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Olivinic acid (V), which is formed in the periodate oxidation of the aglycone of the o l ivomycins- -o l iv in  [2]-- 
contains three of the five a symmet r i c  centers  of this compound, in consequence of which the elucidation of its 
s t c r eochemis t ry  is an impor tant  stage in the de terminat ion  of the complete s t ruc ture  of the ol ivomycin ant ibiot ics .  

In o rder  to es tabl ish  the spatial  a r r angemen t  of the substi tuents attached to the C 2 and C 1, a symmet r i c  atoms of 
olivinic acid, we f i r s t  at tempted the Baeyer -Vi l l iger  cleavage of the hydroaromat ie  r ing in the te t ramethyl  ether of its 
2 - formyl  der ivat ive  (VIIIe). The hydrolysis  of the expected product of this react ion,  VI, with subsequent  O-methylat ion 
would lead to a s t ruc tu ra l ly  symmet r i ca l  c~, a', f l - t r i subst i tu ted glutaric es te r  the re la t ive  configuration of the C a and 
Ca '  a symmet r i c  centers  in which, corresponding to C2 and C 1, in olivinic acid, can be de termined in a s imple manner  
f rom its optical activity (presence or  absence of in t ramolecular  optical compensation).  However, it  was found that the 
action of CF3CO~H on the keto es te r  VIIIc led not to the Baeyer-Vi l l iger  react ion but to the oxidation of one of the 
aromat ic  r ings with the formation of a 5 ,8-quinone  (Xa), and the product of i ts  desformylat ion IXb. The s t ruc tu res  of 
these substances  were  conf i rmed on the bas is  of their  in terconvers ion  (on hydrolysis  and on aeylat ion with fo rmic -  
acetic anhydride) and by their  spectra l  cha rac te r i s t i c s ,  especial ly  the NIVIR spect rum of the main  react ion product IXa. 
This lacks the signal of one O-methyl  group found in the spect rum of the ini t ia l  compound VIIIc, and instead of the 
peaks of three aromat ic  protons there  are  only two one-proton singlets ,  one of which (H10) is displaced in the weak- 
field di rect ion because of the deshielding effect of the carbonyl in the peri  posit ion, while the other (H.~), converse ly ,  
has undergone a diamagnet ic  shift because of the d is turbance  of the a romat ic i ty  of the sys tem.  A final proof of the 
s t ruc ture  of the quinone IXa was i ts  formation f rom methyl dimethylformylol ivinate  (VIIIb) on oxidation with potassium 
ni t rosodisulfonate  ( F r e m y ' s  salt).  
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Consequently,  to e lucidate  the r e l a t ive  configuration we subjected ol ivinie  acid (V) to dehydration with 
carbodi imides .  This gave a high yield of the cor responding  y- lac tone ,  ol ivinolide (II), isolated previous ly  as a 
byproduct in the oxidation of olivin with per iodate  [2]. The lactone II is hydrolyzed by alkali  to the ini t ial  acid (V), and 
under the action of pyridine or  on heating it is conver ted into an i s o m e r i c  lactone,  epiol ivinol ide (D, the hydrolys is  of 
which leads to epiol ivinic  acid (IV). 

The chemical  p roper t i es  of epiol ivinic acid (IV) and its de r iva t ives ,  on the one hand, and of ol ivinic acid (V) and 
i ts  de r iva t ives ,  on the other  hand, show the eis  and t rans  posi t ions,  r e spec t ive ly ,  of the hydroxyl groups with r e s pec t  
to the side chain. Thus,  the hydroxy acid IV lae tonizes  spontaneously on s torage ,  while the acid V is conver ted  into the 
taetone only under the action of dehydrating agents ,  which is comple te ly  analogous to the behavior  of c i s -  and t r a n s - 2 -  
hydroxy-eyc lohexylace t ic  acids [3]. The lactone of the cis  acid I is m o r e  stable than the t rans  i s o m e r  (II), and is 
fo rmed  f rom it on the rmal  t r e a t m e n t  (compare the t rans  - -  c is  i somer i za t ion  of the lactone of 2 -hydroxy-2-  
methoxycarbonylcyclohexylace t ic  acid [4]), and is also obtained f rom the t rans  acid V when it is heated and, par t ia l ly ,  
on lactonizat ion under the action of d icyc lohexylcarbodi imide  or  p- toluenesulfonie  acid.  The e s t e r  of the eis  acid VIIa, 
in cont ras t  to its lactone (I), is the l e s s  stable i s o m e r  and is conver ted  into the t rans  e s t e r  (VIIa) under the action of 
pyridine or  trader the conditions of acid methanolys i s ,  while the e s t e r  VIIIa r ema ins  unchanged under the same 
condit ions.  The ace ta tes  of the two e s t e r s  VIIb and VIIId give the same anhydro der iva t ive  (XIIIb) on being heated with 
acet ic  anhydride.  

In the NMR spec t ra  of the lac tones  and the O2-acylated e s t e r s  of ol ivinie and epiol ivinic  acids (I, II, VIIlb-VIIId,  
XIb), the H2 proton is r ep re sen ted  by an isolated doublet in the 5 .1 -5 .8  ppm region.  In the compounds of the epi s e r i e s ,  
this doublet has J2,~ 6 -7  Hz, while in the de r iva t ives  of ol ivinie acid J2,3 is 12.5 Hz, which defini tely conf i rms  the 
conclusion drawn above concerning the 2 , 3 - c i s  and 2 , 3 - t r a n s  configurat ions of these  substances.  In the spec t ra  of the 
lactones I ar, d II, the H l, signal is located at 4 -4 .5  ppm and fo rms  a doublet with a Jl ' ,3 value of about 10 Hz. This 
value is c lose  to that found for  the model  compound III (Hi,: doublet at 3.15, J 12) the configuration of which we have 
demons t ra ted  prev ious ly  [5]. It follows f rom this that in both lactones  H l, is in the t rans  position with r e spec t  to H3, 
i . e . ,  ol ivinic acid and i ts  de r iva t ives  have the t r a n s - t h r e o - 2 , 3 , 1 '  and epiol ivinic acid and its de r iva t ives  the c i s -  
t h r e o - 2 , 3 , 1  ~ configuration.  The c o r r e c t n e s s  of this conclusion was fur ther  Confirmed by a study of the NMR spec t ra  of 
ol ivinal  (Xa) and dimethylol iv inal  (Xb), which a re  in te rmedia tes  in the oxidation of olivin and dimethylol ivin  to ol ivinie  
acid de r iva t ives  [2]. In the f i r s t  of these compounds,  the H2 and Hi'  protons a re  r ep re sen ted ,  r e spec t ive ly ,  by doublets 
at 5.2 and 4.4 ppm with J2,3 12 and Jt,~ 10 Hz, and in the second compound by doublets at 5.02 and 4.46 ppm with J2,3 
12.5 and Jl,~ 10 Hz, which conf i rms  the t rans  a r r angemen t  of the H a toms at C2, C3, and C1,. 
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To de te rmine  the absolute configurat ion of ol ivinic acid,  it appeared des i rab le  to a roma t i ze  i ts  saturated r ing in 
o rde r  to re ta in  in the molecule  only one of the th ree  a s y m m e t r i c  cen te r s .  We have pe r fo rmed  such a romat iza t ion  
prev ious ly  by heating t e t raace ty lo l iv in ic  e s t e r  with acet ic  anhydride [6]. It was found that on being heated with Ae20 the 
t r i aee ty l fo rmylo l iv ina te s  XIb and XIc give,  s imi l a r ly ,  the te t raace ty lanhydrool iv in ic  e s t e r s  XIIIb and XIIIc, but the 
f r ee  acid X~a r eac t s  d i f ferent ly  with the format ion of substances  of unknown s t ruc tu re .  In view of this,  to obtain the 
des i r ed  te t raace ty lanhydrool iv in ic  acid (XIIIa) we se lec ted  a roundabout route.  Olivinie acid (V) was conver ted  via  the 
e s t e r s  VIIId and XIIIb into the p r ev ious ly -desc r ibed  anhydroolivinic acid (XIIa) [6]. The aeetylat ion of this acid led to 
the opt ical ly  inact ive anhydride XIII; t he re fo re ,  to exclude raeemiza t ion ,  the acid was f i r s t  e s te r i f i ed  with diphenyl-  
d iazomethane,  af ter  which the anthrone sys tem was a romat ized  by acetylat ion and the protec t ive  benzhydryl  group was 
e l iminated  by hydrogenolys is  : XIIa --* XIIb ~ XIIId ~ XIIIa. 
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The te t raacetylanhydrool iv in ic  acid (XlIIa) obtained by this route was converted by the usual  method into the 
der iva t ives  XIIIc-XIIIe.  Simultaneously,  D-methoxyphenylacetie acid (XIVa) and its der ivat ives  XIVb-XIVe were  
synthesized from D-mandel ic  acid. A compar ison of the optical rota tory d i spers ion  curves  of compounds XIII and XIV 
showed (figure) that they belong to different  s te r ic  s e r i e s ,  i . e . ,  the C 1, a symmet r i c  center  in anhydroolivinic and 
olivinie acids possess  the S configuration.  
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Optical rotatory dispersion of compounds of the 
tetraacetylanhydroolivinic acid (XIII) series and 
of the D-~-methoxyphenylacetic acid (XIV) 
series: a) acid; b) methyl ester; e) ethyl ester; 

d) benzhydryl ester; e) anilide. 

Thus,  ol ivinic acid has the spatial s t ruc tu re  2S,3R, I 'S  (V), and the formulas  given in the p resen t  paper ref lect  
not only the re la t ive  but also the absolute configurat ions of the compounds studied. 

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

General  informat ion on the exper imental  work has been given previously [2]. The chromatographic  sys tems  were 
as follows: 1) benzene -ace tone  (1 : 1), 2) benzene -ace tone  (3 : 1), 3) benzene-ace tone  (5 : 1), and 4) benzene -ace tone  
(10 : 1). 

The NMR spect ra  were measured  by G. Yu. Pek, the IR spect ra  were recorded by V. A. Krasnova ,  and the 
m a s s - s p e c t r o m e t r i c  de terminat ions  of the molecular  weights were performed by V. G. Zaikin and B. V. Rozynov. 

1. Methyl 6 ,9 -d ime thy l -5 ,8 -d ioxo-5 ,8 -d ihydroo l iv ina te  (IXb) and i ts  2 - formate  (IXa). A) At -30  ° C, 1.8 ml  of a 
0.1 M dichloromethane solution of CF3CO3H prepared from 6.3 g of (CF3CO)20 and 1 g of 95% H2Oz was added in 0 .3-ml  
port ions every  20-30 min to a solution of 50 mg of methyl 2 - fo rmyl -6 ,  8 ,9 - t r imethy lo l iv ina te  (VIIIc) [2] in 2.5 ml  of 
CH2CI 2. The react ion mixture  was extracted with chloroform, the extract  was washed with NaHCO 3 and NaC1 solutions,  
dr ied,  and evaporated,  and the res idue was ehromatographed in sys tem 4. The zone with R[  0.50-0.60 yielded 27 mg 
(54~c) of the 2 - fo rmyloxy-5 ,8 -qu inone  (IXa) with mp 166-167 ° C (from ethanol) ; [c~]~ +12 ° (c 1; chloroform) ; kmax, my 
222, 258, 356 (loge 4.48,4.35,3.64);  Vmax, cm- l :  1587, 1630, 1660, 1687, 1712, 1736, 1745; 5 2.80-3.40 ( 3 H , m , H ÷  
+2H4), 3.47 (3H,s ,a l ip .  OMe), 3.86 (3H,s,OMe),  3.90 (3H,s,OMe),  3.95 (3H,s,COzMe), 4.13 (1H ,d , J2 .5 ,HI , ) ,  5.67 
(1H,d ,J12 .5 ,H2) ,  6.15 (1H,s,HT), 7.82 (1H,s,Hlo), 8.40 (1H, s,OCHO). 

496 



Found, %: C 58.2; H 4.9; m / e  434 (M ÷ 2; cf. [7]). Found for C21H20010, %: C 58.3; H 4.7; tool. wt. 432. 

The zone with Rf  0 .4-0.5 yielded 5 mg (10%) of the 2-hydroxy-5 ,8-qu inone  (IXb), with mp 187-190 ° C (decomp.,  
f rom ethanol}; [(~]~ ~93 ° (c 1; chloroform);  kmax, m~: 220, 258, 358 (loge 4.46,4.36,3.65);  Vmax, c m - l :  1585, 1618, 
1647, 1687, 1704, 1749. 

Found, %: C 59.4; H 5.3; m / e  (M + 2; cf. [7]). Calculated for C20H2009, %: C 59.4; H 5.0; reel. wt. 404. 

The formate  IXa underwent  hydrolysis  to the alcohol IXb under the action of 0.1 N KOH (20 ° C, 5 min) and was 
formed from IXb on acylation with a mix ture  of 100% HCO2H and Ac20 in pyridine (0 ° C, 15 min). 

B) To ~i solution of 50 mt of methyl 2 - fo rmyl -6 ,9 -d ime thy lo l iv ina te  (VIIIb) [2] in 2 ml of ethyl actate was added a 
solution of 250 mg of ON(SO3K) z [8] in 10 ml of water and then ethanol until  a homogeneous mixture  had been formed 
(about 3 ml). The react ion solution was kept at 200 C for 10 hr and was then extracted with ethyl acetate,  and the 
extract  was washed with NaC1 solution, dr ied,  and evaporated.  The res idue was chromatographed in sys tem 4 the zone 
with Rf  0 .5-0 .6  being isolated.  This gave 24 mg (46%) of the 2 - fo rmyloxy-5 ,8 -qu inone  (IXa) descr ibed in the preceding 
exper iment .  

2. 2-Epiol ivinol ide (I), ol ivinolide (II), and their  6 ,9-d imethyl  e thers .  A) Olivinic acid (V) [2], dis t r ibuted in a 
thin layer  on the bottom of a flask, was heated in 10-mg portions in a cu r r en t  of argon at 215 ° C until  the substance had 
melted completely,  and then it was dissolved in te t rahydrofuran and chromatographed in sys tem 3. After 10 repet i t ions 
of the exper iment ,  the product consisted of 10 mg (10%) of the initial  acid V, Rf  0.18; 9 mg (10%) of olivinolide (II) [2], 
Rlf80.53; and 60 mg (65%) of 2-epiol ivinol ide (I), Rf  0.65, which crys ta l l ized  from ethanol in two forms,  with mp 215-  

° C  (p la tes )and mp 242-247 C (needles); [ ~ ] ~ - 2 7 4  (c 0.3; methylcel losolve);  kmax, m~::226,  282, 326, 420 (log 
e 4 .24,4 .64,3 .74,4 .22) ;  Umax, cm- l :  1585, 1645, 1782, 3300; 5(CD3)2 SO2.80-3 .40  (3H,m,H3÷ 2H4), 3.50 (3H,s , s l ip .  
OMe), 4.07 I1H,d , J  10,Hi,) , 5.26 (1H,d , J  7.5,H2) , 6.39 (1H,d ,J  2,H[z(5)]), 6.56 (1H,d ,J  2,H[5(z)]), 6.90 (1H,s,H10). 

F o u n d  %: C 60.0; H 4.4; reel. wt. 330. Calculated for CiTHi~O~'0.5H20, %: C 60.0; H 4.41; mol. wt. (anhydrous) 
330. 

Epiolivinolide (I) is also formed by heating olivinic acid (V) with a 0.4 N solution of TsOH in b e n z e n e - a c e t i c  acid 
(1 : 1) (80 ° C, 4 hr). Yield 35% (calculated on the acid that had reacted).  

B) A solution of 100 mg of olivinic acid (V) in 1 ml  of te t rahydrofuran  was mixed at -10  ° C with solution of 60 mg 
of N-cyc lohexyl -N ' - (7-d imethylamino-propyl )carbodi imide  [9] in 0.2 ml  of te t rahydrofuran,  and af ter  5 rain the mixture  
was chromatographed in sys tem 2. The zone with Rf  0.23-0.33 yielded 19 mg (19%) of the ini t ial  acid (V), the zone 
with Rf 0.72--0.82 yielded 29 mg (31%) of epiolivinolide (I), and the zone with Rf 0.50-0.69 yielded 40 mg (43%) of 
olivinolide (II) with mp 228-235 ° C (decomp.,  f rom dioxane) ; [~]~ -180  ° (c 0.3; methylcel losolve);  5 (CD3)zSO 2.90-3.50 
(3H,m,H3 ÷ 2H4), 3.57 (3H,s ,a l ip .  OMe), 4.55 (1H,d, J l l , H 1 , ) ,  5.15 ( 1 H , d , J l l , H 2 )  , 6.41 (1H,d,J2,H[7(~)]),  6.54 (1H, 
d,J2,H[s(~)]) ,  6.96 (1H,s,Hi0); for the UVand  lit spectra ,  see [2]. 

On hydrolysis  with 0.1 N NaOH (20 ° C, 15 min),  olivinolide (II) gave olivinic acid (V) (yield quantitative),  and 
under  the ac~:ion of pyridine (20 ° C, i hr) or on heating (215 ° C, 5 min) it was converted into epiolivinolide (I) (yield 
70-90%). 

C) A solution of 100 mg of 6 ,9-d imethylo l iv in ic  acid 12] in 0.5 ml of te t rahydrofuran  was mixed at 20 ° C with a 
solution of 55 mg of N-cyclohexyl -N ' - (7-d imethylaminopropyl )carbodi imide  in 1 ml of the same solvent,  and after 5 
min the mix ture  was chromatographed in sys tem 3. This gave 20 mg (20%) of the ini t ial  acid with Rf 0.35, 21 mg {23%) 
of 6 ,9-dime~hyl-2-epiol iv inol ide  with Rf 0.70, and 50 mg (54%) of 6, 9-dimethylol ivinol ide with Rf 0.63, mp 169-175 ° C 
(from ethanol); [ ~ ] ~ - 1 4 6  ° (c 0:2; chloroform);  5 2.80-3.40 (3H,m,H3+ 2H4), 3.62 (3H,s ,a l ip .  OMe), 3.85 (3H , s , a r .  
OMe), 3.97 {3H,s ,a r .  OMe), 4.20 (1H,d, J 1 1 ,  H1,), 4.60, ( ]H ,d , J12 ,H2) ,  6.45 (2H,s ,H~+HT);  for theUV and IR 
spectra ,  see [2]. 

3. 2-Epiol ivinic  acid (IV) and its der iva t ives  (VIIa and VIlb). A) A solution of 30 mg epiolivinolide (I) in 5 ml  of 
0.1 N KOH was left at 20 ° C for 35 min and was then acidified with dil H2SO4 to pH3 and was extracted with e thylaceta te .  
After chromatography in sys tem 2, 30 mg (95%) of 2-epiol ivinic  acid (IV) was obtained with Rf  0.59 [ be nz e ne -ace tone -  
acetic acid (14 : 5 : 1) system],  [mp 156-159 ° C (from acetoni t r i le) ;  [~]~ -37  ° (c 1; ethanol); 7max, mp 228, 278, 
325, 405 (loge 4.30,4.56,3.68,3.97)  Umax, em-l :  1462, 1515, 1640, 1727, 3400. 
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Under the action of a carbodi imide ,  as in Exper iment  2B, or on standing at room t em pe ra tu r e ,  the hydroxy acid 
IV was conver ted into the lactone I. 

B) A solution of 160 mg of the acid IV in 5 ml of te t rahydrofuran was mixed at - 5  ° C with 14 m[ of a 0.037 M 
e therea l  solution of CH2N2, and af ter  i min the mix ture  was evaporated and ehromatographed in sys tem 3. This  gave 
120 mg (73~) of methyl  2-epio l iv ina te  (VIIa), R f  0.50; mp 130-134 ° C (from chloroform);  [a]~ -11.5  ° (c 1; ethanol); 
Xmax, m~: 230, 276, 324, 405 (loge 4 .24,4 .56,3 .63,4 .02) ;  Umax, era- l :  1520, 1615, 1647, 1737, 3300, 3400, 3450, 
3500. 

Found, tool wt. 362; ca lcula ted for C18Hl~Os: tool. wt. 362. 

The action on this substance of pyridine (20 ° C, 1 hr) or  a 3~ methanolic  solution of TsOH (65 ° C, 6 hr) formed a 
m ix tu r e  of the 2 - e p i m e r i c  e s t e r s  VIIa and VIIIa (the e s t e r  VIIIa undergoes no change under the same conditions). 

C) The e s t e r  VIIa (100 rag) was aeetylated with 1 ml of acet ic  anhydr ide -pyr id ine  mix tu re  (20 ¢ C, 24 hr),  and the 
substance isolated in the usual way was chromatographed in sys tem 3. This gave 93 mg (62%) of methyl  t e t r a a c e t y l - 2 -  
epiol ivinate  (VIII)), R f  0.61; [ a ] ~ - 4 5  ° (c 1; ch loroform);  hmax, m~: 258, 302, 358 (loge 4 .74,3 .86,3 .49) ;  Vmax, 
c m - l :  1575, 1633, 1710, 1750, 1770; 5 2.20 (3H,s ,OAe) ,  2.25 (3H,s ,OAc) ,  2.30 (3H,s ,OAc) ,  2.40 (3H,s ,OAe) ,  2 .80-  
3.40 (3H,m,H~-~ 2H¢), 3.05 (3H,s ,OMe) ,  3.75 (3H,s,CO2Me), 4.00 (1H,d, J3 ,H1 , ) ,  5.57 ( 1 H , d , J 6 , H z ) ,  6.87 ( 1 H , d , J 2 ,  
H[~(~)]), 7.32 ( 1 H , d , J  2,H[5(7)]), 7.40 (1H, s,H10). 

Found: mol .  wt. 530. Calculated for C26I-I26012: mol.  wt. 530. 

4. Benzhydryl  anhydrool ivinate  (XIIb). A solution of 30 mg of PhzCNz in 3 m[ of e ther  was added at -15  ° C to a 
solution of 34 mg of anhydrool ivinic  acid (XIIa) [6] in 1 ml of te t rahydrofuran .  After  5 min,  the solvent  was d is t i l led  
off and the r e s idue  was chromatographed in sys tem 2. This gave 49 mg (96%) of the e s t e r  XIIb, R f  0.64, mp 103-107 ° 
C (from benzene -ace tone ) ;  [ a ] ~ - 5 8  ° {c 1; ethanol); kmax, m~: 257, 272, 314, 370 (log e 4.05,-3.98, 4.08, 3.98); Uma x 
e ra - l :  1585, 1610, 1635, 1720, 3320. 

Found, %: C 69.9; H 5.2. Calculated for C30H2407 "H20, %: C 70.2; H 5.1. 

5. Te t raace ty lanhydrool iv in ic  acid (XIIIa) and i ts  de r iva t ives  (XIIIb-f). A) The benzhydryl  e s t e r  (XIIid). The 
anhydroolivinie e s t e r  XII (43 rag) was aeetylated with 1 ml of acet ic  anhydr ide -pyr id ine  mix tu re  (0 ° C, 12 hr),  the 
mix tu re  was evaporated,  and the res idue  was c rys t a l l i zed  f rom benzene-hexane .  This gave 34 mg (60%) of the e s t e r  
XIIId, R f  0.72 (system 2); mp 108-112 ° C; [ a ] ~  +38.6 ° (c 0.2; ch loroform);  kma x, my:  264, 340, 358, 376, 396 (loge 
5 .15 ,3 .58 ,3 .68 ,3 .67 ,3 .63) ;  vmax,  cm -1: 1470, 1775. 

Found: mol .  wt. 664. Calculated for  C~8H32Ot1: mol .  wt. 664. 

B) The acid XIIIa. The benzhydryl  es te r  XIIId (34 mg) in 1 ml of te t rahydrofuran  was hydrogenated at 22 ° C in 
the p resence  of 30 mg of Pb black until 1 mole  of Hz had been absorbed.  After  c rys ta l l i za t ion  f rom ethanol,  the yield 
of the acid XIIIa was 22 mg (86%), R f  0.25 (system 2); mp 222-227 ~ C; [a]2~ +90 ° (c 0.2; ch loroform);  kmax, my:  228, 
262, 322, 356, 374, 394 (loge 4 .39 ,5 .20 ,3 .51 ,3 .83 ,3 .81 ,3 .79) ;  vmax,  c m - t :  1640, 1720, 1742, 1765, 3180. 

Found, %: C 59.7; H 4.7. Calculated for C2~H22Oll, %: C 60.2; H 4.4. 

C) The methyl  e s t e r  (XIIIb). 1) A solution of 50 mg of methyl  t r i ace ty l fo rmylo l iv ina t e  (XIb) [2] in 5 ml of acet ic  
anhydride was boiled for  18 hr ,  af ter  which it was evaporated and the res idue  was c rys t a l l i zed  f rom ethanol.  This gave 
34 mg (69%) of the e s t e r  XtIIb, with mp 210-215 ° C, [~]~ +84 ° (c 1; chloroform) (cf. [6]). 

2) A solution of 30 mg of methyl  t e t raace ty lep io l iv ina te  (VIIb) in 0.5 ml of acet ic  anhydride was heated in a 
sea led  tube at 200 ° C for 3 hr,  and then it was evaporated and the res idue  was d isso lved  in ch lo ro fo rm,  the solution 
was f i l t e red  through a l aye r  of s i l i ca  gel ,  and the solvent was dis t i l led  off. After  c rys ta l l i za t ion  f rom ethanol, the 
yield of the anhydroes te r  XIIIb was 12 mg {42~, mp 212-217 ° C. [~]~ ÷84 ° (c 1; ch loroform) .  

D) The ethyl e s t e r  XIIIc. 1) A solution of 20 mg of the acid XIIIa in 2 ml of te t rahydrofuran  was t r ea ted  at 0 ° C 
with an excess  of a 0.1 M e therea l  solution of diazoethane,  the solvent  was d is t i l led  off, and the res idue  was 
chromatographed  in sys tem 3. The yield of the e s t e r  XIIIc was 19 mg (90%) ; R f  0.50 ; mp 197-201 ° C (from ethanol) ; 
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[ a ]~+69  ° (c 0.2; chloroform);  Xma x, m~: 227, 263, 322, 340, 356, 376, 396 (loge 4 .26 ,5 .20 ,3 .50 ,3 .60 ,3 .72 ,3 .70 ,  
3.67); Uma x, cm- l :  1465, 1645, 1747, 1765. 

Found: mol.  wt. 526. Calculated for C27H26Ol1: mol. wt. 526. 

2) A solution of 40 mg of t r iace ty l formylo l iv in ic  acid (XIa) [2] in 1.5 ml of te t rahydrofuran  was t reated with 1 ml 
of 0.1 M ethereal  diazoethane, the mix ture  was evaporated,  and the res idue  was chromatographed in sys tem 3. This 
gave 39 mg (c,5%) of the es te r  XIc; Rf  0.66: [a]~  -68  ° (c 1; chloroform);  Xmax, m#: 259, 304, 358 (loga 4.76,3.72,  
3.50); Pmax, cm- t :  1465, 1630, 1700, 1748, 1773. 

Found: mol.  wt. 530. Calculated for C26H26012: mol.  wt. 530. 

When this substance was heated with a 20-fold amount of Ac20 in a sealed tube (200 ~ C, 5 hr),  the es ter  of 
te t raacetylanhydrool iv inic  acid (XIIIc) was formed.  After c rys ta l l iza t ion  from ethanol, the yield was 80%, mp 197-  
201 ° C; [a]~ + 68 ° (c 1; chloroform).  

E) The anilide XIIIe. At 20 ° C, 9 mg of dicyclohexylcarbodiimide in 0.1 ml of te t rahydrofuran  was added to 20 mg 
of the acid XHIa and 4 mg of ani l ine in 2 ml of the same solvent.  After  5 rain the solution was f i l tered and evaporated,  
and the res idue was chromatographed in system 3. This gave 17 mg (74%) of the anilide XIIIe; Rf  0 . 45 ;  [a]~  +47 ° (c 
0.2; chloroform);  Xmax, m~t: 264, 320, 340, 356, 374, 396 (loge 5 .20 ,3 .36 ,3 .59 ,3 .71 ,3 .70 ,3 .69) ;  Vma x, c m - l :  1463, 
1528, 1600, 1642, 1668, 1765, 3310. 

Found, %: N 2.93; tool. wt. 573. Calculated for C3tH27NO10, %: N 2.44; mol.  wt. 573. 

F) The :mixed anhydride XIIIf. The acid XIIa (40 mg) was acetylated with 2 ml of A c 2 0 - P y  mix ture  (20 ° C, 48 hr).  
After the s tandard t r ea tment  and chromatography in system 3, 36 mg (56°/c) of the anhydride XIIIf was isolated;  Rf  
0.74; mp210- -215°C (from benzene-ace tone) ;  [ a ] ~ 0  ° (c 1; chloroform);  Xmax, m~t: 266, 320, 338, 354, 385, 405 
(loge 5 .16 ,3 .64 ,3 .81 ,3 .77 ,3 .71 ,3 .74) ;  ~max, cm- t :  1663, 1777, 1827. 

6. D-~-~Methoxyphenylacetic acid (XIVa) and its der iva t ives  (XIVb-e). A) The acid XIVa. A mixture  of 500 mg of 
D-mandel ic  a,~id, 5 ml of d imethyl formamide,  3 ml of CH3I, and f r e sh ly -p repa red  Ag20 (from 6.24 g of AgNO~) was 
s t i r r ed  at 20 ° C for 24 hr and was then diluted with benzene,  f i l tered,  washed free from HCONMe 2 with water ,  worked 
up in the usual  way, and dis t i l led in vacuum. The resul t ing es te r  (XIVb) (525 mg, n~  1.504; cf. [10]) was saponified 
with 16 ml of 0.4 N KOH in 50% methanol (20 ° C, 1.5 hr),  and the acid l iberated (XIVa) was c rys ta l l i zed  by t r i tu ra t ion  
with petroleum ether.  Yield 245 mg (50%) ; Rf  0.31 (in sys tem 4) ; mp 63-65 ° (from heptane) ; [a]~ -164  ° (c 1; 
chloroform);  [~]~ - 146 ° (c 1; ethanol) (of. [11]). 

B) The methyl es te r  XIVb was obtained by methylat ing 20 mg of the acid XIVa with an excess of diazomethane 
and was purified in ethereal  solution by f i l t ra t ion through a layer  of A1203. Yield 14.5 mg (66~); Rf 0.67 in sys tem 4; 
[a]~ -132  ° (c 1; chloroform) (of. [11]). 

C) The ethyl e s te r  XIVc was obtained by heating 35 mg of the acid XIVa with 2 ml of 2.5 N ethanolic HC1 (6 hr at 
the boil) ; the crude product was purified by f i l t ra t ion through a layer  of A1203 in benzene solution. Yield 25 mg (62%) ; 
Rf  0.67 (in sys tem 4); [a]~ -103  ° (c 1; chloroform).  

Found: tool. wt. 194. Calculated for CtlHt4H3: tool. wt. 194. 

D) The benzhydryl  es te r  XIVd. The acid XIVa (20 mg in 0.5 ml of ether) was es ter i f ied  with diphenyldiazomethane 
under  the conditions of Exper iment  4 and the substance obtained was washed free from oily impur i t ies  with petroleum 
ether.  The yield of the benzhydryl  es te r  XIVd was 28 mg (70%) ; mp 93-94 ° C (from e t h e r - p e t r o l e u m  ether) ; [a]~  -51  ° 
(c 1; chloroform).  

Found, %: C 80.0; H 6.4. Calculated for C22H2003, %: C 79.5; H 6.0. 

E) The ~nilide XIVe. At 20 ° C, 60 mg of dieyclohexylcarbodiimide in 0.5 ml of acetoni t r f le  was added to 40 mg 
of the acid XIVa and 24 ml of ani l ine  in 0.2 ml  of acetoni t r i le  and after I hr the mixture  was worked up as in 
Exper iment  5E. After chromatography in sys tem 4, the yield of the ani l ide XIVe was 40 mg (70%); Rf  0.68; [~]~ , 6 3  ° 
(c 1; chlorofol~m). 
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Found, %: C 74.8; H 6.3; N 6.0; tool. wt. 241. Calculated for C~sH15NO2, %: C 74.7; H 6.2; N 5.8; mol.  wt. 241. 

CONCLUSIONS 

It has been establ ished that olivinie acid possesses  the 2S, 3R, I 'S  configuration (V). 
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