
METHODS OF SYNTHESIS AND TECHNOLOGY OF DRUG PRODUCTION 

K I N E T I C S  O F  H Y D R O G E N A T I O N  O F  2 - M E T H Y L - 3 - N I T R O - 4 -  

M E T H O X Y M E T H Y L - 5 - C Y A N O - 6 - C H L O R O P Y R I D I N E ,  AN I N T E R M E D I A T E  

IN T H E  S Y N T H E S I S  O F  V I T A M I N  B 8. 

II.  INVESTIGATION OF HYDROGENATION ON Pd /C  IN DILUTE HYDROCHLORIC ACID 

T ,  M.  B e l o s l y u d o v a ,  M.  V .  B a l y a k i n a ,  UDC 615.356:577.164.13].012.1.002.62 
a n d  V .  I .  G u n a r  

As a r e su l t  of inves t igat ing the influence of va r ious  f ac to r s  in the cata lyt ic  p r o p e r t i e s  of Pd /C in aqueous 
hydroch lo r i c  acid medium the op t imal  ca ta lys t  was  found for  the synthes is  of 2 - m e t h y l - 3 - a m i n o - 4 - m e t h o x y -  
me thy l -5 - aminome thy lpy r id ine  (1) [1]. In this  work  it  was  noted that  deviat ion f r o m  opt imal  conditions or  use  
of an insuff ic ient ly  ac t ive  ca ta lys t  led to the appea rance  in the hydrogenat ion product  of undes i rab le  con t ami -  
nants,  name ly  hydrogenat ion in t e rmed ia t e s  or  side products  of 2 - m e t h y l - 3 - n i t r o - 4 - m e t h o x y m e t h y l - 5 - c y a n o -  
6 -ch lo ropyr id ine  (II). 

The p roposed  mechan i sm of hydrogenat ion of (II) m a y  be r e p r e s e n t e d  as  two sequential  s tages :  reduct ion 
of the n i t ro  group of (II) and then hydrogenat ion of the cyano group with s imul taneous  hydrogenolys is  of the 
C - C 1  bond at  posi t ion 6: 

QHzOOH 5 CHzOOH5 OH%CO, I[ 3 

cn~"VC"cl -HzO cH~ ~ oi -Hcl oH~ 

The possibility of forming (HI) was confirmed by synthesizing 2-methyl- 3-amino- 4- alkoxymethyl- 5- 

aminomethy lpyr id ines  through the cor responding  2 - m e t h y l -  3 - a m i n o - 4 -  a lkoxymethy l -  5 -  c y a n o - 6 - c h l o r o -  
pyr id ines  [2-5];  however ,  t he r e  is no o ther  in format ion  on in t e rmed ia te  o r  side products  of the hydrogenat ion 
of (If). 

TABLE 1. C h a r a c t e r i s t i c s  of Indus t r ia l  Samples  of (H) in the 
Hydrogenat ion React ion  on Opt imal  Cata lys t  under  Opt imal  Con-  
dit ions 

Sample 

Chromatographically 
pure 

No. 1 
No. 2 
No. 3 
No. 4 
No, 5 
No. 6 

Ae~vity 

A,/~ I Ac 
liter/(g, h) 

104,8 
82,6 
83,1 
72,0 
66,5 
66,1 
63,7 

55,8 
52,7 
45,3 
39,5 
35,8 
33,2 
29,0 

Final catalyst 
I teristics 

0,27 
0,26 
0,27 
0,27 
0,25 
0,27 
0,26 

ch&s - 

mV 

--5,6 
--4,0 
--4,0 
--3,2 
--7,2 
- - 4 , 8  
--4,0 

Yield I, % 

99,5 
99,8 
99,2 
99,8 
99,7 
98,0 
99,8 

Note.  Al/2 and A c a r e  ac t iv i t ies  r e f e r r e d  to half  and comple te  con -  
ve r s i on  of (II) into (I). W k and ACpk a r e  the reac t ion  ra t e  at the end 
of hydrogenat ion and the cor responding  change in sa tura t ion  po ten-  
t ia l  of the ca ta lys t  with hydrogen under  these  conditions. 
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TABLE 2. IIydrogenation of Cyanopyridines (2.07 mole) on 4% P d /  
C-OU-A (Pd 0.00366 g) in Hydrochlor ic  Acid (0.8 ml concentra ted 
acid in 14.4 ml  water)  a t  34~ 

Compound 

II 
Ill 
IIa 
IV 
V 
VI 

VIII 

Wmax �9 
ml/min 

11,0 
8,0 
7,0 
9,5 
6,0 
6,5 
6,5 

A q~-nax, 
mV 

83,2 
43,2 
96,5 
70,4 
47,2 
57,5 
70,5 

Final cnaracte_~stic 

WI~ aCK, 
ml/min mV 

0,27 --7,2 
0,25 --4,0 
0,6 8~0 
0,3 --12,0 

0,26 13,6 
0,35 20,0 
0,25 0.0 

Vcom 

Vtheor 

1,09 
i ,11 
1,00 
1,12 
0,80 
1,00 
1 ,H 

liter/ 
(g. h) 

71,0 
78,8 
38,1 
35,0 
I0,1 
27,8 
55,4 

Yield of 
final2rod- 
uct, O/o 

99,5 
99,6 

*AM is molar  act ivi ty  of cyanohydrins r e f e r r e d  to Vtheo r .  

Between them molecules  (H) and (HI) contain s eve ra l  functional groups able to undergo var ious  con-  
ve r s ions  undercondi t ions  of hydrogenat ion (hydrolysis ,  hydrogeuolysis) ;  consequently the p resen t  work was 
under taken  with the aim of identifying the compounds fo rmed  in the hydrogenation p r o c e s s  and of a quantitative 
a s s e s s m e n t  and investigation of the r easons  fo r  the i r  appearance .  F u r t h e r m o r e  we have de termined  the in -  
f luence of these  compounds and possible  contaminants in (H) on the act ivi ty of Pd/C and have clar i f ied the pos -  
s ibi l i ty  of using the spent catalyst .  

1. Influence of Contaminants in (H) and Substances F o r m e d  in the Hydrogenation P rocess .  For  the a s se s s -  
ment  of the influence of contaminants  on the hydrogenation kinet ics  of (H), technical  samples  of (II) were  
used of mp 72-74~ differ ing in ex te rna l  f o rm  with a 98% content of main product,  sulfur  < 0.12%, and organic  
contaminants < 1% of which 2 -  me thy l -  3 - n i t r o - 4 -  methoxymethy l -5-cyano-6-hydroxypyr id ine  (IV) and 2-  
me thy l -4 -methoxymethy! -5 -cyano-6_ch lo ropyr id ine  (V) were  identified. The act ivi ty of Pd/C on hydrogenating 
these  samples  of (II) (Table 1) va r ied  within wide l imits  and was 52.0-94.2% of the act ivi ty  fo r  a ch roma to -  
graphica l ly  pure  sample.  However,  i ts  se lec t iv i ty  in this  was not a l t e red  and the yield of (I) was not less  than 
98%. A final  cha rac t e r i s t i c  of tile ca ta lys t  fo r  a l l  the samples  investigated was its s tabi l i ty  and suitabil i ty fo r  
the normal  course  of the p r o c e s s  [1]. 

To c la r i fy  the influence of individual contaminants which may be p resen t  in ini t ial  (H) or  a re  fo rmed  in 
the p r o c e s s  of hydrogenation,  the kinet ics  of the hydrogenation of (II) and its s t ruc tu ra l  i s o m e r  2 - m e t h o x y -  
m e t h y l - 3 ' n i t r o - 4 - m e t h y l - 5 - c y a n o - 6 - c h l o r o p y r i d i n e  (Ha) were  studied; also studied were  the product  of incomplete 
hydrogenation (HI); (IV)and (V), which a r e  poss ib le  contaminants in (H); 2 ,4 -d ime thy l -3 -n i t ro -5 -cyano-6 -ch lo ro -  
pyr idine  (VI), as  a r e su l t  of the hydrogenat ion of which 2 ,4-d imethyl -3-amino-5-aminomethylpyr id ine  (VII) was 
formed,  which is  a s ide product  of the hydrogenat ion of (H); and 2 ,4 -d imethy l -5-cyano-6-ch loropyr id ine  
(VIH), the s tar t ing  ma te r i a l  for  2 ,4 -d imethy l -5-aminomethy lpyr id ine  (IX), which is the deaminat ionproduct  of 
(VID (Fig. 1). 

The greater activity of Pd/C was shown in the hydrogenation of (III), i.e., the process of hydrogenation 
was not limited by the rate of hydrogenation of the intermediate compound. However, all the remaining com- 
pounds investigated may reduce the rate of hydrogenation of (If) since they may be arranged in an activity 
s e r i e s  in the sequence (III) > (H) > (VIII) > (IIa) > (IV) > (VI) > (V) (Table 2). 

The reac t iv i ty  of the studied n i t rocyanopyr id ines  in the p roces s  of reducing the ni t ro  group changes in 
the s e r i e s  (H) > (IV) > (VI) > (Ha), and evidently the deciding fac to r  in the case  in quest ion is the nature  of the 
substi tuent  in the pa r a  posi t ion to the r ing ni trogen.  

The reac t iv i ty  of cyanopyridines  in the hydrogenation of the cyano group is different .  F o r  (VHI), where  
a methyl  group is found in the pa r a  posit ion to the r ing ni trogen,  it is f ive t imes  g r e a t e r  than for  (V) with a 
methoxymethyl  substituent.  

It is evident f r om Fig.  1 that  the poten t iomet r ic  curves  axe a ref lec t ion of the kinet ics  of hydrogenation 
of the cyanopyr id ines  and may be used fo r  checking the p rocess .  The potent iometr ic  curve  for  (H) was located 
in the region of mos t  posi t ive values  of potential  compared  with the hydrogenation of the remaining cyano-  
hydrins .  This may  be the resu l t  of the la rge  propor t ion of reac t ive  hydrogen.  F o r  (IV) it indicates  the rapid 
adsorpt ion d isp lacement  of the reac t ion  products  by hydrogen depending on the extent  of reduct ion of the ni t ro  
group. It is  possible  to fo rm an opinion on the maximum deactivating action of (V) and (VH) (hydrogenation 
products  of VI) f r om A~k (it is more  posi t ive by  fa r  than qH2). 
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Fig. 1. Kinetics and potent iometr ic  curves  fo r  
the hydrogenat ion of cyanopyridines  on 4% P d /  
C - O U - A .  1) (II); 2) (IV); 3) (II'i); 4) (IIa); 5) (VI); 
6) OVHI); 7) (V). Here  and in Fig. 2 conditions 
of reac t ion  were  Pd 3.66 �9 10-a g, concentrated 
hydrochlor ic  acid 0.8 ml, wa te r  14.4 ml, 35~ 

2. Composi t ion of Hydrogenation Mixture and Proposed  Mechanism of Forming  Hydrogenation Products  
of (I). The following compounds, in addition to (I), were  detected and identified in the composit ion of technical  
samples :  products  of incomplete  hydrogenat ion (III) and 2 -m e th y l -3 - am in o -4 -m e th o x y m e th y l -5 - cy aao -  
pyridine (X)*, (VII), luminescent  contaminants f rom hydrolys is  products  of (]1I) and (X): 2 -me thy l -3 -amino-  
4-methoxymethyl -5-cym~o-6-hydroxypyr id ine  (XI) and p resumably  2 -m e th y l -3 - am in o -4 -m e th o x y m e thy l -5 -  
ca rboxy-6-hydroxypyr id ine  (XII) o r  the lactone OCiia) corresponding to it, and 2 - m e t h y l - 3 - a m i a o - 4 - m e t h o x y -  
methyl -5-hydroxymethylpyr id ine  (XIII), with t r aces  of contamination by 2 -me thy l -3 -amino-4 -methoxymethy l -  
5 - formylpyr id ine  (XIV). Compound (XIII) (< 0.5%) was de tec ted in  all samples  of hydrogenation product  i r r e s -  
pective of the ca ta lys t  activity and hydrogenation conditions. Its p resence  indicated the o ccu r rn ce  of a side 
react ion of hydrolys is  of the in termedia te  2 -methy l -3 -amino-4-methoxymethy l -5 - iminomethy lpyr id ine  (XV) 
to (XIV) by reduct ion of which (XIII) was formed [8]. 

Hydrogenolysis  of the e ther  linkage leading to the format ion  of (VII) is a consequence of the catalyt ic  
action of palladium cata lys t  in acid medium. The quantity of this contaminant grew with increas ing  hydrogena-  
tion t ime  since the p roce s s  did not stop on absorpt ion of the amount of hydrogen theore t ica l ly  requi red  but 
continued fu r the r  although at a compara t ive ly  low ra te  (10-30 t imes  less  thanini t ial ly) .  

The presence ,  in the hydrolysate ,  of products  of incomplete ly  reduced (II) may  indicate e i ther  inadequate 
activity of the cata lys t  (on maintaining optimal  conditions fo r  the process)  or,  when using act ive catalyst ,  
d is turbance of the optimal conditions fo r  hydrogenation.  An increase  in the t em p e ra tu r e  of hydrogenation and 
acidi ty  of the medium above optimal  intensif ied the hydrolys is  of (III) and (X) which led to deact ivat ion of the 
ca ta lys t  and aided accumulat ion of (X'I, XII) and o ther  luminescent  contaminants in the hydrogenation product.  

Compara t ive  cha rac t e r i s t i c s  of crude samples  of the hydrogenation product  a re  given in Table 3. Data 
fo r  samples  1 and 2 were  obtained under  nonoptimal conditions of hydrogenation with a check on the end of the 
reac t ion  at the end of hydrogen absorption.  Data fo r  sample 3 were  obtained under  opt imal  conditions with a 
po ten t iomet r ic  method of checking. 

On the bas is  of the mate r ia l  stated and data on the synthesis  in the opposite manner  of appropr ia te  
compounds, the following scheme may be proposed for  the format ion  of (I) and the in termedia te  and subsidiary  
products  of hydrogenation of (II): 

�9 Compound (X) was isolated by prepara t ive  chromatography on s i l ica  gel L 40/100  f rom the mix ture  obtained 
on hydrogenat ion of (II) on I~aney nickel  cata lys t  in ethyl alcohol.  
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T A B L E  3. Cha rac t e r i s t i c s  of Crude 
Samples of (I) 

nuInbe~r I Ill VII XI 

2 81,50] -- t0,89 -- 

3 99,8 [ 

O~r con- 
raminants 

0,1 

0,2 

Note. Increase  of t e m p e r a t u r e  above o p -  
t imal  leads to the appearance  of (KI) and 
(XI) in the hydrogenat ion product.  In-  
c r ea se  in hydrogenation t ime above op-  
t imal  leads to accumulat ion of (VH) in the 
hydrogenat ion mixture .  

oHzoo~ 0Hz0 0H~ CHz0OH~ .C~z0OH ~ 
.~ro~. A c ~  ....NHz~ ) . -o .~ -~z. A . .0N -~z. . .L :.OH-~ yA~ff Ol-lt YAY HZ Y~"~Y HZ Y g " ~  

OH 3 N 01 OH4~ ~ -0l  OH 5 N OH 3 ~-~ 

' i  % 

q~zOOH3 O~zOO~3 CHzOOH~ 
~ H z ~  car ~ ~ O O O H  ~ H z ~ O H z ~  ~ 

OH~ ~" "OH OH i "~ OH C% 
~r ~r t 

II -H~OI H~I-CH~0H 

.oK~ooH% 

H30 ~ "j,( "- 0 
H 

OHzOOH3 

0H-~ N "0 
.~a 

2F 

HzO I-J~H3 

OHzOGH 3 
N I - I ~  CHO 

OH 3 N 

OH 5 

.A.~--/) 
CH 3 OH 3 

~r 

3. The Poss ib i l i ty  of Using Spent Catalyst .  No more  than 3.9% of the cata lys t  mass  wasorganic  res idue  - 
this  was a mix ture  of unreacted  (II) and (HI). This res idue  remained  on the cata lys t  a f t e r  removing it f rom 
the solution and washing with wate r  when using act ive ca ta lys t  under  the optimal  hydrogenation conditions. 
When using insuff icient ly act ive cata lys t  and on dis turbing the optimal  regimen for  the hydrogenation of (ID the 
content of organic  res idue  var ied  f rom 8 to 25%. 

Since the cata lys t  does not change i ts  act ivi ty in the p re sence  of (HI), it  is then possible to r e tu rn  the 
organic  res idue  taken f rom the ca ta lys t  back  into the p rocess .  

The r egene ra ted  cata lys t  (washed with methyl  alcohol and chloroform) was tes ted in the p rocess  of 
hydrogenat ing (H). Extract ion of spent ca ta lys t  with ch loroform was m o re  effect ive fo r  the complete remova l  
of (H) and (HI) but caused significant deact ivat ion of the ca ta lys t  and made it unsuitable fo r  hydrogenation (H). 
The re la t ive  act iv i ty  of ca ta lys ts  t r ea ted  with methanol was 40.2-  76.5% of the initial  act ivi ty and the yield of 
(I) f rom 95.6 to 99.9% was de te rmined  by the ca ta lys ts / (H)  ra t io  a n d b y  the percentage  content of Pd on the 
support  (Table 4). 

The poten t iomet r ic  method of checking these  ca ta lys ts  was also represen ta t ive .  F o r  cata lysts  the 
hydrogenat ion potential  of which did not r each  e~ri_ in this  solution, the yield of (I) was less  and the product  

2 " r (HI) of incomplete  hydrogenation appeared in the h~drogenatlon p oduct. 

Thus it is possible  to use both the organic  res idue  and the actual  spent cata lys t  a f te r  regenerat ion.  

4. The Deact ivat ing Action of (I) and Adsorpt ion Ch a rac t e r i s t i c s  of Pd Catalyst .  As a l ready  mentioned, 
addition of (HI) to (H) did not in p rac t i ce  affect  the catalyt ic  p rope r t i e s  of Pdfl:~ but introduction of (I) caused 
an apprec iable  drop in cata lys t  ac t iv i ty  (Fig. 2). A second port ion of (H) using the same port ion of cata lys t  
was hydrogenated at  a ra te  3.5 t imes  lower  and incompletely (70% of theory) .  In the products  of hydrogenation, 
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TABLE 4. C h a r a c t e r i s t i c s  of Regenera ted  Samples  of Pd /C 

o 7~ 

r 

~ L  

o r ' 2  

0,1 6,79 
0,2 6,79 
0,4 6,79 
0,1 8,48 
0,15 12,7 
0,15 8,45 

J x liter/ Ac ] 
I~: ~ IC:g "tO 

6,8 30,0 13,7 
13,6 28,2 13,2 
27,2 25,5 6,7 
8,5 18,6 8,5 

19,0 17,6 9,1 
12,6 14,1 7,2 

Final character- I ~- 
i'sfic of catalyst ~ 

I ml/min ' ~ o 

95,6 
99,0 
99,9 
96,8 
99,0 
99,9 

.s 

6~ 

0,4 
0,26 
0,25 
0,3 
0,25 
0,26 

24,8 
2,4 

--4,8 
2,4 

--0,8 
--3,2 

76,5 III, xIII 
73,7 xIII 
37,4 xItI 
47,5 III, xIII 
64,1 xIII 
4o ,2 XIIl 

Note. React ion  condit ions:  0.5 g (H), 0.8 ml  cone. hydrochlor ic  
acid, 14.4 ml  water ,  35~ 

(III) was  detected in significant  amounts  and the yield of (I) was l e s s  than 50%. Thus deact ivat ion of the 
ca ta lys t  by  the requi red  hydrogenat ion product  took place.  

Star t ing f r o m  the s tepwise  p rocedu re  fo r  the hydrogenat ion of (II) and taking advantage of the Langmui r  
equation for  un i fo rmly  he te rogeneous  s u r f ace s  [6] it  is poss ib le  to calcula te  the ra t io  of the adsorpt ion  coef -  
f ic ients  of the initial,  in te rmedia te ,  and f inal  products  and the hydrogenat ion ra t e  constants .  The r e su l t s  of 
calculat ions fo r  va r ious  ca ta lys t s  and conditions of ca r ry ing  out the p r o c e s s  a r e  given in Table  5. 

It  is seen  f rom Table  5 that  the ra t io  of the adsorp t ion  coeff ic ients  of (I), (II), and (III) depends on the 
s ta te  of the ca ta lys t  and the hydrogenat ion conditions.  All  the re la t ionsh ips  obtained p rev ious ly  [1] of the 
change of ac t iv i ty  on changing the s ta te  of the ca ta lys t  o r  the hydrogenat ion conditions w e r e  also c h a r a c t e r i s t i c  
for  the values  of r a t e  constants .  F o r  example ,  K1and K 2 for  P d / C - O U - A  was g r e a t e r  than fo r  P d / C - O U - B  
and A G - 5 .  The drop  in ac t iv i ty  of ca ta lys t s  with i n c r e a s e  in pe rcen t  Pd co r r e l a t ed  with the reduction in r a t e  
constants  fo r  the f i r s t  and second pa r t s  of the p r o c e s s  ( f rom 5 to 10.3%). 

The ra t io  of adsorpt ion  coeff icients  has  acqui red  g r ea t  impor tance  fo r  a s s e s s i n g  the se lec t iv i ty  of 
ca ta lys t s .  The g r e a t e s t  value of b i l i / b i  was  a c h a r a c t e r i s t i c  of ca ta lys t s  giving the g r e a t e s t  yield of (D. R e -  
duction of this  ra t io  led to the fact  that  (I) b e c a m e  compet i t ive ly  avai lable  fo r  the adsorpt ion  d i sp lacemen t  of 
(IID into the solution prevent ing  i ts  fu r the r  convers ion .  Hence the p r e sence  of the product  of incomplete  h y -  
drogenat ion was  a c h a r a c t e r i s t i c  of insuff ic ient ly  ac t ive  ca ta lys t s .  

A reduct ion in the amount  of w a t e r  and acid o r  deviat ion of t e m p e r a t u r e  f r o m  opt imal  caused a reduct ion 
in b i i i / b i  which indicated d i sp lacemen t  of the adsorpt ion  equi l ibr ium Isolut ion~-  I su r face  in the d i rec t ion  of 
the sur face .  

Thus the appea rance  of (HI) in the hydrogenat ion product  is  a consequence of the i nc r ea se  in adsorp t iv i ty  
of (I) and is accompanied  in the m a j o r i t y  of c a se s  by  a drop in the act ivi ty  of the sys t em.  

Hence the conclusion may  be  drawn that  the conditions m o s t  favorab le  for  hydrogenat ion will  be those 
inc reas ing  the solubil i ty of (I) and not causing the reby  a reduct ion in the adsorpt ion  abil i ty of (H) and of i ts  
i n t e rmed ia te  hydrogenat ion products .  

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

T h i n - l a y e r  ch roma tog raphy  was c a r r i e d  out on Silufol UV-254  pla tes  in the s y s t e m s :  a) a c e t o n e -  
d i o x a n e - a m m o n i a  ( 9 : 9 : 2 ) ,  b) h e x a n e - a e e t o n e  (2:1) ,  c) b u t a n o l - e t h a n o l - S %  aqueous a m m o n i a - a c e t i c  acid 
(10 : 10 : 10 : 1), and d) methyl  ethyl  k e t o n e - d i o x a n e - a m m o n t a  (9 : 9 :  2). 

Detect ion of spots  was effected in UV light and by t r e a t m e n t  with a 0.5% solution of ninhydrin in acetone,  

UV s p e c t r a  w e r e  taken on Specord U V - V i s  and SF-4A ins t ruments ,  Ilt s p e c t r a  (suspension in Nujol) 
we re  taken on a UR-10  in s t rumen t  (DDR). 

2 - Methy l -  3 -  a m i n o -  4 -  me thoxyme thy l -  5 -  cyano-  6-  chloropyr idine  (IrI) [7]. To (II) (2.65 g) was added 
Raney nickel  ca ta lys t  (4 g) and methyl  a lcohol  (70 ml).  Ai r  was d isp laced  f r o m  the s y s t e m  and the mix tu re  
was hydrogenated  with s t i r r i ng  at  room t e m p e r a t u r e  fo r  2.5 h until  absorp t ion  of 1.05 t i m e s  the theore t i ca l  
volume of hydrogen.  The ca ta lys t  was  r em oved  f r o m  the hydrogenat ion product  and washed with methanol .  
The f i l t r a te  was  added to the hydrogenat ion product  and evapora ted  in vacuum until  the appea rance  of the f i r s t  

171 



IV, ml/min 

70 

8 

6 
! 

4 

2 32 

40 80 720 ,60 200 240 280 ?20 V, IIll 

2O 

40 

. 

mV 

Fig. 2. Kinetic and potentiometric curves for  
hydrogenating 0.5 g (II) on 1) 4% Pd /C-OU-A 
with added 2) 0.05 g (HI) and 3) 0.064 g (I). 

crystals .  The precipitated solid was separated, washed with cold alcohol, and recrystal l ized.  Compound (HI) 
(2.1 g: 90.5%) was obtained having mp 120-121~ chromatographically homogenous in systems a and b. 

IR spectrum, cm-l:  3350, 3450, 2220, 1560, 1630, 1295, 1245, 1090. UV spectrum kmax, rim(e): (in 
alcohol) 211 (19770), 266 (10970), 340 (5715); (in chloroform) 264.4 (5627), 331 (3408); (in 0.1 N hydrochloric 
acid) 210 (2020), 264 (9560), 331 (5005). Found, %: C 50.85; H 4.72. CgHIoC1N30. Calculated, %: C 51.06; 
H 4.76. 

2 - Methyl - 3 - amino- 4 - methoxymethyl- 5 - cyano- 6 - pyridone (XI) Hydrochloride. Compouad (HI) (0.4 g) 
was boiled with concentrated hydrochloric acid (4 ml) for 4 h. After cooling, the precipitated solid was 
separated and washed with a small volume of cold absolute ethyl alcohol. A product (0.27 g: 62.4%) of mp 
249*C was obtained. The compound possessed a bright green fluorescence and was chromatographically 
homogeneous in systems a and e. 

IR spectrum, cm-l :  2580, 2220, 1770, 1660, 1590, 1560, 1510, 1330, 1115, 1090. UV spectrum, kmax, 
n m  (e):  (in 0.1 N hydrochloric acid) 213 (14280), 335 (8970). Found, %: C 46.71; H 5.39. CgHIIN302 �9 HC1. Cal-  
oulated, %: C 47.05; H 5.27~ 

In a mixing tes t  with a sample isolated by preparative chromatography from a crude hydrogenation 
product no depression of melting point was observed. UV and IR spectra were identical. 

2 ,4-Dimethyl-  3-  amino- 4-  methoxymethyl- 5-aminomethylpyridine (VH) Dihydrochloride. To a suspension 
of activated carbon (0.8 g) in distilled water  (80 ml) was added with st irr ing a solution of palladous chloride 
in concentrated hydrochloric acid (0.2 g in 2 ml). Air was displaced from the system and the catalyst was 
reduced with s t i r r ing for  30 rain. Then (VI) (3 g) was added and was hydrogenated for  4.5 h at room tempera -  
ture  until absorption of 1.05 t imes the theoret ical  volume required. The catalyst was removed and washed 
with water.  The obtained f i l t rate was added to the hydrogenation product and evaporated to dryness in vacuum. 
After recrystaUization from ethyl alcohol (VII) (1.87 g: 59.0%) was obtained having mp 255-256~ chromato- 
graphically homogeneous in system a. 

UVspectrum, Xmax, nm (e): (in 0.1 N hydrochloric acid) 212 (20960), 256.5 (5240), 312 (6650). Found, 
%: C 42.84; H 5.84; N 18.74. CBH13N 3 �9 2HC1. Calculated, %: C 42.92; H 5.97; N 18.92. 

2-  Methyl- 4-  methoxymethyl- 5- aminomethylpyridine (XVD Dthydrochloride. The synthesis of (XVI) 
was carr ied out in a s imilar  manner to that of (VII) using (V) as starting material.  Yield was 67.8% of mp 
125-127~ Found, %: C 45.45; tt 6.69; N 11.49; C1 29.23. CsHlaN20" 2HC1. Calculated, %: C 45.25; H 6.74; 
N 11.71; C1 29.65. 
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TABLE 5. Dependence of the Adsorption and Kinetic C h a r a c t e r i s -  
t ics  of Pd/C on Its Nature and on the Conditions of Hydrogenation 
of (m (0.5 g) 

vaned parameter 

Carbon 
OU-B 
OU-A 
AG-5 

Quantity of water, ral 
11,~ 
14,4 

% Pd on carbon: 
2,0 
5,0 

I0,3 
Reaction temperature 

25 
35 
45 

Acidity of medimn 
(amount of hydrochlo~k 
acid, ml): 

0,45 

0,80 

Reaction conditions bn/bm bm/b I Kt i Kt 
-~-/~n 

5 % Pd/C, 0,0077g Pd, 
H~O -- I 1,8 ml HCI -- 0,45 ml, 
35 ~ C 

3,5% Pd/C 0,00036 g Pd, 
HCI -- 0,8 ml, 35 ~ C 

Pd--0,0077 g, 
H~O--I 1,811)i,, 
HCI--0,8 mL 

4% Pd/C, 0,0036 Pd 
H,20--14,4 ml, 
HCI--O ,8 re.l, active addition 
0,oi g 

5% Pd/C 0,0077g Pd, Carbon 
OU-A, 

H~O-- 11,8 ml 

19,4 
13,6 
18,6 

7,2 
8,3 

8,9 
12,3 
7,9 

3,4 
r 
~.7 

3.4 
5,2 

2,3 
5,2 
7:4 

7,4 4,1 
9,0 8,~ 

3,3 1,7 

17,7 2,c 

12,3 5,1 

9,7 5,1 
10,6 7,1 
4,5 2,4 

6,6 3,9 
8,6 4,8 

14 ,I 8,8 
13,1 8,9 
7,7 3,9 

6,7 4,4 
8.2 3.9 

5,6 1,6 

12,3 8,2 

13,1 8,9 

Note. K 1 and K s are  hydrogenation rate constants for stages I and 
II respect ively .  

2 - Methyl-  3 -  amino-  4 -  methoxymethyl -  5-  hydroxymethylpyridine (XIII) Hydrochloride.  A sample i so -  
lated a f te r  prepara t ive  chromatography on si l ica gel* and recrys ta l l i zed  three t imes  f rom alcohol had mp 
196-197~ According to l i te ra ture  data [9], (XIII) has mp 197-198~ Found, %: C 49.07; H 6.97; N 12.91; 
C1 16.25. CgH14N202 �9 2HC1. Calculated, %: C 49.43; H 6.91; N 12.81; C1 16.21. IR spectrum,  cm- i :  3460, 3360, 
3200, 2690, 1615, 1540, 1275, 1100. PMR spect rum 0320), ppm: 8.27 (6-if, singlet); 4.9 (4-CH20 , singlet); 
4.85 (5-CH20, singlet); 3.55 (4-OCH 3 singlet); 2.7 (2-CH3, singlet). 

T h i n - L a y e r  Chromatography with Subsequent Speetrophotometry.  F o r  quantitative determinat ion of the 
composit ion of crude (I) (obtained by evaporation of a hydrogenation product  in vacuum) t h i n - l a y e r  ch romatog-  
raphy by the ascending method was used (Silufol plates with solvent sys tem a) with subsequent elution of the 
separated products f rom definite adsorptio~ zones.  Rf: (I) 0.48-0.50; (II) 0.98-0.99; (IID 0.93-0.94; (X) 0.76-0.78; 
(XIII) 0.62-0.64; (VII) 0.42-0.44; (XI) 0.23-0.25; (XVI) 0.57-0.59; (XII) 0.15-0.16. Chloroform was used as eluent 
for  removing (Ill) and 0.1 N hydrochlor ic  acid for  (I, VII, and XI). Elnates were  f i l tered through a No. 4 glass  
f i l ter  and the volume made up to 100 ml for  (I), 10 ml for  (III), 4 ml for (XI), and 10 ml for  (VII). The optical 
densi ty of the f i l t ra tes  was measured  relat ive to a r e fe rence  eluate obtained f rom a c lear  zone on a s imi lar  
Silufol UV-254 plate at the height of the appropr ia te  spot, on an S F - 4 A  spect rophotometer  in cuvettes of 
thickness 1 cm at wavelengths of 325 nm for  (I), 331 nm for  (III), 335 nm for  (XD, and 312 nm for  (VII). Each 
determinat ion was the mean resul t  of three  measurements .  Relative e r r o r  was 5%. 

Determinat ion of the Percentage  Content of Organic Residue on Spent Catalyst .  Spent catalyst  (10 g), 
previously  washed with water,  was boiled in methanol or  chloroform (100 ml) for  30 min. The catalyst  was 
f i l tered off. Extract ion was repeated twice. The percentage content was determined f rom the difference in 
mass  of the spent catalyst  before  extract ion and af ter  it. 
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I N V E S T I G A T I O N  OF P R O C E S S E S  F O R  R E G E N E R A T I N G  

B U T Y L  A C E T A T E  IN P E N I C I L L I N  M A N U F A C T U R E  

T.  V. T o r g o v a n o v a ,  N. I.  G e l ' p e r i n ,  
N. V. S o b o l e v a ,  T .  M. B o r o n i n a ,  
a n d  S. A.  Z h u k o v s k a y a  

UDC 615.334.012.6.002.62 

Butyl acetate (BA) is the most widely consumed solvent in antibiotic manufacture [1]. A significant 
amount of i r is  used in obtaining salts of penicillin. In the last ten years  BA has been used as the main solvent 
in this a rea  due to the growth in manufacture of semisynthetic penicillins and also to the continuing manufacture 
of penicillin as a pharmacological preparation. 

In spite of the fact that the process  of regenerating BA on an industrial scale has already been carr ied 
out for  some time, there are  no data up to the present  permitting an objective assessment  of the technical 
and economic features of the various methods of regenerating this solvent. 

The present study was undertaken with the aim of filling the indicated gap, including the development of 
the optimal technological scheme for  regenerating BA allowing for the actual resources  of plants. 

In penicillin manufacture, spent BA to be regenerated is mainly a mixture of BA, butanol (up to 10%), 
and water  (up to 3%) containing contaminants the composition of which will be indicated below. 

According to l i terature  data [2, 3], the l iquid-vapor  phase diagram for the system m-butyl  a ce t a t e -  
bu tanol -wate r  is character ized by the presence of three binary azeotropes with boiling point minima and one 
ternary  heteroazeotrope.  Consequently complex equipment is required for the isolation of individual com- 
ponents f rom the te rnary  mixture mentioned. This consists of several  continuous-action rectification columns. 

As experiments at the plants showed, it is possible to use regenerated BA containing up to 10% butanol 
and up to 2.5% water for  the extraction of penicillin without endangering the yield or quality of the desired 
product. 
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Fig. 1. Change of solvent vapor tempera-  
ture  on regenerating BA by the methods 
of azeotropic distillation and rectification. 
1) Distillation; 2) rectification. 
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