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We have previously reported that the antitumoral antibiotic sibiromycin, which is produced by the 
actinomycete Streptosporan~ium sibiricum, is rapidly inactivated by the action of dilute mineral acids at 
room temperature,  being converted into a yellow crystall ine product which has been called the product of 
acid inactivation ('PAl) [1]. We have established that PAI has the composition C24H29N306 (mol. wt. 455) and, 
like the initial sibiromycin, is the glycoside of a new amino sugar - sibirosamine [2]. 'Under the conditions 
of severe acid hydrolysis, PAI loses the sibirosamine residue and is converted into a bright yellow crys ta l -  
line product having the composition ClsH14N203 called the product of acid hydrolysis (pAil). These t rans-  
formations can be illustrated by the following scheme: 

1 N HCI 6 N HCI 
~ - ~ -  PAl ~ - ~ ' P A H  Sibiromycin .~Jo moo 

M" C,~H3~N30; C2~H,gNsO8 C16HI~N.O3 
oI. wt. 137 Mol. wC 455 Mol. wt. 282 

3N HCI,MeOH / 

\ \ \  

Methyl sibimsaminide 
C~HI~NO3 (OCH3) 

Mol. wt. 205 

The present paper gives the results of an investigation of the structure of the PAH of sibiromycin. 
PAH is an optically inactive yellow crystalline substance with the composition C16HuN2Os (mol. wt. 282) 
which decomposes without melting at temperatures above 270°C; l m a x  (in methanol), nm; 290, 375, 410, 
and 435 (a 49,000, 10,000, 10,150, and 7900); IR spectrum (KBr), era-l: 3420, 2800-2900, 1680, 1620, 1580. 
It can be seen f rom the PM:R spectrum that PAH molecule has a - C H = C H - C H  3 group (the signal of the 
methyl group is represented by a doublet at 1.89 ppm and the signal of the olefinic protons by a multiplet 
at 6.3 ppm), an aromatic methyl group (singlet at 2.16 ppm), and also four protons belonging to an aromatic 
or  heterocyclic system (6 7.27, 7.51, 8.06, and 8.28 ppm). The values of the chemical shifts (CSs) of the 
protons of PAH and also of the other compounds considered in this paper are given in Table 1. 

The product of acid hydrolysis is moderately soluble in ether and pyridine, sparingly soluble in al-  
cohols and acetone, and practically insoluble in chloroform, benzene, and water (pH_<7). It is extraordi-  
narily stable to the action of acids; even on prolonged boiling in concentrated hydrochloric acid it underwent 
practically no change. 

On catalytic hydrogenation, PAH absorbed 4 moles of hydrogen, forming octahydro-PAH (IV), 
C1GH22N203, ~-max (methanol), nm: 229, 260 (shoulder) and 350 (a 34,000, 10,O00, and 4000); IR spectrum 
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Fig. 1. PMR spec t ra  of the dimethyl e ther  of PAH (a), 3,6- 
d imethoxy-5-methylanthrani l ic  acid (b), and 4 - ( p r o p - l - e n y l ) p y r -  
ro le -2 -ca rboxa ldehyde  (c) (100 MHz). 

(KBr), cm- l :  3420-3300, 2970-2860, 1590, 1545, and 1510. In the PMR spec t rum of (IV) the signals of the 
olefinic protons have disappeared,  the signal of the aliphatic methyl group has shifted upfield by 1 ppm and 
become a t r ip le t ,  and in the weak-f ie ld  region of the spec t rum only the signal of one proton (5 6.92 ppm) 
remains  (see Table 1). In cont ras t  to PAH, oc tahydro-PAH is readi ly  soluble in acid and alcoholic solutions 
of acids and gives a stable hydrochlor ide which is soluble in ethanol and insoluble in e ther .  Neutral  or  
weakly alkaline solutions of (IV) in ethanol rapidly  darken in the a i r .  The acylat ion of (IV) with acet ic  anhy- 
drtde in pyridine fo rmed  a t r i ace ta te  (V), which was obtained in the f o r m  of a white crys ta l l ine  substance 
having the composi t ion C22H2~206, mp 131-133°C, IR spec t rum (chloroform),  cm- l :  1780, 1680-1665, 1208. 
The PMR spec t rum of (V) shows the signals of two O-COCH 3 groups (6 2.29 and 2.33 ppm) and the signal of 
a N - C O C H  3 group (6 1.80 ppm). Octahydro-PAH is methylated by diazomethane,  forming a di -O-methyl  
e ther ,  the subsequent acylat ion of which with acet ic  anhydride in pyridine led to the N-aceta te  of the dimethyl 
e the r  (VI), which was isolated in the f o r m  of a white crys ta l l ine  substance with the composit ion C20Hg~N204, 
mp 161-163°C. The PMR spec t rum of (V1) shows the signals of two OCH 3 groups (6 3.74 and 3.92 ppm} and 
the signal of a N - C O C H  3 group (6 1.86 ppm). 

In cont ras t  to oc tahydro-PAH,  the initial PAH is not methylated by diazomethane,  which shows that 
both the phenolic hydroxyls  p resen t  in the PAH molecule par t ic ipate  in the format ion  of s t rong hydrogen 
bonds. PAH is acylated by acet ic  anhydride in pyridine,  giving a yellow crys ta l l ine  diacetate (I1), C20H1~205, 
mp 225-226°C; IR spec t ra  (chloroform),  cm- l :  1775, 1680, 1630, 1205. When (ll) is heated with 2 N HC1, 
PAH is r e - f o r m e d .  The phenolic hydroxyls  in the PAH molecule are  methylated when the substance is 
boiled with dimethyl sulfate in acetone in the p resence  of K2CO 3. The methylat ion of PAH for  1 h gives a 
quantitative yield of the monomethyl e ther  of PAH, C17H16N203 (mol. wt. 296), with mp 200-201°C, 6 3.96 ppm 
[its IR spec t rum shows an absorpt ion band at 3250 cm -1 (OH)]; on methylat ion for  48 h, however,  the PAH is 
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conver ted  into the dimethyl  e ther  (II1), C18HlsN208 (mol. wt. 310) with mp 192-193°C. The IR s p e c t r u m  of 
(Ill) l acks  absorp t ion  in the 3200-3600-cm -1 region.  In the PMR s p e c t r u m  (Table 1 and Figure  la) the s ig -  
nals of the OCH S groups  appea r  in the f o r m  of two t h r e e - p r o t o n  s inglets  at 3.90 and 3.96 ppm. 

Decis ive  information on the s t ruc tu re  of PAH was obtained by studying the products  of the alkaline 
hydrolys is  of its dimethyl  e the r  (III). We have r epo r t ed  p rev ious ly  that the alkaline hydrolysis  of PAH i tse l f  
f o r m s  a der iva t ive  of p y r r o l e - a - c a r b o x a l d e h y d e  with an unsa tura ted  side chain [1]. We have es tab l i shed  
that the alkaline hydrolys is  of PAH is accompanied  by the fo rmat ion ,  in addition to the py r ro l e  ca rboxa lde-  
hyde der iva t ive ,  of s e v e r a l  read i ly  oxidized compounds possess ing  acidic p rope r t i e s .  The reac t ion  mixture  
in the alkaline hydrolys is  of PAH has a dark  violet  color  which d i sappears  on the addition of zinc dust o r  
sodium hydrosulf i te .  Af ter  we had succeeded in obtaining the dimethyl e the r  of PAH, we p e r f o r m e d  the a lka-  
l ine hydrolys is  of this subs tance  and found that in this case ,  together  with the pyr ro leca rboxa ldehyde  (VII), 
an anthrani l ic  acid der iva t ive  (VIII), C10HI3NO 4 (mol. wt. 211), mp 178°C, was fo rmed .  The acid (VIII) p r e -  
c ipi ta ted in the f o r m  of white c ry s t a l s  read i ly  soluble in a lcohols ,  e the r ,  ch lo roform,  and a lkal is ,  and in- 
soluble in acids .  Solutions of the acid (VIII) p o s s e s s  a s t r o n g  blue f luorescence  in UV light. The IR spec -  
t r u m  of the acid (VIII) is p rac t i ca l ly  identical with that of anthrani l ic  acid in the 3500-1550-cm -1 region and 
differs  f r o m  it only in the f ingerpr in t  region.  The UV spec t r a  of (VIII) an~ of anthrani l ic  acid a re  also ex-  
t r e m e l y  s i m i l a r  in nature  and intensity.  In the PMR s p e c t r u m  of (VIII) there  a re  the s ignals  of two OCH S 
groups (6 3.70 and 3.77 ppm),  of an a roma t i c  CH S group (6 2.14 ppm),  of th ree  mobile protons (broad signal 
in the 5.5-ppm region) and of an a roma t i c  proton (6 6.73 ppm). 

' ~ N -  C/H 

0 

The methyla t ion of the acid (VIII) with diazomethane fo rmed  an e s t e r  ( IX) ,  CllH15NO 4 (mol. wt. 225), 
mp 72-73°C. The PMR s p e c t r u m  of (IX) showed the signal  of a - C O O C H  S group (6 3.84 ppm) and the signals  
of two mobile protons  in the 5.58-ppm region.  
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A compar i son  of the spec t r a l  p r o p e r t i e s  of the dimethyl  e the r  of PAH, the pyr ro leca rboxa ldehyde  
(VII), and the acid (VIII) (see Fig.  In ,  b,  c) p e r m i t s  the conclusion that  in the molecule  of (IT[) f r agments  
(VII) and (VIII) a re  joined, i n t h e f i r s t p l a c e b y  a - C  = N -  bond, which a r i s e s  in the condensat ion of the amino 
group of the acid (VIII) with the aldehyde of the py r ro l e  der iva t ive  (VII), and, in the second place ,  by an 
amide b o n d - C O - N - f o r m e d  through the condensat ion of the carboxy  group of the acid (VIII) and the HN 
group of the py r ro l e  f r agment .  Thus,  the he te rocyc l ic  skeleton of the molecule  of PAH can be r e p r e s e n t e d  
as a p y r r o l o - l , 4 - b e n z o d i a z e p i n e  s y s t e m  (see fo rmula  above). 
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The posi t ions  of the two OCH 3 groups  in the acid (VIID follow f r o m  the par t ic ipa t ion  mentioned above 
of the cor responding  unsubst i tuted hydroxy groups in the fo rmat ion  of s t rong hydrogen bonds in the PAH 
molecule .  The posi t ion of the a r o m a t i c  methyl  group at the C 5 a tom of the acid (VIII) was es tab l i shed  on the 
bas i s  of an e s t ima te  of the influence of subst i tuents  in the benzene nucleus on the CS of an a roma t i c  proton.  
F o r  the e s t e r  (IX) the calculat ion,  p e r f o r m e d  by an additive scheme  on the bas i s  of l i t e r a tu r e  information 
[3], gives fo r  the C s - H  proton (CH 3 group in the C 4 position) a CS value of 6.04 p p m  and fo r  the C ¢ - H  proton 
(CH 3 group in posi t ion C 5) one of 6.51 ppm. The expe r imen ta l ly  obtained CS of the a roma t i c  proton in the 
PMR s p e c t r u m  of the e s t e r  (IX) is 6.92 ppm. 

Thus,  the s t ruc tu re  of 3 ,6 -d imethoxy-5-methy lan th ran i l i c  acid may  be put fo rward  for  the acid (VIII) 
and, consequently,  the PAH of s ib i romyc in  will have s t ruc tu re  (I). 

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

The IR s p e c t r a  were  taken on a UR-10 ins t rument ,  the UV s p e c t r a  on a Unicam SP-800 ins t rument ,  
and the PMR s p e c t r a  on a JNM-4H 100-MHz s p e c t r o m e t e r  (with TMS as in terna l  s tandard) .  The molecu la r  
weights of the compounds studied were  de te rmined  mass  s p e c t r o m e t r i c a l l y  on an MKh-1303 ins t rument  at 
an ionizing voltage of 50 eV. Silica gel of the "aqueous s i l ic ic  acid" type was used for  the ch romatograph ic  
pur i f ica t ion of the compounds obtained. The analyses  of all the compounds cor responded  to the calculated 
f igures .  

PAH of Sib i romycin  (I). A solution of 10 g of s ib i romyc in  in 100 ml of n-butanol  was t r ea t ed  with 10 
ml of concent ra ted  hydrochlor ic  acid. After  10 min,  a yellow prec ip i ta te  began to deposit  f r o m  the solution. 
The reac t ion  mixture  was kept at r o o m  t e m p e r a t u r e  for  1 h and then at 0-2°C for  another  20 h. 

The prec ip i ta te  was s epa ra t ed  off, washed with butanol and p e t r o l e u m  e the r ,  and dr ied in vacuum over  
KOH (60°C/1 m m  Hg). The dried product  was dissolved in 50 ml of methanol and, with s t i r r i ng ,  a 1 N solu-  
tion of ammonia  in methanol was added by  d rops  to pH 7.0-7.5.  A light-yellow prec ip i ta te  of the f r ee  "prod-  
uct of acid inact ivat ion,  (PAD deposited.  The prec ip i ta te  was s epa ra t ed  off, washed with e ther ,  and dried 
in vacuum at 60-70°C. Then it was r e c r y s t a l l i z e d  f r o m  n-butanol ,  giving 4-4.6 g of the pure  PAI. 

A suspens ion  of 4 g of PAI  in 100 ml of 6 N HC1 was heated with s t i r r i ng  in the boiling wa te r  bath  for  
1 h. The whole of the PAI gradual ly  pa s sed  into solution and s imul taneous ly  the separa t ion  of a c rys ta l l ine  
p rec ip i ta te  of PAH (i) began.  The reac t ion  mix ture  was cooled and the prec ip i ta te  was s epa ra t ed  off and was 
washed with 50% aqueous pyridine solution and then wate r .  It was dr ied in vacuum o v e r  KOH at 80°C. The 
d ry  product  was charged  into a Soxhlet appara tus  and ex t r ac t ed  with diethyl e the r .  The e the r  was dis t i l led 
off and the res idue  was r e c r y s t a l l i z e d  f r o m  n-butanol .  This gave about 2 g of pure  PAH in the f o r m  of a 
br ight-yel low subs tance  with a decomposi t ion t e m p e r a t u r e  above 270°C. 

Diacetate  of PAH (II). To a suspens ion of 100 mg of PAH in 5 ml of pyridine was added 5 ml of acet ic  
anhydride,  and the reac t ion  mixture  was s t i r r e d  at r o o m  t e m p e r a t u r e  for  1 h. Af te r  some minutes ,  the 
whole of the PAH had dissolved,  and then a l ight-yellow c rys ta l l ine  prec ip i ta te  began to s epa ra t e  out f r o m  
the solution. The prec ip i ta te  was s e p a r a t e d  off, washed with wa te r ,  and dr ied in vacuum ove r  P205. After  
r e c ry s t a l l i z a t i on  f r o m  benzene,  about 100 mg of pure gI) was obtained with mp 225-226°C. 

Dimethyl E the r  of PAH 0II). Over  48 h, 500 mgof  K~CO s and 300 mg of dimethyl  sulfate  was added (in 
five port ions)  to a boiling solution of 200 mg of PAH in 50 ml of acetone.  Af te r  only an hour,  the whole of 
the PAH had been conver ted  into the monomethyl  e the r  (detected by means of TLC on s i l ica  gel).  Af ter  the 
whole of the monomethyl  e the r  had been conver ted  into the dimethyl  e the r  (HI) (checked by TLC),  the hot 
solution was s e p a r a t e d  f r o m  the prec ip i ta te  of sa l t s  and was cooled. A l ight-yellow crys ta l l ine  substance  
(lID sepa ra t ed  out. Af te r  r e c ry s t a l l i z a t i on  f r o m  acetone,  about 200 mg of ch romatograph ica l ly  homogeneous 
(112) with mp 192-193°C was obtained. 

Oc tahydro-PAH (IV). The hydrogenat ion of 500 mg of PAH was c a r r i e d  out in 25 ml of acet ic  acid in 
the p r e sence  of 250 mg of Pd /C  (10%). As it was hydrogenated,  the PAH pas sed  into solution , which acqui red  
an intense blue f luorescence .  Over  3 h, about 160 ml of hydrogen (4 moles  of H 2 per  mole of PAIl) had been 
absorbed .  The reac t ion  mix ture  was f i l t e red  through a l a y e r  of Celi te to e l iminate  the ca ta lys t .  Then the 
solvent  was dr iven off in vacuum and the res idue  was dr ied  o v e r  KOH in vacuum at r o o m  t e m p e r a t u r e .  The 
dr ied product  was d isso lved  in the m i n i m u m  amount of methanol  and the (IV) was prec ip i ta ted  with diethyl 
e ther .  This gave p rac t i ca l l y  pure  (IV) in the f o r m  of a l ight -gray  powder which darkened on s to rage ;  mol.  
wt. 290; ~,max (methanol),  nm:  229, 260 (shoulder),  and 350. 
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The subs tance  (IV) (100 rag) was dissolved in 1 ml of 3 N HC1/MeOH, and 5 ml of e the r  was added. A 
white p rec ip i ta te  of the hydrochlor ide  of (IV) deposited.  Its chlorine content was about 11%. 

T r i ace t a t e  of (IV) (V). The acetyla t ion of 200 rag of (IV) was p e r f o r m e d  in 10 ml of a mix ture  of acet ic  
anhydride and pyridine (1 : 1) at r o o m  t e m p e r a t u r e  for  48 h. The solvent  was dr iven off in vacuum at 30°C 
and the res idue  was pur i f ied  by ch roma tog raphy  on s i l ica  gel ,  the substance  being eluted f r o m  the column 
with ethyl a c e t a t e - h e x a n e  (the amount of ethyl ace ta te  in the mixture  was inc reased  gradual ly  f r o m  0 to 
50%). The f rac t ions  of the eluate containing the pure  t r i ace t a t e  (V) were  combined and evapora ted  in vacuum 
to d ryness ,  and the res idue  was r e c r y s t a l l i z e d  f r o m  e t h e r - h e x a n e  (1:5) .  This gave (V) in the f o r m  of a 
white c rys ta l l ine  powder  with mp 131-133°C. 

N-Aceta te  of Dimethyl - IV (VI). An excess  of an e the rea l  solution of diazomethane was added to a 
suspens ion  of 100 mg of (IV) in 10 ml of methanol .  After  some minutes ,  the whole of the oc tahydro-PAH passed  
into solution. The reac t ion  mixture  was lef t  in the da rk  at r o o m  t e m p e r a t u r e  for  20 h, and then the solvent 
was dr iven off in vacuum at 25~C and the res idue  was acyla ted  in 5 ml  of acet ic  a n h y d r i d e - p y r i d i n e  (1 : 1) at 
r o o m  t e m p e r a t u r e  for  20 h. The isolat ion and pur i f ica t ion of the (VI) were  p e r f o r m e d  in the s a m e  way as in 
the p reced ing  expe r imen t .  Af te r  r e c ry s t a l l i z a t i on  f r o m  e t h e r - n - h e x a n e  (1:20),  (VI) was obtained in the 
f o r m  of a white c rys ta l l ine  powder  with mp 161-163"C. 

Alkaline Hydrolys is  of the Dimethyl E the r  of PAH. A tube was charged  with 200 mg of the dimethyl  
e the r  of PAH (liD, 20 ml of 0.15 N NaOH, and 10 ml of CH3OH. The mixture  was heated in the boiling wa te r  
bath for  20 min,  whereupon the yellow solid (III) g radua l ly  dissolved,  the final solution being co lo r l e s s .  
Then the reac t ion  mix ture  was cooled. A c rys ta l l ine  prec ip i ta te  of the pyr ro leca rboxa ldehyde  (VII) depos-  
ited. The methanol  was evapora ted  off in vacuum and the res idue  of (VII) was sepa ra ted ,  dr ied over  P205, 
and r e c r y s t a l l i z e d  f r o m  n-hexane .  This gave 80 mg (more than 90%) of pure  (VII) in the f o r m  of white a c i e -  
u lar  c ry s t a l s  with mp 115-116°C; k m a x  (in ethanol),  nm: 242 ,250  (shoulder) and 325 (a 19,000, 15,000, and 
9800). 

The f i l t ra te  a f t e r  the sepa ra t ion  of the (VII) was acidif ied with 2 N HC1 to pH 5.0. The white c r y s t a l -  
l ine p rec ip i t a te  of the acid (VIII) deposited.  The prec ip i ta te  was s epa ra t ed  off, dr ied over  1)205, and r e c r y s -  
ta l l ized  f r o m  n-hexane .  This gave about 100 mg ( ~  75%) of the pure  acid (VIII) in the f o r m  of a white c r y s t a l -  
line powder with mp 178°C; h m a x  (in methanol) ,  nm: 229, 250 (shoulder) and 350; Xmax (in 0.1 N HC1), nm: 
220, 250, and 298; ~ m a x  (in 0.1 N NaOH), nm: 228, 245 (shoulder),  and 330. 

Methyl E s t e r  of the Acid (VIII) (IX). An excess  of an e therea l  solution of diazomethane was added to 
a solution of 50 mg of the acid (VIII) in 5 ml of e ther .  Af te r  an hour, the e the r  was dis t i l led off and the r e s i -  
due was dissolved in a f r e s h  por t ion of e the r  and the solution was ex t r ac t ed  with 0.2 N NaOH to e l iminate  
impur i t i es  of an acid na ture .  The e therea l  solution was dr ied  with Na2SO4, the solvent  was dr iven off, and 
the res idue  was r e c r y s t a l l i z e d  f r o m  n-hexane .  The yield was about 45 mg ( ~  88%) of a white c rys ta l l ine  
subs tance  with mp 72-73°C. 

SUMMARY 

1. The acid hydro lys i s  of the dimethyl  e the r  of the "product  of acid hydro lys i s"  of the ant i tumoral  
antibiotic s ib i romycin  f o r m s  4- (prop-  1 - e n y l ) p y r r o l e - 2 - c a r b o x a l d e  hyde and 3 ,6 -d imethoxy-  5- methyl -  
anthrani l ic  acid. 

2. The "product  of acid hydro lys i s"  of s ib i romyc in  is a der iva t ive  of py r ro lo - l , 4 -benzod i azep ine .  
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