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In studying the s t ruc tu re  of the an t i tumora l  antibiotic s ib i romycin  produced by the ac t inomycete  S t rep-  
tosporangium s ib i r i cum [1], we have es tab l i shed  that s ib i romycin  is a glycoside of a new amino sugar,  which 
we have called s ib i rosamine ,  and an aglycone which is  t r a n s f o r m e d  in the p r o c e s s  of isolat ion into a biologi-  
cal ly inactive br igh t -ye l low substance  with the composi t ion C16HI4N203 (mol. wt. 282). The p resen t  pape r  
g ives  informat ion on the de terminat ion  of the s t ruc tu re  of the carbohydra te  f r agmen t  of the molecule  of s ib-  
i r o m y c i n -  s ib i rosamine .  

On acid hydrolys is ,  the molecule  of s ib i romycin  undergoes  f a r - r e a c h i n g  decomposi t ion,  fo rming  a 
l a rge  amount of d a r k - c o l o r e d  unidentified products .  Af ter  methanolys is  of s ib i romycin ,  by ion-exchange 
ch romatography  we isola ted the methyl  glycoside of s ib i rosamine .  After  purif ication,  the methyl  s i b i r o s a m -  
inide was obtained in the f o r m  of the hydrochloride,  which is readi ly  soluble in wa t e r  and the lower alcohols,  
spar ingly  soluble in acetone,  and insoluble in e ther  and benzene.  Methyl s ib i rosaminide  hydrochlor ide 
CgH19NO 4 • HC1 is  a white amorphous  powder without a sharp  melt ing point which decomposes  on heat ingabove 
120°C, [ ~ ] ~ -  45 ° (in water) .  Methyl  s ib i rosamin ide  does not p o s s e s s  reducing p rope r t i e s ,  and gives pos i -  
t ive ninhydrin and benzidine reac t ions .  Like other  amino sugars ,  methyl  s ib i rosamin ide  is  e l ec t rophore t i -  
cal ly  mobile .  The glycosidic  bond in the molecule  of s ib i rosamin ide  was not hydrolyzed by 1 N HC1 (3 h at 
100°C), but on being heated with 6 N HC1 the amino sugar  decomposed completely .  When the s ib i rosaminide  
was boiled in alcoholic solution, nei ther  ammonia  nor  volat i le  amines  were  formed.  

When methyl  s ib i rosamin ide  was acylated with acet ic  anhydride in pyridine,  the diacetate  (II), Ct3H23NO6, 
was fo rmed  with mp  135-136°C, [ ~ ] ~ -  70 ° (in CH3OH ). The p resence  of two acetyl  groups in it was  shown 
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Fig. 1. IR spec t r a  of methyl  s i b i ro s -  
aminide diacetate  (a) and t r i ace ta t e  
(b) (in CHC13). 

by the PMR method (signal at  2.15 ppm cor responding  in inten- 
s i ty to two CH 3-  CO groups) and by IR spec t roscopy .  (The spec-  
t r u m  has the bands of the absorp t ion  of CO in an amide group - 
1635 cm -1 - and in an e s t e r  g r o u p -  1748 e m  -1 - which a r e  not 
p re sen t  in the spec t rum of methyl  s ib i rosaminide . )  However,  the 
IR spec t rum of the diacetate  has absorpt ion  at 3450 cm -1 (Fig. la) ,  
which shows the p resence  in the molecule  of methyl  s i b i ro samin -  
ide of a t e r t i a ry  hydroxyl which is not aeyla ted under  ord inary  
conditions. When the diaceta te  was additionally acetyla ted  by 
Stegl ich ' s  method [2] in 4-d imethylaminopyr id ine ,  the t r i ace ta te  
of methyl  s ib i rosamin ide  (IJI), C15H25NOT, was obtained with mp 
127-128°C, [ o t i S -  25 ° (in CH3OH). The fact  that substance (HI) 
was  actual ly  tlie t r i ace ta te  was conf i rmed by the absence  of ab-  
sorpt ion  in the region of the s t re tching v ibra t ions  of hydroxy 
groups  in the IR spec t rum (Fig. lb),  by the p resence  of three 
signals  of acety l  groups  in the PMR spec t rum (at 1.95, 2.07, and 
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Fig. 2. PMR spec t rum of methyl s ibirosaminide (hy- 
droehloride) (100 MHz). 
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Fig. 3. Mass spec t rum of methyl sibirosaminide.  

2.26 ppm), and by the increase in the molecular  weight of (III) 0VI + 331 m/e)  by 126 units as compared with 
that of methyl sibirosaminide (M + 205 m/e).  

In the IR spectra  of neither acetates  was there an "amide II" band in the 1500-1600 cm -1 region. Con- 
sequently, the amino group in methyl sibirosaminide is secondary.  Since the oxidation of methyl sibirosamin- 
ide with periodate yielded methylamine in the reaction products  (identified in the fo rm of the 3,5-dinitroben- 
zoate), it may be assumed that one of the hydrogen atoms in the amino group has been replaced by a methyl 
group. On oxidation, the methyl sibirosaminide consumed two moles of periodate. No volatile carbonyl com 
pounds were detected in the oxidation products.  The resul ts  of periodate oxidation show the vicinal positions 
of a CH3--NH and two OH groups in the molecule of the methyl glycoside. The kinetics of the oxidation show 
the presence  of an a -g lyco l  grouping. (The f i rs t  mole of periodate is consumed in 1 h, and the second in 
20 h.) 

The glycoside bond in the molecule of methyl sibirosaminide is stable to the action of 1 N HC1. Such 
stability of this bond under conditions of acid hydrolysis is charac ter i s t ic  for glycosides of amino sugars  
having a OH group at C2, and is due to the influence of the positively charged nitrogen atom. In contrast  to 
methyl sibirosaminide itself, its diacetyl derivative is readily hydrolyzed by 1 N HC1, being converted into 
s ibirosamine N-acetate ' CHC13 1630 cm-l;  no absorption in the 1740-1760 cm -1 region), which possesses  tYmax 
reducingproper t ies  (positive react ion with aniline hydrogen phthalate) but does not give the ninhydrin or the 
benzidine reaction and is e lectrophoret ical ly  immobile. 

Fur the r  information on the s tructure of methyl sibirosaminide was obtained by an analysis  of its PMR 
and mass  spectra (Figs. 2 and 3). 

The signals of the methyl groups in the PMR spectrum show that the molecule of the methyl glycoside 
contains two C--CH 3 groups (singlet at 1.37 ppm and doublet at 1.41 ppm with a s p i n - s p i n  coupling constant 
SSCC of 6.2 Hz), one O - C H  3 group (singlet at 3.38 ppm), and one N - C H  3 group (singlet at 2.86 ppm). The 
position of the O - C H  3 and one of the C - C H  3 groups was found f rom an analysis  of the mass  spectrum. It is 
known that a charac ter i s t ic  feature of the m a s s - s p e c t r o m e t r i c  decomposition of compounds with a pyranose 
ring is the formation of fragments  due to the cleavage of the s -bond with respect  to the heterocycl ic  oxygen 
atom [3]. The elimination of the substituents attached to C 1 and C 5 of the methyl sibirosaminide molecule (I) 
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TABLE 1 

los ¢5, 
Grouping I pprn) 

CH3--C(3) ] 
C]-]3--C(5 i 

+ 
CH3-N 
CH3--O 

H--I 
H--2 
H--4 

H--5 

sscc, Hz 

.37 

.41 JCH.. ]= 6.2 

.85 

.38 
,65 Jl,2= 1,7 
,45 J2,1 ~ 1,7 
,98 J4,5=10 

JscH,= 6,2 
,94 j5.4==10 

belongs to this type of decomposition. The mass  spec t rum of (I) (see Fig. 3) 
shows the peaks of the f ragments  M - H ,  M -  CH 3, and M -  OCH3, indicating 
that these groupings are  present  in the C 1 and C s positions. It proved to be 
possible to determine the positions of the other functional groups and the 
spatial orientation of some of them f rom the values of the chemical  shifts 
(CSs) and f rom the nature of the splitting of the signals of the cyclic pro-  
tons in the PMR spect rum of methyl s ibirosaminide (see Fig. 2 andTable 1). 

In the PMR spectrum, the signal of the H-1 proton, which has two 
neighboring oxygen atoms,  is in the weakest field (4.65 ppm). The splitting 
of this signal into a doublet with a SSCC of 1.7 Hz is due to e q u a t o r i a l - a x -  
ial or  equa to r i a l - equa to r i a l  coupling with the proton on the neighboring C 2 
atom. The signal of the H-2 proton (doublet with J = 1 . 7  Hz) is located at 
3.45 ppm. In the 3.94 ppm region there is a multiplet which we ass ign f rom 

the nature of its splitting and the value of the CS to the H-5 proton. The SSCC of 6.2 Hz cor responds  to cou- 
pling with protons of a neighboring methyl  group, and the constant of 10 Hz is due to a x i a l - a x i a l  interaction 
with the H-4 proton. The H-4 signal (doublet with J=  10 Hz) lies in a weaker  field than the signals of the 

ther  cycl ic  protons (at 2.98 ppm). F r o m  its CS value, this signal can be ascr ibed  to a proton adjacent to a 
- C H  3 group or  to a OH group. To solve this problem, we recorded the PMR spect rum of the base of methyl 

s ibirosaminide obtained by the addition of a solution in CD3ONa to a solution of methyl sibirosaminide hydro-  
chloride in CD3OD to a pH of 8.0-8.5. The neutral izat ion of the charge on the nitrogen atom caused an up- 
field shift of the doublet with J = 10 Hz by 0.6 ppm. Simultaneously, the signal of the N-methyl  group shifted 
upfield by 0.4 ppm. The other signals sca rce ly  changed their  positions. Thus, it was shown that a methyl-  
amino group is present  on the C 4 atom of the s ibirosaminide molecule and a hydroxy group on C 2. The ab- 
sence of splitting of the signal of the second C-methyl  group (at 1.37 ppm), and also the nature of the mult i-  
plicity of the H-2 and H-4 signals shows that the t e r t i a ry  hydroxyl and the second C - C H  3 group are  located 
on the C 3 atom. 

F r o m  the resul ts  obtained it follows that methyl sibirosaminide has the s t ructure  of me thy l3 -C-me thy l -  
4-methylamino-4 ,  6-dideoxy hexopyranoside {I). 

,+c~ i.Je.,p..m ~z R,= R+=-COC,+,; PT-H 
It+ H~ XOKz I m+ RI. p,.z= R3_ COCH3 

Consequently, s ibirosamine,  a component of the anti tumoral  antibiotic sibiromycin,  is a new amino 
sugar  differing f rom all the amino sugars  known hitherto by a branching of the carbon skeleton. 

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

The IR spectra  were taken on a UR-10 instrument (solutions in chloroform),  the PMR spectra  on a 
JNM-4H-100 instrument [the spec t rum of (I) in CD3OD and those of (II) and (III) in CDCI3; internal standard 
te tramethylsi lane] ,  and the mass  spectra  onanMKh-1303 instrument at an ionizing voltage of 50 V. The com- 
pounds obtained were purified chromatographical ly  on type hydrated silicic acid sil ica gel. 

Methyl Sibirosaminide (I). A solution of 3 g of s ibiromycin in 20 ml of absolute ethanol saturated with 
HC1 (9% of HC1 by weight) was heated in a sealed tube in the boiling water  bath for 1 h. After  cooling, the 
react ion mixture was evaporated to dryness  in vacuum at 30°C. The residue in the flask was extracted with 
300 ml of water,  the insoluble precipitate was f i l tered off, and the fi l trate was extracted with butanol (3 x 5 
ml). The aqueous fraction was diluted to 1 l i ter  with water, neutralized with Dowex 2 × 10 anion-exchange 
res in  (HCO~) to pit 7.0-7.1, and passed through a column (2 x 15 cm) filled with Dowex 50 × 8 cat ion-ex-  
change res in  (NI-l~4). The amino sugar  was desorbed f rom the resin with a 1 N solution of ammonia in water.  
The eluates (in 20-ml fractions) were analyzed by chromatography on FN-16 paper (German Democrat ic  
Republic) in the b u t a n - l - o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 1) system. The methyl glycoside was detected on the 
ch romatogram with ninhydrin or benzidine. The fract ions containing the methyl glycosides were combined 
and evaporated in vacuum at 30-35°C. The residual,  faintly colored, syrupy methyl glycoside base was freed 
f rom water  in a des icca tor  over  P205, dissolved in the minimum amount of benzene-ace tone  (1: 1), and t r ans -  
fe r red  to a column containing 50 g of si l ica gel. The methyl glycoside was eluted with the same sys tem (20- 
ml fractions).  After chromatographic  checking on paper, the fract ions containing the pure (I) were combined 
and evaporated (see above). The residue was dissolved in 10 ml of absolute methanol, methanol saturated 
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with HC1 was added to bring the pH to 6.0-6.5, and the solution was evaporated. After  drying in vacuum 
over  KOH, 0.4 g of chromatographical ly  homogeneous methyl s ibirosaminide hydrochloride was obtained 
in the form of a white amorphous powder with [o~]~ - 45 ° (c 2.0; water). 

Found, ~ :  C 44.96;H 8.52; N 5.55; C1 14.4; OCH 3 12.0; C - C H  3 12.1. Mol.wt. 205 (M+-HCI). CgH19NO 4 . 
HC1. Calculated, %: C 44.71; H 8.34; N 5.79; C1 14.68; 1 OCH 3 12.82; 2 C - C H  3 12.40. Mol. wt. 205.25+HC1. 

Diacetate of Methyl Sibirosaminide (lI). A solution of 0.3 g of the hydrochloride of (I) in 15 ml of a 
mixture of pyridine and acetic anhydride (1 : 1) was left at room tempera ture  for 24 h. Then it was evapo- 
rated in vacuum at 35°C, and the residual syrupy product was purified by chromatography on silica gel in 
the benzene-ace tone  (10 : 1) system. This gave 0.3 g of a chromatographical ly  homogeneous color less  syrup 
of (II), which precipi tated f rom a mixture of ether  and n-hexane (1 : 3) in the form of color less  c rys ta l s  with 
mp 135-136°C, [o~]~- 70 ° (c 0.4; methanol). 

Found, ~0: C 54.06; H 8.12; N 5.02; OCH~ 10.19; COCH s 29.36; C13H23NO 4. Calculated, ~0: C 53.96; 
H 8.01; N 4.84; 1 OCH 3 10.72; 2 COCH 3 29.76. 

Triacetate  of Methyl Sibirosaminide (III). A solution of 0.25 g of (II) in 5 ml of a mixture of t r iethyl-  
amine and acetic anhydride (1 : 1) was treated with 20 mg of 4-dimethylaminopyridine,  and the mixture was 
left at room tempera ture  for  24 h. The solvent was driven off, and the oily product was ehromatographed 
on silica gel in the benzene -ace tone  (25 : 1) system. This gave 0.22 g of the chromatographical ly  homogene- 
ous substance (III) in the form of white c rys ta ls  with mp 127-128°C [e the r -n -hexane  (1 : 25)], [ (~]~-  25 ° (c 
0.6; methanol). 

Found, %: C 54.23; H 7.52; N 4.11; OCH 3 9.03; COCH 3 38.01. Mol. wt. 331. Ci5H25NO 7. Calculated, % 
C 54.37; H 7.61; N 4.23; 1 OCH 3 9.36; 3 COCH 3 38.93. Mol. wt. 331.35. 

SUMMARY 

1. It has been shown that the anti tumoral  antibiotic s ib i romycin is a glycoside of a new amino sugar  
which has been called s ibirosamine.  

2. It has been established that  s ibirosamine is a 3-C-methyl -4-methylamino-4 ,6-d ideoxyhexopyran-  
ose, i.e., a new amino sugar  differing f rom all the amino sugars  known hitherto by the branching of the ca r -  
bon skeleton. 
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