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AND S U L F U R - C O N T A I N I N G  P E T R O L E U M  O I L S  

S. A.  G i l l e r  a n d  A. ~ .  S k o r o v a  

The 13th scientific session on the chemis t ry  and technology of organic sulfur compounds and sulfur-  
containing petroleum oils, which was organized by the Scientific Council of the State Committee for Science 
and Engineering (SCSE) on the problem "The Chemis t ry  and Technology of Organic Sulfur Compounds," was 
held in Dushanbe May 28-31, 1974 by the Institute of Chemis t ry  of the Academy of Sciences of the Tadzhik 
SSR (AS TadzSSR) and the Institute of Organic Synthesis of the Academy of Sciences of the Latvian SSR (AS 
LatvSSR). A total of 330 individuals f rom 40 ci t ies  of the country part icipated in the work of the session. 
Five plenary papers  were presented,  and ~ 250 communicat ions  and papers  were d iscussed in the sections. 

The enormous r e s e r v e s  of sulfur-containing petroleum oils in our  country,  the sulfur-containing c o m -  
ponents of coals  and shales,  and the waste products  of the ce l lu lose-paper  industry are  the r iches t  but as  
yet leas t -used  r e source  for the production of substances that are  beneficial to the national economy. 

The problems involved in the utilization of sulfur are  also becoming par t icu lar ly  acute in connection 
with the further increase  in the recovery  and r ep roces s ing  of sulfur-containing oils,  coals,  and natural  gas 
and in connection with the intensification of the degree of purification of fuel and the recovery  of the refuse 
of industry and t ransportat ion.  

The urgent  problems of the chemis t ry  and technology of organic sulfur compounds in the USSR were 
elucidated in a plenary paper presented by the president  of the Soviet Council of the SCSE Academician S. A. 
Gil ler  on the problem "The Chemis t ry  and Technology of Organic Sulfur Compounds." 

Comparat ive data on the percentages  of individual groups of organic sulfur compounds and other non- 
hydrocarbon components are  of in teres t  in petroleum refining and in the utilization of organic sulfur com-  
pounds in industry. A plenary paper presented by P r o f e s s o r  G. D. Gal 'pern (A. V. Topchiev Institute of 
Pe t rochemica l  Synthesis, AS USSR) was devoted to these problems.  

Papers  presented by the Institute of Chemis t ry  of the Bashkir  Branch of the AS USSR, the Institute of 
Chemistry of the AS TadzSSR, the A. B. Arbuzov Institute of General  and Physical  Chemist ry ,  and the All-  
Union Scient i f ic-Research Institute of the Pet ro leum Industry and its t~lektrogorsk Branch were devoted to 
the establ ishment  of the s t ruc tura l -g roup  composit ion of organic sulfur compounds of various oils (mainly 
by spect ra l  methods), and their  isolation, separation (by means of complexing, extraction,  and chromatog-  
raphy), and identification. Mono-, di- ,  and polythiacyclanes,  polyalkyl- ,  cycloalkyl- ,  benzo-,  and dibenzo- 
thiophenes, and condensed naphthenothiophenes were detected in the dist i l lates of var ious oils. A method 
for the isolation of mixtures  of thiophenes and hydrocarbons  from petroleum fract ions that insures  the 
absence of admixtures of any other different heteroatomic compounds was proposed by Ya. B. Chertkov ~ d  
co -worke r s .  

Data on the distribution of nitrogen in var ious  oils and the corre la t ion  of this data with the percentage 
o[ sulfur and metals,  par t icu lar ly  vanadium and nickel, are  assuming grea t  importance in connection with 
the extensive development of p roces se s  involving the catalytic reprocess ing  of dist i l lates and the residual  
products  of var ious oils and also in connection with the increase in the requi rements  for the quality of c o m -  
merc ia l  pet roleum products.  (A. S. l~igenson and co -worke r s ,  Bashki rsk  Scient i f ic-Research Institute of 
the Pet ro leum Industry;  G. N. Aleshin and co -worke r s ,  S. M. Kirov Tomsk Polytechnic Institute; N. A. Azi -  
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zov and D. I. Zu l ' fugar ly ,  V. I. Lenin Tadzhik Univers i ty) .  The pe rcen tage  of nickel  and vanadium in oils  
i n c r e a s e s  symba t ica l ly  with the i n c r e a s e  in the pe rcen tage  of n i t rogen-  and sul inr -conta in ing he terocycl ic  
compounds in them.  This  i s  due to the e l e c t ron -dono r  c h a r a c t e r  of these h e t e r o c y c l e s  and the tendency of 
vanadium and nickel  to fo rm complexes .  The poss ib i l i ty  of m o r e  nea r ly  comple te  ex t rac t ion  of su l fu r -  and 
n i t rogen-conta in ing  he te rocyc l i c  compounds f r o m  oi ls  and the i r  r e f inemen t  products  was  invest igated by 
A. P. Kulik and c o - w o r k e r s  (F. ]~. Dzerzhinski i  DKhTI) on the bas i s  of a study of the p r o p e r t i e s  of these 
complexes .  

Var ious  pyr id ines ,  quinolines,  and py r imid ines  were  identified in the oi ls  and the i r  d i s t i l l a tes  (In- 
st i tute of C h e m i s t r y  of the Bashk i r  Branch of the AS USSR, the All-Union Sc ien t i f i c -Resea rch  Insti tute of 
the P e t r o l e u m  Indus t ry  and i ts  t~lektrogorsk Branch,  the Ins t i tu te  of C h e m i s t r y  of the AS TadzSSR, etc.) .  

Severa l  communica t ions  were  devoted to the study of sorpt ion on va r ious  adsorben t s  of su l fur - ,  n i t r o -  
gen- ,  and oxygen-conta ining he te rocyc l ic  compounds i so la ted  f rom pe t ro l eum products  [Institute of C h e m i s -  
t ry  of the Academy of Sc iences  of the Uzbek SSR (AS UzbSSR), the Inst i tute  of Chemica l  Sciences  of the 
Academy of Sc iences  of the Kazakh SSR (AS KazSSR), Insti tute of  the C h e m i s t r y  of Pe t ro l eum and Natural  
Salts of  the As KazSSR, and Inst i tute  of C h e m i s t r y  of  the Bashk i r  Branch  of the AS USSR]. 

The ex t rac t ion  capac i ty  of cycl ic  sulf ides and sutfoxides of both individual and pe t ro l eum origin with 
r e spec t  to p rec ious  and r a r e  m e t a l s  was  also studied. 

A p lenary  p a p e r  p re sen ted  by I. M. Nasyrov  and s e v e r a l  sec t ional  and genera l ly  c i rcu la ted  pape r s  p resen ted  
by the Inst i tute  of C h e m i s t r y  of the Tadzhik SSR were  devoted to the c h e m i s t r y  of thiaindane and its der iva t ives .  
Numerous  p r e p a r a t i o n s  for  the identif ication of pe t ro l eum sulf ides were  synthesized,  the t r ans fo rma t ions  of 
1- thiaindane and i ts  d e r i v a t i v e s  we re  studied, and subs tances  with useful  p r o p e r t i e s  were  obtained f rom 
them. 

One should note the communica t ion  p resen ted  by N. N. Novi tskaya (Institute of Chemis t ry  of the Bash -  
k i t  Branch of the AS USSR) deal ing with a method for  the synthes is  of  th iabteyclanes  on the ba s i s  of  the r e -  
act ion of SC12 with butadiene t r i m e r s  and with the study of the t r a n s f o r m a t i o n s  of the products  to give th ia -  
b icyc lo t r idecene ,  sulfolane,  and thiacyclohexane de r iva t i ve s  and sulfoxides and sulfones of thiophene. The 
oxidation of th iab icye lo t r idecenes  and the t r ansannu la r  r eac t ions  for  the format ion  of sulfonium sa l t s ,  which 
p roceed  with the par t ic ipa t ion  of the sul fur  a tom and a double bond, were  studied. E. N. Karau lova  and 
o the r s  (A. V. Kopehiev Inst i tute  of P e t r o c h e m i c a l  Synthesis ,  AS USSR) p roposed  a new p romis ing  (from a 
synthetic point of view) method for  the synthes is  of polyfunctional sulfides,  which is based on the aminat ion 
of sulfontum sa l t s ,  a reac t ion  d i scovered  by the authors .  The r e su l t s  of r e s e a r c h  involving the study of 
compounds of the 1,2-di thiolane s e r i e s  (Institute of He te roorgan ic  Compounds of the AS USSR), and cyclic  
o x a -  and di thianes  (Ufim P e t r o l e u m  Inst i tute  and Inst i tute  of C h e m i s t r y  of the Bashk i r  Branch  of AS USSR) 
were  presen ted .  The r ad iochemica l  synthes is  of dithiane was  also accompl ished.  [Institute of Inorganic 
C h e m i s t r y  and E l e c t r o c h e m i s t r y ,  Academy of Sc iences  of the Georgian  SSR (AS GSSR)]. L. Ya. Avota and 
S. A. Gi t le r  (Institute of  Organic  Synthesis  of  the AS LatvSSR) r epo r t ed  the synthes is  of, study of the m e c h a -  
n i sm of the format ion  of, and proof  of the s t ruc tu re  of some dipyr idazodi thiynedioaes .  The r e s u l t s  of r e -  
s ea rch  on the synthes is  of compounds of the th iapyran s e r i e s  were  p resen ted  by the Inst i tute of the C h e m i s -  
t ry  of P e t r o l e u m  and Natural  Salts of the As KazSSR and the Inst i tute  of C h e m i s t r y  of  the As TadzSSR. 

S. N. Baranov  and c o - w o r k e r s  (Donetsk Phys i ca l -Organ i c  Chemis t ry  Division, Insti tute of  Phys ica l  
C h e m i s t r y  of the Academy of Sciences  of the Ukrainian SSR (AS UkrSSR) studied the reac t ions  of th iapyry-  
l ium sa l t s  with a rom a t i c  and he te rocyc l i c  nueleophi les .  Th iapyrans  and th iapyryl ium sa l t s  with phosphorus -  
containing subst i tuents  were  obtained.  Hetary l ideneoxazolones ,  which proved  to be convenient  s ta r t ing  c o m -  
pounds for  the synthes is  of amino acid de r iva t i ve s  and new he te rocyc l ic  s y s t e m s ,  were  obtained f rom th ia -  
pyry l ium sa l t s  and s i m i l a r l y  cons t ruc ted  he t e roa roma t i c  cat ions.  

The c h e m i s t r y  of thiophene was  r e p r e s e n t e d  ex tens ive ly  in the sess ion .  M. G. Voronkov and co -  
w o r k e r s  ( Irkutsk Inst i tute  of  Organic  Chemis t ry ,  S iber ian  Branch  of the AS USSR) accompl i shed  the high-  
t e m p e r a t u r e  reac t ion  of hydrogen sulfide with ha lo-subs t i tu ted  benzenes  and thiophenes and also with the i r  
de r iva t ives  to give the p rev ious ly  h a r d - t o - o b t a i n  co r respond ing  thiols,  sulf ides,  disulf ides,  and su l fu r -con-  
taining he te rocyc l i c  compounds.  Thiophene, S,S-dioxide de r iva t ives  that have the p r o p e r t i e s  of t r anqu i l i ze r s  
aIld cen t ra l  nervous  s y s t e m  s t i m u l a t o r s  we re  obtained by the addition of amines  to 2 ,3-diehlorobenzo[b] th io-  
phene S,S-dioxide (Institute of Organic  Synthes is ,  As LatvSSR). The pho tochemis t ry  of thiophene was i l -  
luminated in detai l  in a pape r  p r e s e n t e d  by E. N. P r i l e zhaeva  (N. D. Zel inski i  Insti tute of Organic  Chemis t ry  
of the AS USSR), which e l ic i ted  g r ea t  in te res t .  A n u m b e r  of p a p e r s  we re  devoted to the development  of c a -  
talyt ic  methods  for  the syn thes i s  of thiophene and i ts  homologs:  the p r epa ra t i on  of thiophene f rom the bu-  
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t a n e - b u t y l e n e  f rac t ion  and hydrogen sulfide (N. D. Ze l insk i i  Insti tute o r  Organic  C h e m i s t r y  of the AS USSR 
and the Sc ien t i f i c -Resea rch  Inst i tute of P e t r o l e u m  Chemis t ry )  and f rom acetylene  and hydrogen sulfide (Len-  
sorer  Leningrad Technological  Insti tute) and the synthes is  of 2-methyl thiophene f rom pipery lene  and hy-  
drogen sulfide (Sc ien t i f ic -Research  Inst i tute of Pe t ro leum Chemis t ry) .  The fundamental  p r inc ip les  of the 
chemisorp t ion  of thiophenes and sul fur-conta ining compounds on ca t a lys t s  and the resu l t ing  changes in the 
p rope r t i e s  of both the sul fur-conta ining component  and the solid ca ta lys t  were  elucidated in a pape r  p r e -  
sented by A. V. Mashkina (Institute of Ca ta lys i s ,  Siber ian Branch  of the AS USSR). 

The cata lyt ic  t r a n s f o r m a t i o n s  of cycl ic  sulf ides  we re  d i scussed  in communica t ions  f rom M. V. L o -  
monosov Moscow State Univers i ty ,  the Inst i tute  of  Ca ta lys i s  of the Siber ian Branch  of the AS USSR, and 
N. G. Chernyshevski i  Sara tov  State Univers i ty .  The A. V. Topchiev Inst i tute of Pe t rochemica l  Synthesis  of 
the AS USSR presen ted  data f r o m  a study of the cat ionic copolymer iza t ion  of propylene  sulfide and t r i m e t h y -  
lene sulfide with c~-methylstyrene.  

A grea t  deal  of at tention was  d i rec ted  to the synthes is  and study of the p r o p e r t i e s  of su l fu r -  and n i t r o -  
gen-containing h e t e r o e y c l e s -  thiazol ines,  thiazines ,  th iazoles ,  benzothiazines ,  etc.  One should note the 
p a p e r  p resen ted  by V. M. Fedoseeva  and c o - w o r k e r s  (M. V. Lomonosov Moscow State Univers i ty) ,  which 
was devoted to a study of the effect  of the type of solvent and compet i t ive  reagen t s  on the reac t ion  ra te  and 
the composi t ion of the products  of a d ihydrothiaz ine- th iazol ine  r e a r r a n g e m e n t  in a number  of 5-subst i tu ted  
2 -amino-5 ,6 -d ihydro th iaz ines .  S. N. Baranov  and c o - w o r k e r s  obtained a number  of p rev ious ly  unknown 
thiazole de r iva t ives  fused with pyry l ium and th iapyry l ium r ings.  

Technological  and des ign deve lopments  with r e spec t  to the product ion of organic  sulfur  compounds 
were  the subject  of d iscuss ion  of a spec ia l  section.  A method for  the p r epa ra t i on  of thiophene f rom coal  
t a r  crude m a t e r i a l  by ex t rac t ive  rec t i f ica t ion  was  per fec ted .  The technology for  the ex t rac t ive  separa t ion  
of m ix tu r e s  of benzothiophene and naphthalene and for  the p repa ra t ion  of d imorphol inyl  disulfide and d i -  
thienyl sulfide was developed.  A new technology for  the manufac ture  of 4 -methy l -5 - ( f l -hydroxye thy l ) th ia -  
zole - an in te rmedia te  in the synthes is  of v i tamin B 1 - was  proposed.  

Upon the whole, the sess ion  noted the t ime l ine s s  of the topics,  the inc reased  level  of the r e s e a r c h ,  
and the intensif icat ion of the role  of  ins t rumenta l  methods  of investigation.  The t asks  faced by the Scien-  
tific Council and all  of the spec ia l i s t s  engaged in r e s e a r c h  in the c h e m i s t r y  and technology of organic su l -  
fur  compounds and the study of su l fur-conta in ing pe t ro leum oi ls  we re  defined more  accura te ly  in a r e s o -  
lution adopted by the sess ion .  
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