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In a study of aureol ic  acid [2, 3] f r o m  the cul ture  liquid of S t r ep tomyces  La-7017, we isolated, in ad-  
dition to this antibiotic,  another  substance  which p o s s e s s e d  s i m i l a r  phys icochemica l  p r o p e r t i e s  but which 
was biological ly a lmos t  inactive. Like aureol ic  acid, this  substance  is a g lycoside  which is readi ly  cleaved 
by the action of acids.  I t s  aglycone contains the whole chromophor ic  sys t em of the initial compound and 
because  of i ts  s t ruc tu ra l  s imi l a r i t y  to chromomycinone  (II) and te t racycl ine ,  it has been called ch romocy-  
clin and the glycoside i t se l f  ch romocyc lomye in  [1]. As a r e su l t  of the invest igat ions desc r ibed  below, we 
have es tabl ished that  chromocycl in  has s t ruc tu re  (I). 
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The simultaneous formation of aureolic acid and chromocyclomycin by the same microorganism 
and the similarity of their spectra permitted the assumption, even in the early stages of the investigation, 
that the aglycones of these substances - chromomycinone (II) and chromocyclin- were structurally similar. 
In actual fact, the NMR spectra show that chromocyclin, like chromomycinone (II) has two isolated aromatic 
protons (singlets at 6.67 and 6.84 ppm; in chromomycinone they are at 6.61 and 6.67 ppm), a methyl group 
in an aromatic nucleus (2.18 ppm; in chromomyeinone 2.15 ppm), and three phenolic hydroxyls (9.20, 9.75, 
and 15.48 ppm) corresponding to the 6-OII, 8-OH, and 9-OH hydroxyls of ehromomyeinone (9.52, 9.77, and 
15.68 ppm). These facts permit the conclusion that chromocyclin contains the whole tricyelic moiety of 
the chromomycinone molecule. This conclusion agrees with the value of the second acidity constant ofchro- 
moeyelin (piCa" 6.8), which is close to the acidity constant of the 1,8-dihydroxy-2-oxonaphthalenet group- 
ing of chromomycinone (pK a '  6.6) and is confirmed by the results of a comparison of the mass spectra of 
chromocyclin and of chromomycinone (Fig. 1). In these spectra, in the region of high mass numbers the 
strongest peak is that of a rearranged ion with m/e 272, and Lhe nature of the further fragmentation is very 
similar in the two compounds. This ion probably possesses structure (VI) and is formed from chromomy- 
einone by a McLafferty rearrangement and from chromocyclin by a retrodiene cleavage. The assignment 
of this peak is in harmony with the mass spectrum of olivin (Ill), in which, because of the absence of a 
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Fig. I. Mass spectra of chromocyclin (I), chromomycinone (IT), olivin 
{IH), and acetyldecarboxamidoanhydrotetracycline (XIII). 

methyl  group in the t r i cyc l i c  par t  of the molecule,  the corresponding ion has m / e  258 (formula VII) and all 
the peaks obtained a r e  shifted by 14 m / e  to lower  m a s s  numbers .  
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Fundamental  s t ruc tu ra l  informat ion is also obtained by a compar i son  of the UV spec t ra  of chromo-  
cyclin and chromomycinone  (II). By deducting the absorpt ion curve of chromomycinone  (II) f rom the c o r -  
responding curve  of chromocyel in ,  it was established that the spec t rum of chromocycl in  is the sum of the 
absorpt ions  of the t e t rahydroan thracene  chromophore  of chromomycinone and another,  shor te r -wave ,  chro-  
mophore  with absorpt ion max ima  at about 250 and 300 nm, s imi l a r  in its cha r ac t e r i s t i c s  to the dhnedone 
chromophore  (Fig'. 2); at the same t ime, the high degree  of additivity shows that the two chromophores  a re  
separa ted  and in terac t  l i t t le  with one another .  The p re sence  in ehromocycl in  of a cyc lohexane- l ,3 -d ione  
grouping is conf i rmed by the magnitude of its f i r s t  acidi ty constant (pK a '  4.8; compare  d ihydroresorc inol ,  
pK a 5.26 [4]). 

In the NMR spec t rum of chromocycl in ,  in addition to the signal of an a romat ic  methyl  group, there  is 
another  t h r ee -p ro ton  singlet  in a sl ightly weaker  field (5 2.51 ppm). When chromocycl in  was heated with 
dilute sulfur ic  acid, a molecule  of ace t ic  acid was l ibera ted  with the format ion  of deace ty lchromocycl in ,  in 
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Fig. 2. UV spectra  of chromocyclin (I) (1), chromo- 
mycinone (II) (2), and acetyldimedone (3), and the dif- 
ference curve (I-II) (4). 
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Fig. 3. UV spectra of acetyldecarboxamidoanhydro- 
tetracycline (XIII) (1) anhydrotricyclin (XII) (2), and 
acetyldimedone (3), and the difference curve (XIII-XII) 
(4). 

the NMR spectrum of which this signal had disappeared. Since chromocyclin does not contain isolated car- 
bonyls (its IR spectrum lacks a C =O bond above 1680 cm-l), the acetyl groups split out must have been at- 
tached to carbon and have been included in a conjugated system. The similarity of the fragmentation path- 
ways of chromocyclin and chromomycinone and also the closeness of their UV spectra show that this C- 
acetyl group cannot be located in the aromatic part of the molecule and, consequently, must be conjugated 
with the carbonyls of the dihydroresorcinol grouping. Its precise position- at C 2-  follows from the NMR 
spectra, in which there is a one-proton signal at 18.41 ppm which is similar to the signal of the chelate pro- 
ton of the tricarbonylmethane grouping of acetyldimedone (6 18.09). Obviously, because of cross-conjuga- 
tion the presence of the C-acetyl group has little effect on the short-wave band of the UV absorption of chro- 
mocyclin. 

Finally, chromocyclin contains one methoxy group (determined by the Zeisel method) which is repre- 
sented in the NIVIR spectrum by a three-proton singlet at 3.73 ppm (the corresponding signal in chromomy- 
cinone is at 3.48 ppm). The similarity of the mass spectra of chromocyclin and chromomycinone (If) shows 
that this group is located in the dihydroresorcinol ring in the o~ position to a ketonic carbonyl. Thus, the 
molecule of chromocyclin contains fragments (VII) and (IX). (See scheme on following page.) 

The total number of carbon atoms in the fragments (VIII) and (IX) is two more than in chromocyclin, 
from which it follows that these two atoms are common to the two fragments, and in chromocyclin these 
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a re  connected in a condensed t e t r acyc l i c  sys tem.  The reduct ion of chromocycl in  with zinc in acet ic  acid 
leads to the hydrogenolysis  of the alcoholic hydroxy group with the format ion of deoxychromocycl in ,  which 
leads to a considerable  bathochromic shift of the long-wave UV absorpt ion maxima (420--476 nm). This 
shift shows that in deoxychromocycl in  the ace ty ld ihydroresorc ino l  chromophore  (IX) is conjugated with the 
t r i cyc l i c  chromophore  (VIII); i.e., the oxo groups of the two chromophores  are  separated by one carbon atom 
to which a t e r t i a ry  hydroxyl  is at tached in chromocycl in .  The considerat ions discussed have led to formula  
(I) for  chromocycl in  and, correspondingly ,  to formulas  (IV) and (V) fo r  deacety l -  and deoxychromocycl ins ,  
respec t ive ly .  

To conf i rm these formulas ,  f rom natural  2 -ace ty l -2 -decarboxamido te t racyc l ine  (X) [5], by the method 
i l lustrated in the scheme,  we obtained the model compound (XII1), which di f fers  f rom chromocycl in  (I) only 
be the absence of a methoxy group (at C 4) and one of the phenolic hydroxyls  (at C 8) and also by the position 
of the methyl  group in the aromat ic  nucleus (at C 6 instead of C9). 

It was found that if the UV absorpt ion curve  of the t r icycl ic  compound (XII) [6] was subtracted f rom 
the curve of this anhydro te t racyc l ine  der iva t ive  ~I l l ) ,  the resul t ing  spec t rum (Fig. 3) was close to that of 
acetyldimedone and sca rce ly  differed from the d i f ference  curve  obtained f rom the spec t ra  of chromocycl in  
{I) and chromomycinone (]I) (see Fig.  2). F r o m  the nature  of the fragmentat ion on e lec t ron impact, the com- 
pounds of the anhydrote t racycl ine  ser ies ,  especia l ly  (XIII), a re  also s imi la r  to chromocycl in  (see Fig. 1), 
and the splitting off of the 12a-hydroxy group f rom these substances causes  an analogous change in the UV 
spec t rum (see [7]). A final proof of the s t ruc tu re  of chromocycl in  by the synthesis  of the product of its deg-  
radation is descr ibed  in the following paper .  
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The structural similarity of chromocyclin (I) to chromomycinone (II) and the tetracyclines (for ex- 
ample, X) shows the probable biogenetic closeness of these substances. On the basis of modern ideas on 
the biogenesis of the tetracyclines [8], it may be assumed that the acetogenin (XIV), which is analogous to 
the hypothetical precursor of the tetracyclines, undergoes four intramolecular crotonic condensations, C 9- 
methylation, and Cl2a-hydroxylation with the formation of the tetracyclic 4-ketone (XV). The reduction of 
this ketone and the methylation of the 4-hydroxy group so formed give chromocyclin (1), the oxidative hy- 
drolytic cleavage of which to the oxo acid CA"VII) with subsequent decarboxylation and reduction of the C- 
acetyl group leads to chromomycinone (If) (similar considerations are apparently valid in relation to the 
antibiotic chelocardin (XVI) [9]). Since both chromocyclin (1), which is, according to this scheme, an inter- 
mediate link in the biosynthesis of chromomycinone, and chromomycinone (]I) itself are produced by the 
cell in the form of glycosides, it may be assumed that in the biogenetic chain leading to the tetracyclines 
there are also carbohydrate-containing compounds (see scheme on following page). 

EXPE RIM ENTA L 

Chromatography was performed in a thin nonfixed layer of silica gel of the naqueous silicic acid n type 
(less than 150 mesh, activity grade m-IV). The molecular weights were determined mass-spectrometric- 
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ally. The IR spec t r a  were  taken of mul l s  in paraff in  oil and the UV spec t ra  in 96% ethanol (sh denotes a 
shoulder).  The ana lyses  of all  the compounds cor responded to the calculated f igures .  
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1. Chromocyclomycin .  A mix tu re  of the subs tances  obtained f rom 60 l i t e r s  of the culture f i l t ra te  of 
S t rep tomyces  LA-7017 [3] was chromatographed  in the b e n z e n e - a c e t o n e  (1 : 1) sys t em.  This  gave 2.0 g of 
aureol ic  acid (Rf 0.36) [3] and 2.2 g of chromocyc lomycin  (Rf 0.74). Chromocyclomycin,  C48HG4021, is a 
yellow crys ta l l ine  substance  with mp 196-198°C {from acetone): [0~]~-180 ° (e 0.3; ethanol); k m a  x 229, 283, 
322, 335, 420 nm(log c 4.54; 4.74; 4.21; 4.13; 4.02); Vma x 1520, 1585, 1632, 1720, 3440 cm-1; pK a 4.6; 7.2 
(in 10% ethanol). 

2. Chromocycl in  {I). A solution of 300 mg of ch romocyc lomycin  in 10 ml  of 0.4 N H2SO 4 and 10 ml  
of methanol  was heated at 80°C for  3.5 h, and a f t e r  cooling it was evapora ted  and ext racted with ethyl ace -  
tate.  The res idue  a f t e r  the evaporat ion of the ex t rac t  was t r i tu ra ted  with e ther  and the solid m a t t e r  was 
f i l te red  off; pe t ro leum e ther  prec ip i ta ted  an additional amount of the substance f r o m  the mothe r  solution 
(total yield 126 rag). This  substance  was chromatographed  in the b e n z e n e - a c e t o n e  (5: 1) sys tem.  The zone 
with R f  0.70-0.80 yielded 94 mg  (72%) of chromocycl in  C22H2009 (I); mp 226-228°C (from acetonitr i le);  [oz]}~ 
- 4 3 5  ° (c 0.5; ethanol); PKa 4.8 and 6.8 (in 10% ethanol); tool. wt. 428; ~-max 232, 284, 328, 420 nm (log 
4.46; 4.67; 3.91; 4.03; Vma x 1540, 1575, 1640, 1660, 1690, 3420 cm-1; 6 (CD3)2CO 2.18 (3H, s. ,Cg-Me), 2.51 
(3H s., C2-COMe) , 3.73 (3H, s. ,  C4-OMe), 4.71 (1H, d., J 4, Ha), 6.67 (1H, s., H~), 6.84 (1H, s. ,  HG) , 9.20 (1H, 
s. ,  Os-H), 9.75 (1H, s. ,  Oi0-H), 15.48 (1H, s. ,  Oll-H),  18.41(1H, s. ,  O3-H)o 

3. 2 -Deace ty lchromocycl in  (IV). A solution of 500 mg of chromocycl in  (I) in 30 ml  of dioxane and 30 
ml  of 2 N I-I2SO 4 was  boiled for  30 h, and a f t e r  cooling it was diluted twofold with water ,  and the prec ip i ta te  
was f i l te red  off and washed with water .  The mo the r  solution was concentrated twofold, diluted with water ,  
and again evaporated,  whereupon acet ic  acid was found in the combined f i l t r a tes  (by t i t ra t ion to phenolph- 
thalein,  0.87 mole  of AcOH/mole  of chromocycl in  was found; p -b romophenacy l  es te r :  mp 85°C). The r e s i -  
due a f te r  evaporat ion was ext rac ted with ethyl aceta te  and the ext rac ted substance together  with the p r e c i -  
pi ta te  obtained prev ious ly  was chromatographed  in the b e n z e n e - a c e t o n e  (3 : 1) sys t em.  The zone with R f  
0.68-0.79 gave 52 rag (10%) of the initial compound (I), and the zone with R f  0.41-0.52 gave 257 mg (57%) of 
2-deace ty lchromocycl in ,  C20Hi008 (IV); mp 169-171°C (from a mix tu re  of ethyl ace ta te  and heptane); [c~]}~ 
- 6 9  ° (c 0.15; acetone); mol .  wt. 386, X max  231, 276, 326, 340, 418 nm (log g 4.40; 4.68; 3.89; 3.90; 4.01), 
Vma x 1465, 1600, 1635, 3185, 3465 em -1. 

4. 12a-Deoxychromocycl in  {V). A solution of 200 mg of chromocycl in  (I) in 15 ml  of g lac ia l  AcOH 
and 600 mg of act ivated Zn dust was s t i r r ed  at 20°C fo r  24 h, and then a f t e r  every  4 h another  100 mg of 
Zn dust was  added until a spot with R f  0.81 appeared  on a c h r o m a t o g r a m  in the b e n z e n e - a c e t o n e  (10 : 1) 
s y s t e m  [in which chromocycl in  (l) has R f  0.63 and 12a-deoxychromocycl in  (V) has R f  0.68], which requ i red  
about 60 h. The solid m a t t e r  was f i l tered off and washed with acet ic  acid, ethyl aceta te ,  and dilute HC1. 
The f i l t ra te  was diluted with water ,  and the substance  was ex t rac ted  with ethyl ace ta te  and chromatographed  
f i r s t  in the b e n z e n e - a c e t o n e  (10: 1) sys tem,  with the isolation of a zone having R f  0.62-0.73, and then in 
the ethyl a c e t a t e - h e x a n e  (1 : 3) sys tem,  with the isolation of a zone having R f  0.49-0.60. This  gave 122 mg 
(63%) of 12a-deoxychromocycl in ,  C22H1008 (V); mp 284-286°C {from ethyl acetate);  [c~]~+860 ° (c 0.1; ace-  
tone); tool. wt. 412; X max 240, 289, 337, 374, 443, 476 nm (log g 4.45; 4.19; 3.98; 4.26; 4.49; 4.32); Pmax 
1595, 1645, 3380, 3550 cm - I .  
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5. 2 -Ace ty l -2 -decarboxamido-4-ded imethy lamino te t racyc l ine  (XI). A solution of 50 mg of a crude 
prepara t ion  of the hydroehlor ide  of 2 -ace ty l -2 -deca rboxamido te t r acyc l ine  (X), obtained by a method de-  
scr ibed  previous ly  f r o m  the butanolic mothe r  solution in the isolat ion of  t e t racyc l ine  f rom S. aureofaciens. 
[10], in 8 ml of t e t rahydrofuran  was mixed with 2 ml of a 50% ethanolic solution of t r ie thylamine,  and the 
mix ture  was evaporated.  The res idue  was dissolved in 8 ml of te t rahydrofuran,  4 ml  of MeI was added, and 
the mix ture  was left  at 20°C fo r  a week. The solvents were  separa ted  off, 2 ml  of acet ic  acid and 40 mg of 
act ivated Zn dust were  added, the mix tu re  was s t i r r ed  fo r  15 min and f i l tered,  and the f i l t ra te  was evapo-  
ra ted .  The res idue  was dissolved in a mix tu re  of ethyl aceta te  and 0.1 N HC1, and the aqueous layer  was ad- 
dit ionally ext rac ted  with ethyl acetate .  The ext rac ted  substance was chromatographed in the ethyl a c e t a t e -  
hexane (1 : 1) sys tem,  giving 14 mg of dedimethylaminote t racycl ine  (Rf 0.53) and 4 mg of compound (IX) with 
R f  0.71, X max 222, 274, 360, 418 nm (leg e 4.26; 4.27; 4.16; 4.02); m / e  3 8 2 -  (lVI-18). 

6. 2 -Ace ty l -2 -deca rboxamido-4-ded imethy lamino-5a ,6 -anhydro te t racyc l ine  ~ I I ~ .  A solution of 2.2 
mg of compound ~XI) in 0.1 ml of methanol and 2 ml of 2 N HC1 was boiled for  5 min and, a f t e r  cooling, it 
was diluted with water  and the substance was ext rac ted  with ethyl acetate  and was chromatographed in the 
b e n z e n e - a c e t o n e  (10 : 1) sys tem.  This  gave 1.4 mg (67%) of the anhydro compound, C21Ht80~ (XIII) with R f  
0.79; mol.  wt. 382; ~ 'max 224, 271,424 nm (log e4.34; 4.58; 3.82). 

SUMMARY 

1. The glycoside chromocyclomycin has been isolated from the culture liquid of Streptomyces LA- 
7017, and its aglycone, chromocyclin, has been obtained. 

2. As a result of degradation and the results of a comparison with the properties of model compounds, 
s t ruc tu re  (I) has been establ ished for  chromocycl in .  
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