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As was es tabl ished prev ious ly  [1, 2], the isothiocyanates of secondary  a rs ines  r eac t  with ethylene 
oxide (E O) and ethylene sulfide (ES) to give the 2-thiocyanatoethyl  e s t e r s  of ars inous  and thioarsinous 
acids.  

R2AsNCSq-CH~--CH2 ~ R2AsXCH~CH~SCN (X ~ O, S) 
\ / 

X 

S imi la r  t r ans format ions  were  also observed  in the react ion of EO with organyl isothiocyanatosi lanes  [3, 4] 
and the isothiocyanates  of phosphorus acids [5]. 

(CHs)sSiNCS + CH2--CH~ ~ (CHs)a SiOCH~CH2SCN 
\ / 

0 
~ PNCS+CH2--CIt~ -, ~POCH2CH~SCN 

0 0 0 

In the p roce s s  of forming the condensat ion products  the isothiocyanato group of the s tar t ing com-  
pounds is i somer i zed  to the thiocyanato group in all of the enumera ted  cases ,  which f rom the standpoint 
of s t ruc tu ra l  c h e m i s t r y  seems  anomalous and can be explained only by the pecul ia r i t i es  in the behavior  
of the isothiocyanato group, at tached to a nonmetal  atom, and (or) the specif ics  of the cata lysis  mechanism.  
In an at tempt  to a sce r t a in  the reasons  for  such unusual t r ans format ions  we made a more  detai led study of 
the react ions  of the isothiocyanates  of secondary  a rs ines  with olefin oxides and th i i ranes .  

It proved that the d ia lkyl i so th iocyanatoars ines  and the chromatographica l ly  pure  olefin oxides (or 
thi i ranes)  do not r e ac t  with each other  if the reac t ion  mass  is ca re fu l ly  pro tec ted  f rom a tmospher ic  mo i s -  
ture .  A n e c e s s a r y  condition for  reac t ion  is the p re sence  of even t r ace  amounts of e i the r  hydroxyl -conta in-  
ing or  thiol compounds.  Dimethyl i so th iocyanatoars ine  condenses with EO at 40-50~ and with ES at 20- 
25 ~ with slight heat evolution, in the p re sence  of 1 mole ~c of water,  alcohol, or  n -buty lmercaptan .  Di-  
phenyl isothiocyanatoars ine  r eac t s  with somewhat  g r e a t e r  difficulty.  However,  in the p resence  of cata lysts  
the p r o c e s s e s  a re  completed at 60-80 ~ in the case  of both EO and ES. 

The most  efficient  ca ta lys t  of the d i scussed  react ions  is pyridine thiocyanate hydrate ,  which can be 
rep laced  by a mix ture  of alcohol and pyridine,  and by pyridine alone if t r aces  of mois ture  a re  p r e -  
sent .  In the p r e s e n c e  of 1 mole % of pyridine thiocyanate hydrate,  d imethyl isothiocyanatoars ine  
reac t s  smoothly with EO even at ~20 ~ while with ES the reac t ion  must  be run under  cooling in o rde r  to 
avoid i somer iza t ion  of the la t te r .  When catalyzed by pyridine thiocyanate hydrate ,  propylene sulfide and 
propylene oxide r eac t  just  as eas i ly  as EO and ES. Here  the end products  are  formed in at least  80% yield.  

The obtained data make it possible  to assume that in the d iscussed  react ions  the t h r e e - m e m b e r e d  
ring of the olefin oxides (or thi i ranes)  is not opened by the dia lkyl isothiocyanatoars ine  molecule ,  but r a the r  
by the thiocyanic acid that is formed in the p re sence  of the hydroxyl-conta ining or thiol compound. The 
subsequent  exchange reac t ion  of the alkanol thiocyanate or  alkanethiol thiocyanate with the dialkyl isothio-  
cyanatoars ine  gives the end product  and HSCN, which en ters  into the subsequent t r ans fo rmat ions .  

Trans la t ed  f rom Izvest iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya,  No. 2, pp. 406-410, Febru-  
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R2AsNCS & R'XH ~ R2A~XW~HSCN 
C[]~--CH.o-~HSCN --~ HXCHzCH2SCN 
\ / 

X 
IIzAsNCS@HXCII,CHo~SCN ~ II2AsXCH..CH~SCN ~ HSCN 

( x = o , s )  

As a resu l t ,  the anomalous  t r a n s f o r m a t i o n s  in the d i scussed  s y s t e m s  a re  caused by the cata lyt ic  
na ture  of the p r o g r e s s i n g  p r o c e s s e s .  The fo rma t ion  of th iocyanate-conta in ing compounds f r o m  isothio-  
cyana toa r s ines  is the r e su l t  of two consecut ive  nucleophil ic  subst i tut ion reac t ions :  that of the NCS- anion 
with the C a tom of the oxirane or th i i rane  ring, and then of the alkoxide or  mercap t i de  anion with the a r s e -  
nic a tom.  

It is in te res t ing  to ment ion the h igher  r eac t iv i ty  of the th i i ranes  when compared  with the i r  oxygen 
analogs in the r eac t ions  with d ia lky l i so th iocyana toa r s ines .  This  fact  can be explained only by the d i f ference  
in the ene rg ie s  of fo rming  the t rans i t ion  s t a t e s  that  involve the a r sen i c  a tom.  In this case ,  the s a m e  as 
in the other  r eac t ions  of t r i coord ina t ion  a r sen i c  compounds with thiol compounds,  there  is a substant ia l  
ene rgy  gain if condit ions exis t  for  additional 3 P~r -4  d~r in te rac t ion  in the reac t ion  complex .  

The 2- th iocyanatoa lkyl  e s t e r s  of the a r s inous  and th ioars inous  acids fo rmed  in the d i scussed  r e a c -  
tions a re  heat  s table  compounds .  They  a re  conver ted  to s econda ry  ha loa r s ines  when t rea ted  with acyl 
hal ides  and phosphory l  ha l ides .  The second products  of these exchange reac t ions  a re  the thiocyanatoalkyl  
e s t e r s  of ca rboxyl ic  (or th iocarboxyl ie)  acids or  phosphorus  acids .  The IR s p e c t r a  of the l a t t e r  have ab-  
so rp t ion  bands with a m a x i m u m  at 2185 cm -1 (v C - N), which conf i rms  the thioeyanate s t ruc tu re  of these 
compounds and of the s t a r t ing  th iocyanatoalkyl  e s t e r s  of the a rs inous  ( thioarsinous) acids .  

While studying the exchange reac t ions  of the 2- thiocyanatoalkyl  e s t e r s  of the a rs inous  and th ioa r s i -  
nous acids with acyl  ha l ides  and phosphoryl  hal ides  it was shown that they belong among the typical  equi l i -  
b r i um procesae~ ,  and in many  r e s p e c t s  r e s e m b l e  the analogous reac t ions  of 2 - th iocyana toe thoxyt r imethy l -  
s i lane [4]. 

I1 XCH~_CH~SCN 
\ / ' -  

R2:\sXCH2CH~SCN - R'C(O)Cl ~. As C(O)R' ~_~ R'C(O)XCII~CH2SCN'tl2AsCI 
/ "., / 

ll Cl 

Fo rma t ion  of the end products  is de t e rmined  main ly  by the poIar i ty  of the acyl  halide bonds.  +M Subst i -  
tuents on the ca rbonyl  or  phosphoryl  group exe r t  a negat ive effect  on the course  of the p r o c e s s .  In the 
gene ra l  case  the equi l ibr ium is shif ted to the r ight  when reac t ion  is with acyl  chlor ides  under  modera t e  
heating, while in the case  of ethyl  ch l o ro fo rma te  and phosphoryl(phosphonyI)  ch lor ides  only if the d ia lky l -  
c h l o r o a r s i n e s  a r e  r emoved  f r o m  the reac t ion  sphe re .  The e s t e r s  and amides  of chlorophosphates  do 
not r eac t  with the 2- th iocyanatoethyl  e s t e r s  of a r s inous  ac ids .  

It should be ment ioned that the e s t e r s  of a rs inons  acids a r e  comple te ly  iner t  toward acyl  f luor ides ,  
with which the ~- th iocyana toe thoxys i lanes  r e a c t  mos t  eas i ly  [4]. The e s t e r s  of th ioars inous  acids en te r  
into exchange reac t ions  with subs tan t ia l ly  g r e a t e r  diff iculty than the i r  oxygen analogs,  and acceptable  
yields  of the end compounds can be obtained only by the eff icient  r e m o v a l  of the ha loa r s ine s  f r o m  the r e a c -  
tion sphe re .  The above enumera ted  c h a r a c t e r i s t i c s  of the studied reac t ions  re f lec t  the genera l  r egu la r i ty  
in the cour se  of the exchange reac t ions  of a nonmeta l  a tom, which is mani fes ted  in a m a x i m u m  reac t ion  
effect  if  the condition ex i s t s  fo r  ( n - 1 ) p r  - r id  r conjugation between the nonmeta l  a tom and the h e t e r o a t o m  
in the t rans i t ion  complex .  

E X P E R I M E N T A L  M E T H O D  

2-Thioeyana toa lkyl  E s t e r s  of Dia lky la rs inous  Acids (typical exper iment ) .  With s t i r r ing ,  to a m i x -  
ture  of 0.05 mole  of the d ia lky l i so th iocyana toars ine  and 0.01 g of pyr idine thiocyanate hydra te  (or 0.1 ml  
of alcohol and 0.1 ml  of pyridine)  was added 0.05 mole  of the olefin oxide. The reac t ion  m a s s  was kept  at 
20 ~ for  12-15 h, heated at 40-50 ~ for  1-2 h, and then f rac t iona l ly  dis t i l led.  The 2- thiocyanatoalkyl  e s t e r s  
of the d ia lky la rs inous  acids (I)-(IV) were  obtained in 82-95~c yie lds .  

2 -Thiocyans toa lky l  E s t e r s  of Dia lkyl th ioars inous  Acids .  The indicated compounds were  obtained in 
a s i m i l a r  manne r  f r o m  0.05 mole  of the d ia lkyl i so th iocyanatoars ine ,  0.1 g of pyridine thiocyanate hydrate ,  
and 0.05 mole  of the thi i rane,  with the only d i f fe rence  that the reac tan t s  were  s t i r r e d  under  cooling, m a i n -  
taining the t e m p e r a t u r e  of the reac t ion  m a s s  below - 5  ~ . The yields  and some  of the p r o p e r t i e s  of the ob- 
tained compounds (V)-(IX) a re  given in Tab le  1. 
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2-Thiocyanatoalkyl  (Alkylthiol) E s t e r s  of Carboxylic  Acids.  a) A mixture  of 0.05 mole of the 2- thio-  
cyanatoalkyl  e s t e r  of d imethylars inous  (or dimethyl thioars inous)  acid and 0,075-0.1 mole of the carboxyl ic  
acid chlor ide  was heated at 60-80 ~ for  1-3 h, the unreacted  acyl chlor ide and fo rmed  d imethylch loroars ine  
were  removed  in the vacuum of a wa te r - j e t  pump, and the res idue was f rac t ional ly  dist i l led at 1-3 mm of 
Hg. The yields and p rope r t i e s  of the obtained compounds (X), (XI), (XIV), and (XV) are  given in Table  2. 

b) A mixture  of 0.05 mole of the carboxyl ic  acid chloride and 0.05 mole of the 2-thiocyanatoalkyl  e s t e r  
of d imethylars inous  or  d imethyl th ioars inous  acid was heated at 40-60 ~ and a res idual  p r e s s u r e  of 50-60 mm 
Hg of until the calculated amount of d imethy lch loroars ine  was evolved.  The res idue was f rac t ional ly  d i s -  
tilled in vacuo at 1-3 mm or  e lse  it was r ee rys t a l l i z ed  to give the product  in 60-95% yield.  The compounds 
obtained by this method a re  given in Tables  2 [(XII), (XIII), (XVI)] and 3. 

The 2-Thiocyanatoethyl  E s t e r s  of the Phosphorus  Acids were obtained under  the same conditions f rom 
0.05 mole of the chlorophosphate  (or chlorophosphonate)  and 0.05 mole of 2- thiocyanatoethoxydimethyl-  
a r s ine .  The obtained resu l t s  are  given in Table  4. 

C O N C L U S I O N S  

1. A study was made of the reac t ions  of d ia lkyl isothiocyanatoars ines  with s -ox ides  and th i i ranes .  A 
mechan ism was proposed  for  the format ion  of the 2-thiocyanatoalkyl  e s t e r s  of ars inous  (thioarsinous) acids .  

2. Some c h a r a c t e r i s t i c s  of the exchange reac t ions  of the 2-thiocyanatoalkyl  e s t e r s  of ars inous  and 
thioars inous acids with acyl hal ides and phosphoryl  halides were es tabl ished.  

1. 

2. 

3. 
4. 

5. 
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