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In a preceding communication we described how the structure of chromocyclin- the tetracyclic agly- 
cone of the glycoside chromocyclomycin produced by Streptomyces LA-7017 - was determined [1]. Con- 
tinuing this work, we have studied the stereochemistry of chromocyclin and have established that it pos- 
sesses the absolute configuration (1). 
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The spatial a r rangement  of the substituents at the C 4 and C4a a symmet r i c  centers  of chromocycl in 
was determined with the aid of NMR spectra.  It was found that when the spec t rum was measured  in pyridine 
solution the signal of the H 4 p r o t o n -  which was located at 5.05 ppm, J = 4  Hz, immediately af ter  the dissolu-  
tion of the chromocycl in in pyridine - began to weaken and in addition to it a doublet appeared at 4.27 ppm 
with J = 1 2  Hz, increasing in intensity (Fig. 1). Simultaneously, the three-pro ton  singlet of the methoxy 
group split into two with the appearance of a component in the s t ronger  field. In the equilibrium state, which 
was reached after 1 h, the relat ive intensities of the original  and the newly appeared signals were almost  
the same. The spectral  changes show a revers ib le  epimerizat ion of ehromoeycl in at the C 4 asymmet r i c  
center  {I~-II), the values of J4,4a showing that in the 4-epichromocycl in  formed the H a and H4a protons are  
located trans-diaxial ly,  and the initial chromocycl in  has the Ha,H4a-Cis-ea configuration. This conclusion 
is confirmed by the diamagnetic shift of the H 4 signal in the epimerizat ion of chromocycl in  (greater  shield- 
ing of the axial proton as compared with the equatorial), and agrees  well with l i terature  information on the 
NMR spectra  of the anhydrote t racycl ines  and their  4 -ep imers  [2]. 

We established the relat ive configurations of the a symmet r i c  centers  of C4a and C12 a in the following 
way. It has been shown previously for a number of compounds that the acetylation of a hydroxy group may 
cause a paramagnet ic  shift of a proton of the neighboring carbon atom, the magnitude of this shift depend- 
inn on the mutual positions of the hydroxyl and the proton: it is considerable for cis compounds (1.0-1.2 
ppm with a-OH : e-H and 0.3-0.5 ppm for  e-OH : a-H) but is close to zero  if the hydroxyl is in the t rans  posi-  
lion to the proton (e-OH : e-H or  a-OH : a-H) [3]. 
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The resul ts  of a compar ison of the NMR spect ra  of chromocycl in  (I) and its 8,10,12a-tr iacetate (Fig. 
2) have shown that the acetylation of the C12 a hydroxy group causes a considerable paramagnet ic  shift of 
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Fig.  1. NMR s p e c t r u m  of chromocycl in  (I) in pyr id ine  so lu-  
tion 10 min (a) and 1 h {b) a f t e r  dissolution.  
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Fig.  2. NMR s p e c t r a  of chromocyc l in  (I) and its 8 ,10 ,12a- t r i ace -  
ta te  in deu te roace tone  ( a -  INDOR f r o m  H4; b -- double NMR on i r -  
rad ia ted  H4a). 
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Fig.  3. ORD curves  of 3 ,8 ,10 ,11- t e t r a -O-  
me thy l -  2 -deace ty l -12a-deoxyehromocyc l in  
~ V I I )  obtained by the degradat ion of ch romo-  
cycl in  (I) and by pa r t i a l  syn thes i s  f r o m  chro -  
momycinone  (2). 
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the H4a s ignal  (A6 0.75 ppm), which shows the cis posit ion of the angular  proton and hydroxyl.  Thus,  ch ro-  
mocyc l in  p o s s e s s e s  the re la t ive  configurat ion cis,  c is-4H,4aH,12aOH. 

The absolute  configurat ion of the a s y m m e t r i c  cen te r  at C 4 and, hence, of the whole chromocycl in  m o l e -  
cule was de te rmined  f rom the change in the optical  act ivi ty on C4-epimerizat ion.  It was found that the con- 
ve r s i on  of chromocycl in  (I) into 4 - ep i ch romocyc l in  (iI) is accompanied  by an optical  shift (~ [M]D+ 2300°), ~" 
the magnitude of which is s imi l a r ,  although the sign is the opposite, to the change in the molecu la r  rotat ion 
on pass ing  f r o m  anhydro te t racyc l ine  (III) to i ts  4 - e p i m e r  (IV) (A/MID--2340 ° [4]). This  shows the 4fi pos i -  
tion of the methoxyl  in chromocycl in ,  which has the absolute  configurat ion 4R,4aS,12aS (I). 
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F o r  a definit ive proof  of the s t r u c t u r e  and s t e r e o c h e m i s t r y  of chromocycl in ,  we p e r f o r m e d  a par t ia l  
synthes is  of the t e t r ame thy l  e ther  of its 2 -deace ty l -12a :deoxy  der iva t ive  (XVII). For  this purpose ,  c h r o m o m y -  
cinone (V) was oxidized with per ioda te  to fo rmylchromomycinon ic  acid (VI) (compare  the per iodate  oxida- 
tion of olivin [5]), which f o r m s  the t r ime thy l  e t h e r / e s t e r  (VII) under  the action of diazomethane.  This  sub- 
s tance was reduc t ive ly  deformyloxyla ted  (VII ~ VIII) and was then methylated with methyl  iodide in the p r e s -  
ence of K2CO 3 in d imethy l fo rmamide .  The e s t e r  (IX) obtained was saponified to the f r ee  acid (X), the chlo- 
r ide  of which was condensed with methoxymagnes iomalon ic  e s t e r  with the fo rmat ion  of the acylmalonate  

* The mo lecu l a r  rota t ion of 4 -ep ich romocyc l in  (II), which was  isola ted in the individual state, was calculated 
informat ion on the mutarota t ion  of chromocycl in  (I) in pyridine solution: [a]~)nit _ 3 5 0 o ~  [a,]})n_109o'l- f rom 

According to the NMR spec t rum (Fig. 1), a f t e r  1 h, the mix tu re  contains about 55% of chromocycl in  (I) and 
45% of 4 -ep ich romocyc l in  (II). Hence, 4 -ep ich romocyc l in  0I) has /MID = 0.01 M × ([a]imn---- 0.55 [a]~nit)/0.45~ = 
+ 800 °. 
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(XI). On the action of sodium methylsulf inylmethyl ide in dimethyl  sulfoxide, this substance gave a low yield 
of a mix ture  of the t e t r acyc l i c  e s t e r  (XIII) and the product  of i ts demethoxyearbonylat ion (XI'V). 

A more  effect ive method of construct ing the fourth ring is the C-acylat ion of the e s t e r  (IX) with phen- 
yl acetate  in the p re sence  of sodium methylsulf inylmethyl ide.  As a resul t  of this react ion we obtained in 
addition to the methyl  ketone ~I I )  the product  of its cycl izat ion (XIV), which was then converted by the ac-  
tion of diazomethane into the methyl  e ther  (XVII). In addition, chromocycl in  was subjected to acid cleavage 
(I-*XV) and then to reduct ion with Zn+ AcOtt to 2 -deace ty l -12a-deoxychromocyc l in  (XVI) (see [1]). The 
product  of the methylat ion of this substance with diazomethane and compound (XVII) obtained by par t ia l  syn- 
thes is  proved to be ident ical  according to chromatography and UV and mass  spect roscopy,  and also f rom 
the i r  spec t ropo la r ime t r i c  cha rac t e r i s t i c s  in the 250-450 nm range {Fig. 3). Since the C 3 a symmet r i c  center  
of chromomycinone (V) is not affected in the p roces s  of synthesizing ~Cv'II) f r om (V), this synthesis  is an 
unambiguous proof  not only of the s t ruc tu re  but also of the absolute configuration of chromocycl in  (I). 

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

F o r  genera l  information on the exper imenta l  work, see [1]. 

1. Mutarotat ion of Chromocyclomycin  and Chromocycl in  in Pyr id ine  Solution. Chromocyclomycin:  
[ a ] ~ - 2 0 9  ° (after 1.5 rain), - 1 8 8  ° (after 10 rain), - 1 5 0  ° (after 30 min), +21 ° (after 8 h; t imes  given f rom the 
moment  of dissolution) (c 0.5; pyridine) .  Chromocyclin:  [ a ] ~ - 3 5 0  ° (after 1.5 min), - 3 1 0  ° (after 10rain), 
- 2 3 3  ° (after 30 min), - 1 0 9  ° (after 1 h and more)  (c 0.3; pyridine).  

2. Chromocycl in  Acetates .  A solution of 300 mg of chromocycl in  (l) in 5 ml  of Ac20 was boiled fo r  
2 h and evaporated,  and the res idue  was chromatographed in the b e n z e n e - a c e t o n e  (10: 1) sys tem.  The zone 
with R f  0.49-0.54 yielded 89 mg (25%) of chromocycl in  diacetate,  C26H26Oll; mp 152-154°C (from ethanol); 
[o~]~-130 ° (c 0.2; chloroform);  mol.  wt. 512; ~ 'max 224, 272, 420 nm (log e 4.41; 4.67; 3.94); vmax 1585, 
1635, 1690, 1760, 3380 cm -1. 

The zone with R f  0.43-0.45 yielded 283 mg (73%) of chromocycl in  8 ,10,12a- t r iacetate ,  C28H28012; mp 
160-162°C (from ethanol); [o~]~-255 ° (c 0.15; chloroform);  mol. wt. 554; ~ m a x  225, 272, 305sh, 392 nm(log 
E 4.44; 4.67, 4.17, 3.86); vmax 1585, 1635, 1690, 1760, 3380 cm -1. 

3. 2 -Formylch romomyc inon ic  Acid (VI). To a solution of 319 mg of chromomycinone (V) in 15 ml  of 
methanol cooled t o - 1 5 ° C  was added 72 ml of a 0.035 M solution of NaIO 4 cooled to 0°C. The react ion mix-  
tu re  was kept in the dark  at room t e m p e r a t u r e  fo r  5 min, and the substance was ext rac ted  with ethyl ace-  
ta te  and was chromatographed in the b e n z e n e - a c e t o n e  (3 : 2) sys tem.  The zone with Rf 0.46-0.50 yielded 
150 mg (51%) of an acid C19I-I180~ (VI); [o~]~-98 ° (c 0.3; ethanol); mp 221-222°C (from acetonitr i le);  mol.  wt. 
390; ~'max 232, 282, 325, 340, 415 nm (log E 4.37; 4.57; 3.83; 3.86; 3.88); vmax 1160, 1465, 1535, 1635, 1690, 
1734 em - l .  

4. Methyl  2 -Formyl -6 r9 -d ime thy lch romomycinona te  (VII). The acid (VI) (200 rag) in 2 ml  of ethanol 
was methyla ted  with 8 ml  of a 0.6 M e therea l  solution of CH2N 2 (2 h at 20°C) and was then chromatographed 
in the b e n z e n e - a c e t o n e  (15 : 1) sys tem.  The zone with R f  0.50-0.62 gave 60 mg (27%) of the e s t e r  C22H2409 
(VII), [ ~ ] ~ - 6  ° (c 0.2; ethanol); tool.  wt. 432; ~ 'max 224, 278, 327, 340, 391 nm (log e 4.36; 4.69; 3.83; 3.79; 
3.76); Vmax 1570, 1605, 1635, 1690, 1754, 1755sh, 3330 cm -i. 

The zone with R f  0.31-0.39 yielded 66 rag (30%) of methyl  2 - fo rmyl -6 -methy lchromomycinona te ,  
C21H2208; mp 159°C (from ethanol); tool. wt. 418; ~. max 224, 278, 326, 335 nm (log e 4.0*; 4.64; 3.66; 3.89); 
Vma x 1570, 1628, 1680, 1752, 3320 cm -1. 

The zone with R f  0.41-0.49 yielded 57 mg (28%) of methyl  6 ,9-dimethylchromomycinonate ,  C21I-I24Oe; 
mp 170°C (from ethanol); tool. wt. 404; ~'max 224, 279, 327, 340, 390 nm (log e 4.35; 4.67; 3.81; 3.74; 3.73); 
vmax  1570, 1605, 1635, 1680, 1745, 3280, 3430 cm -1. 

5. Methyl 6 ,9-Dimethyl -2-deoxychromomycinonic  Acid (VTTI 1. A solution of 70 rag of the e s t e r  (VII) 
in 2 ml  of 85% fo rmic  acid was s t i r r e d  w~th 100 mg of act ivated Zn dust for  20 rain and was then f i l te red  
and diluted with water .  The substance was ex t rac ted  with ethyl ace ta te  and chromatographed in the ben-  
z e n e - a c e t o n e  (20 : 1) sys tem.  The zone with R f  0.60-0.78 yielded 42 mg (67%) of a hydmgenolys i s  product  
with the composi t ion C21H2407 (VIII); [ a ] ~ - 1 9  ° (c 0.25; ethanol); tool. wt. 388; ~ 'max 224, 278, 325, 340sh, 
388 nm (log e 4.34; 4.68; 3.84; 3.81; 3.78); V m a  x 1605, 1635, 1680, 1750, 3310 cm-1. 

*As in Russian or iginal  - Publ isher .  
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6. Methyl 6, 8 ,9-Tr imethyl -2-deoxychromomyeinonate  (IX). A mixture of 50 mg of the 6,9-dimethyl 
derivat ive (VIII), 0.3 ml of methyl iodide, and 200 mg of K2CO 3 in 1 ml  of 90% dimethyl iormamidewas  s t i r red  
at 20°C for  7 h and was then diluted with water  and extracted with chloroform.  The extracted substance was 
chromatographed in the benzene -ace tone  0-0:1) system.  The zone with R f  0.49-0.61 yielded 42 mg (82%) 
of the 6 ,8 ,9- t r imethyl  derivative C22H2607 (IX); [~]~-56  ° (c 0.5; ethanol); tool. wt. 402; ~ max 227, 268, 329, 
360sh nm {log ~ 4.21; 4.66; 3.94; 3.64). 

7. 6 ,8 ,9-Tr imethyl -2-deoxychromomycinonic  Acid ~ ) .  The es te r  (IX) 0-8 rag) in 2 ml  of methanol 
was hydrolyzed with 2 ml  of 0.2 N KOH (15 rain at 20°C), and the react ion mixture  was brought to pH 3 with 
0.1 N H2SO 4 and was extracted with ethyl acetate.  After  chromatography in the b e n z e n e -  acetone (5 : 1) sys -  
tem, the zone with R f  0.35-0.47 yielded 12.2 mg (71%) of the acid C21H2407 ~) ;  tool. wt. 388; h m a x  226, 267, 
329, 360sh nm (log e 4.18; 4.68; 3.94; 3.64). 

8. Dimethyl 6, 8 ,9-Tr imethyl -2-deoxychromomycinonoylmalonate  ~I ) .  At -70°C,  42 mg of PC15 was 
added to 79 mg of the acid (X), 21 mg of tr iethylamine,  and 170 mg of dimethylformamide in 3 ml  of t e t ra -  
hydrofuran. The mixture was s t i r red  at--70°C for  30 rain and at 20°C for  1 h, and was then evaporated and 
the residue was dried at 40°C/0.1 mm. The acid chloride so obtained was dissolved in 2 ml of te t rahydro-  
furan and was added a t - 7 0 ° C  to 2.2 ml  of a 0.09 M te t rahydrofuran solution of the MeOMg derivative of 
dimethyl malonate. The mixture was s t i r red  at--70°C for  30 rain and then at 20°C for  1 h and was acidified 
with acetic acid, diluted with water, and extracted with ethyl acetate.  After  chromatography in the b e n z e n e -  
acetone (10: 1) system, a zone with R f  0.33-0.41 yielded 48 mg (46%) of the acylmalonate C26H3003 (XI); mol. 
wt. 502; ~. max 228, 276, 325 nm (log e 4.30; 4.72; 3.98); Vmax 1620, 1680, 1730, 1765 cm -1. 

9. 2 -Methoxycarbonyl -8 ,10 ,11- t r imethyl -2-deace ty l -12a-deoxychromocycl in  (XIII). At 20°C, a 
solution of 35 mg of the acylmalonate (XI) in 1 ml of dimethyl sulfoxide was added to a solution of 
MeSOCH2Na obtained f rom 10 mg of Nail and 0.5 ml of dhnethyl  sulfoxide. The mixture was kept at 20°C 
fo r  15 min and at 60°C for  10 min and was then acidified with acetic acid, diluted with water, and extracted 
with ethyl acetate.  The extract  was washed with water  f rom dimethyl sulfoxide and was evaporated, and the 
residue was chromatographed in the benzene -ace tone  (5 : 17 system. A zone with R f  0.67-0.73 yielded 2.5 
mg of the cyclization product C25I-I2609 (XIII); mol. wt. 470; ~. max 234, 262, 387, 395 nm (log a 4.34; 4.39; 
4.08; 4.02); Vmax 1590, 1610, 1735 cm -1. 

A zone with R f  0.82-0.85 yielded 0.7 mg of compound C23H2407 ~IV); mol. wt. 412; k m a x  234, 262, 
287, 395 nm (log ~ 4.35; 4.40; 4.15; 4.08). 

10. Methyl 2-Acety l -6 ,8 ,9- t r imethyl -2-deoxychromomycinonic  Acid {XII). To a solution of 100 mg 
of the oxo es te r  (IX) in 1 ml of benzene freed f rom oxygen by boiling in a current  of argon was added 35 mg 
of Nail, and the mixture was s t i r red  at 20°C for 30 min. Then 100 mg of phenyl acetate in 1 ml of benzene 
was added and the result ing mixture was boiled for  2.5 h. It was decomposed with acetic acid, diluted with 
water, and extracted with ether.  After  chromatography in the benzene -ace tone  (20:1) system, a zone with 
R f  0.55-0.64 yielded 45.5 mg (41%) of the C-acetate  C21H2808 (XII); mol. wt. 444, [ a ] ~ + l l 0  ° (c 0.07; ethanol); 
Area x 231, 268, 302, 316,366 nm {log e 4.40; 4.34; 3.93; 3.95; 4.35); vmax 1545, 1575, 1624, 1750 cm-1; 

CDC13 2.34 (3H, s., COMe). 

11. 8 ,10 ,11-Tr imethyl -2-deacety l -12a-deoxychromocycl in  (XIV). The oxo es ter  (IX) was condensed 
with phenyl acetate under  the conditions of experiment 10 for  5 h. After  chromatography,  a zone with R f  
0.54-0.65 yielded 21 mg (12%) of the C-aceta te  (XII), and a zone with R f  0.47-0.52 yielded 20 mg (15%) of 
the cyclization product C23H2407 (XIV); mol. wt. 412; k max 234, 260, 386, 395 nm {log ~ 4.39; 4.42; 4.27; 
4.26). 

12. 2-Deacety l -12a-deoxychromocycl in  (XVI) and the Products  of Its Methylation with Diazomethane. 
A_.~. Under the conditions descr ibed previously [1], 325 mg of 2-deacety lchromocycl in  (XV) was reduced with 
zinc in acetic acid, and the product was chromatographed in the b e n z e n e - a c e t o n e  (5 : 1) system. This gave 
110 mg (34%) of the start ing mate r ia l  (XV), with R f  0.35, and 95 mg (31%) of the deoxy compound C20H1807 
(XVI); mol. wt. 370; mp 228-230°C (from ethyl acetate); [oL]~+425 ° (c 0.25; acetone); R f  0.59; ~. max 236, 
267, 343; 435, 459 nm {log e 4.33, 4.44; 3.74; 4.38; 4.40); Vma x 1585, 1620, 1720, 3885 cm -1. 

B___. To a solution of 100 mg of compound (XVI) in 2 ml of methanol was added 15 ml of a 0.5 M eth- 
erea l  solution of CH2N2, and after  2 h the mLxture was evaporated. The result ing mixture of the dimethyl 
and t r imethyl  ethers  was separated by chromatography in the benzene -ace tone  (8: 1) system.  F r o m  a zone 
with R f  0.37-0.44 was obtained 12.5 mg (12%) of the dimethyl ether  C22H1~O7, mp 221-223°C (from ethanol); 
k max 224, 258, 281, 332, 420 nm (log e 4.32; 4.37; 4.20; 3.92; 4.39); Vmax1465, 1510, 1590, 1630, 3330 cm -1. 
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A zone with R f  0.61-0.68 yielded 43 mg (39%) of the t r imethyl  e ther  C23H1807; mp 198.5-200°C (from 
ethanol); tool. wt. 492; ~, max 228, 260, 327, 404, 415sh nm (log e 4.37; 4.46; 3.87; 4.43; 4.41); Vma x 1475, 
1510, 1590, 1625, 3335 cm -~. 

13. 3, 8 ,10 ,11-Te t ramethy l -2 -deace ty l -12a-deoxychromocyc l in  ~v'II) .  A._:.. The mixture  of dimethyl  
and t r imethy l  e thers  obtained in the preceding exper iment  (40 rag) was dissolved in 2 ml  of 90% dimethyl-  
formamide ,  and 0.4 ml  of methyl  iodide and 50 rag of K2CO 3 were  added and the mix ture  was s t i r r ed  at 20°C 
fo r  7 h. Then it was diluted with water ,  and the product  was ext rac ted  with ch loroform and chromatographed 
in the b e n z e n e - a c e t o n e  (20 : 1) sys tem.  A zone with R f  0.40-0.48 yielded 7 mg of the te t ramethyl  e ther  
C24H2607 (XVII); mol. wt. 426; [o~]~+47 ° (c 0.7; ethanol); ~ m a x  226, 255, 315, 395 nm (log e 4.36; 4.39; 3.76; 
4.27); ORD: [~]425+950 °, [~]370--2060 °, [~]345--1740 °, [~]325--2480°, [~]300 -430° ,  [~]285--1230° (c 0.05;ethanol). 

B__.~. The t r imethy l  e ther  0fIV) (expt. 11) (6 rag) in 0.1 ml  of methanol was methylated with 2 ml  of a 
0.7 M solution of CH2N 2 in e ther  (2 h at 20°C) and the product  was chromatographed in the b e n z e n e - a c e t o n e  
(20 : 1) sys tem.  A zone with R f  0.40-0.46 yielded 1.4 mg of a substance which was identical in chromato-  
graphic  mobil i ty,  UV spect rum,  mass  spect rum,  and ORD curve  (see Fig. 3) with the te t ramethyl  e ther  
(X'VII) f rom expt. 13A. 

S U M M A R Y  

1. The re la t ive  and absolute configurations of chromocycl in  (1) have been established by NMR spec-  
t roscopy  and po la r imet ry .  

2. The s t ruc tu re  and s t e r eochemis t ry  of chromocycl in  (I) have been shown by the par t i a l  synthesis  
[start ing f rom chromomycinone  (V)] of its degradation product  (X'VII). 
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