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In the manufacture  of sulfanilamide prepara t ions  the f i r s t  stage is the prepara t ion  of an arylsulfani l ic  
acid chlor ide.  Of the var ious der iva t ives  of arylsul fonyl  chlor ides  [1] the N-acyl  der ivat ives  of sulfanilic acid 
a re  used mos t  in industry.  In the domest ic  pharmaceut ica l  chemical  industry N-carbomethoxysulfani lyl  
chlor ide ,  also known as phenylurethylansulfonyl  chlor ide ,  (1%, is used exclusively.  

The p r o c e s s  of p repar ing  (I) is s imple enough and consis ts  of the interact ion of N-carbomethoxyani l ine  
(phenylurethylane) (II) with chlorosulfonic  acid (II1% [2]. 

In spite of the technological  s impl ic i ty  of p repar ing  (1% its manufacture  is complicated by the following 
c i r cums tances :  

1) To obtain a sufficiently high (81-85%) yield of (I) it is n e c e s s a r y  to use  5.5 moles  (III) fo r  1 mole (II), 
in o ther  words 3.3 tons (III) f o r  1 ton (I); 

2) to isolate  the final product  and decompose the excess  of (III) it is n e c e s s a r y  to dilute the react ion 
"su l fomass"  with a tenfold amount of water;  

3) the p roc e s s  of chlorosulfonat ion is accompanied by the separa t ion  of a significant quantity of gaseous 
hydrogen chloride;  

4) the obtained product  is not adequately stable and is decomposed under  the action of mois tu re ,  f o r m -  
ing carbomethoxysulfani l ic  acid and hydrogen chlor ide ,  which, in pa r t i cu la r ,  h inders  the drying p roce s s ,  
t ranspor ta t ion ,  and s torage  of (I). 

Of the enumera ted  def ic iencies  the main a re  f i r s t  the unjustif iably large consumption of the difficultly 
available (II1% the use of which is gradual ly increasing in connection with the r i s e  in the range of sulfanilamide 
p repa ra t ions ,  and also with the inc rease  in the ra te  of manufacture  of ant ipyre t ics ,  sacchar in ,  e tc . ,  and sec -  
ond ly thep re senee  of a large  quantity of highly contaminated industr ia l  effluent. 

When prepar ing  1 ton (1% more  than 50 m 3 of acidic waste wate r  is formed containing 1750 kg sulfuric  
acid, 520 kg hydrogen chlor ide ,  170 kg carbomethoxysulfani l ic  acid, and 127 kg other  organic contaminants.  
In addition to this up to 160 kg gaseous hydrogen chlor ide is r e l eased  into the a tmosphere ,  requir ing absorp-  
t ion by wate r  in special  instal lat ions.  

Considering that the manufacture  of (1% reaches  seve ra l  thousand tons p e r  y e a r  the indicated effluent 
r ep re sen t s  a ser ious  danger  to the surrounding environment ,  the m o re  so since n o  ra t ional  means of u t i l iz -  
ing o r  render ing  i t  h a r m l e s s  has been  found up to the p resen t .  

Investigations c a r r i e d  out in r ecen t  yea r s  d i rec ted  towards reducing the consumption of (II1%, for  ex-  
ample by pa r t i a l  r ep lacement  of it with sulfur  t r ioxide o r  oleum [3] or  by reducing the amount of industr ia l  
waste  wa te r  by decomposing the sulfomass with waste sulfuric  acid [4], have only par t ia l ly  solved the p rob-  
lem.  With the aid of crea t ing a more  ideal technology with l ess  effluent in the manufacture  of the arylsulfonyl  
chlor ide  we decided to choose p-ni t robenzenesul fonyl  chlor ide (IV). This se lect ion was made on the grounds 
that  its p repara t ion  may be based on an available and cheap raw ma te r i a l  viz.  p -n i t roch lorobenzene  (V). 
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Routes  fo r  the synthes is  of (IV) and (V) a r e  shown in the scheme:  

~ r  ~ ~ 0  

The p r e p a r a t i o n  of (IV) f r o m  (V) m a y  be c a r r i e d  out by t r ea t ing  (V) with an aqueous o r  a q u e o u s - a l t o -  
holic solution of sodium sulfide with subsequent  oxidation of the resu l t ing  p-ni t ro th iophenol  (VII) Mth  chlor ine  
in an aqueous solution of acet ic  acid [5, 5a] o r  by t r e a t i ng  (V) w i n  sodium disulfide in alcoholic med ium and 
oxidation of the obtained p ,p-din i t rodiphenyl  disulfide (VI) to (IV) with chlor ine and hydrogen perox ide  in a 
med ium of acet ic  acid [6]. Both quoted va r i an t s  have overa l l  d rawbacks  vim low yields  of the des i red  p r o d -  
uct (from 20 to 50%), the fo rmat ion  of by -p roduc t s ,  the use  of organic  so lvents ,  and a s ignif icant  quantity of 
ha rmfu l  effluent. 

The m o s t  in te res t ing  f r o m  our  point of view was the p r e p a r a t i o n  of (IV) f r o m  (V) by conver t ing the l a t -  
t e r  into the in te rmedia te  p -n i t roan i l ine  (VIII) (the manufac tu re  of VII on a la rge  sca le  occurs  in the Minkhim- 
p r o m  S$SR organizat ion) ,  d iazot izat ion of (VIII), and t r e a t m e n t  of the obtained p-n i t rophenyld iazonium chlo-  
r ide  (IX) with sul fur  dioxide. This reac t ion ,  d i scove red  by Sandmeyer ,  was apprec iab ly  modif ied a f t e r  50 
y e a r s  by Meerwein  [7, 7a]. The work  of this author  s e rved  as a bas i s  fo r  developing a pi lot  p lant  method fo r  
making  (IX) and (VIII). The e s sence  of the method cons is t s  in diazot izing (VIII) in a med ium of concent ra ted  
hydroch lor ide  acid and a solution of the diazonium sa l t  (IX) was mixed with a solution of su l fur  dioxide in 
acet ic  acid containing a divalent  copper  sa l t  as  ca ta lys t .  Af te r  diluting the reac t ion  m a s s  with wa te r ,  (IV) was 
isola ted in 82-85% yield.  It was es tab l i shed  by us that  the p r o c e s s  of p r e p a r i n g  (IV) p roceeded  read i ly  and in 
high yield on observ ing  the following condit ions.  The amount  of reagents  mus t  be as follows: (VIII) 1 mole ,  
sodium ni t r i te  1.1 mole ,  hydrogen chlor ide  {as hydrochlor ic  acid) 4.65 mole ,  su l fur  dioxide 5.3 mole ,  and 
coppe r  sa l t  0.125 mole .  It  was impor tan t  to c a r r y  out the d iazot iza t ion reac t ion  in a med ium of hydroch lor ic  
acid of concent ra t ion  not below 35%, at  0~ and using a sa tu ra ted  solution of sodium ni t r i te .  The concen t r a -  
t ion of su l fur  dioxide in acet ic  acid mus t  not be l ess  than 27 g in 100 ml  solution. As ca t a lys t  we used  coppe r  
sulfate  in p lace  of the r ecommended  cuprous chlor ide .  Nonfulfi l lment of the indicated conditions reduced the 
yield of (IV) and led to the fo rma t ion  of side products  such as p -n i t roch lo robenzene ,  p -n i t robenzenesu l f in ic  
acid,  p ,p -d in i t rod iphenylazoamine ,  etc.  

The p roposed  method of p r e p a r i n g  (IV) has  l i t t le waste .  Only 7 l i t e rs  weakly contaminated  effluent 
containing main ly  sodium chlor ide  is fo rmed  p e r  kg of final product .  Acetic  acid and su l fur  dioxide a r e  r e -  
genera ted  and used once again in the s ame  p r o c e s s .  It was noted that  the obtained (IV) p o s s e s s e d  an ade -  
quately high s tabi l i ty  in c o m p a r i s o n  with (I). The shelf  l ife of (IV) was de te rmined  by spec ia l  invest igat ions 
as  being I y e a r  6 months.  

Consider ing that  the cos t  of the initial  (VIII) was c lose  to th ree  t imes  g r e a t e r  than the cos t  of (I1), the 
economic  expediency of using (IV) was conf i rmed  exper imen ta l ly  in the synthes is  of many  known sul fani lamide 
p r e p a r a t i o n s  (sulfani lamide,  sulfaguanidine,  sulfathiazole ,  su l fadimezine ,  etc.) ,  s ince t h e i r  cos t  i nc rea se s  
s ignif icant ly  depending on the raw m a t e r i a l .  At the s a m e  t ime  the synthes is  of new sul fani lamides  of p r o -  
longed action,  where  a high re la t ive  contr ibut ion to cos t  is made  by the synthes is  of the complex  he te rocyc l i c  
f r agmen t ,  is economica l ly  justif ied.  

On this bas i s  methods were  developed fo r  obtaining the p r epa ra t i ons  sulfadimethoxine (X), su l famono-  
ethoxine (XI), and e thazole  (XII) by the genera l  s cheme  
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The synthes is  of ethazole us ing (IV) is justif ied when ca r ry ing  out the p r o c e s s  in a chlorobenzene m e -  
dium [8]. All the genera l  methods of t r a n s f o r m i n g  a n i t ro  group into an amino group were  appl icable when 
conver t ing  the n i t ro  de r iva t ives  of sul fonamides  into the final products .  We se lec ted  a va r ian t  of the r educ -  
t ion with i ron as the cheapes t  and sa fes t ,  giving no ha rmfu l  effluent. 

EXPERIMENTAL 

The synthes is  of (IV) was c a r r i e d  out in an enameled  s tee l  appara tus .  Technical  p roducts  manufac tured  
by the chemica l  indust ry  were  used as raw m a t e r i a l s .  

The in te rmed ia tes  4 -amino-2 ,6 -d ime thoxypyr imid ine  (XIII), 4 - amino -6 -me thoxypyr imid ine  (XIV), and 
2 - a m i n o - 5 - e t h y l - l , 3 , 4 - t h i a d i a z o l e  (XV), manufac tured  by the pha rmaceu t i c a l  industry,  were  used for  the 
synthes is  of the sulfani lamide p r e p a r a t i o n s .  

p -Ni t robenzenesu l fonyl  Chloride (IV). Into a 10 - l i t e r  enameled  appara tus  with a jacket  fo r  cooling with 
b r ine  and fit ted with a s t i r r e r  (80 rpm) ,  t h e r m o m e t e r ,  and hopper ,  was placed 35% hydrochlor ic  acid (3.95 
l i t e r s ) ,  then 98% (VIII) (1.48 kg) was introduced during 5 min, Af te r  s t i r r ing  fo r  2 h 37% sodium ni t r i te  so lu-  
t ion (1940 ml) was poured  in f r o m  the hopper  during 30-35 rain with cooling to -6~  A solution was obtained 
which contained the pa r t i a l ly  s epa ra t ed  diazonium sa l t  and sodium chloride as a suspension.  

A solution of sulfur  dioxide in acet ic  acid containing 98% acet ic  acid (8.93 kg), sul fur  dioxide (3.4 kg), 
and copper  sulfate  (0.3 kg) was f i r s t  made.  

The solution was loaded into an enameled  appara tus ,  of 40- l i t e r  capaci ty ,  fitted with a jacket  fo r  cool -  
ing with b r ine ,  s t i r r e r  (60 rpm) ,  t h e r m o m e t e r ,  and linked with a s y s t e m  of t r aps  filled with acet ic  acid to 
a b s o r b  sul fur  dioxide. 

The diazoninm sal t  r eac t ion  mix tu re  was gradual ly  poured into this  solution at  6-10~ at such a ra te  
that  the evolution of ni t rogen was not too violent  and the t e m p e r a t u r e  gradual ly  rose  to 20~ After  evolution 
of n i t rogen had finished the reac t ion  mix tu re  was diluted with 12 l i t e r s  wa te r ,  and the p rec ip i t a te  of (IV) which 
had sepa ra t ed  was f i l te red  off on a sea led  p r e s s u r e  f i l t e r  and washed with water .  

A pas t e  (2.15 kg) of (IV) was obtained having mo i s tu r e  content  15% or  1.82 kg d ry  substance.  The yield 
was 82% calcula ted on (VIII) of content 95-96% and mp 77-80~ 

Regenera t ion  of Sulfur Dioxide and Acet ic  Acid. The m o t h e r  l iquor  a f t e r  isolat ion of (IV) (approxi-  
ma t e ly  12 l i te rs )  was p laced  in an enameled  appara tus  linked with a s y s t e m  of t r aps  filled with acet ic  acid,  
heated  gradual ly  to boiling, and heated until  comple te  cessa t ion  of sulfur  dioxide evolution. The acet ic  acid 
solution of sulfur  dioxide f r o m  the t r a p s  was used  once again in the following operat ion.  In this way 65% su l -  
fu r  dioxide was regenera ted .  The aqueous solution of acet ic  acid remain ing  in the appara tus  was t r ea t ed  with 
the calcula ted amount  of sodium hydroxide solution to neu t ra l ize  the hydrogen chlor ide contained in it (de te r -  
mined analyt ical ly) ,  the appara tus  was connected with a s t ra igh t  condenser ,  and a f rac t ion  (25.4 l i ters)  was 
dis t i l led at 102-107~ (in the vapor)  which contained 31.5 g acet ic  acid in 100 ml  liquid (or  8 kg 100% acet ic  
acid  in all). 

To s t rengthen the aqueous acet ic  acid d is t i l la te  it was subjected to rec t i f ica t ion  on a column packed 
with Raschig  r ings  using dichloroethane as azeo t rope  fo rming  agent.  Af ter  complete  r e m o v a l  of w a t e r  the 
s t i l l  res idue  consis t ing of 97.5% acet ic  acid was pur i f ied by redis t i l la t ion.  

The yield of r egene ra t ed  acet ic  acid was 7.27 kg or  81.4% of the initial  amount  taken fo r  sa tura t ion  with 
su l fur  dioxide. 

4 -Sul fan i lamido-2 ,6-d imethoxypyr imid ine  (sulfadimethoxine) (X). Compound (XIII) (32.0 g, 0.2 mole) was 
d isso lved  in pyr id ine  (100 ml) at  40-45~ The solution was cooled to 18~ and (IV) (56.1 g, 0.24 mole) was 
added during 30-35 rain. The mix tu re  was s t i r r e d  fo r  2 h at  56-58~ The reac t ion  mix tu re  was diluted with 
w a t e r  (200 ml) ,  acidified to pH 1.0 with hydroch lor ic  acid,  and the solid f i l te red  off. 

The yield of d ry  (XVI) was 62.0 g or  91.5% calcula ted on (xIn) .  

F o r  pur i f icat ion,%echnical  (XVI) was d isso lved  in 5% sodium hydroxide solution, the solution deco lo r -  
ized with carbon,  f i l t e red ,  and the final p roduc t  isolated by acidif icat ion with hydrochlor ic  acid to pH 1.0. 

The yield was 84.2% calcula ted on (XIII), mp 156-158~ 
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Dry (or as paste) (XVI) (61.2 g) suspended in water (50 ml) was introduced gradually into a boiling 
mixture consisting of water (300 ml), ammonium chloride (21.7 g), and cast iron filings (46.4 g). The mix- 
ture was boiled for  8-10 h, cooled to 80~ 40% sodium hydroxide solution (20 ml) added, then carbon (6 g), 
and the mixture was s t i r red for  30-40 rain. The iron s lur ry  was fi l tered off, washed with water (20 ml), 
f i l tered, and the fi l trate was acidified with 3% hydrochloric acid solution after  adding sodium hydrosulfite 
(0.4 g). After cooling, the precipitate of technical iX) was fil tered off, washed with water,  and dried. 

The yield was 45.4 g, or 87% calculated on (XVI) and 73.4% calculated on (XIII). 

To obtain a pharmacopoeic product technical (X) (45.4 g) was dissolved with boiling in 70% isopropanol 
(720 ml) containing activated carbon (4.5 g), boiled for 15 rain, and filtered. The fil trate was cooled to 10~ 
af ter  2 h crystals  of (X) were fi l tered off and dried at 50-60~ 

Yield was 42.3 g or  81.3% calculated on (XVI) and 63.5% calculated on (X1T0, nap 198-201~ 

4-Sulfanilamido-6-methoxypyrimidine (sulfamononaethoxil}e) (XI). The preparation was obtained by 
the method described for  (X). Yield of 4-nitrobenzenesulfonamido-6-methoxypyrimidine (XVH) was 90-92% 
calculated on (XIV), map 227-228~ (with decomposition) af ter  purification by repreeipitation from a solution 
in sodium hydroxide. 

The yield of pure (X1) was 84-86% calculated on (XIV), map 203-206~ 

2__~Sulfanilamido-5-ethyl-l,3,4-thiadiazole (ethazole) (XH). A mixture of (IV) (73.5 g, 0.33 mole), (XV) 
(87.4 g, 0.676 mole), and chlorobenzene (235 ml) was heated with st irr ing at 115-120~ for 2 h. After cooling 
to 90~ water (265 ml) was poured into the mixture. The isolated precipitate of 2-4-nitrobenzenesulfon- 
anaido)-5-ethyl-l ,3,4-thiadiazole, (XVIII) was fil tered off, washed with water,  and dried at 50-60~ Com- 
pound (XVIII) (93.3-97.7 g) of purity 98% was obtained. Yield was 89-94% based on (IV), nap 179-180~ After 
purification by reprecipitation from alkaline solution it had nap 188-189~ Compound (XVIII) is not described 
in the l i terature.  

Technical (XVIII) (96,1 g) was introduced gradually into a boiling mixture consisting of water (720 nal), 
ammonium chloride (25.6 g), and iron filings (92 g), and boiling was continued for  7 h. After cooling the mix- 
ture to 80~ 40% sodium hydroxide solution was poured in to pH 9.0, activated carbon (2 g) was added, the 
mixture s t i r red for 30 main, and the iron s lur ry  was fi l tered off. The fi l trate was acidified with hydrochloric 
acid to pH 4.0-4.5; af ter  cooling to 20~ the precipitate of technical (XII) was fil tered off and dried. Yield 
was 78.1-84.4 g and 94.2-95.5% calculated on (XVIII). 

Toobtain apharmacopoeicproducttechnical  (XII) (81.6 g) was dissolved in a mixture of water  (255 nal) and 
and 40% sodium hydroxide solution (25 ml), heated to 80~ carbon (2.6 g) was added, and, af ter  keeping for 
30 rain, the solution was filtered. Sodium chloride (90 g) was added to the fil trate which was cooled to 10~ 
for  10-12 h. The sodium derivative of (XII), which had separated, was fil tered off, washed with saturated so- 
dium chloride solution, and dissolved in water (810 ml). The solution was treated at 80~ with carbon (8.1 g) 
and sodium hydrosulfite (0.3 g), fi l tered, and acidified with hydrochloric acid at 55-60~ to pH 4.0-4.5. Pure 
(XII) (69.7-79.9 g) was obtained. The yield was 78.4-81.1% mp 186-190~ based on (IV). 

For  the regeneration of (XV) the aqueous naother liquor (360 ml) from (XVIII), af ter  separation from the 
chlorobenzene layer,  was decolorated with carbon (4 g), heated to 80~ sodium hydrosulfite (0.2 g) was added, 
the solution fil tered, and the fi l trate made alkaline with 40% sodium hydroxide solution to pH 8.5-9.0. The 
precipitate of (XV) was separated and dried. Yield was 40.6 g of nap 178-180~ Yield on regeneration was 
97.1%. The product was used in the following operation of making (XVII1). Chlorobenzene was purified by 
redistribution. 
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N E W  M E T H O D  O F  R E S O L V I N G  R A C E M I C  L I P O I C  A C I D  I N T O  A N T I P O D E S  

L .  G.  C h e b o t a r e v a  a n d  A.  M.  Y u r k e v i c h  UDC 615.356:577.164.186].074 

Lipoic acid (I) is 1 ,2 -d i th io l any l -3 -va le r i c  acid (thioctoic acid,  p ro togen  A) and en te rs  into the c o mp o s i -  
t ion of the pros the t ic  group of the enzyme effect ing the decarboxyla t ion  of pyruvic  acid.  Racemic  lipoic acid 
obtained by synthes is  is half  as act ive  as the na tura l  (+) fo rm.  The 1,2-dithiolane r ing de t e rmines  the r e -  
ac t iv i ty  of this compound and is r ead i ly  spl i t  on reduct ion,  giving dihydrolipoic acid. 

It  s e emed  of in te res t  to study the in te rac t ion  of dihydrol ipoic acid with monosacchar ides  having in view 
the fo rma t ion  of cycl ic  m e r c a p t a l s  of the cor responding  sugars .  Fu r the r ,  owing to the la rge  se lec t ion of op- 
t ica l ly  ac t ive  monosaccha r ide s ,  it may  be cons idered  that  the introduction of a new a s y m m e t r i c  cen te r  would 
p e r m i t  the p r e p a r a t i o n  of read i ly  s epa rab le  d i a s t e r e o i s o m e r s .  Af ter  t he i r  separa t ion  and the r emova l  of 
monosaccha r ide s  the lipoic acid m a y  be isola ted in opt ical ly  act ive  form.  This in its tu rn  should be a new 
route  in pr inc ip le  fo r  obtaining optical ly act ive  acids .  In known methods [1, 2] the p r epa ra t i on  of optical ly 
ac t ive  lipoic acid u se s  the c l a s s i ca l  means  of separa t ing  acids based  on the fo rmat ion  sa l t s  of the carboxyl ic  
acid with opt ical ly  act ive  amines .  

Racemic  dihydrolipoic acid (I0,  obtained by the reduct ion of (I) with sodium borohydr ide ,  was reac ted  
with the app rop r i a t e  sugar :  D (+) -g lucose ,  L (+ ) - a r ab inose  (IV), o r  D ( - ) - a r a b i n o s e  (V) in a medium of con-  
een t ra ted  hydrochlor ic  acid.  

c~ Z QH% 

Z % 

OHO OHO CH0 

to ;o t HO H 
N O  I t  HO II ~[ o ~  

o~ nOT~ ~ dH 
o~ c~zo~ c~zo~ 

CHzOK 2F F 

OIt(OH,~)4 i:X)Oi ~ / "~  

~ ?  s s 
C~I  O N  

HO ] {  
H0 H } tO t [  ~ oI~ 

H 01~ I-I0 ]I OH 

I~ O~ OI/lOI I OITIOE 
CHIO}~ ~r 

a.b.c.d a.b.c,d a.b.c.d 

As a r e su l t  of the condensat ion a new a s y m m e t r i c  cen te r  is genera ted  at  C2 on fo rming  th ioaceta ls  in 
addition to that  exis t ing at  C4, which l e ads  to a mLxture of four  i s o m e r s  p rov is iona l ly  named  f rac t ions  a , b ,  c,  d 
obtained in a to ta l  yield of 73.5% (for Via-d) ,  66.9% (for  VIIa-d) ,  and 58.9% (for VHIa-d).  The yield of f rac t ion  
a which was isola ted f i r s t  f r o m  the mix tu re  a f t e r  reac t ion  in the f o r m  of an oil va r ied  depending on the t e m -  
p e r a t u r e  of the p r o c e s s .  At 14-18~ the yield of f rac t ion  a was 14-17%, and at 2-4~ it fel l  to 3-4%; s imu l -  
taneous ly  the amount  of i sola ted unreac ted  dihydrol ipoic acid grew. Substances (VI-Vma)  were  not as a rule 
subjected to f u r t he r  pur i f ica t ion since they were  not invest igated fur ther .  F o r  the separa t ion  of the mix tu re  
of f rac t ions  b, c,  and d t he i r  dif fer ing solubil i ty in ethyl alcohol  (for de r iva t ives  of D(+)-glucose)  and in w a t e r  
(for  de r iva t ives  of L(+) -  and D ( - ) - a r a b i n o s e )  was used.  As a r e su l t  it turned out that  f rac t ions  b, c,  and d, 
co r r e sponded  according  to ana ly t i ca l  data  to the i s o m e r i c  2 -po lyhyd roxya lky l - l , 3 -d i t h i any l -4 -va l e r i c  acids 
(VI-VIIIb-d) .  
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