg of dicyclohexylcarbodi imide,  and 30 mg of the anilide 
in 2.5 ml of benzene was kept at 20°C for  20 min and was then diluted with ethyl aceta te ,  washed with di-  
lute H2SO 4 and with water ,  dr ied,  and evaporated.  The residue was chromatographed in the b e n z e n e - a c e -  
tone (20:1) sys tem,  and the substance with Rf 0.45 was c rys ta l l ized  f rom ethanol. The yield of the anilide 
(XVIII), C26H29OsN. C2HsOH was 21 mg (39%), mp 154-156°C, [~]~ - 87 ° (e 0.15; ethanol); Xma x 242, 290, 
301, 340 nm (log e 5.08; 3.90; 3.85; 3.58), Vma x 1518, 1580, 1610, 1633, 1665, 3280 era-1. 

Found: mol. wt. 435. Calculated: mol. wt. (without ethanol) 435. 

10. 3 -Benzoy l -2 -me thy l -D-g lyce r i c  Acid (XXID, Its Methyl Es t e r  (XXI~,  and Its Anilide (XXIV). 
The 1 ,6-d ibenzoyl -3 ,4- i sopropyl idene-2 ,5-d imethyl -D-manni to l  (XIX) [10] was hydrolyzed by being heated 
with 50% acet ic  acid (5 h at 70°C). The yield of 1 ,6-d ibenzoyl-2 ,5-dimethyl -D-manni to l  (XX), C22tI2608, 
was 78%, mp 101-102°C (from ethanol), [a]~  - 17 ° (e 1; chloroform).  

A solution of 100 mg of the diol (XX) and 124 mg of 85% Pb(OAc)4 in 6 ml of benzene was kept at 20°C 
for  1 h and was then f i l te red  and evaporated.  The resul t ing 3-benzoyl -2-methylg lycera ldehyde  (XXI) was 
conver ted into the p-ni t rophenylhydrazone,  C17Hl?N30 s. Yield 77 mg (93%), mp 119-121°C (from 50% aque-  
ous ethanol), [a]~  +43 ° (c 1; chloroform) .  

Solutions of 400 mg of the aldehyde (XXI) in 2 ml of 2 -methylpropan-2-o l  and of 200 mg of KMnO 4 in 
20 ml of wate r  were  mixed. After  10 rain the mixture  was f i l tered,  and the f i l t ra te  was ext rac ted  with 
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ethyl acetate, f i rs t  at pH 8 and then at ptI 2. The second extract yielded 183 mg (42%) of the acid (XXII), 
[~]~ +48 ° (c 3; ethanol), Rf 0.57 [benzene-acetone (5:1) system]. 

The methyl es ter  (XXIII} was obtained by methylating the acid (XXII) with an excess of diazomethane 
in ether.  Yield 75%, [~]~ + 83 ° (c 0.9; ethanol), Rf 0.70 [benzene-acetone (20 : 1) system]. 

The anilide (XXIV), CtTHtTNO4, was obtained by the reaction of 120 mg of the acid (XXII), 62 mg of 
aniline, and 120 mg of N-eyclohexyl-N'-(7-dimethylaminopropyl)carbodiimide in 0.5 ml of tetrahydrofuran 
under the conditions of experiment 9. Yield 50%, mp 98-99°C (from ethyl acetate), [ a ]~  + 58 ° (c 0.9 in 
ethanol). 

SUMMARY 

The configurations of the C 3, and C 4, centers of olivin have been shown by the oxidative cleavage of 
olivin penta- and hexaaeetates (V) and (VI) with the formation of D-acetyllactic and D-threo-dihydroxy- 
butyric acids (VIII} and fiX). The s tereoehemistry of the C 1, center has been determined by the spectro-  
polarimetric correlation of the products of the degradation of olivin (XVI)-(XVIII) with the model substances 
(XXII)-(XXIV). As a result,  the 2S, 3R, I 'S, 3'S, 4'R configuration has been established for olivin. 
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