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CARBORANYL PHOSPHONATES 
James J. Bened ic t ,  The P r o c t e r  h Gamble Campany, C i n c i n n a t i .  Ohio 
Thomas 0. McCullough, Xavier U n i v e r s i t y ,  C i n c i n n a t i ,  Ohio 

Mono and b i s  s u b s t i t u t e d  ca rborany l  phosphonates  have been syn thes i zed  
v i a  t h e  phosphoroe thy la t ion  of o-carboranes (B10H10C2R2 R=H,CH3). 
qua te rna ry  ammonium hydroxide ca t a lyzed  Michael a d d i t i o n ,  o-carboranes 
a t t a c k  d i e t h y l v i n y l p h o s p h o n a t e .  Mono and b i s  s u b s t i t u t e d  c a r b o r a n y l  
diphosphonates  have a l s o  been prepared v i a  Michael a d d i t i o n .  lhis 
r e a c t i o n  i n v o l v e s  t h e  a t t a c k  of ca rborany l  c a r b a n i o n s  on t e t r a e t h y l -  
v iny ld iphosphona te .  These compounds bo th  e s t e r s  and a c i d s ,  have been 
c h a r a c t e r i z e d  by ' H .  13C, "P, and "B NMR a s  well a s  by e l emen ta l  
a n a l y s i s .  

c a r b o r a n y l  diphosphonates  (B10H1~.2(~)CH2CW(Pa~H2)2, R=CH::CH28H(603d2?2) 
a r e  s t a b l e  water  s o l u b l e  p o l y p r o t i c  a c i d s  t h a t  could have u t i l i t y  a s  
a g e n t s  for B-10 neutron c a p t u r e  the rapy  of c e r t a i n  s o f t  and hard t i s s u e  
tumors.  

In a 

- 

Carboranyl phosphonates  ( B I O H E O C  (R)CH CH PO&,, R=CH CH CH Po H ) and 

SYBTHBSES AND NMR SPECTROSCOPIC CHARACTERISTICS OF ISOMERIC SsN- AND 
N,#-DiSJBSTITSTZD PKOSP~I~O-THIOIMIDOESrEilS AND -TIiIO#ORWAWIDXS_ 

A. Bruns and U. Kunze, Un ive r s i t i i t  Tiibingen, I n s t i t u t  fOr Anore. Chemie,D-74 Tubingen 
( P . R . G . )  
S-;ethyl p: ios?hino- th io ia idoes te rs  have been pregared by alkylation of 
secoqdsry phosphino- th ioforsaz ides  with nethyliodide under alkaline con- 
ditions. 

(base). ph2p-C(fi~)-si,ie = Me (n-BuLi) 
R = Ph (KOH) Ph2P-C(b)-nnH + XeI 

The hitherto unknown tert. phosphino-thiofornamides have been synthe- 
sized by reaction of N,N-disubstituted thiocarbanoylchlorides with di- 
shenyl2hosshide. 

The new coi1gouilds provide an excellent nesns for the sioultaneous ob- 
servstion of cis- and trans-P long-range Ni-cougling. The P=O and P=S 
derivstives of the ijlidoesters and formilides show unexpected steric 
effects. 
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THE REACTION OF TRIALKYL PHOSPHITES WITH BENZOIC ANHYDRIDE 
K. M. Hlgglns and M. Murray, Unlverslty of Brletol. England 
The roaction of trialkyl phoaphiter. P(OR)3 wlth bnzok anhydride In r.fluxlng chloroform has h e n  shown to Yield 

phorphate phorphonater. PhCHXOX. where X -P(0)(OR)2. 
and Bunyan (J.C.8. 1963,1527). who reportd M. product M triphosphonate. P h 5 .  

carbon. followed by alkyl group tranhr. 

This 1s In wntradlOtlon ot the work of Burn, -dogan, 

The Inltid stage of the rouitlon Is the fornutlon of th. urbonyl phosphonate by nuciwphllk attack of phosphita at 

0- 

'P(oR)3 

PhCOOCOPh + P(OR)3 j Ph-$-OCOPh + Ph-CO-P(O)(OR)) + ROCOPh 

The ..cond d g a  InwIws proton uptura. and w haw shown by deutaration anpdrnant. that this doas not 
coma from the solvent. 
dmilar raaction of trialkyi phosphltes wlth aryl .utylanes (Grlffln and Uitehell. J.0rg.Chem. I=, (30).1935). The 

Intarmodlate Zwlttarlon is probably b r m d  by attack of pholphlte on the ~ r b o n y l  oxygen of the urbonyl phosphonate. 
though roarrangamant of a product ot attack at carbon cWWIOt b. rulod out. 

The mod Iibly SOUTU Is the aIlM group of tha phwphlta, hM bOn shown for the 

PhCOP(0)(OR)2 + P(OR13 -3 Ph-C-P(0)(OR)2 + PhyH-PfO)(OR)2 + C2H, 

P 
P(0)(OR)2 

? ?  
(ROl2F;, FH2 

OCH2 

REACTIONS OF PIiOSPIiORUS HALOGENIDS WITH AMINALES - A NEW i i iTHOD OF 
P-NR BOND FORIvIATION. V.P. Kukhar, X.V. Shevchenko 
Institute of Organic Chemistry, Acad. Sci. Ukr. SSR, Kiev, USSR 
P-Halogencontaining compounds react with 1,l-bis(dialky1amino)metha- 

2 

nes and tris(morpho1ino)rnethane yielding phosphorus amides 

Various phosphorus-I11 and phosphoryl compounds, chlorophosphoranes 
react this way. The structure of reaction products is determined by 
nature of phosphorus substituents and reactivity of iminium salt being 
formed, It is possible a sequences introduction of dialkylamino groups 
into PC1 P O C l  and RPCl . 
sence of CCld. 

Dialkylphosp&tes 3' reacg with bis(dialky1amino)methanes in the pre- 
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SULFURYL CHLORIDE FLUORIDE, NEW REAGENT 
IN ORGANOPHOSPHORUS CHEMISTRY 

by  &bopusinski  and J.Michalski 
Pol ish Academy of S c i e n c e s ,  Centre  of Molecular and  

Macromolecular Studies ,  B o c z n a  5 ,  90-362 Lodz. Poland 

Recently w e  have found that sulfuryl chloride fluoride CISOZF c a n  b e  u s e d  
as a new ve r sa t i l e  fluorinating a g e n t  in o rganophosphorus  chemistry. A var ie ty  
of compounds s u c h  as thio- a n d  selenophosphates ,  phosphonates .  phosphinates ,  
phosphine suLfides and se l en ides  c a n  b e  converted with high yield and  unde r  
mild conditions into the corresponding fluoridates RR 'P( 0) F or fluorophospho- 
r a n e s  R3PF2. 
Stereochemical  and  31P nmr s tud ie s  were  carr ied out using optically act ive and  
diastereoisomeric  subs t r a t e s  as a model compounds to obtain m o r e  information 
about  the intermediate products  a n d  in e f f ec t  to p ropose  the reaction mechanism 
of fluorination. 

REACTIONS OF PHOSPHORUS TRIHALIDES WITH PUNCTIOBALIZED ALKENES AND 
ALKYKES. I.F.Lutsenko,M.A.Kazankova,I,G.Trostyanskaya,I.L.Rodionov, 

E.V.Luzikova.Moacow State Lomonosov University,USSR. 

Direct phosphorynation of vinil alkil ethers,ketene acetals and termi- 
nal acetilenes with phosphorus trihalides was carrides out. Noncatalised 
addition of phosphorus trihalides, trialkyl bromo(iodo)phosphites and di- 
alkyl halophosphines across the triple bond was carried out in reaction 
with alkoxyacetylenea and element (Si,Ge)-substituted acetylenic ethers 
for the first time.The new tipe of phosphorus(II1) and(V) derivatives - 
phosphorylated 1-haloalkenylalkyl ethers were prepared. Direction of the 
addition, effects ofreagents etructure and solvent polarity are consistent 
with electrophylic origin of the reaction which proceeds as regio- and 
stereoselective anti-addition. Factors, affecting the type of fragmenta- 
mtion of P(V)- containing l-haloalkenylalkyl ethers with the formation 
of phosphorylated ketenes or phosphorylated carboxylic acids halides, 
were studied. 
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TYE SYNTHESIS OF M-ACYJ,?YOSDFIYI,AI?IDATES 

V. Hizrahi, T.F. Hendrickse and T.A. Yodro, Deuartment of Organic Chemistry, University 
of Cane Town, nondebosch 7730, South Africa 

The preparation of Z2P(0)-NP.-C(O)E' (1) from both carboxanide and phosphylamide precur - 
sors, has been investigated. The syntFesis of ( 1 )  - by the reaction of ?.'C(@)-NHP. with 
certain phos3hylating agents Z 2 ? ( O ) C 1  ( 2  = VeO, EtO) under basic conditions, is accompa - 
nied by the formation of large quantities of the corresponding tetraalkyl?yrophosphate, 
the mechanism of which is discussed in terms of the involvement of the kinetically con - 
trolled O-?hosnhylimidate Z2?(O)-@-C(M?)F.' (z), as an intermediate in the reaction. The 
pre?aration of ( 1 )  via the N-acylation of Z2?(0)-NH3 is even less satisfactory, as illu - 
strated by the outcome of thc reaction of the sodium salt of (Et@)2?(@)-M'l?!e with PhC(0)X 
( X  = C1, P) in benzene under reflux, in the presence of a catalytic amount of n-BuqEI+Br-, 
which yields three products : PhC02Et ( 3 ) ,  PhC(@)-N"l!!e (4) and (PhC0)2NMe (2) .  The for - 
mation of ester ( 3 )  is explained in terms of ElcB expulsion of ethoxide i o n  from the 
phosphoramidate conjugate base. ',: N.V.7. spectroscopy has revealed that although there 
is an initial ra?id formation of ca. 1% ( l ) ,  this species does not survive in the medium 
and its collanse via ?-N bond cleavage oroSides an avenue for the formation of (4) and 
(5).  The mechanism of the ?-N cleavage reaction is discussed. 

NEW CARBON-PHOSPHORUS BOND FORMATION REACTIONS 
Toshikazu HIRAO, Yoshiki OHSHIRO, and Toshio AGAWA 

Department of Chemistry, Faculty of Engineering, Osaka University, 
2-1 Yamada-oka, Suita, Osaka 5 6 5 ,  Japan 

Dialkyl arylphosphonates and vinylphosphonates are prepared by the 
palladium-catalyzed phosphonation of the corresponding bromides with 
dialkyl phosphite in the presence of triethylamine. In the latter case, 
the reaction proceeds stereosclectively. gem-Dibromocyclopropanes are 
subjected to phosphonation on treatment with triethyl phosphite, triethyl- 
amine and water to give diethyl cyclopropanephosphonates. These processes 
provide new and versatile methods f o r  the carbon-phosphorus bond formation. 
On the contrary, gem-dibromocyclopropanes are reduced to the corresponding 
monobromides with dialkyl phosphite and triethylamine. l,l-dibromo-2- 
trimethylsiloxycyclopropanes or u-bromo-a,B-unsaturated ketones are 
converted to 6,y-unsaturated ketones. 
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ON THE MECHANISM OF THE NUCLEOPHILIC DISPLACEMENT AT PHOSPHORUS IN THE PHOSPHOkO- 
THIOLATE 2-OXIDE INTERNEOIATE. Yoffi Se  a l l  ,fiyala Balan,and Rivka Moalem.Israe1 
I n s t i t u t e  f o r  B i o l o g i c a l  R e s e a r d . 1 9 .  Ness-ZionaB70450,1srael. 

Phosphono th io l a t e s  (1, R ,Rz-alkyls ,  6 , on o x i d a t i o n  w i t h  e x c e s s  m-chloro- 
peroxybenzoic  a c i d  (MCPBA),  i v e  new peaks i n  the NMR spectrum. The l a r g e  s h i f t s  t o  
high f i e l d  o f  t h e  new lines q26-29 ppm and a p a i r  of s i n g l e t s  a t  22 ppm), a r e  a s s o c i a t e d  

!/OR1 ll/oR1 ranged p roduc t s  c o n t a i n i n g  a P (0 ) -0  bond 
r a t h e r  t han  t h e  o r i g i n a l  P(0)-S bond. 
The peaks a t  t h e  lower f i e l d  a r e  a s s o c i -  

phosphonic a c i d ,  as e s t a b l i s h e d  by an 

P 47-52 pp 

0 w i t h  ox id i zed  and r e a r -  

CH3P\ 
:-R2 

2 0  a t e d  w i t h  m-chlorobenzoyl ester o f  t h e  

independen t  s y n t h e s i s .  The p a i r  o f  s i g n a l s  a t  t h e  h ighe r  f i e l d  a r e  due t o  t h e  c o r r e s -  
ponding pyrophosphorus d i a s t e reomers .  
ment t o  t h e  oxysu l fona te  occur s  fo l lowing  t h e  i n i t i a l  o x i d a t i o n  s t e p ,  the la t te r  anhy- 
d r i d e  i s  n o t  observed i n  t h e  o x i d a t i o n  o f  phosphono th io l a t e s .  
mediate  2 i s  e i t h e r  much more r e a c t i v e ,  undergoing a f a s t  n u c l e o p h i l i c  a t t a c k ,  o r  t h e  
r ea r r anggd  o x y s u l f o n a t e  hydro lyses  ve ry  f a s t .  MCPBA o x i d a t i o n  o f  o p t i c a l l y  active 1 
(Rl=i-C3H7, Rz=CzHrj) r e s u l t s  i n  a mix tu re  o f  m-chlorobenzoyl anhydr ide  and i -p ropy l  pyro- 
phosphorus d i a s t e reomer ,  both o f  which a r e  o p t i c a l l y  a c t i v e .  The r e s u l t i n g  s o l u t i o n  has  
an  o p p o s i t e  r o t a t i o n  s i g n  compared t o  t h a t  of 1. 
z a t i o n  p r i o r  t o  t h e  n u c l e o p h i l i c  d i sp l acemen t ,  which i s  assumed to proceed v i a  i n v e r s i o n  
o f  the c o n f i g u r a t i o n  a t  phosphorus.  

SR2 
CH3P\ 

1 - - 

As opposed t o  p h o s p h o r o t h i o l a t e s ,  where r ea r r ange -  

Tha t  s u g g e s t s  t h a t  inter- 

There fo re ,  2 does n o t  undergo recemi- 

SYNTHESIS OF N-/2,2,6,6-TETRAMETHY L-4-PIPERIDINYL/-AMINOALKANE- 
PHOSPHONIC ACID DERIVATIVES. R. Skowronski, Z.H. Kudzin, J. Skolimowski. 
Insti tute of Chemistry,  University of Lodz, 90-136 Lolz ,  Narutowicza 68, Poland. 
The main aim of this  research was the synthesis of a new class of nitroxide spin markers  

containing aminoalkanephosphonic acids I, 2 or thioureidoalkanephosphonic acids 3. 

R = H, Et, n-Bu; R1 = H, PhCH2; R2, R3 = H, H; Me, H; Ph, H; Me ,  Me;  R 4  = Me, Ph; Z = H, 0. 
The dialkyl es ters  of aminoalkanephosphonic acids 1 and 2. were  obtained by the  addition of dialkyl 
phosphites t o  imines of 4-amino-2,2,6,6-tetramethylpiperidine and 2,2,6,6-tetramethyl-4-piperidone 
derivatives. Thioureido derivatives 3 were  prepared by Birum condensation with tr iphenyl phosphite, 
aldehyde and N-/2,2,6,6-tetramethyl-4-piperidinyl/thiourea. The introduction of a spin marker  t o  
t he  arninoalkanephosphonic acids increases the applicabili ty of this class of compounds. Chemical  
and spectroscopy s tudies  of compounds 1,2,3 were carried out,  
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RE80LUTIDN OFoL-AMINOPHOSPHONIC ACIDS BY AMINOACYLASE I 
J u d i t  Teleadi Ferenc Kraicsovi ts ,  Lhszl6 k v o s  
Central  Resedch  I n s t i t u t e  of Chemistry, Hungarian Academy of  Sciences 

The W-aminophosphonic acids  b u i l t  i n  peptide chain,  important i n  the 
pharmaceutical chemistry, have biological  a c t i v i t y  only i n  their op t i -  
c a l l y  ac t ive  form. Therefore we have aimed at the preparat ion of opt i -  
c a l l y  ac t ive  c<-aminophosphoaic. acids  through enzymatic r e so lu t ion  o f  

t h e i r  acyl der ivat ives .  Some acyl  aminophosphonic a c i d s  were prepared 
by the methods I s b e l l  and Kabachnik: 

R=CH3, C2H5, Cs%, C6H5, C H CH2, CH S-CH2-CH2 6 5- 3- R-YH-PO/OH/Z 

m2 
and submitted t o  the ac t ion  of  aminoacylase I according t o  Greenstein. 
A s  a r e s u l t  we obtained u e  o p t i c a l l y  active aminophosphonic acids i n  
both enantiomeric form. gomparison of the enzymatic r e a c t i v i t y  constants  
o f k o s t e r i c  acyl aminosulfonic-,acyl aminocarboqylic and acyl  amino- 
phosphonic acids  l e d  t o  c e r t a i n  conclusions concerning enzyme stereo-  
s p e c i f i c i t y .  
We believe t h a t  our new re so lu t ion  method and the systematic study on 
enzymatic r eac t ion  of aminophosphonic and aminosulfonic acids  a re  i m -  
por tant  i n  p r a c t i c a l  and t h e o r e t i c a l  point of view, respect ively.  

SYNTHCS I S  01 ORGAIJOPIIOSPHONJS COIIPOUIIDS USIIX OTC IjEC'=AODS. 
L.TEke, I .?etnehSzy,  Gy.Keglevich. Department of Organic  Chemical 

Technology, Technica l  U n i v e r s i t y  Budapest, 1521 Sudapes t ,  IIU!ICART7 

I n  g e n e r a l  it i s  n o t  e a s y  t o  t ransform phosphoric  a c i d  esters t o  t h e i r  
d e r i v a t i v e s  by c lass ical  methods i f  h y d r o l y s i s  a lso can occur .  I n  t h e s e  
cases s p e c i a l  methods are t o  be  used. I n  r e c e n t  work w e  p r e s e n t  some reac- 
t i o n s  us ing  PTC methods t o  g e t  new compounds. It was s y n t h e t i s e d  s o m e  
phosphoric  a c i d  esters of t y p e  2 c o n t a i n i n g  a cyc lopropyl  r inrJ  bv t h e  
a d d i t i o n  of dihaloqeno-carbene zo v i n v l  uhosnhates  111.  - 
RO, 40 : cx2 R O , p p  X, 2 X= Cl; B r ;  ' 

RO' ' O - C = &  PTC RO/'O-$--C< 
R= a l k y l  A P 

7 I I  I\ I L 

On t h e  o t h e r  hand, a lkylaFion  r e a c t i o n s  of -1~ydroxy phosphonates / 3 /  i n  
l i q u i d - l i q u i d  PTC c i rcumstances  r e s u l t  i n  f o r n a t i o n  of products  a l k y l a t e d  
on t h e  oxygen o r l a n d  on t h e  carbon.  
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SYNTHESIS OFd-AMINOALKYLPHOSPHONIC ACIDS. Yuan Chengye, g i  Youmao and Xiang 
Caili.  Shanghai I n s t i t u t e  of  Organic  Chemistry,  Academia S i n i c a ,  345 L i n g l i n g  
Lu, Shanghai 200032, CHINA. 

The d iscovery  of  t h e  b i o l o g i c a l  a c t i v i t y  and c h e l a t i n g  a b i l i t y  of  aminophos- 
phonic  a c i d s  and p e p t i d e s  s t i m u l a t e s  t h e  s y n t h e t i c  s t u d i e s  o f  t h e s e  phosphorus 
ana logues  o f  natural amino-acids. The p r e s e n t  paper  r e p o r t s  t h e  s y s t e m a t i c  i n v e s t i -  
g a t i o n  of t h e  p r e p a r a t i v e  r e a c t i o n s  f o r  d-aminoalkylphosphonic  a c i d s :  

RCHO + H2NC(X)Y + (RO)$Z ---+ RCH(NH2)PO(OH)z 

Where R=H,  CH3,  C2H5, C3H7, C 4 H 9 ,  C g H l l ,  C6H13, C # 1 7 ,  CllH23Y 'gH5? p-C1CgHq9 
p-BrC6H4, p-CI13C6H4.. X = 0,. S. Y= NH2,  C H N H ,  CH3,. COOEt, CF3. Z = OR, OH. 

The i n f l u e n c e  of v a r i a t i o n  i n  s t r u c t u r e  of  a ldehyde,  amino-component and phosphorus 
r e a g e n t  on t h e  y i e l d  ofd-aminoalkylphosphonic a c i d s  was descr ibed .  A r e a c t i o n  
mechanism involv inf  t h e  a d d i t i o n  of  phosphorus e s t e r  t o  t h e  C=N bond r e s u l t e d  from 
t h e  condensat ion of  a ldehyde w i t h  amino-mmponent was p o s t u l a t e d  and d icussed .  

6 5  

TIO!J c'F CCI'€'CUI:DS ~ J T H  A? A C T I V Z  IFTHYL,%IE CROLT. Yuan Chengye, 
Lone Saiyan and Li Shusen. .Shcngha,i I n s t i t u t e  o f  Organic  

C?.em$stry, Acadmia  S i n i c a ,  345 L i n e l i n g  Lu, Shangkai Z i l O C 3 2 ,  CHI!IA. 

P a r a - s u b s t i t u t e d  b e n z g i n i t r i l e  p o s s e s s i n g  an  a c t i v e  methylene group undergoes  
steT'wise C-phos-horyiation smoothly w i t  d i e t h g l  phosphoryl  c h l o r i d e  i n  t h e  presence  
c:' naphthalene-sodium. Diethyl  phosyhin c h l o r i d e  r e a c t s  analogously.  The presence  
o f  an e l e c t r o n  withdrawin? group i n  t h e  enzene r i n r  reduces  t h e  y i e l d  o f  phos- 
; : . iorylzt isn s e r i o u s l y .  The che:nica? s c h i f t  cf jlP N I J ?  o f  t h e  r e s u l t e d  d-cyanobenzyl- 
choaphonates  c o r r e l a t e s  l i n e a r i y  witr. t h e  iiammett C c o n s t a n t s  of t h e  s u b s t i t u e n t s .  
4s i n d i c a t e d  by 1H NMR s t u d i e s  t h e  Fro tons  in t h e  e s t e r  e t h y l  groups a r e  m a g n e t i c a l l y  
nonequiva len t .  These compounds could be a l k y l a t e d  :pith a l k y l  h a l i d e  o r  condensed 
<.Lt!i aromnt '.c aldehyde by Xorner-Wittig t ype  r e a c t i o n  due t o  t h e  presence  of  r e s i d u a l  
s c t i v e  hydrogen a ton .  

d i k e t o n e s  and p-keto e s t e r s  as r e g i o s p e c i f i c  r e a c t i o n  were r e p o r t e d .  The i n f l u e n c e s  
o f  metal  i o n s  ?n t h e  e n o i a t e s  on t h e  r e a c t i v i t y  o f  t h e  l a t t e r  were examined. Only 

t e s  with predominent lg  Z-con:'ic.uratior. have  been i s c l a t e d  as e x c l u s i v e  
C-ttto?, seer in^ cr. c c t i v e  hyriro;:en in t!ie p-d ike tones  i n v e s t i g a t e d  is 

2Eei. t  uo p h o s ~ h o r y l a t i o n .  These exTeriment,?l r e s u l t s  a r e  w e l l  suppor ted  by r e a c t i o r .  
s e l e c t i v i t x  i n  term of %qO/%co,c based on  nf:G c a l c u l a t i o n .  

The s t r u c t u r e - r e a c t i v i t y  s t u d i e s  o f  d i e t h y l  phosphcryl  c h l o r i d e  on v a r i o u s  p - 
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414 SYNTHESIS OF NEW ORGANOPHOSPHORUS COMPOUNDS 

SYNTHESIS MD STEREOCHEMICAL FEATURES OF T!HE DIFFERENT TYPES OF &PO- 
LYFLUOROAL5YLBENZYL PHOSPHA!l!ES WITH SEVERAL A S Y W R I C A L  CENTmS. 
M.I.Kabachaik, L.S.Zakhwov, E.I.Goryunov, P.V.Petrovskii 
Institute of Organoelement Compounds Academy of Sciences of the USSR 
Yoecow USSR 

The new method o f  stepped carrying out the catalytic phosphorylation 
process of t~-polyfluoroal~lbens~l alcohols (I) is'suggested. This me- 
thod givee the possibility to eynthesise previouely inaccessible s w o t -  
ric 1 and unsymmetrical bie(6-polyfluoroalkylbenzyl) chlorophosphates 
(117 and tris( a -poljfluoroal~lbensyl) phosphatee (111) 

POCL (I > (I P .-r . - I  _ _ -  
krCIIRpOH 3 ILr-OPOCl2 - (BrCHRpO)2POC1 - (BrcHR 0) P Cat. Cat. Cat. p 3  
(1 1 (11) (111 1 

The stereochemistry of phosphates (11) and (111) i a  investigated by 
NWR spectroscopj. These compounds are the mixtures of t r o ,  three, or 
four  diastereomers wlth statistical components ratio, according to the 
number of asymmetrical centers and the molecule symmetry. The influence 
of the nature of solvents, concentration and temperature on diastereo- 
merio anisoohronity value in IoEI[R spectra of chlorophosphates (11) with 
pseudoasymmetrical phosphorus atom is investigated. 

SYNTHESE DE PYRAZOLES PHOSPHONATES EN - 4 .  
A.BEN AKACHA, B. BACCAR, N.AYED . Laboratoire de Synthese Organique 
Facult6 des Sciences de T-TUNISIE- 
On a d6ja montrg que l'action de PC13 s u r  kes hydrazones conduit h des diazaphos- 

Dans ce travai1,nous d6crivons la synthese de pyrazoles comportant un groupement 

1 NH-R2 + - R5C(OR4)3 3 R4 OH ' R 3 c 1 : R 2  C = N  
N 

Le rendernent de la reaction dgpend de la nature de l'otthoester utilis6 et des subs- 

Avec l'orthoformiate d'gthyle (R4 = C2H5, R5 = H), les rendements depassent les 65 %. 

L'identification des produits obtenus a et6 faite grPce B l'analyse de leurs spec- 

pholes substitues en - 4 p a r  un groupement oxyde de phosphine (1). 

phosphor6 en - 4 par action des orthoesters sur les hydrazones des B-cetophosphonates. 
(R1)2P(0) 

(R )2P(0)-CH2 
\ /  

R3' 

tituants de l'hydrazone (R1, R2, R3). 

tres I . R ,  R.M.N du 3 1 P ,  1H. 13C et de masse. 
( 1 )  N. AYED, R. MATHIS, F. MATHIS et B. BACCAR, C.R. Acad. Sci., 292 I1 187 (1981). 
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SYNTHESIS OF NEW ORGANOPHOSPHORUS COMPOUNDS 415 

STUDIES ON THE REACTIONS OF PhP(S)(tJCS)2 AND (RO)PhP(S)NCS WITH AMINES. Ru-YU 
~ Chen, Shi-xian Hu, Insti tute of Elemento-Organic Chemistry,  Nankai University, Tianjin, China. 

In order  t o  study fur ther  reactions of t h e  Ph(EtO)P(S)NCS and PhP(S)(NCS)a with amines in searching 
for new pesticides, seven new compounds of t h e  general  formulas  (I) and (11). 

3 ,NH-c”~ 

Et-0’ ‘NH-c,’ 
‘NR2 (11) where R1=isopropyl, 

Ph 2 B 
‘P-NHCNHRl (1) PhP 

\q 
I 

cyclopropyl, isoamyl, morpholinyl, p-chlorophenyl groups, R2=isopropyl, isoamyl groups, have been 
synthesized by t h e  react ions of Ph(EtO)P(S)Cl and PhP(S)Cl2 with KSCN and t r e a t m e n t  of t h e  
intermediate  compounds with amines. 
I t  was interest ing tha t  t he  products f rom PhP(S)(NCS)Z and isopropyl and isoamyl amines respectively 
were cyclic compounds (11) as shown in the  following equation : 

-* S 
Elemental  analysis, IR, NMR, yields, and physical constants  of t h e  products (I) and (11) were  given. 
References : (1) Pe te r ,  E.N., Leawood, K., US369?276 (1972). 

( 2 )  Ru-yu Chen e t  al., Scientia Sinica B. 1983, 2 : 109-118. 
(3 )  Shokol, V.A. e t  al., Zh. 0bshch.Kim. 4 8  (7 )  1978, 1656-7. 

SYNTHESIS OF ARYLOXY (OR ALKYLOXY) PHENYLPHOSPHONOTHIONAllES DERIVATIVES 
OF ETHYL GLYCINATE . Ru-Yu Chen, Jian-Xing Fang, Institute of Elemento- 
Organic Chemistry, Tianjin, China 
More than thirty new compounds of the general formula PhP(S)(OR)NHC%- 
COOEt, where R=low alkyl, chloroal~f1.pheny1, and substituted phenyl 

groups, have been synthesized (equations (1) and (2))for screening in o r -  
der to find out new pesticides which will be non-toxic to mammsls and 
highly toxic to pests. 

PhP(S)C12 + ROH EtxN Ph(RO)P(S)Cl + ET3N.HC1 
Ph( RO )P( S ) C1 + H2NCK2COOEt - HC1 (1) 

2EtgN 
Ph(RO)P(S)RHC1I2CO0Et + 2Et3N-HC1 (2) 

The reaction intermediates, Ph(S)iOR)Cl were difficult to be purified by 
distillation under the pressnre of O.lmm Hg, as most of them decomposed 
near their boiling points under vacuum with the exception of the compound 
with R=Et. For  this reason, one-step process without the isolation of 
the reaction intermediates was used. 

The advantages of  one-step method over that of the two-steps were that 
higher overall yields of the products were obtained and it was more con- 
venient to synthesize these compoiinds. 
References: 11) Mulliez, M. Phosphorus and Sulfer, 1980, 9 ( 2 ) ,  209-20.  

( 2 )  Grapov, A.F.,et al, Q.S.S.R. 308,639 (19811, 
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416 SYNTHESIS OF NEW ORGANOPHOSPHORUS COMPOUNDS 

SYNTHETIC ROUTES TO 1-PHENYL-2- & 3-PHOSPHOLANOL 1-OXIDES. Edgar Howard, J r . ,  
N . Z .  Chen & R . E .  Dagger,  Dept.  o f  Chem., Temple Un iv . ,  P h i l a d e l p h i a ,  PA 19122 U.S.A. 

1-Phenyl-3-phospholanol 1-oxide,TV, f i r s t  p repa red  by a d d i t i o n  o f  OH- t o  1 (K.S . Ja in ,  
t h i s  l a b )  has  a l s o  been made by r e d u c t i o n  of  t h e  k e t o n e  V and hydrobora t ion -ox ida t ion  n f  
111. Although e a r l y  work sugges t ed  t h a t  n u c l e o p h i l i c  a t t a c k  of  I & V was s t e r i c a l l y  
c o n t r o l l e d  by phenyl ,  l a t e r  work h a s  shown t h a t  even h inde red  h y d r i d e s  g i v e  d i a s t e r e o -  
mers of I V .  Hydrobora t ion  of t h e  C=C i n  I and 111 w a s  a s y n t h e t i r  c h a l l e n g e  because  of  
t h e  compe t i t i on  of P=O f o r  BH3, l e a d i n g  t o  r ing-opened  p r o d u c t s .  P r o t c c t i o n  of  P=O by 
p r i o r  a d d i t i o n  of 1 . 0  e q u i v  n f  BF3:Et20 ( 0 . 5  h r ;  r t )  t o  a CDC13 s o l u t i o n  of T I T ,  t hen  
1.0 e q u i v  BH3-THF (9  h r ;  r t ) ,  f o l lowed  by H202/Otl- o r  MCPBA workup gave 33-542 of a 
57:43 Z/E mix tu re  of I V .  S i m i l a r  p r o t e c t i o n  of I i n  CDC13 w i t h  BF3:Et20, t h e n  BH3-THF 
( 7 2  h r ;  r t ) ,  fol lowed by o x i d a t i v e  workup gave 1 4 %  p u r e  11, Z-isomer on ly .  T h i s  com- 
p a r e s  f a v o r a b l y  wi th  a n  a l t e r n a t e  s y n t h e s i s  of T T ,  Musierowicz g a i . ,  Phos.  & S u l f u r ,  

~~ 5 ,  377 (1979) .  0 + a o o H b  - 
Ph' ' 0  Ph/"O Ph AO (3 a, ph/p% O x . O H  

Ph/'.O 0 

T I1 111 I V  + v 
a = BF3; kill3; 1120~/011- o r  MCPBA b = NaBHq o r  I c = OH- ( aq )  

K - S e l e c t r i d e  

SYNTHETIC APPROACHES TO DIPHENYLPHOSPHINO-SUBSTITUTED 1-PHOSPHOLENES AND PHOSPHOLES. 
Md. Amin, D.G.  Holah, A.N. Hughes, and T.  R u k a c h a i s i r i k u l ,  Department of Chemis t ry ,  

Lakehead U n i v e r s i t y ,  Thunder Bay, On ta r io .  Canada P7B 5E1. 

F u r t h e r  t o  our  s t u d i e s  of t h e  c o o r d i n a t i o n  c h e m i s t r y  of phospho les ,  we  have  c a r r i e d  
o u t  a p r e l i m i n a r y  i n v e s t i g a t i o n  of t h e  s y n t h e s i s  of diphenylphosphino-substituted 2- 
phospholenes  and phospholes .  Among t h e  s t r u c t u r e s  s y n t h e s i z e d  are t h o s e  shown below. 

I I1 I11 

S t r u c t u r e  I1 i s  formed from I ( b r i e f l y  r e p o r t e d  ear l ier  by Mathey) by a n  a l l y l i c  photo- 
b romina t ion  - dehydrobrominat ion  sequence .  111 i s  of g r e a t  i n t e r e s t  s i n c e  i t  fo rms  from 
I1 in a i r  i n  t h e  s o l i d  s t a t e  i n  t h e  d a r k  under  r e f r i g e r a t i o n .  A f r e e - r a d i c a l  02 o x i d a t -  
i o n  is sugges t ed  on t h e  b a s i s  of A I B N  c a t a l y z e d  o x i d a t i o n s  of I1 which  g i v e  I11 in good 
y i e l d .  The g e n e r a l i t y  of t h i s  r e a c t i o n  w i l l  be  d i s c u s s e d  as w i l l  o t h e r  r e a c t i o n s  of  111 
and NMR s p e c t r o s c o p i c  d a t a  for a l l  p r o d u c t s .  
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SYNTHESIS OF NEW ORGANOPHOSPHORUS COMPOUNDS 417 

FORMATION D'OLEFINES SUBSTITUEES AU COURS D'UNE REACTIW D'ARBUZOV. 
S. JUSE et Y. LEGRAS Laboratoire de Chimie Gbn. CNIL'1, 292  Rue St Martin 

La reaction de diols-1 ,2 derives d'acide lactique ou de la campho- 
75141 Paris Cedex 03 

quinone avec la dichlorophhylphosphine ,conduit A de nouveaux dioxa- 
phospholanes-1 ,3,2 optiquement actifs. Leur reaction avec l'iodure de 
methyle donne facilement une elimination et la formation d'ol6fines 
substitubes : 

Dans les memes conditions, l'hydrobenzofne d,l ou meso conduit A 
un mPlange de cis/trans stilbene 15-85 .La ghbalisation de cette 
reaction ,et le m6canisme ,sont etudies. 

REACTIONS OF d , J  -UNSATURATED PHOSPHORUS (111) DERIVATIVES 
WITH ELECTROPHILIC SYSTEFLS 

I.V.Konovalova, L.A.Burnaeva, A.N.Pudovik 
A.E.Arbuzov Institute o f  Organic and Physical Chemistry AS USSR 

Kazan State University 
The general method of synthesis for a new fivemembered nitrogen phos- 

phorus containing heterocycles was worked out on the basis of reaction 
of d , B  -unsaturated P(II1) derivatives with wide range of electrophi- 
lic agents.Isocyanatophosphites, their thioaualoguee and aubetituted 
methylenamidophosghitee can act ae specific 1,3-dipolee towards the 
majority of systems with C=O, CaN and CEC bonds. 

Two-stated mechanism for cycloaddition is proposed.The scheme invol- 
ves the formation of bipolar ions with P-C or P-0-C bonds and azaphos- 
pholenes followed by their stabilization via imide-anide and imide-imi- 
de rearrangement, dimerization or hydrolises depending on the structure 
of imidophosphorua compound. Reactions between the P(II1) compounds men- 
tioned and d-halogen carbonyl cornpounds m y  proceed via cycloaddition 
as well a8 via Perkov rearragement. Reactions of  dialkylisocyanatophos- 
ghites with d-dicarbonyl and d,J-unsaturated carbonyl compounds in- 
volve phosphorus atom only, NCX-group acting as pseudohalogen and under- 
going nucleophilic substitution. 
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418 SYNTHESIS OF NEW ORGANOPHOSPHORUS COMPOUNDS 

PHOSPHORUS-CONTAINING DEEUVATIW OF THE DIENE-DIGL FOmI OF ACETYL- 
ACETON 

P J  .iiIukharnetov, E.E.Korshin, N. I. Hizpolozhenskii 
A.E.Arbuzov l n s t i t u t e  of Organic and Physical Chemistry o f  Kazan Branch 
o f  Academy of Science o f  t h e  USSR 

the  presence o f  t h e  base, s t d i e d  by us ,  showed, t h a t  it is poss ib le  t o  
obtain s t r u c t u r e s ,  derived from t h e  hypothetical  diene-diol form of ace- 
tylacetone - 2-substi tuted 4-methylen-6-methyl-I,3,2-dioxaphosphorines. 
Detailed i n v e s t i  a t i o n  of  the  e f f e c t  of acetylacetone on the  mono- and 
dichlor ides  o f  P f I I I )  and P(1V) i n  the  presence of a base made it possi-  
ble  t o  es tab l i sh  t h e  r e g u l a r i t i e s ,  determining t h e  formation of e i t h e r  
the  der ivat ives  of enol form (open-chain p-acetylisopropenylphosphites) 
o r  the  der ivat ives  o f  t h e  diene-diol form ( c y c l i c  4-methylen-I ,5,2-dioxa- 
phosphorines) . The formation of cycl ic  phosphorus-containing substances 
w a s  found t o  proceed stepwise. F i r s t l y  open-chain B-acetylisopropenyl- 
phosphites derived from t h e  enol form of B-dicarbonylic compound a r e  f o r -  
med. Then, i f  the  conformation o f  t h e  p-acetylisopropenyl rad ica l  is c i s  
-S-cis, t h e  formation o f  the  r i n g  systems is possible ,  but it is t h e  pre- 
sence of  d e f i n i t e  subs t i tuents ,  at tached t o  the  phosphorus atom, t h e  aci- 
d i c  impuri t ies  i n  t h e  reac t ion  mixture and t h e  temperature t h a t  a re  the  
the  decis ive factors  i n  t h i s  process. 

Reactions of dichlor ides  o f  P(II1)  and P(1V) with acetylacetone i n  

SYNTHESIS AND STRUCTURE OF N-ALKOXY OR N-HYDROXY 1,4-AZAPHOSPHORINANE 
J. Skolimowski, R. Skowronski, M;Sirnalty*. Insti tute of Chemistry,  University of Lodz, 

CNRS-SNPE, 2 rue  H. Dunant, 94-320 Thiais, France.  

The process studied was the  synthesis of N-hydroxy or N-alkoxy 1,4-dihydro-1,4-azaphospho- 
derivatives as a result of cyclisation of monoacetylene phosphonium salts or as a resul t  of 

90-136 Lodz, Narutowicza 68, Poland. 

r ine 
oxidation of 2,4,6-trisubstituted 4-OXO-l,4-dihydro-l,4-azaphosphorinanes by dibenzoyl peroxide. 

The reduction of compounds 1. was studied with t h e  aid of formic acid or NaBH3CN and NaBH4 
in ace t i c  acid. This reduction leads to 1,4-aza-phosphorinanes 2. As a result  of oxidation of 
Z/R=OH/ with PbO2 or HgO in organic solvents,  unstable nitroxides were generated.  The 
compounds obtained were studied with t h e  use of l H  and 31P NMR spectroscopy or ESR spectro- 
scopy for paramagnetic compounds. 
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LE P TRICHLORO N OICHLOROPHOSPHORYLE MONOPHOSPHAZENE, CARREFOUR OE LA CHIMIE OES PHOS- 

PHAZENES. 

J .  BELKY, T .  ABOU CHAKRA, A. OUASSINI, J. HEUBEL, R. OE JAEGER 
L a b o r a t o i r e  de Ch imie  MinQra le  I, U.S.T.L. 59655 V i l l e n e u v e  d 'Ascq Cedex F r a n c e  

P l u s i e u r s  groupes de r e a c t i o n s  o r i g i n a l e s  de C12(0)PNPC13 o n t  B t B  e t u d i e e s .  I 1  s ' a g i t  es- 
s e n t i e l l e m e n t  de s u b s t i t u t i o n s  nuc l6oph i le .s .  m o n t r a n t  que l e  groupement = NPC13 p r e s e n t e  
une r 6 a c t i v i t 6  p a r t i c u l i h r e .  
- L ' h y d r o l y s e  dont  PzNOC15 e s t  l a  p r e m i P r e  Qtape s i  l ' o n  p a r t  de (NP2ClgI  PClg  i s e  f a i t  
p a r  l ' i n t e r r n g d i a i r e  de deux Qtapes  e s s e n t i e l l e s  : HN[P(OlC12)2 e t  HN(PfO1 (OH1212 
- P a r  a c t i o n  de s e l s  oxygends XOM[X=NO,N02,AcO ; N=Na,K,NHq,Pbl avec  ou sans s o l v a n t ;  on 
rernplace 1 C 1  p a r  ON. Le s e l  ob tenu,  p o u r r a i t  Q t r e  c o n s i d e r 6  c o m m  un d i ( d i c h 1 o r o p h o s p h o -  
r y l e l i m i d a t e ,  i d e n t i f i e  p a r  des r e a c t i o n s  c a r a c t e r i s t i q u e s  a i n s i  que p a r  I R  e t  RMN. L a  
p y r r o l i d i n e  donne un p y r r o l i d i n y l  d i c h l o r o  e t  un d i p y r r o l i d i n y l  c h l o r o  N d i c h l o r o p h o s p h o r y l e  
rnonophosphazhne. 
Le d i ( c h l o r o 6 t h y l l a r n i n e  donne de m&me l e s  d e r i v e s  mono e t  di[di~chloro~thyll~amino phospha- 
zhnes. 
Le t r i f l u o r o e t h a n o l  c o n d u i t  A un mono e t  A un d i e s t e r  d o n t  les p r o p r i e t e s  s o n t  d'un g r a n d  
i n t Q r E t .  
P a r  p y r o l y s e  c o n t r d l 6 e  on o b t i e n t  des po lych lo rophosphazhnes l i n 6 a l r e s  de l o n g u e u r  V a r i a -  
b l e  a l l a n t  au moins j u s q u ' i  2000 m o t i f s  e t  rnodulables 2 v o l o n t e .  
Techniques de c a r a c t e r i s a t i o n  u t i l i s d e s  : RMN 31P. 1H. 13C-IR - s p e c t r o k t r i e  de Masse. 

+ -  

RECENT SYNTHETIC ADVANCES DESIGNED TO PROBE THE BONDING WITHIN CHLORDCYCLO- 
TRIPHOSPHAZENES. Paul  J. H a r r i s  and Kenneth B. W i l l i a m s .  Department o f  Chemis t ry ,  

V i r g i y i a  P o l y t e c h n i c  I n s t i t u t e  and S t a t e  I h i v e r s i t y ,  B lacksburg ,  VA 24061. 

Severa l  new s y n t h e t i c  advances toward  t h e  p r e p a r a t i o n  o f  mo lecu les  des igned t o  p robe 
t h e  bond ing  i n  phosphazene compounds w i l l  be p resented .  S p e c i f i c a l l y ,  t h e  s y n t h e s i s  
and p h y s i c a l  p r o p e r t i e s  o f  a r y l  s u b s t i t u t e d  phosphazenes o f  t y p e  I ,  and ANSA 
phosphazenes o f  t y p e  I 1  w i l l  be d iscussed.  Compounds I are  des igned t o  p robe t h e  
p o s s i b i l i t y  o f  ch lo rophosphazene-ary l  g roup i n t e r a c t i o n s  b y  t h e  use o f  I R ,  NMR, UV, and 
PES techn iques .  ANSA compounds o f  t y p e  I 1  are  des igned t o  p robe t h e  p o s s i b i l i t y  o f  a 
d e l o c a l i z e d  system w i t h i n  t h e  phosphazene r i n g .  

n ,C1 Y=NH2,X=O 

c1 

I I1  
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NEW PHOSPHAZENE POLYMERS DERIVED FROM THE FRIEDBL CRAFTS REACTION OF 

Department  of Inorganic and Physical Chemistry,  Indian Inst i tute  of Science,  Bangalore 560 012, India. 
HEXA(ARYL0XY)CYCLOTRIPHOSPHAZENES. K.V. KATTI and S . S .  KRISHNAMURTHY. 

The reactions of hexa(aryloxy)cyclotriphosphazenes, N3P3(0R)& (R = CsH5,  CsHqMe-p) 
with polyhaloalkanes in t h e  presence of anhydrous aluminium chloride yield new crosslinked 
phosphazene polymers. The thermal  s tabi l i ty  of t h e  polymers derived from various haloalkanes 
increased in the  order 

The thermal  stabil i ty also increased with increasing amounts  of t h e  catalyst ,  reaching a 
maximum at  1:lO mol rat io  (N3P3(0Ph)~:AlC13) and remaining constant  with fur ther  increase 
in the  amount of t h e  catalyst ,  These crosslinked phosphazene polymers exhibit  much g rea t e r  
thermal  stabil i ty compared to tha t  of t h e  l inear polyorganophosphazenes, (R2P=NIn (R = OPh, 
Ph or SCN) and also t h e  polymers prepared by the  Friedel C r a f t s  react ion of (O)P(OPh)3 or 
( O ) P ( O C G H ~ M ~ - ~ ) ~  with halo-alkanes. The results show t h a t  t h e  side-group modification of 
readily available organophosphazenes can provide a useful method for t h e  synthesis of phospha- 
zene polymers and for crosslinking l inear polymers in a subsequent curing process. The prepara- 
tion, characterisation and the  thermal  analysis of this new class of polyorganophosphazenes 
will be discussed. 

l,P-ClCH2CHZCI > CHCl3 > CH2Cl2 ’ CCl4. 

PHOSPHAZENE COMPOUNDS AS FLAME RETARDANTS OF POLYESTER FIBERS. 
B. LASZKIEWICS. UNIVERSITY OF JOS,  P.M.B. 2084, JOS - NIGERIA. 

Several bromophenoxyphosphaaene compounds have been synthesized in the 
laboratory and as well as pilot scale, mainly hexa 4 2,3,4,5,6-pentabro- 
mophenoxy) - phosphazene, hexa - ( 2,4,6-tribromophenoxy) - phosphazene 
and hexa - (4-bromophenoxy) - phosphazene. Synthesis of mentioned 
compounds was carried out by different methods with 85-92% yield. 
quality of the obtained products has been estimated on basis of elemental 
analysis, IR spectrum,31P NMR and thermal analysis- The thermal destruc- 
tion of above phosphazene derivatives was over 3 ( 1 0 ° C ,  which recommended 
these compounds as flame retardants for polyester fibers. 
Bromophenoxyphosphazenes have been introduced to p o l y i = t h y l e n e t e r e p h t a l a t e  
i n  the different stages of the synthesis or to the granulated polymer be- 
fore extrusion and spinning of the fibers. This flame retardant of polye- 
thyleneterephthalate was used for spinninq of the fibers at a speed of 
800 m/min. The fibers and the fabrics produced from these fibers have t h e  
oxygen index LOI=26-28. 

The 
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STUCTURAL STUDIES 
TRIENE - Sorab R. 

Robert A. Shaw.* and 
College, (University 
Queen M a r y  College (University. of London), Mile End Road, London, E1'4NS, 
U.K. 

ON SPlRO DERIVATIVES OF HEXACHLtOROCYCMTRIPHOSPHAZA- 
Contractor,' Michael B. Hursthouse,L Leglh S. Shaw*A 
Eamza Yilmaz' - Department of Chemistry, Birkbeck 
of London) Malet Street. London. WClE 7HX. U.K.: 

Spiro derivatives of hexachlorocyclotriphosphazatriene,N P3c16,Wi.bh 
ethylene glycol, 1,3-propylene glycol and l,4-butylene glycol zave been 
prepared and subjected to X-ray crystallographic analysis. The struc- 
tures of the resultant compounds which contain a six-membered phosphorus- 
nitrogen ring, a phosphorus atom of which is at the same time also part 
of a 5-,6-, and 7-membered ring will be presented. The structures and 
conformations of these spiro compounds will be discussed and compared 
with those of related compounds. An attempt will be made to relate the 
structures to physical properties and chemical reactivity. 

THE REACTION OF OCTACHLOROCYCLOTEETRAPHOSPHAZATETRAEXE WITH TRD'LUORO- 
ETHOXIDE - A GC-MS STUDY, K.C. Kumara Swamy, S.S. Ib$shnamurtby, 

Robert A. Shaw', A.R. Vasudeva Murthy and Michael Woods , Department of 
%organic and qsical Chemistry, Indian Institute of Science, Bangalore 
560 012, India; Department of Chemistry, Birkbeck College, (University 
of London), Malet Street, London, WClE 7HX, U.K. 

with sodium trifluoroethoxide in dietnyl ether has been investigated. 
The formation of more than twenty trifluoroethow derivatives, 
N4P4C18-n(OCH2CF3)n (n = 1-8) is revealed by a gas chromatography 
mass spectrometric (R-MS) analyses of the reaction mixtures. To 
alleviate the problems associated with the extreme hydrolytic instability 
of chloro(trif~uoroethow)cyclotetraphosphazatetraenes, the reaction 
mixtures are subjected to "exhaustive dimethylaminolysis". Separation 
of the dimethylaminated reaction mixtures by column chromatography is 
partially successful; the efficiency of separation and the 
products can be monitored by Gas Liquid Chromatography (GLCY. 
retention times of (trif1uoroethoxy)cyclotetraphosphazatetraenes (On7 
on Diatomite CQ column) decrease drastically with the increase in the 
number of trifluoroethoxy groups. Structural elucidation of the prod- 
ucts by NMR spectroscopy and the chlorine replacement pattern are 
discussed. 

The reaction of octachlorocyclotetraphosphaeatetraene (N4P4C18) 

cum 

wity of the 
The 
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CONTROLLED HYDROLYSIS OF IMORC,ANTC RING SYSTEMS. R .  Win te r ,  B. d e  R u i t e r ,  and  J . C .  
van  de Crampel,  Department of I n o r g a n i c  Chemis t ry ,  U n i v e r s i t y  of CroninEen, N i j en -  
borgh  16 ,  9747  AG Groninpen ,  The Ne the r l ands .  

The h y d r o l y s i s  of (?IPC12)3, u l t i m a t e l y  l e a d i n g  t o  MR3 and H3P04, h a s  been  s u g g e s t e d  t o  
proceed  v i a  geminal forms  of  N P C 1  ( O R ) *  and N P C 1  ( O B I 4 ,  b u t  l a c k  o f  s t a b i l i t y  has  
p reven ted  t h e  c b a r a c t e r i ~ a t i o n ~ o ?  t k e s e  compounas? I?i o r d e r  t o  g a i n  more i n s i g h t  i n  t h e  
h y d r o l y s i s  pathway w e  have  conducted  a number of r eac . t i ons  of  (NPCl2I3 and t h e  r e l a t e d  
r i n g  sys tems N P C l  (PISOX) 
p re scnce  of P h  A s 6 l '  o r  18d6--cromet?ier ( C ,  1 1 2 4 0 6 ) / K C l .  The r e a c t i o n s  a fEorded  s t a b l e  
mono- and d i s u k s t i t u t e d  p r o d u c t s ,  a l l  of t z g m  s a l t s  of hydroxy d e r i v a t i v e s .  

u r e ,  whereas  t h e  ana logous  d e r i v a t i v e  of  (NPC12)2NSOC1 had a gemlnal  s t r u c t u r e  ( P Nbff., 
X-ray a n a l y s i s ) .  The s t r i k i n g l y  d i s s i m i l a r  behav lour  of t h e  two r i n g  sys tems towards  E20 
i s  a s c r i b e d  t o  t he  l a r g e r  b a s i c i t y  of (rlPC1 ) 3  wi th  r e s p e c t  t o  (PIPCl  ) N S O C l .  T h i s  ereat- 
l y  a f f e c t s  t h e  charge  d i s t r i b u t i o n  w i t h i n  t?ie r e a c t i o n  in t e rmed ia t e s :  l e a d i n g  t o  essen- 
t i a l l y  d i f f e r e n t  s u b s t i t u t i o n  pa thways .  

and ( N P C l  ) , p S O X  (X = C 1 ,  Ph) w i t h  w a t e r  i n  a c e t o n i t r i l e  i n  t h e  

It appeared  t h a t  t h e  d i s u b s t i t u t e d  d e r i v a t i v e  o f  (MPC12)3 had  a n o n - g e m i n a j , s t r u c t -  

ALKYL AND ARYL SUBSTITUTED POLYPHOSPHAZENES: SYNTHESIS AND REACTIVITY. 
Patty Wisian-Neilson. Department of Chemistry, Texas Christian 
University, Fort Worth, Texas 76129, U . S . A .  

Further studies of the condensation polymerization of N-silyl- 
phosphinimines, Me3SiN=P(OCH2CF3lRR', have resulted in the preparation 
of new polyphosphazenes, (RR'PN),, with alkyl and/or aryl groups 
directly bonded to phosphorus through P-C bonds. The most recent of 
these include polymers and copolymers with various combinations of 
substituents (R,R' = Me, Et, Ph, CH2Ph. n-Pr, CHzCH = CH2). The 
synthesis and characterization of the polymers, as well as the synthesis 
of some of the precursors will be discussed. Recent results of our 
investigation of the chemical reactivity of poly(dimethy1)phosphazene 
will also be given. These will include reactions with WeI, CF3COOH. 
CH3COOH, and n-BuLi. 
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