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React ion of o leandomycin  with s econda ry  amines  p roceeds  a t  the epoxy group of the ant i -  
biot ic  in conformi ty  with the Krasusk i i  ru le  to give biological ly ac t ive  der iva t ives  of 
o leandomycin  aminohydr in .  

The constant ly  developing r e s i s t a n c e  of m i c r o o r g a n i s m s  r equ i re s  constant  renovat ion as well  as i m -  
p rovemen t  in the an t ibac ter ia l ,  pharmacolog ica l ,  and phys icochemica l  p rope r t i e s  of the exis t ing ant i -  
b io t ics .  This can be achieved by chemica l  t r ans fo rma t ion  of the l a t t e r .  

The p r e s e n t  pape r  iis devoted to a s tudy of the react ion  of oleandomycin (I) with s o m e  aliphatic and 
he t e recyc l i c  s econda ry  am i nes .  Nucleophilic addition at  the epoxy group of the antibiotic p roceeds  under  
r e l a t ive ly  mild conditions (30-40~ in 15-30 h). P r a c t i c a l l y  individual addition products  I I -VIII  (Table 1) 
we re  obtained when the reac t ion  was c a r r i e d  out in e ther ;  other  products  of unes tabl ished s t r u c t u r e  a re  
fo rmed  in sma l l  amounts along with I I -VIII  when the reac t ion  is c a r r i e d  out in alcohol.  In conformi ty  
with the Krasusk i i  ru le ,  one might  have expected reac t ion  to favor  the fo rmat ion  of der iva t ives  of o leando-  
myc in  aminohydr in*  containing a hydroxyl  group at tached to the less  hydrogenated ca rbon  a tom.  

N(CHD. OCff3 

CH~ CH a Ctl~ Ctt~ 

I I1 -V I I I  

II NR~=N(CH~)2 i III NR2=N(C2Hs)2; IV NR2=pyrrolidino y Nl~=pipericlino 
VI ~R2 ~ morpnolino VII NR2= emymniminovIII NR2= nexamemyLemmino 

The IR s p e c t r a  of I I -VIII  show that  the lactone r ing (1080, 1710-1730 cm -1) and the carbonyl  group 
of the oleandolide r ing (1690 cm -1) a re  re ta ined  in them and that  they contain hydroxyl  g roups .  In addi-  
tion, the absorp t ion  at 3075 c m  -1 for  VII is evidence for  the p r e s e n c e  of an e thyleneimine function. 

The UV s p e c t r a  of I I -VIII ,  which, l ike the o leandomycin  bases ,  contain a low-intens i ty  or  concealed 
m a x i m u m  at  280-295 nm, indicate that  they cannot be the anhydro fo rms :  in the opposite case ,  we would 
have obse rved  a ba thochromic  shif t  of the m a x i m u m  to 310 nm and the appearance  of a new intense max i -  
mum at about 240 nm, as occurs  in the c a s e  of anhydrooleandomycin .  

The protons of the epoxy group in the PMR s p e c t r u m  of base  I g i v e  a s ingle t  at  8.23 r .  This s ingle t  
d i sappea r s  in the s p e c t r u m  of the product  of r eac t ion  of oleandomycin with d imethylamine ,  while a new 
s ingle t  at  7.93 �9 and the c h a r a c t e r i s t i c  AB quar te t  of the anisochronic  protor~, of the N - C H  2 group at 7 .3-  
7.8 �9 (J = 14.5 Hz) appear ,  and the r emain ing  s p e c t r a l  ranges  a r e  unchanged. These data a re  in con fo rm-  
ity with s t r u c t u r e  II .  

�9 In analogy with the names  "oleandomycin  ch lorohydr in  and glycol"  [1-3]. 
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TABLE 1. 

hydrin 
,, ,,, 

I Com= inp: *C Empirical~ 
pound ' formula 

II 98----102 ] CsrHn~q~)l, 
Iit 93---96 ] Cs�H:,~N2OI2 
IV 98----101 / Cz�Hr0N2Ot~ 
V 151--153"[ C40HT~NzOI~ 

VI 206~206 ] CsgHroN~O~ 
VII 118--121 ] CzTH6~N2Ow 

VIII 152--154 [ C41H74N2OI2 

N,N-Disubstituted Derivatives of Oleandomycin Amino- 

/CSIT ~1 Dihyd , bXo de I F # 

,ound. Ca*r tt-J (c .t 

_ a n o l )  c IH1N c I H ] N t  . . . . . . . . .  ~aterj_,!  

I 1 ' 1 / 1  t 9.6,3.6  .3,9.3 3.8 -78.9" -61. o 97 
61,519,713,9161,619,513,71 -87,5 1r -62,0 197 
61,6[9,61 3,6161,719,313,71 -74,2 126--130 -44.4 186 
61,9 9,613,7 6~,119,413'6] -81,6 133--137 -37,8 180 
60,4 9,3[3.6 60A[ 9,113,6] -80,2 128--130 -67.8 [75 
60,5] 9,1 ~ 3,7160.8~ 9,1] 3'8] -73,6 -- ]92 

- 8 5 , 2  82.419,413'616~610,613'5 / 14o--142 -67,7 8o, 

TABLE 2. Ioniza t ion  Cons tan ts  of  N,N-Disubs t i tu ted  Oleandomycin  
Aminohydr in s  (in aqueous ethanol  at  20~ 

C o m -  

p o u n d  

II 
III 
IV 
V 

VIII 
VI 

VII 
I 

pKa I 

8,74-+0,10 
9,10+0,09 
9,45 -+ 0,07 
9,49 -+ 0,06 
9,48-+0,10 
8,57-+0,02 
&52 -+ 0,05 
8.47-+0,02 

Computational method 
PKa: PKa, "e 

7,34-+0,03 ] 8,72-+0,09 
7,82+0,05 9 10-+0,06 
7,93-+ 0,08 9,43 -+ 0,02 
7,85-+~,0fi 9~ 
7,89-+0,06 �9 9~45-+0,10 
4,61-+0.02 8,54-+0,09 
5~09-+r0.06 8,50 -+0,04 

PK a~ T 

7,19-+0,06 
7,68• 
7,79-+-0,(}6 
7,74-+0,05 
7,7'5-+0,06 
4,48 ~ 0,(12 
4,97-+ 0,04 

Noycs method 
PKv  i 

8,74--+0,06 
8,95-+0,06 
9.28-----0,05 
9,38-+0.06 
9,26-+0,06 

'8.50" 
8,60* 
'8,50" 

P K a~ 

7,51__0,03 
7,93_+Q,04 
8,14_+0,06 
7.98 _+ 0,03 
8, t 4 _+ 0,03 

4,60" 
6,25* 

*Graph ica l  method  (the pH at the ha l f -neu t r a l i z a t i on  point) .  

The ion iza t ion  cons tan t s  of each  amino group  w e r e  d e t e r m i n e d  for  the o l eandomyc in  de r iva t ives  o b -  
ta ined (II-VIID (Table 2). The t h e r m o d y n a m i c  ionizat ion cons tan t s  ( p K ; )  [4] w e r e  a lso  ca lcu la t ed .  The 
bas i c i ty  of the d ime thy lamino  g roup  of the d e s o s a m i n e  funct ion of  the aminohydr ins  is c h a r a c t e r i z e d  by 
p I ~  l, the value  of which depends on the s t r u c t u r e  of  the N,N-d isubs t i tu ted  r e s i d u e  of  the aminohydr in .  The 
pKa2 value  r e f l ec t s  p ro tona t ion  of  the  l a t t e r .  In this c a s e ,  c o r r e l a t i o n  between the pK a values  of the 
s e c o n d a r y  amines  [5-7] * u s e d  in the p r e p a r a t i o n  of  I I -VII I  and the p K a i a n d  PKa2 values  is o b s e r v e d  for  
I I -V and VIII .  The h ighe r  the b a s i c i t y  of the s e c o n d a r y  amines ,  the h ighe r  the pKal and PKa2 values  of the 
subs t i tu ted  a m i n o h y d r i n s .  

In the c a s e  of  VI,  we d e m o n s t r a t e d  tha t  N,N-d isubs t i tu ted  aminohydr ins  of o l eandomyc in  f o r m  N-  
oxides at  both amino  g roups  in a di lute methanol  so lu t ion  of  h y d r o g e n  pe rox ide .  N-Oxide IX was i so la ted  
as a s t ab le  so lva te  with c h l o r o f o r m .  This is a l so  indica ted  by the PlVIR s p e c t r u m  of  IX (in h e x a d e u t e r o -  
acetone) :  a s ingle t ,  which can  be a s s igned  to the p ro ton  of  so lva ted  c h l o r o f o r m ,  is o b s e r v e d  at 2.1 r .  The 
f o r m a t i o n  of  so lva te s  with c h l o r o f o r m  and o the r  ch lo r ina t ed  h y d r o c a r b o n s  is a c h a r a c t e r i s t i c  p r o p e r t y  of 
o l eandomyc in  [2]. 

A c c o r d i n g  to p r e l i m i n a r y  data,  I I -VI I I  d i sp lay  ac t iv i ty  with r e s p e c t  to G r a m - p o s i t i v e  m i c r o o r g a n i s  m s .  
P r i o r  to tiffs, only one  b io log ica l ly  ac t ive  de r iva t ive  of o l eandomyc in  with an open epoxide r ing  - o l eando-  
m y c i n  c h l o r o h y d r i n  [8] - was known.  

EXPERIMENTAL 

The homogeneity of the oleandomycin aminohydrin derivatives was monitored by thin-layer chrom- 
ategraphy (TLC) on Silufol in butanol-water-acetone-ammonia (200:150:25:25) and butanol-acetic- 
acid-water (3 :I : I) systems; the chromatograms wore developed with "aldehyde sulfuric acid.,, The PMR 
spectra of I and II (20% solutions in C6D6) , N-oxide IX [in (CD3)aCO], and amine VI (in CDCI3) were recorded 
with aPerkin-Eimerl~12A spectrometer. The internal standard was tetramethylsilane. The basicity of 
the amines wore measured with a Seibold DVN potentiometer with glass and silver chloride electrodes. A 
0.5 mmole sample of II-V and VIII was dissolved in 10 ml of ethanol, and 75 ml of water was added (VI and 
VII were dissolved in 5 ml of methanol, and 80 ml of water was added); the solutions were titrated under 
nitrogen with 0.I N hydrochloric acid at 20 * 1 ~ . The pK a values were determined both by a graphical 
method from the titration curves [9] and by the usually employed computational method [4]. 

*We d e t e r m i n e d  the bas i c i t y  of  h e x a m e t h y l e n e i m i n e  (pK a 11,20) by p o t e n t i o m e t r y  a t  20 ~ 

148 



Oleandomycin N,N-Dimethy laminohydr in  (II, Table 1). A. A mix tu re  of 6.87 g (0.01 mole) of o leando-  
mycin  in 100 ml  of absolute  e ther  and 51 ml  of 1.97 N d imethylamine  in e ther  was held at  30 ~ in a sea led  
ampule  for  ,20 h .  F i l t r a t ion  of the mix tu re ,  r e m o v a l  of the so lvent  by  dist i l lat ion,  and drying of the res idue  
gave  7.13 g (977e) of ch roma tog raph ica l l y  homogeneous II, which was quite soluble in e ther ,  benzene,  me th -  
anol, and c h l o r o f o r m  but only s l ight ly  soluble  in wa te r .  IR s p e c t r n m  (in Nujol): 3480 (OH), 1730 (lactone 
C = O ) ,  1690 {shoulder, C = O  of the keto group of the oleandolide ring),  1080 c m  -1 (lactone r ing) .  UV s p e c -  
t r u m  in 3% aqueous ethanol: inflection at 280-295 n m , s  ~ 80-115.  The dihydrochlor ide  was p r e p a r e d  as 
fol lows.  A tota l  of 4,38 ml  of a 0.915 N e ther  solut ion of hydrogen chlor ide  was added to a solution .of 1.446 
g {0.002 mole) of amino alcohol II in 250 ml  of absolute  e ther ,  and the mix tu re  was allowed to s tand o~er -  
night in a r e f r i g e r a t o r .  The gelat inous p rec ip i ta te  was r e m o v e d  by f i l t ra t ion,  washed with e ther ,  aild dr ied 
ove r  phosphorus  pentoxide to give 1.38 g of the dihydrochlor ide  as a hygroscopic  powder with mp 120-123 ~ 
and [a]~ = -61 .5  ~ (c 2, wa te r ) .  Found,%: C 55.0; H 8.8; N 3.3; C1 9.1. CsTH68N~O12 �9 2HC1. Calculated,  %: 
C 55.1; H 8.8; N 3.5; C1 8.8. The diphosphate was p r e p a r e d  as fol lows.  -A 0.244 g {0.002 mole) s amp le  of 
88% phosphor ic  acid in 150 ml of absolute e ther  was added to a solution of 0.72 g {0.001 mole) of amino a l -  
cohol II in 100 'ml  of absolute  e the r .  The solution was s to red  in a r e f r i g e r a t o r  for  24 h.  The gelatinous 
p rec ip i t a t e  was s e p a r a t e d  and dr ied in vacuo to give 0.71 g (76%) of the diphosphate as a powder with mp 
142-146 ~ and [a]~ = -58.1 ~ (c 2, w a t e r )  Found, %: C 47.7; H 7.9; N 3.0; P 6.9. Cs~HssN2012 �9 2HsPO 4. The 
methiodide was p r e p a r e d  as fol lows.  A 0.5 ml  s a m p l e  of methyl  iodide was added to a solution of 0.50 g of 
amino alcohol II in 50 ml  of absolute  e ther ,  and the mix ture  was allowed to s tand in the dark  for  24 h. The 
l ight-yellow prec ip i t a te  was r e m o v e d  by f i l t ra t ion,  washed with e ther ,  and dr ied  to give 0.30 g of the me th -  
iodide with mp 170-175 ~ {dec.). Reprec ip i ta t ion  f r o m  alcohol solution by the addition of e the r  gave a p rod-  
uct  with mp 175-177 ~ (dec.). Found, %: C 51.9; H 8.1; N 3.2. C38H71N2OI2. Calculated,  ~c: C 52.2; H 8.2; 
N 3.2. 

B__: P e r f o r m a n c e  of the reac t ion  in ethanol gave 7.27 g of ch romatograph ica l ly  nonhomogeneous p rod-  
uct ,  containing two components ,  with mp 78-83 ~ . T r e a t m e n t  with e ther  gave 1.19 g of e ther - inso lub le  
m a t e r i a l  with mp 179-181 ~ . Compound II, with mp 98-102 ~ was i so la ted  by pass ing the e ther  ex t r ac t  through 
finely g ra ined  powdered KSK s i l i ca  gel .  

Oleandomycin N,N-Diethylaminohydr in  (III, Table 1). A. A total  of 14.66 g (97~0) of analyt ical ly  pure  
powdered III with mp 88-94 ~ was obtained f rom 13.74 g {0.02 mole) of epoxide I and 21.-5 ml  (0.21 mole) of 
d ie thylamine in 200 ml  of absolute e ther  (at 30 ~ for  23 h). Chromatograph ica l ly  pure  amino alcohol III ,  with 
mp 93-96 ~ was obtained a f te r  t r e a t m e n t  with KSK s i l ica  gel .  

B. A two-component  mix tu re  was obtained when the reac t ion  was c a r r i e d  out in ethanol.  T r e a t m e n t  
of the mix tu re  with e the r  gave  13.80 g of  amino alcohol I I I .  The res idue  contained 0.66 g of a product  of un- 
es tab l i shed  s t r u c t u r e  with mp 186-188 ~ (from 50% ethanol) and [~]~ = -52 .6  ~ (c 2, methanol) .  

Aminohydrins  IV-VI (Table 1). The reac t ion  of epoxides I with pyrro l id ine ,  p iper idine ,  and m o r p h -  
oline was c a r r i e d  out in ethanol at  40 ~ for  13-16 h. React ion products  IV-VI were  i so la ted  and purif ied as 
in the p repa ra t ion  of amino alcohol III .  Compound VI was r e c r y s t a l l i z e d  f r o m  e ther  to give fine needles .  

Oleandomycin  Ethyleneiminohydr in  {VII). A 14 ml  {0.27 mole) s a m p l e  of f r e sh ly  dis t i l led e thylene-  
imine was added to a solut ion of 6.87 g (0.01 mole) of o leandomycin in 150 ml  of absolute e ther ,  and the 
mix tu re  was held at  30 ~ for  34 h. The so lven t  was r emoved  by dist i l lat ion,  and the res idue  was dried 
thoroughly in vacuo ove r  KOH and P~O 5. I t  was then dissolved in 200 ml  of d ry  e ther ,  and the solution was 
f i l t e red  through a dense f i l te r .  Crys ta l l i za t ion  commenced  when the solution was ca re fu l ly  evapora ted  with 
a r o t a r y  e v a p o r a t o r .  The sol id  m a t e r i a l  was r emoved  by f i l t ra t ion,  washed  with d ry  e ther ,  and dr ied  to 
give 6.69 g (92%) of ch roma tog raph ica l l y  pure  amino alcohol VII with mp 118-121 ~ Quanti tat ive d e t e r m i n a -  
tion of the e thyleneimine  r ing by means of po tass ium thiocyanate [10] in acidic media  showed that its p e r -  
centage  was 95%. IR s p e c t r a  (in Nujol): 3520, 3075 ( a s y m m e t r i c a l  v ibra t ions  of  the az i r id ine  ring),  1720, 
1680, 1080 c m  -i  . UV s p e c t r u m  {in 3% aqueous ethanol): k m a x  288 nm, s 59. In ethanol, this reac t ion  
gave  a mix tu re  of two products  of unes tabl ished s t ruc tu re :  one, with mp 58-60 ~ was soluble in ether ,  and 
the other  (rap 139-140 ~ was insoluble in e ther .  Both products  gave a quali tat ive reac t ion  for  a p r i m a r y  
amino group with dibepine [11]. 

Oleandomycin  N,N-Bexamethy leneaminohydr in  {VIII). This compound was obtained by the method 
used  to p r e p a r e  VII by heat ing the r eac t i on  m ~ h ~ e  fo r  10 h.  The product  was pur i f ied by r ec rys t a l l i z a t i on  
f r o m  e the r .  
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N,N-Dioxide of Amine VI (IX). Water  (8 ml} and 1.30 ml (12.8 mmole) of 30% hydrogen peroxide were  
added to a solution of 0.5 g (0.64 mmole) of amine VI in 18 ml of methanol,  and the mixture  was allowed to 
s tand for  24 h. The methanol was then removed  by vacuum distillation, and the res idue  was ext rac ted  
seve ra l  t imes  with ch loroform to give 0 2 9  g of a white, powdery, chromatographica l ly  homogeneous solvate 
of N-oxide IX with ch loroform,  with mp 111-115 ~ (dec.). IR spec t rum (in NujoD: 950 cm -1 iN ~ O). A pro-  
nounced shif t  to weak field of the s inglet  of the dimethylamino group as compared  with the s tar t ing amine 
(7,72 T i nVI  and 6.80 ~" in IX) was observed  in the PMR spec t rum.  Found, %: C 51.6; H 7.8; N 3.1. 
C39BToN2Oi5 �9 CHC13. Calculated, %: C 51.9; H 7.7; N 3.0. 
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