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ORGANIC PREPARATIONS AND PROCEDURES INT. 1 b ( b ) ,  225-232 (1982) 

A L k Y L  PH0bPIIITE:s AiVD PlIObPIIONATES AS i 1 L I ~ Y L R T I h G  XGEh ' r s  

Pol< 1 ,3,4-TI1IADIAXOLIDIhC-2,5-DITIIIONCS 

* 
81. PI. Sidky , 111. It.  liahran, >I.  h'. Zayed, W. 1'1. Abdou 

and T. S. kiafez 

Rational Hesearch Centre, Doklci-Cairo, EGYPT, AAE 

2-Alkylthio-1,3,4-thiadiazolidine-5-thiones of type I1 are 

useful intermediates in the synthesis of pesticides' ' *  and in 
a number of  applications. 3-7 The methods described f o r  the 

I 
a) i t  = i ,  

c ) 1: = Ph 

I11 

a ) R = i-I 

b) 1: = CII 3 

2 5  c) R = z il 

I3-y-y-R 

"C\ /c=s 
S 
I V  

H and H '  same as for I1 

Scheme 1 

preparation of  cocipounds I1 are either indirect and l e n p  

tliy,2'8'3 or produce differently alliylated compounds. 2,lO-12 
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SIDKY, MAHRAN, ZAYED, ABDOU AND HAFEZ 

Alkyl phosphi tes  and phosphonates have been known t o  conve r t  

a c i d s  t o  e s t e r s ,  l 3  phenols and airlines t o  t h e  cor responding  

allcyl d e r i v a t i v e s  13-15 and a l c o h o l s  t o  e therL.  l G  Since no 

informat ion  was found i n  t h e  l i t e r a t u r e  r ega rd ing  the  a c t i o n  

of t h e s e  r eagen t s  on t h i o l s ,  i t  w a s  t h e r e f o r e  of. i n t e r e s t  t o  

exalnine whether t h e s e  r eagen t s  could a l k y l a t e  coi jpomds of  

type 1 t o  g ive  11. 

The S-allcyl d e r i v a t i v e s  I I a -e  were obta ined  i n  a v a r i e t y  

o f  ways. k ' o r  exatiple,  I Ia  w a s  genera ted  i n  85$ y i e l d  Liy reac-  

t i o n  o f  Ia with diniethyl phosphi te  (u1.1') i n  b o i l i n g  benzene 

€ o r  2 hrs., iii  tlie presence of t r a c e  amounts o f  p t o l u e n e s u l -  

foii ic a c i d .  2otipound I Ia  w a s  a l s o  obta ined  i n  a b e t t e r  y i e l d  

(>95$)  by t rea tment  of Ia w i t 1 1  t r i t l i e thy l  p~iospl i i t e  ( T ~ ~ L ~ ) ,  i n  

absence ok so lver i t ,  a t  r o o i ,  t e * : p e r a t u r e  and i n  d~l, ;  y i e l d  by 

r e a c t i o n  o f  Ia wi th  diniethyl riietliyl phosphonate ( D i X A i J )  i n  

absence of so lven t  a t  100' €or 3 hrs. Under a l l  c o n d i t i o n s ,  

l e s s  t han  57; of. 2,5-bis( i r ie thyl thio)- l  , 3 ,4 - th i ad iazo le  I I i b  

was i s o l a t e d .  It i s  worthy t o  i,iention t h a t  whereas t h e  r e a c t -  

ion  of. dial lcyl  phosphi tes  ( U A P )  wi th  Ia proceeds only i n  

presence of Q - T S O ~ I ,  i t s  presence was unnecessary i n  tlie c a s e s  

wi th  t h i a d i a z o l i d i n e s  I b  and I c .  

The r e a c t i o n  may be viewed as occur r ing  via a t t a c k  of t h e  

sulf 'ur on t h e  allcyl grou? o f  t he  phosphorus reagent  as dcpic-  

t c d  i n  Schei.ie 1. The r c s u l t s  ob ta ined  i n  t h e  p re sen t  s t u d y  has  

shown t h a t  allcyl pl iosphi tes  and phosphonates can  a l k y l a t e  

compounds of type I t o  g ive  I1 which a r e  thus  obta ined  i n  

b e t t e r  y i e l d  than  t h e  p rev ious ly  r epor t ed .  It i s  a l s o  i n t e r -  

e s t i n g  tliat only S-allcyl and n o t  I<-allcyl I V  d e r i v a t i v e s  a r e  
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ALKYL PHOSPHITES AND PHOSPHONATES AS ALKYLATING AGENTS 

TAUL6. Y i e l d s  and ' i l  ?;Id< data o f  T h i o e t h e r s  I1 

I I a  85' --- >95 --- 8 0  2.64 (SCI13, s ) ,  

1 1  .24 (St! or Nil, b s ) d  

b --- soc --- >95 --- 3.15 (S-ethy1-C1I2, q), 

1.40 ( S-ethyl-Cli , t ) , 3 
12.17 (Sli or L l l ,  b s ) d  

c 90 --- 95 --- 80 2.68 ( S - C i i 3 ,  s ) ,  

3.90 (N-C113, S )  

d --_ 30 --- 35 --- 3.20 (S-etliyl-Cii2, q ) ,  

I .45 ( S-etliyl-Lii3, t ) , 
3 '  

3.85 (l ,-CH S )  

e 75  --- 80 --- 70 2.60 ( s - c ~ L ~ ,  s ) ,  

7.06 ( A - c ~ I I ~ ,  m )  

a) Clieiiiical s h i f t s  a r e  i n  6 - s c a l e .  15) Di I' = diri :ethyl phos- 

p h i t e ;  L J ~ L '  = d i e t h y 1  phospi i i te ;  TAJJ  = t r i i . . e t h y l  p l i o s p h i t e ;  

TLI) = t r i e t l i y l  p h o s p l i i t e ;  DPIILIL' = d i n t e t h y l  illethyl phosplionate.  

c )  1:eact ion c a r r i e d  o u t  i n  p r e s e n c e  o f  t r a c e s  of  E-TsOII. 

d )  Lxchaxqeable  w i t 1 1  D 2 0 ;  s = s i n z l e t ;  bs = broad  s i n g l e t ;  

q = q t . i n t e t ;  t = t r i p l e t ;  111 = i . , u l t i p l e t .  

i s o l a t e d .  The al: ;ylati i i , ;  power o f  t h e  phospliorus C O I  IpouTlds 

s t u d i e d  i n c r e a s e s  i n  tlie o r d e r  ( l < L l ) 2 i ' (  o)?. < ( L ! o ) ~ P - c ~ ~  < 

(i<Q)3iJ. 'Phis i s  a p p a r e n t l y  r e l a t e d  t o  t h e  v a l e n c y  o f  t h e  phos- 

phorus a t o !  as t r i v a 1 e i . t  phosphorus  COIilPOUl~dS a p p e a r  t o  be 

I o r e  e f f e c t i v e  t l ian d e r i v a t i v e s  of  p e n t a v a l e n t  pliospliorus. 

The f a c t  tha t  d i a l k y l  p h o s p h i t e s  ( U A P )  are i n t e r m e d i a t e  i n  

a l k y l a t i n g  power i,iiC;ht be e x p l a i n e d  i n  teri:is o f  t h e  p r e s  n c e  

o f  t h e s e  cor:ipounds as tautoi t ier ic   mixture^'^ of  t h e  t r i v a l e n t  

and p e n t a v a l e n t  s t a t e s .  
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SIDKY: MAHRAN. ZAYED. ABDOU AND W E Z  

R = a l k y l  

EXPEl<L .EI\T,lL 

1 8 , l i )  10 ,21  Diallcyl p l iosphi tes ,  t r i a11:y 1 pli o s p11 i t e s and 

di i l ic thyl  r:iethyl phosphonate" werc f r e s h l y  d i s t i l l e d .  The 

1 , 3 , 4 - t h i a d i a z o l i d i n e s  La, I b ,  I c  w e r e  p r e p a r e d  accord in{ .  t o  

e s t a b 1  i s h e d  p r o c e d u r e s  ' O V 1 '  and f r e s h l y  r e c r y s t a l . l i z c d .  

A u t h e n t i c  specir:;ens of  t h i o c t l i c r s  I I a ,  113, I l c  and l l e  were 

p r e p a r e d  by laown p r o c e d u r e s  ' 9 "  " J ~  for d i r e c t  coicrparisons 

(rip., mixed 1xp. as we11 as coil iparative I'LL:, I,: and '11 i JLLLL 

s p e c t r a ) .  S o l v e n t  s y s t e ,  . s  o f  benLene-ethyl  a c e t a t e  >:  1 and 

d:2 ( v / v )  were used  for TLC and i o d i n e  vapour  w a s  t h e  v i s -  

u a l i z i n g  a g e n t .  The I l t  s p e c t r a  were r e c o r d e d  i n  I d r  w i t h  a 

Jecliisiann 4220 I n f r a c o r d  and t h e  ';[ 

( i n  CXI 

S p e c t r o r i e t e r ,  u s i n g  T,S as an i n t e r n a l  s t a n d a r d .  Tlie I ass 

s p e c t r a  were t a k e n  a t  7Li eV on iLi 'Y  1 1 2  1.ass 5 p e c t r o i l a e t e r  

us  in[: t h e  d i r e c t  i n l e t  t e c h n i q u e .  

s p e c t r a  werc i.!easured 

o r  D, sL)- d6) at  6 3  : L I Z  on a J a r i a n  I,.. 3 6 G  1,: A t  
3 

ICeactioii o f  ' I ' l i iadiazol idincs  I w i t 1 1  >-'J', Genera l  procedure  .- 
d m i x t u r e  o f  coupound Ia (6.0 I ; ,  C.O'k ia iole) ,  D i i P  (9 .5  i ~ ,  0.b; 

iiiole) and  Pew c r y s t a l s  o€ p-'l's9!: were r e f l u x e d  i n  ciry bcnzenc 

(30  i i i l )  f o r  2 lirs. i i f ter  rei,.ovinr; t h e  v o l a t i l e  i . ,atcrials,  in 
vacuo,  t l ic r e s i d u a l  su'sstaiicc was t r e a t e d  w i t h  10 > X a O i !  aq., 

and t h e  a l k a l i - i n s o l u b l e ,  o i l y  laaterial was e x t r a c t e d  i: i t i i  

e t h e r .  A f t e r  e v a p o r a t i o n  of e t h e r ,  the r e s i d u a l  o i l  was d i s -  

bltl: Calcd  178, Found (111s): 1 ° C  

Tlie a l k a l i n e  s o l u t i o n  was n e u t r a l i x e d  .isit11 .El aq.  ( 1 0  - )  

and t h e  p r e c i p i t a t e d  i , ,aterial  w a s  c o l l e c t e d  ( c a .  u5 ) aild 

r e c r y s t a l l i z e d  froi:i n e t h a n o l  t o  s i v e  c o l o u r l e s s  c r y s t a l s  of 
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ALKYL P H O S P H I T E S  AND PHOSPHONATES AS ALKYLATING AGENTS 

I I a ,  nip. and niixed i n p .  136°.2’10 

Under similar c o n d i t i o n s ,  t h e  r e a c t i o n  o f  Ia wi th  D,,P i n  

presence of p-’i‘sc)ll a f fo rded  a I .  i x t u r e  o f  2 , 5 - b i s ( e t h y l t h i o ) -  

1 ,3 ,4 - th i ad iazo le  ( I I I c ) ( O . ! ~  g, 5 1) aiid 2 -e thy l th io - l , 3 ,4 -  

t h i ad iazo l id inc -5 - t l i i oxe  (11s) (5 .7  g ,  SU,;). Compound Ilic 

was obta ined  f‘roi 1 petro1eui.i e t h e r  bp. !+ti-60° as c o l o u r l e s s  

c r y s t a l s ,  rxp. and i.iixed r.ip.’ The c o l o u r l e s s  c r y s t a l s  of I I b  

vere  obta ined  froi . .  cl i loroforin-cyclohexane , i ~ p .  and mixed mp. 

125-127°.2’9 If:>: !i/e 178 ( l a + ,  base  peak) .  

L‘nder siwilar r e a c t i o n  c o n d i t i o n s ,  t h e  fo l lowing  S-alkyl  

c t h e r s  were prepared by the  a c t i o n  of DXP on coiiipouid I b  a i d  

l c  both i n  absence and presence o f  ~-’i’s011: 

a )  2-,.et:iyltIiio-4-~,:etliyl-l,  3,4-thiadia-~lidine-5-thione ( I l c )  

,,010-12 ( 6 . ~  G ,  9 3 > ) ,  r i p .  and mixed LIP. uo 

15) 2-Lt! iyl t l i io-’ : - i~~et l iyl-  1 ,3  ,I: -tliiadiazolidine-5-tliione ( I l d )  

(6 .5  g ,  L ~ o ~ I ) ,  I J ~ ,  45-46O (fro111 e thano l  aq.). 

r i n a l .  Calcd f o r  C ~ I T J ~  s : C, 31.25; , I ,  rC.17; i , ,  14.53; b, 50.~3 
0 2 3  

i,’ound: C ,  31 .2o; I . ,  4.32; I:, 1!+.72; S ,  49..C-3 

- 

1 1  I 
( - ! : = C - S - )  

- 1  
lit: bands a t  1L1-7~ cLLj-’ (-/!-(!=S)” and a t  1425 ci:] 

c ) 2-i.ethylthio-~+-pIienyl-l ,3 ,4- th iad iazol id ine-5- th iono  ( Ile) 

( 6 . 3  ,y, 75 J ) ,  i:ip. and riixed 1.p. 1d8-1~3  . 
React ion o€ T h i a d i a z o l i d i n e s  I wi th  TAP. General  procedure .- 
Trii,:etliyl phosphi te  (TPIP, 9.9 g ,  0.G8 r..ole) w a s  added drop- 

wise w i t l i  e f f i c i e n t  s t i r r i n g  t o  col~pound Ia (6 .0  e ,  O.O~ i io le )  

a t  0-5 tkicn l e f t  a t  rooi.1 teii2cratur-e for 24 h r s .  A f t e r  r e -  

I.iovin,- tlie v o l a t i l e  m a t e r i a l s  i n  vacuo, 1 0  > KaOii aq. (25  r a i l )  

was added and then ,  t h e  a l k a l i - i n s o l u b l e  o i l y  material was 

012 

0 

e x t r a c t e d  twice  wi th  e t h e r .  A f t e r  evapora t ion  of  t h e  s o l v e n t  
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S I D K Y ,  MAHRAN, AYED, ABDOU AND HAFEZ 

( e t h e r ) ,  t h e  r e s i d u a l  o i l  w a s  d i s t i l l e d  under  reduced p r e s s -  

u r e  t o  g i v e  I I I b  ( 0 . 3  g,  5$), bp. 1 3 3 O  a t  3 mm!:g.24 The a l k -  

a l i n e  s o l u t i o n  w a s  n e u t r a l i z e d  w i t h  aq. l i C 1  (10;;) and t h e  

p r e c i p i t a t e d  m a t e r i a l  w a s  c o l l e c t e d  (6.3 g,>95) ; )  and r e c r y s -  

t a l l i z e d  from inethanol t o  g i v e  c o l o u r l e s s  c r y s t a l s  which 

proved t o  be I I a ,  nip. and mixed nip. 136°.2’10 

Under s i m i l a r  c o n d i t i o n s ,  t h e  r e a c t i o n  o f  Ia  w i t l i  tri- 

e t h y l  p h o s p h i t e  (TEP)  a f f o r d e d  a mixture  o f  2 , 5 - b i s ( e t h y l -  

t h i o ) - 1  , 3 , 4 - t h i a d i a z o l e  ( I I I c ) ,  (0 .4  e;,  5 1) inp .  and mixed 

21-2209 t o g e t h e r  w i t h  2-ethylthio-1,3,4-thiadiazolidine-5- 

t h i o n e  ( I I b ) ( 6 . 8  g,  955h) mp. and mixed mp. 125-127. 0299 

Si i r i i l a r ly ,  t h e  r e a c t i o n  o f  conipound I b  o r  IC w i t h  TAi’  

a f f o r d e d  t h e  r e s p e c t i v e  S-allcyl e t h e r .  Table  1 sliould be con- 

s u l t e d  f o r  y i e l d s  o f  t h i o e t h e r s  I Ic -e .  

l l eac t ion  o f  ’ i ‘ l i iadiazol idines  I w i t h  LJfiiiiP. t i enera l  p rocedure  .- 
A mixture  of  l a  (6.0 g , 0.04 riolrx) and D IJ’ (3.9 g, L1.08 m o l e )  

i n  d r y  benzene ( 3 0  ml) w a s  r e f l u x e d  for 3 hrs. A f t e r  evapor-  

a t i o n  of  t h e  v o l a t i l e  i n a t e r i a l s  i n  vacuo,  1 0 ~  K a O i L  aq .  ( 2 5  111) 

w a s  added and t h e  a l k a l i - i n s o l u b l e  o i l  was e x t r a c t e d  w i t h  

e t h e r .  A f t e r  e v a p o r a t i n g  t h e  s o l v e n t  i n  vacuo,  t h e  r e s i d u a l  

o i l  w a s  d i s t i l l e d  under  reduced p r e s s u r e  t o  g i v e  I I I b  ( 0 . 3 ~ .  

5 ” / )  , bp. 1 3 3 O / 3  11irnilc~~; i t s  11: spectrui, i  was superi i . .posable  

w i t 1 1  t lzat  of a;i a u t l i e n t i c  sai!iple .2‘ Ttie a l l c a l i n e  s o l u t i o n  

w a s  n e u t r a l i z e d  w i t h  aq.  l I C l  (10,;) and t h e  p r e c i p i t a t e d  water -  

i a l  c o l l e c t e d  (5 .2  g ,  8 0 , ) )  w a s  r e c r y s t a l l i z e d  fror, :  :!:ethanol 

t o  g i v e  c o l o u r l e s s  c r y s t a l s  of IIa,  n i p .  and mixed i d p .  

l g G O  2 , l O  

Under t h e  siiiiilar c o n d i t i o n s ,  DiiTiP r e a c t e d  w i t h  I b  and I c  

t o  g i v e  t h e  r e s p e c t i v e  S-imthyl e t h e r s  I l c  and I I e ,  
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ALKYL PHOSPHITES AND PHOSPHONATES AS ALKYLATING AGENTS 

P repa ra t ion  of 2-Ethylthio-4-methyl-1,3,4-tliiadiazolidine- 

j - t h ione  .- A 1,:isture o f  4-iiietliyl-1 ,3,4-thiadiazolidine-2,5- 

di t l i ione  (IL) ( I  ;r, 0 . ~ 6  i n o l e ) ,  e t h y l  i od ide  ( 6  r l i ~ ,  L . U ~  

~ : i o l e )  and anhydrous AL2C0 

rel'llL.;ed € o r  hrs. tlieii f i l  e r ed  while  h o t .  A f t e r  evapora t -  

( 5  g )  in dry ace tone  (100 1 . i l )  w a s  
3 

i o r i  o f  tlic v o l a t i l e  i t a t e r i a l s  i n  vacuo, t h e  r e s i d u e  w a s  trit- 

ura-led w i t 1 1  pe t ro l eu . .  e t h e r  bp. 110-60~ and then  al lowed t o  

c o o l  i n  all ice-cl ies t .  The s o l i d  obta ined  was r e c r y s t a l l i L e d  

f r o ,  aqueous ct1ianol t o  ,Tive c o l o u r l c s s  need le s  (o.!, &, 7 5 . )  

o f  ~ L c i ,  

were i d e n t i c a l  t o  t hose  o f  an a u t h e n t i c  sa iple,  

,>. a >d iiiixed mp. 42-46', tlic LA: and '11 ;i.>il s p e c t r a  
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