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Dichloroth iophosphoryl imidophosphorus  t r i ch lo r ide ,  C[3P= NP (S) C12 (I), can be a valuable in te rmedia te  
in the synthes is  of phys io logica l ly  act ive compounds.  However ,  i ts  chemica l  p r o p e r t i e s  have been si:udied 
ve ry  little. It  is known only that  I r e ac t s  with sodium phenolate  [1] o r  sodium alcoholate [2] to fo rm t r iphenyl  
(diphenoxythiophosphoryl imido)phosphate (II) o r  t r i a iky l  (dialkoxythiophosphoryl imido)phosphate,  r e spec t ive ly .  

We have a l ready  improved  the method fo r  obtaining I [3]. The p r e s e n t  work  is a study of i ts  r eac t ion  
with a lcohols ,  phenol,  and secondary  amines .  By analogy with CI3P= NP(O)CI 2, the chemical  p r o p e r t i e s  of 
which were  studied in [4], in the reac t ions  of I with nueleophil ic reagen ts  we should expect  high lability for  a 
C[ at  the imidated  P a tom,  and lowered lability for the C1 a toms at tached to the thiophosphoryl  group. 

Using 3tp NMR, PMR, and IR spec t roscopy  we studied the s t ruc tu re  of the reac t ion  products  of Iwi th  
the above nucleophil ic  r eagen t s .  It is known [5] that  for  ClaP--NP(O)CI 2 the s ignals  with 5 = - 0 . 1  and - 1 4 . 2  
p p m *  c o r r e s p o n d  to the imidated  and the phosphory l  p a toms ,  r e spec t ive ly .  S imi la r ly ,  in I the s ignals  in the 
regions  o f -  3.4 and 28.4 ppm belong to the imidated  and the thiophosphoryl  P a toms ,  r e spec t ive ly  [6]. The 
imidophosphate  II and hexamethy l t r i amido( te t ramethy ld iamidoth iophosphory l imido)phospha te  (III) we re  syn-  
thes ized ,  and the i r  3tp NMR spec t r a  were  studied. 

(C,H,0)3P'=NP"(S)(0C6Hs)~ (II) [(CH3)eNI3P'=NP"(S)[N(CHs)~]21 (III)  

Imidophosphate  II  was obtained f r o m  t r iphenyl  phosphi te  and diphenyl azodithiophosphate;  its synthes is  and 
constants  a r e  given in the expe r imen ta l  pa r t .  Compound III was obtained by the method desc r ibed  in [7]. 

The a p  NMR s p e c t r u m  of 1I shows s ignals  in t h e - 2 2 . 2  and 46.6 ppm reg ions ,  which mus t  be  ass igned  
to P '  and P";  s i m i l a r l y  in the NMR s p e c t r u m  of III the s ignals  in the 20.1 and 60.5 ppm regions  co r r e spond  to 
p '  and p " .  The PMR s p e c t r u m  of HI cons i s t s  of two doublets ,  at 2.70 and 2.50 ppm,  with intensi ty ra t io  3:2, 
tha t  m u s t  be ass igned  to the CH a pro tons  at the imidated  and thiophosphoryl  a toms ,  r e spec t ive ly .  The values  
of the chemica l  shif ts  of the imidated  P a tom in RnCl3_nP= NP(O) C12 compounds (R = OC6H 5, NR~; n := 1,2) a r e  
given in [4]. 

Compound I r e a c t s  eas i ly  with alcohols at a 1:1 r eagen t  ra t io  to f o r m  the unstable  monoalkoxy de r iva -  
t ives  I V a - c ,  as con f i rmed  by the NMR s p e c t r u m  of the reac t ion  mix tures ;  when heated  they i s o m e r i z e  to the 
thiol i s o m e r s  Va -c :  

[(RO)C12P'=NP"(S)CI=I (IVa--c) (RS)CI~P'=NP"(O)CI= (Va--c) 

where  
tl = CH3 (a); C~H5 (bj; C4H9 (c). 

At 140-150~ I r e a c t s  read i ly  with phenol,  and at 1:1 reagen t  ra t io  the monophenoxy der iva t ive  VI s e p a r a t e s  
in good yield; s t r u c t u r e  VI '  might  also c o r r e s p o n d  to it: 

(C6H,O)CI~P =NP(S)C1 ~ (Vl) C13P=NP(S)CI(OC6Hs) (VI') 

*The 5 value of alp in the weak field is  cons ide red  pos i t ive .  
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However ,  the p r e s e n c e  of s ignals  in t h e -  3.5 and 29.8 ppm regions  in the PMII spec t rum p e r m i t s  VI'  to be 
excluded f rom considerat ion.  This conclusion is conf i rmed  by the synthes is  of phenyl (dichlorothiophosphoryl-  
imido)dichlorophosphate  (VI) by the p r o c e d u r e  of [8]. 

The IR sp ec t r a  of the p r epa ra t i ons  obtained by the two methods a re  identical;  the constants  a re  given 
in Table  1, and the tR and a p  N1V[R data in Tab le  2. 

At 150-160~ I r e ac t s  with phenol at 1:2 r eagen t  ra t io ,  to fo rm diphenyl (dichlorothiophosphoryl imido)-  
chlorophosphate  (VII), the s t r u c t u r e  of which is conf i rmed  by the c h a r a c t e r i s t i c  P '  and P"  signals  in the aip NMR 
spec t rum in t h e -  12.5 and 31.0 ppm regions .  

(C6H 50)2ClP' =NP"(S)CI~ ( V I I )  
(C6t150)8P =NP(S)C1 ~ (VIII) 

At 1:3 reagen t  ra t io ,  I r eac t s  with phenol at  170-180~ but the reac t ion  products  undergo substant ia l  
decomposi t ion.  The p r e s e n c e  of pyr id ine  hydroehlor ide  fac i l i ta tes  the react ion,  thanks to which we were  able 
to obtain t r iphenyl  (dichlorothiophosphoryl imido)phosphate  (VIII)in good yield. In the a p  NMR spec t rum of 
VIII the s ignals  in the - 2 5 . 2  and 31.2 p p m  regions  a r e  evidence that  there  a r e  th ree  phenoxy groups at  the 
i m i d a t e d P ,  and that  a dichlorothiophosphoryl  group is p re sen t .  

In the p r e s e n c e  of pyr id ine  hydrochlor ide  (I) at  225-240~ al l  the C1 a toms  a re  rep laced  by phenoxy 
groups .  The s t r u c t u r e  of phosphate  II, which s e p a r a t e s  in sma l l  yield,  is conf i rmed  by e lementa l  ana lys is ,  
31p NIVIR and IR s pec t r a ,  and the a g r e e m e n t  of the mel t ing  point with the data of [1]. 

The explanation of the o r d e r  in which phenoxy groups en te r  I is apparent ly  to be sought in the insig-  
nif icant  change in reac t iv i ty  of the two P a toms to nueleophilic reagen ts  when one or  two phenoxy groups r e -  
p lace  CI a toms at  the imidated  P; t he re fo re ,  the r ep l acemen t  of the second or th i rd  Cl by phenoxytakes  p lace  
at the imida ted  P. We have s i m i l a r l y  explained the o r d e r  in wh'ich phenoxy groups enter  the pentachlor ide  
molecule  [4]. 

Compound I r e a c t s  readi ly  with amines .  Thus ,  I and d imethylamine  at 1:2 ra t io  f o r m  dimethylamido-  
(dichlorothiophosphorylimido) dich lorophosphate  (IX) 

[(CH3)2NIC12P'=NP"(S)C12 (IX) CI~P=NP(S)CI[N(CH3)~] (IX') 

The a l t e rna te  s t r uc tu r e ,  t r ich ioro(d imethylamidochloro th iophosphoryl imido)phosphate  ( IX ' ) ,mus t  be re jec ted  
on the ba s i s  of the alp NMR spec t rum;  the s ignals  in the 6.4 and 31.0 ppm regions  belong to the P '  and P"  
a toms .  Additional conf i rmat ion  is the synthes is  of imidophosphate  IX f rom dimethylamido(dichlorophosphoryl -  
imido) dich lorophosphate  by: 

[(CH3)2NIC12P =NP(0)CI~ -b P2S~ -+ (IX) 

The constants  of the subs tances  thus obtained a r e  given in Table  1; the IR, PMR, and a p  N1KR data in Table  2. 

Compound I and d imethylamine  r eac t  at 1:4 ra t io  to f o r m  a substance  the e lementa l  composi t ion  of 
which co r r e sponds  to the following disubst i tuted products :  

[(CHs)..N]2PC1 =NP(S)C12 [(CHa)2NIC12P =NP(S)CI[N(CH ~)21 
(X) (X') 

ClzP =NP(S)[N(CHs)2]2 
(X") 

The alp NMR slseetrum cons is t s  of four doublets ,  with 5 21.4 and 31.5 ppm (JPNP = 20.2 Hz) and 7.6 and 58.4 
ppm (JPNP = 37.8 Hz). The s ignals  in the 21.4 and 31.5 ppm regions  co r re spond  to imidophosphate X, while 
those  in the 7.6 and 58.4 p p m  regions  mus t  be  ass igned  to imidophosphate  X'.  The X" s t r u c t u r e  is inconsis t -  
ent with the NMR s pec t rum  and the chemica l  p r o p e r t i e s  of I desc r ibed  above. The X:X' ra t io  is 3:1, according 
to NMR. Unfortunately,  the individual i s o m e r s  could not be isolated.  

Compound I and d imethylamine  r eac t  at 1:6 ra t io  to fo rm the t r i subs t i tu ted  XI, to which one of the follow- 
ing th ree  fo rmulas  may  be ass igned:  
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[(CH 3)~NI:CIP =NP(S)CI[N(CHs)~] [(CHs)2NIC12P =NP(S)[N(CH3)~]~ 
(xi) (xI') 

[(CHs)~N]~P =NP(S)C12 
(XI") 

The 3ip NMR s p e c t r u m  is an AB quadruplet  with cen te r s  at  26.1 and 60.6 ppm (JPNP = 42.7 Hz). These  data 
p e r m i t  us to exclude XI' and XII" and se lec t  NI, which is conf i rmed  by PMR. The doublets with 5 2.87 and 
2.79 ppm in 2:1 ra t io  mus t  be ass igned  to the d imethy lamine  groups at the imidated  and the thiophosphoryl  P. 

Compound I r e a c t s  with d imethytamine  at 1:8 ra t io  a t - 1 0  t o - 1 5 ~  to f o r m  a subs tance  whose 3tp NMR 
s p e c t r u m  shows s ignals  in the 23.7 and 63.7 ppm regions  (JPNP = 41.5 Hz). In the PMR s p e c t r u m  the p r e s e n c e  
of two doublets of app rox ima te ly  equal intensi ty p e r m i t s  us to ass ign  the s t ruc tu re  of t e t r ame thy lam[do( t e t r a -  
methylamidothiophospho ryl imido) chlorophosphato ,  XII. 

[(CHs)zN]~CI P =NP(S)[N(CH3)2I~ (XII) 

The r e p l a c e m e n t  of CI in XII by a d imethylamino group goes slowly, 24-48 h at ~ 20~ The ;structure 
of imidophosphate  Ill ,  which is f o r m e d  in good yield,  is conf i rmed  by IR, PMR, and NMR spec t r a  and e lementa l  
ana lys i s .  Compound Ill was a lso  obtained f r o m  hexamethy l t r i amidophospha te  and t e t ramethy td iamidoaz idophos-  
phate  [7]: 

(XII) + 2 (CHs)2NII --* [(CHs)~N]sP=NP(S)[N(CHs)~].~. 

(III) 
[(CHs)2N]sP + NsP(S)[N(CH3)~]2 

The phys ica l  constants  and the s p e c t r a l  c h a r a c t e r i s t i c s  of the m a t e r i a l s  obtained by the two methods (see 
Tab les  1 and 2) coincide.  Analogously,  XII r e ac t s  with d ie thylamine or morphol ine:  

(XII) + 2R~NH--~ [(CHs)2NI2(R2N)P=NP(S)[N(CHs)~]~ (XIII),  (XIV) 
R = C~H 5 (XIII); NCH2CH20CH~CH ~ (XIV). 

I. I 

Thus ,  the reac t ion  of I with d imethy iamine  may  be desc r ibed  by the following scheme:  

- -+ [(CHa)~N]2CI P=NP(S)C12 i ~  
(I) + 4 (CHs).~NH-- ~ [(CHs)~N]C12P=NP(S)CI[N(CHs):,J--' 

2( CHs)2NH 
[ (CHs)2N]~CIP =NP (S)CI[N(CHs)~] --~ 

~(CH,)2NH 
--, [ ( C H s ) : N ] ~ C 1 P = N P ( S ) [ N ( C H s ) z ] z  ~ ( I I I )  

The r e su l t s  a re  apparen t ly  to be explained by the reduced  reac t iv i ty  of the CI a toms when dimethylamino 
groups  have been introduced into the molecule .  Thus,  the p r e s e n c e  of two dimethylamino groups at the 
imida ted  P a tom sharp ly  r educes  the r eac t iv i ty  of the t e r t i a r y  C1, and subsequent  r ep l acemen t  by dimethyl-  
amine  occu r s  at the CI a toms  at tached to the th iophosphoryl  P.  

Compound I r e ac t s  readi ly  with die thylamine.  At t:2 r eagen t  ra t io ,  diethyiamido(dichlorothiophosphoryI--  
imido)diehlorophosphate  (XV) is fo rmed.  The s a m e  subs tance  is obtained by the reac t ion  of I and die thylamino-  
t r ime thy l s i l ane  in a 1:1 rat io:  

(I) + 2(C~Hs)~NH --~ [(C~I-Is)~NIC1,P~-NP(S)CI~ ~ (CH3)sSiN(C2Hs)~ + (I) 
(xv) 

In the 3tp NMR s p e c t r a  of the subs tances  obtained by the two methods ,  the s ignals  in the 31.0 ppm region in- 
dicate the p r e s e n c e  of a d ichlorothiophosphoryl  group.  This  conclusion was conf i rmed  by the synthes is  of XV 
f r o m  die thylamido(dichlorophosphoryl imido)dichlorophosphate  and P2S5. The phys ica l  constants  a r e  given in 
Table  1; the spec t r a l  c h a r a c t e r i s t i c s ,  in Table  2. 

Compound I r e a c t s  wi%h die thyiamine,  1:4, to f o r m  the disubst i tuted product ,  according  to e lementa l  
ana lys is ;  the 3ip NMR s p e c t r u m  lacks the dichlorothiophosphoryl  signal in the 29-31 ppm region.  The s ignals  
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in the 1.8 and 53.9 ppm regions pe rmi t  us to assign the s t ruc ture  of diethylamido(diethylamidochlorothiophos- 
phorylimido) dichlorophosphate (XVI): 

[(C~Hs)2N]CI~P =NP(S)CI[N(C2Hs)2] (XVI) 

In this react ion the p r e f e r r e d  formation of XVI apparently is to be ascr ibed  to the fact  that diethytamine is 
more  nuc leophi lic than dimethylamine.  

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

IR spec t ra  were obtained on a UR-20 apparatus in a liquid film; for imidophosphates II andIlI ,  in a KBr 
tablet. PMR spect ra  were obtained on a Perk in  Elmer  R-12 apparatus in CC14 relat ive to TMS. 31p NMR 
spect ra  were  obtained on a Brucker  HX-90 apparatus (36, 43 Hz) with quenching of the P-pro ton  interaction; 
the internal s tandard was 85% H3PO 4. 

Reaction of Thiopentachloride I with Alcohols (general method). To a solution of 0.05-0.08 mole of I 
in 25-75 ml of CH2CI 2 at ~ 20~ was added, with mixing, an equimolar  amount of methanol (ethanol, or  butanol) 
in 5-10 ml of CH2C1 z. After severa l  hours the solvent and the volatile mater ia ls  were evaporated in vacuum, 
and the residue was distilled, When the react ion was ca r r i ed  out in methanol,  the NMR spec t rum of the react ion 
mixture before distillation showed signals with 6 - 0 . 4  (P') and 28.2 ppm (P") (JPNP = 7.3 Hz), that belong to 
IVa; with butanol, 6 -  0.4 and 30.0 ppm (JPNP = 22 Hz), cor responding to IVc. 

F rom 19.2 g of I and 2.22 g of methanol there  was obtained 11.6 g (61%) of Va, bp 132-135~ (0.5mm), 
nD 2~ 1.5666, d42~ 1.7346. Found: P 21.6; S 12.1%. CH3C14NOP2S. Calculated: P 22.0; S 11.4%. IR (v, cm-1): 
1320 (P= N), 1250 (P--O), 460 (PC1). 31p NMR (6, ppm): 30.1 (P'),-ll.7 (P") (JPNP =4.9 Hz). 

From 13.8 g of I and 2.22 g of ethanol there was obtained 8.6 g (60%) of Vb, bp I05~ (0.005 ram), nD 2~ 
1.5604, (142~ 1.6285. Found: CI 48.0; S 10.9%. C2HsCI4NOP2S. Calculated: C1 48.1; S 11.4%. IR (v, cm-i): 
1315 (P=N), 1260 (P=O), 470 (PCI). alp NMR (5, ppm): 27.3 (P'),-12.5 (P") (JPNP = 7.6 Hz). 

Analogously from 23.6 g of I and 6.1 g of butanol there was obtained 17.1 g (68%) of Vc, bp I05~ (0.005 
ram), nD 2~ 1.5452, d42~ 1.5022. Found: P 10.4%. C4HgCI4NOP2S. Calculated: P 9.9%. IR (v, era-i): 1325(P=N), 
1260 (P=O), 470 (PCI). 3tp NMR (6, ppm): 27.3 (P'), -12.5 (P") (JPNP = 7.3 Hz). 

Phenyl (Dichlorothiophosphorylimido)dichlorophosphate (VI). A) Compounds I (8.7 g) and 2.9 g of phenol 
were heated at 140-150~ until gas evolution ceased. After distillation there was obtained 7.0 g of VI. 

B) A mixture of 21.7 g of phenyl (dichlorophosphorylimido)dichlorophosphate and 3.2 g of P2S5 was 
heated at 150-160~ to complete dissolution (4-5 h). The pressure was gradually reduced and the volatile 
products were distilled, bp < 120~ (0.5 ram). The fraction distilling at >120~ (0.5ram) was redistilled. 
Compound VI (6.8 g) was obtained. 

Diphenyl (Diehlorothiophosphorylimido)chlorophosphate (VII). Compound I (11.3 g) and 7.5 g of phenol 
were heated and held at 160-170~ for 4-5 h until HCI evolution ceased. After distillation 11.7 gof VIIwas 

obtained. 

.Trip henyl (Dichlorothi.ophosphorylimido)phosphate (VIII). To a mixture of 10.5 g of phenol and 10.5 g of 
I were added several drops of pyridine. The mixture was heated slowly for 1 h, and held for 2 h at 180-185~ 
then for 1 h at 200-205~ After distillation, 10.6 g of VIII was obtained. 

Triphenyl (Diphenoxythiophosphorylimido)phosphate (If). A) To a mixture of 9.5 g of I and 15.8 g of 
phenol were added several drops of pyridine. The mixture was held for 3 h at 180~ 2 hat 200~ and I h 
at 230-240~ until HCI evolution nearly ceased. The mixture was cooled and treated with i0 ml of methanol, 
and the crystalline precipitate was filtered off and washed with cold methanol. Compound II (4.9 g) was obtained. 

B) Triphenyl phosphite (7.0 g) and 5.9 g of diphenyl azodithiophosphate, and 2.0 ml of benzene were 
mixed and heated slowly with stirring to 95~ After the reaction was over, the volatile materials were driven 
off, and the residue was recyrstallized from i:i acetone:hexane. There was obtained 10.2 g (89%) of If, mp 
96-98~ Found: P 10.8; S 6.1%. C30H25NOsP2 s. Calculated: P 10.8; S 5.6%. 

Dimethylamido(dichlorothiophosphorylimido)dichlorophosphate (IX). /~) To a solution of 21.6 g of I in 
i00 ml of abs. ether was added 6.8 g of dimethylamine in i00 ml of ether at-i0 to-5~ with stirring. The 
filtrate was evaporated. After distillation 16.4 g of IX was obtained. 
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B) A mixture of 14.5 g of dimethy[amido(dich!orophosphorylimido)phosphate and 2.6 g of P~85 was 

heated at 150-160~ for 2-3 h to complete dissolution. The pressure was lowered gradua!lyand the fraction 

boiling at > 95~ (0.2 ram) was distilled. After redistillation 3.4 g of IX was obtained. 

Tetramethyldiamido(dimethy[amidochlorothiophosphorylimido)ch~orophosphate (XI). To a solution of 
28.6 g eli in 150 m[ of abs. ether was added 27~ g of dimethylamine in i00 ml of ether at-15 to-10~ with 
stirring. The mixture was stirred for 1 h at-i0 to 0~ and 1 h at 0 to 10~ and the filtrate was evaporated. 
After distillation 20.5 g of X was obtained. 

Tetramethyld]amido(tetramethyldiamidothiophosphoryiimido) ehlorophosphate (XII). To 25.4 g of I 
in 200 ml of abs. ether was added 35.0 g of dimethylamine in i00 ml of ether at- i0 to- 5~ The mixture 
was held for 1 h at that temperature, the hydrochloride was separated, and the filtrate was evaporated. After 
two distillations 14.0 g of XII was obtained. 

Reaction of XII with Amines. A mixture of 7.8 g of XII in 25 ml of abs. ether and 3.6 g of dimethylamine 
was held at ~20~ in a sealed ampul for 48 h. The precipitate was separated and the residue was distilled. 
There was obtained 6.1 g of hexamethyltriamido(tetramethyldiamidothiophosphorylimido)phosphate ,!If). 

Analogously, from 6.0 g of XII and 6.0 g of diethylamine there was obtained 5.4 g of tetramethyldiamido- 
diethy lamide (tetramethy Idi amidothiophosphorylimido) pho sphat e (XIV). 

Diethylamido(dichlorothiophosphorylimido)dichlorophosphate (X50. A) To 8.2 g of I in i00 ~d of abs. 
ether at- i0 to i5~ was added 4.2 g of diethylamine in I0 ml of ether. The precipitate was removedand the 

filtrate was evaporated. After distillation 6.4 g of XV was obtained. 

B) To a solution of 13.3 g of I in 50 ml of abs. CH2CI 2 at-10~ was added 6.9 g of diethylaminotri- 
methy[silane. The mixture was stirred for 1 h at-10~ and for 2 h at ~ 20~ After the volatile materials 
were driven og the residue was distilled. There was obtained ii.0 g of XV. 

C) A mixture of 22.1 g of diethylamido(dichlorothiophosphorylimido)dichlorophosphate and 3.9 g of 

P2S5 was heated to 150-160~ After the P2S5 dissolved, the pressure was gradually redueed, the volatile 
materials were driven off, and the residue was distilled. There was obtained 9.6 g of XV. 

Diethylamido(diethylamidochiorothiophosphorylimido)dichlorophosphate (XVI). To 20.8 g of ! in i00 
ml of ether at-i0 to-5~ was added 21.4 g of diethylamine. The miA~cure was stirred for 2 h at ~ 20~ and 
left to stand over night, the precipitate was separated, and the filtrate was evaporated. After two distilla- 
tions i0.i g of XVI was obtained. 

The authors thank P. V. Petrovskii and M. I. Voikova for carrying out the spectroscopic part of the 
investigation. 

CONCLUSIONS 

I. In the reaction of the thiopentachloride with nueleophilic reagents (alcohols, phenols dialkylamines, 
diethylaminotrimethylsilane), there occurs first of all the replacement of the first chlorine atom at the imidated 
phosphorus. Subsequent replacement of chlorine depends on the nature of the entering group; with phenol, it 
occurs at the imidated phosphorus, whereas with dialkylamines it can occur either at the imidatedphosphorus 
or the thiophosphoryl phosphorus. 

2. Replacement of oxygen by sulfur can oceur in the reaction of phosphorylimidophosphates, R3p= N- 
P(O)R2, with phosphorus pentasulfide. 
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