
in a 3 : 1 AcOH-HC1 mix tu re  and worked up in the usual  manne r  to give 2.4 g of 9 - m e r c a p t o - m - c a r b o r a n e  
(64% when based  on s ta r t ing  ca rborane)  and 0.4 g of neut ra l  f rac t ions .  

C O N C L U S I O N S  

I. A s imple  method was p roposed  fo r  obtaining the bis  (9 -o -  and 9 - m - c a r b o r a n y l )  disulf ides f r o m  the 
o-  and m - c a r b o r a n e s  and S2C12 in the p r e s e n c e  of A1C13, and also a s imp le  method fo r  reducing the l a t t e r  to 
the 9 -o -  and 9 - m - c a r b o r a n y l t h i o l s .  

2. When the o-  and m - c a r b o r a n e s  a r e  r eac t ed  with SC12 in the p r e s e n c e  of A1C13 the main  products  a re  
the bis (o- and m - c a r b o r a n y l )  disulf ides.  
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R E A C T I O N  O F  P H O S P H O R U S  A C I D  C H L O R I D E S  

W I T H  D I P H E N Y L U R E A  

K.  V. N i k o n o r o v ,  E .  A .  G u r y l e v ,  
L .  A .  A n t o k h i n a ,  a n d  Z.  Y a .  L a t y p o v  

UDC 542.91:547.1' 118 

The d i rec t ion  of the reac t ions  of ca rboxyl ie  acid amides  with the acid cMorides  of phosphorus  e s t e r s  de-  
pends on the coordination number  of the P atom: phosphoryla t ion  occurs  in the ca se  of the t r i eoord ina ted  phos -  
phorus  a tom [ 1], while the de r iva t ives  of the t e t r acoord ina ted  phosphorus  a tom dehydra te  carboxyl ic  acid 
amides  [2, 3]. It was in te res t ing  to de t e rmine  if this ru le  extends to c a r b a m i e  acid amides .  

In the p r e sen t  p a p e r  we r e p o r t  the r e su l t s  of studying the reac t ion  of the acid chlor ides  of phosphorous ,  
phosphonous, and phosphor ic  e s t e r s  with s y m m e t r i c a l  d iphenylurea  (DPU) in the p r e s e n c e  of HC1 accep to r s .  
2 -Alkoxy-4 -oxo-1 ,3 -d ipheny l -1 ,3 -d i aza -2 -phosphe t id in -4 -ones  (I) were  i so la ted  in good yie lds  when DPU is 
r eac ted  with the d ichlor ides  of a lkylphosphorous  acids in the p r e s e n c e  of t r i e thy lamine .  

P h  

N / 

J ~ c = o  -{-2EtaN.HCI ROPCI~ ~ HN--CO--NH -~ 2Et3N - -~c l  R0P 
[ I \ /  

Ph Ph N 
\ 

Ph 
(I) 

R - M e  (Ia), Et  (lb),  i - P r  (Ic),  n-Bu (Id).  

Compound (Ia) is a liquid that can be vacuum-dis t i l l ed ,  while (Ib-d) a re  c rys t a l l i ne  compounds.  The IR 
spec t r a  of the compounds lack the absorp t ion  band of the N - H  group.  The p r e s e n c e  of the absorp t ion  band of 
the C = O  group in the 1760-1770 cm -I region indicates  the p r e s e n c e  of a r ing carbonyl  group [4].  The chemica l  
shif t  of the s ignals  of the P nuclei  of ( Ia-d)  l ies  in the 90-95 ppm region.  The PMR s p e c t r a  of these  compounds 
have  only the s ignals  of  the protons  of alkoxyl and phenyl  groups .  Based  on the c r y o s c o p y  data, (Ia-d) a r e  
monomer ie .  The vacuum-d is t i l l a t ion  of (Ia) leads  to pa r t i a l  decompos i t ion  and the l ibera t ion  of d iphenylcarbo-  
di imide.  The the rma l  decomposi t ion  of 2 - t r i c h l o r o - 2 - p h o s p h a - l , 3 - d i a z e t i d i n - 4 - o n e  was obse rved  prev ious ly  
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[5] and went by the following scheme: 
Me 

ClaP// ~C=O --~ [MeNCO + ClsP=NMe] ---, MeN=C--NMe + POCI3 
\ /  

N 
\ 

Me 

Thermal decomposition by an analogous scheme probably also occurs in the case of (la) during distillation. 

Ph 
/ 

N 
/\ t o 

MeOP C~O --> [PhNCO + MeOP~NPh] -* PhN=C=NPh @ [MeOP=0] 
\/ 

N 

\ 'Ph 
(Ia) 

Diphenyloarbodi imide was i so la ted  and cha rac t e r i zed .  Methyl metaphosphi te  could be ne i ther  isolated nor  
identified by phys ica l  methods due to decomposi t ion  under  the dis t i l la t ion conditions [6]. The fo rmat ion  of 2- 
pheny l -4 -oxo -1 ,3 -d ipheny l -1 ,3 -d i aza -2 -phosphe t id in -4 -one  with 631p 97 ppm could be r eco rded  by the 31p 
NMR method when phenylphosphonous dichloride is reacted with DPU in the presence of an HCI acceptor. 

The reaction of loC13 with DPU gives a complex mixture of reaction products (six according to the 31p 
NMR data), from which pure compounds could not be isolated. 

A study of the chemical properties of the phosphetidines (1) disclosed that they are inert in some reac- 
tions that are typical for tricoordinated phosphorus derivatives; they do not add sulfur when heated, are not 
oxidized by nitrogen oxides, and do not react with chloral and CH3Br. A decrease in the nucleophilicity of the 
P atom in these compounds is apparently related to the presence of electron-withdrawing groups (phenyl and 
earbonyl) in the four-membered ring. However, when reacted with atn~_ospheric moisture or alcohols both of 
the P-N groups in (Ia-d) are easily cleaved, for example 

Ph 
/ 

N 

/-PROP / \C=O + 2i-PrOH ~ (~-PrO)aP + HN--C0--NH 
\N / 1 I Ph Ph 

\ 
P h  

(Ic) 

The chlor ides  of d ia lkylphosphorous  aeids r e a c t  with DPU in the p r e s e n c e  of an HC1 accep to r  to init ially give 
the phosphoryla ted  u r e a  (II) with 631P 136-138 ppm, which a f t e r  some  t ime  r e a r r a n g e s  to the phosphoryla ted  
amidine (IV) with 631p 2-3 ppm. The r e a r r a n g e m e n t  is a cce l e r a t ed  by heat.  A s im i l a r  r e a r r a n g e m e n t  of (II) to 
(IV) was obse rved  p rev ious ly  [7] when (II) was obtained f r o m  the anilide of die thylphosphorous acid and phenyl 
i soeyanate .  

(RO)2PCI + HN--CO~NH + EtaN - ~ 1  (RO)2PN--C0--NH --, 
I 1 - i t 

Ph Ph Ph Ph 

H 
I 

--* (RO)~+P--N- -  Ph 
[ I 

- O ~ C = N P h  
(III) 

R = Et (IVa), i -Pr (IVb) 

(II) 
NPh 

-. (RO)~POH + PhN=C~NPh ~ (RO)2PC/~ 

O NHPh 
(Iv) 

Apparently, the intermediate bipolar ion (Ill) is formed in the first step, which decomposes on the type of the 
Staudinger-Wittig reaction to the dialkylphosphorous acid and diphenylcarbodiimide; their reaction leads to 
(IV); the yields are low and the reaction is ill-defined. 

The chloride of diethylphosphorie acid reacts with DPU in the presence of pyridine the same as with 
carboxylie acid amides, i.e., with the formation of tetraethyl pyrophosphate (VI) and diphenylearbodiimide by 
the following scheme: 

2331 



2(EtO)2PCi + IIN--CO--NH -.,'- Py 

Oil PIh Phi 
I  iPhl PhN~-~-C/~Z~H / ' > PhN=C=-:NI'h + (EtO)2POII 

(OEt)2 0 
..J $ +C1P(O)(OEt)2 + Py 

(V) (EtO)2P~O--P(OEt)~ + }'y. I-tCl 

0 O 
(VI) 

Apparently,  the react ion proceeds  with the iso form of DPU; the unstable phosphorylated isourea  (V) is formed 
here,  which decomposes  to diphenylcarbodiimide and diethylphosphorie acid. The la t ter  reacts  with a second 
mole of diethyl chlorophosphite and gives (VI). 

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

The IR spec t ra  were recorded  on a UR-20 spect rophotometer ,  the PMR spec t ra  on a Varian T-60 ins t ru-  
ment (60 MHz, internal s tandard = TMS), and the 31p NMR spec t ra  on a KGU-4 NMR instrument  (10.2 MIIz, 

s tandard = 8 5% H3PO4). 

2 -Ethoxy-4-oxo-1 ,3 -d iphenyl -1 ,3 -d iaza-2-phosphe t id in -4-one  (Ib). To 6.36 g of DPU and 4.4 g of ethyl 
dichlorophosphite in 30 ml of dry ether  was added at ~20~ an ether  solution of 6.46 g of Et3N. The t empera -  
ture of the react ion mixture rose  to 35 ~ Af ter  separat ing the precipi ta te  and removing the solvent we obtained 
6 g [70% of crude (1t))]. The c rys ta l s  were dissolved in CC14, the solution was decanted f rom the insoluble tar,  
and the solvent was removed in vacuo. The residue was dissolved in ether,  the solution was cooled in liquid 
nitrogen, and the obtained c rys ta l s  of (Ib) were fil tered, mp 79-80 ~ Found: P 10.73; N 9.51%. CI~H15N202P. 
Calculated: P 10.84; N 9.79%. Infrared spec t rum (;,  cm-1): 1500, 1605, 3040 (C6H5) , 1765 ( C = O ) .  5 31p 93 ppm. 

2 - I sopropoxy-4-oxo-  1, 3-diphenyl-  1, 3-d iaza-2-phosphet id in-4-one  (Ic). The  compound was obtained and 
purified the same as (Ib). Yield 55%, mp 74-75 ~ Found: P 9.92; N 9.42~:. CIGH17N202P. Calculated: P 10.33; 
N 9.33%. Infrared spec t rum (v, cm-1): 1500, 1600, 3050 (C6H5), 1760 (C-----O). 5 31p 92 ppm. 

2 -n-Butoxy-4-oxo-1 ,3 -d iphenyl - l ,3 -d iaza72-phosphe t id in -4-one  (Id). Obtained and purified the same as 
(Ib). Yield 50%, mp 40-42 ~ Found: P 10.11; N 8.757~. C~TH19N202P. Calculated: P 9.87; N 8.91%. Infrared 
spec t rum (v, e ra- l ) :  1500, 1605, 3045 (C6It5) , 1765 ( C = O ) ,  5 ~lp 93 ppm. 

Methoxy-4-oxo- l ,3 -d ipheny l - l ,3 -d iaza -2 -phosphe t id in -4 -one  (Ia). Obtained the same as (Ia)o Two f r ac -  
tions were isolated when distilled in vacuo. The f i r s t  f ract ion (26%), bp 168-170 ~ (11 ram) and IR spec t rum 
(v, eln-1): 2140 cln -1 (N = C = N), is diphenylcarbodiimide [8 ]. DPU is obtained quantitatively when this f r ac -  
tion is t reated with water. The mixed melting point with an authentic specimen was not depressed.  The second 
fract ion (25%), bp 128-130 ~ (0.03 m m ) ,  is (Ia). Found: P 10.72; N 9.44%. C14H13N202P. Calculated: P 11.39; 
N 10.29%. Infrared spec t rum (v, cm-1): 1480, 1595, 3010 (C6H5), 1755 (C = O). According to the IR spectrum, 
(Ia) is contaminated with a smal l  amount of diphenylcarbodiilnide, 6 3~p 95 ppm. 

Reaction of Diphenylurea with Chloride of Diethylphosphorous Acid. To a mixture of 10.6 g of DPU and 
9.22 g of the chloride of diethylphosphorous acid in dry  ether  was added at ~20 ~ an ether solution of 5.05 g of 
Et3N. The mixture was s t i r r ed  for  1 h at 25-30 ~ A thick liquid was obtained af ter  removal  of the precipi ta te  
and solvent. The 3~p NMR spec t rum of this liquid has intense signals at 137-139 ppm and a signal at 2 ppm. 
The peak with 5 I37 ppm dec reases  with time, while the peak with 6 2 ppm increases .  The liquid deposited 4 g 

Tf 0 (25%) of diethylphosphoryl-N,N -dlphenylformamidine (IVa), Inp 107-108 (from xylene) Found: P 9.25; N 
N 8.52%. C17H21N20~P. Calculated: P 9.63; N 8.43~c. Infrared spec t rum (v, cm-1): 1255 (P = O), 1630 (C = N), 
3260 (N -- H). 5 31p 2 ppm; cf. [7].  The peak with 5 139 ppm does not change with time, but the substance to 
which this peak belongs could not be identified due 'to decomposit ion when vacuum-dist i l led.  

Di isopropylphosphorvl -N,N'-diphenylformamidine  (IVb) was obtained in a s imi lar  manner.  Yield 23%, 
mp 105-107 ~ (hexane-benzene) .  Found: P 9.07; N 7.36%. CIgH25N20~P. Calculated: P 8.61; N 7.77%. Infrared 
spec t rum (v, era-i):  1240 (P = O), 1635 (C = N), 3260 ( N -  H). 5 sip 3 ppm. 

Reaction of Diphenylurea with Chloride of Diethylphosphorie Acid. . To 10.6 g of DPU and 9.6 g of py r i -  
dine in d ry  e ther  was added 17.25 g of the chloride of diethylphosphoric acid. The mixture warmed up slightly 
and a da r k - r edo i l  deposited. The mixture  was heated for another 30 rain at 30-35 ~ The obtained oil was sep-  
arated f rom the ether  solution to give 21.9 g of product,  which represen ted  a mixture of Py" HC1 and diphenyl- 
carbodiimide,  contaminated with a smal l  amount of te traethyl  pyrophosphate (VI). The IR spec t rum of the oil 

has bands at 2150 (N= C =N) and 2500 cln -1 (--N of pyridine);  the 31p NMR spec t rum of the oil has a signal 

at - 15 ppm, which belongs to (VI). Diphenylcarbodiimide was identified as DPU; t rea tment  of the oil with water 
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gave 8.2 g (74%) of DPU. The solvent  was r emoved  f r o m  the e ther  solution in vaeuo and the res idue  was d i s -  
ti l led to give 3.8 g of (VI), bp 127-129 ~ (0.2 ram) ,  n~ 1.4270. Found: C 32.93; H 6.45; P 20.76%. CaH20OTP2. 
Calculated: C 33.10; H 6.85; P 21.40~. 6 31p; - 1 5  ppm. (of. [9]).  

C O N C L U S I O N S  

1. The reac t ion  of d iphenylurea  with the chlor ides  of phosphorous and phosphonous e s t e r s  gives phos -  
phory la ted  u r e a  de r iva t ives ,  whereas  reac t ion  with the chlor ide  of die thylphosphorie  acid leads to te t rae thyl  
pyrophosphate  and diphenylcarbodi imide.  
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T I t E R M A L  D E C O M P O S I T I O N  O F  T R I M E T H Y L S [ L Y L  

t e r t - B U T Y L  PERSUCCINATE 

G. A. Razuvaev, G. V. Basova, 
O. S. D'yachkovskaya, V. A. Dodonov, 
and S. V. Krasnodubskaya 

UDC 541.11:542.92:547.1 ~ 128 

As a continuation of studying the reactivity of silicon-containing radicals, formed during the thermal de- 
composition of trimethylsilyl tert-butyl perphthalate (1) and trimethylsilyl tert-butyl permaleate (II), we made 
a study of the thermal decomposition of trimethylsilyl tert-butyl persuccinate (lIB without a solvent and in 
either benzene or cumene. The purpose of the study was to ascertain the effect of varying the hydrocarbon 
fragment in the acyl portion of the peroxide on the behavior of the formed radicals. The complete decomposi- 
tion of (Ill) proceeds at 110-115~ in 25 h. On the basis of the kinetic studies and the thermal decomposition 
products (Table 1) it may be concluded that the initial reaction act is hemolysis of the peroxyester at the O- 
O bond. 

M%SiOCCtI~CH2COOCMe3 --~ MesSiOCCtI2CII2CO" "i- ' 0CMes  

0 0 O 0 
(iii) (iv) 

The fo rmed  Si-eontaining acyloxy rad ica l s  (IV) a r e  unstable  and mainly  undergo f ragmenta t ion  with the 
e l iminat ion of CO2, whose yield r eaches  79-88%. Only a smal l  p a r t  of (IV) c leaves  hydrogen and is conver ted  
to the acid t r ime thy l s i ly l  succinate .  

�9 ~ M e ~ i O C C t l e C H 2  2_, CO 2 

( t v ) -  'I o 

IqtI 
"MesSiOCCH2CII~COH 

!1 ii 
O O 
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