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MONOETHYLPHOSPHITE QUANTITATIVE DETERMINATION BY USING 
GAS-CHROMATOGRAPHY, IN DIFFERENT REACTION SYSTEMS 

Valentina MANIU, Andrei HANTZ 
Institute of Chemistry, str.Finthele,nr.30, 3400 Cluj, ROMANIA 

The present paper aims at establishing a G.C. proceeding for monoethyl- 
phosphite quantitative determination indifferent reaction systems, after 
a previous derivatization with CHIN2 in etheral solution, with the purpose 
of blocking the acid P-OH functions. 

The reactions under investigation are as follows: 
-diethylphosphite dealkylation with HCl1I2 
-diethylphosphite reaction with H3P03’ and inferior carboxylic acids 6 

-hydrolyse of monoethyldichlorophosphite. 
The performance of this method lies in the accuracy of monoethyl- 

phosphite determination, making evident the decomposition forms, as well 
as the stopping of the development of reactions at the every moment of 
collecting the samples designated to analysis. 

The application of this method allows the synthesis conditions in 
which lnonoethylphosphite represents a majority, to be found, by avoiding 
the decomposition products. It may be also used to the interphasic control 
of the technology of obtaining some practical interest fungicides based 
on phosphorous esters. I 

REFERENCES 
1. C.H.Campbel1, D.H.Chadwick, J.Am.Chem.Soc.,z,3379 (1955) 
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SYNTHESIS OF ETHER THIOPHOSPHOLIPIDS W I T H  C - S - P  BOND 

A . M A R K O W S K A ,  B . M t O T K O W S K A ,  J.OLEJNIK and M . S A Z A t A  

T e c h n i c a l  U n i v e r s i t y ,  I n s t i t u t e  o f  O r g a n i c  C h e m i s t r y ,  

Z w i r k i  36 ,  90-924 t d d f ,  POLAND 

T h r e e  t y p e s  of  t h e  t i t l e  compounds 2,  & a n d  (Scheme 1 
and Scheme 2)  were s y n t h e s i z e d  s t a r t i n g  f r o m  g l y c e r o l ,  

t h i o g l y c e r o l  and d i t h i o g l y c e r o l  d e r i v a t i v e s  w i t h  d i f f e r e n t  

s u b s t i t u e n t s  a t  C - 1  and C-2. 

Scheme 1 

R-OH RS-P(OMe)2 -% RS-P(OSiMe3I2 
0 R iii, R s - p , ~ ~  II 

1 2 3 4 'O-HPy+ 

R = C16HJ30-CH2CH(OAc)CH2; 

+ i = (Me0)2P(S)OH, P h 3 P / D E A O ;  

ii = Me3SiC1, NaBr ;  

iv, Rs-pNo-  
'I\  0 C H C H N Me 0 

5 
iii = MeOH, Py;  i v  = c h o l i n e  t o s y l a t e ,  c o n d e n s i n g  a g e n t .  

Scheme 2 0 
+ R-SH + V RS-$<Z %- R5-p;'- 

6 7 8 OCH2CH2NMe3 

R = C16H33Y-CH2CH(OMe) CH2, Y = O  c<6,7,  B > a l ;  Y=S F 6 , 7 , 8 ) b l .  

v = 2-chloro-2-oxo-1,3,2-dioxaphospholane, E t 3 N ;  v i  = Me3N. 

T h i o p h o s p h o r y l a t i o n  of 1 w i t h  d i m e t h y l t h i o p h o s p h o r i c  a c i d  

g i v e s  2 i n  8 0 %  y i e l d .  The r e a c t i o n s  sequence 2-1-4 was 

c a r r i e d  o u t  by a n a l o g y  t o  l i t . ' .  C o n d e n s a t i o n  of  4 w i t h  

c h o l i n e  t o s y l a t e  g i v e s  Thio-PAF 5 i n  72% y i e l d .  The e t h e r  

t h i o p h o s p h o l i p i d s  & a n d  & w e r e  o b t a i n e d  i n  good y i e l d  

( 8 5 % )  f r o m  t h e  t h i o l s  6a and 6b r e s p e c t i v e l y .  The t h i o l s  

h a v e  been h i t h e r t o  unknown. The s t r u c t u r e  o f  t h e  f i n a l  

t h i o p h o s p h o l i p i d s  5 ,  & and 8b was c o n f i r m e d  by  u s i n g  

' H - ,  I 3 C -  and  31P-nmr s p e c t r o s c o p y .  

1. B.Mkotkowska and A.Markowska, L i e b i g s  Ann.Chem.1984, l .  
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REACTIONS BETWEEN TRIPHENYLPHOSPHINE AND BROMOFORM 
A RE-EXAMINATION. 

NEIL MCKELVIE 

Department of Chemistry, The City College of the City 
University of New York, New York, NY 10031, USA 

ABSTRACT 
Ramirez and McKelvie in 1957 proposed the following propagation 
steps for a free-radical reaction-bekeen triphenylph&phir;e &d 
excess bromoform. 
(1) (CeH5)3P + .CHBr2 --> (C6H&P--CHBr2 
(2) (C6H5)3P'-CHBr2 + CHBr3 -> (C6H5)3P+-CHBq Br' + .CHBr2 . 
This paper did not mention that the triphenylphosphine had to be 
carefully purified, to remove an unspecified inhibitor present in 
ordinary samples. Triphenylphosphine has to be recrystallised 
under nitrogen and then dried over H2SO4 in ~llcuo in order to 
obtain reproducible results . However, the reaction is inhibited not 
only by known radical inhibitors such as diphenylamine but also by phenol 
and, less effectively, by ethanol and by H2O. 

addition of an electron to dibromomethyltriphenylphosphonium bromide 
leads to reduction of a carbon-bromine bond. We now propose the following 
mechanism: 
(1) (C*H&P: - le' -> (C6H&P-+ (or other radical initiation) 

(2)(C8Hs)3P: + CBr3 ->(C6HS)3P+-CBr3-- 

The above phosphoranyl radical cannot be an intermediate because 

(C6HS)3P*+ + HCBr3 -> (C6Hs)3PH+ + CBr3 

->(C8H5I3P+-CBr2* Br' 
(3)(CaH5)3P%Brz* Br' + HCBr3->(C6Hs)3PXHBr2 Br' 
The oxidation of pure triphenylphosphine in solution by 0 2  is 
self-limiting, and we haveisolated very s m d  amounts (~0.1%) of 
phenol. If excess triphenylphosphine is present, reaction with the 
monophosphonium salt leads to bis-phosphonium salts and ylides. U V  
irradiation of a solution of pure triphenylphosphine and bromoform 
in anhydrous ether goes mostly according to the following equation. 
5 (CeH5)zP + 2 CHBrs -> (C~H~)~PXH~P=(CIHS)S (Br')? + 

(C8HS)~P%Br=P+(C6H5)s Br' + (C@H&P*r Br' Ifa small 
amount of H20 is present, then this reacts with triphenylphosphine 
dibromide to give HBr which produces an equimolar mixture of 
(CgH5)3P~H2P~(CgSI5)3( B-15  and (CgH 5)3PXHBf P=(CgH5)3 ( W ) 2  . 
With a further equivalent of triphenylphosphine and HBr, the product 
becomes entirely (C~HS)~P%H~P=(C~H& (Br-12 

Car3 
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AMBIDENT ELECTROPHILICITY OF ALKYL ARYL PHOSPHATES 

C.C.P. WAGENER, A.M. MODRO, T. A. MODRO 
Department of Chemistry, University of Pretoria, Pretoria 0002, 
South Africa 

Dimethyl aryl phosphates, (MeO),P(O)OAr, where ArO group is derived 

from N-methyl-8-hydroxyquinolinium or 4-hydroxy-(N,N,N-trimethyl- 

anilinium) ion, offer two electrophilic centres of comparable 

reactivities: the phosphorus atom and the methyl carbon atoms. The 

hydrolysis of these substrates proceeds with the cleavage of the 

P-OAr and Me-0 bonds, and was studied in D20 solutions by 'H 

NMR spectroscopy. The effect of external factors on the relative 

contributions of those two reaction pathways (kp vs k,) was 

investigated. The increase in temperature favors, owing to the 

difference in activation entropies, the reaction at carbon. The addition 

of acetone to the aqueous reaction medium slows down the reaction 

at carbon more rapidly than the reaction at phosphorus indicating 

higher hydration requirements of the dealkylation transition state. In 

water - trifluoroacetic acid mixtures only the P-OAr bond cleavage is 

acid catalysed; the catalytic effect is superimposed on the general, 

decelerating, medium effect. Specific nucleophilic catalysis was 

demonstrated for the Me-0 bond fission by thiosulfate ion (ca 60-fold 

acceleration), and for the reaction at phosphorus by fluoride ion (ca 

500-fold acceleration). 

REFERENCE 

C.C.P. Wagener, A.M. Modro, T.A. Modro, J. Phys. Org. Chem., 4, 

516 (1991). 
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STRUCTURE AND REACTIONS OF 
DIHALOGENOPBOSPHANYL PHOSPBORINANES AND PHOSPHOLANES 

CORNELIA MUNDT' and LOTHAR RIESEL 
Fachbereich Chemie der Humboldt-Universitat, 
0-1040 Berlin, Federal Republic of Germany 

The results of investigations concerning the structure and 
the behaviour of the 5- and 6-membered heterocyclic 
phosphanyl compounds (I-IV) formed by the reaction of PC13 
or PBr, with bifunctional protic nucleophiles like 
propanolamine-1.3, ethanolamine, ethylenediamine and 
diaminopropane-1.3 are presented. 

I I1 I11 IV 
Especially the exact determination of the structure of the 
2-chloro-3-d~chlorophosphanyl-l.3.2-oxazaphosphorinane (Ia: 
Z= C1) could be realised by "N, 'H and I3C- NMR- spectra 
an-d elemental analysis. 
Furthermore derivatisation reactions of Ia with the Franz- 
reagent NEt,.3HF leading to the corresponding cyclic fluoro 
derivative (Ib: Z= F) , with HNEt, forming the expected cyclic 
amino-compounds (Ic: Z, , Z,, Z3= NEt,; Id: Z,= C1; Z,, Z3= NEG; 
Ie: Z,,Z,= C1; Z3= NEt2) and with EtOH forming the cyclic 
ethoxy derivatives (If: Z,,Z,,Z,= OEt; Ig: Z,= C1; Z,,Z,= OEt) 
were investigated. 
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IONISATION OF PHOSPHOROCHLORIDITES. IDENTIFICATION OF 
PHOSPHORUS CATIONS STABILIZED BY DONOR-ACCEPTOR BONDS 

AURELIO MUNOZ and LYDIA LAMANDE 
Laboratoire de Synthbse, Structure et Rdactivitd de 
Molecules Phosphorees; UA au CNRS NO454 - Universite 
Paul Sabatier - 118 route de Narbonne - 31062 
Toulouse Cedex - France 

Phosphorochloridites exist as potential equilibria with 
phosphorus cations and chloride anion. We pointed out equi- 
libria where cationic species are stabilized by P c N  bonds : 

1 - 1 - 

R = H, Me; X = H, Br 
-N 

On the other hand,31P NMR signal of PC13 in presehce of 
bases B (NMe3, DBU, quinuclidine), in CDC13, CH2C12 o r  to- 
luene solution, is splitted, at low temperatures, into two, 
three and even four signals. Equilibria have been proposed 
to explain these phenomena : 

+ + -  + B 
B + PC13 - - B-PC12 + C1- - - B%l, + c1- 

B +’ 
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FXUORINATED KETOENOLS IN PHOSPHORUS CHEMISTRY 

ROLF - DIETER HUND, GEORGIOS BEKIARIS, and GERD - VOLKER 
ROSCHENTHALER* 
Institute of Inorganic and Physical Chemistry, 
University of Bremen, Leobener Strape, 
W - 2800 Bremen 33, Federal Republic of Germany 

Fluorinated ketoenols and 2 - trifluoracetylphenol are versatile multifunctio - 
nal reactants. They were allowed to react with triorganylphosphites, (R'O),P, 
isocyanatophosphites, (R20),PNC0, phosphonous acid chlorides R3PC1,, and 
with PH,. Products were monocyclic, bicyclic and tricyclic compounds: 

R 1  0 H 
0 R' 

R 2 0  O R 2  

OH 
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GAS PHASE THERMOLYSIS OF ALLYL AND t-BUTYL 
PH OSPH IN ES. 

G. MARTIN, E. OCANDO-MAVAREZ and A. ANDRADE. 
Centro de Quimica. lnstituto Venezolano de lnvestigaciones 
Cientificas.Aptdo 21 827. Caracas 1020A. VENEZUELA. 

The pyrolysis of the ally1 phosphines L, in a stirred flow reactor 
at 380-450* C/6-20 torr using toluene as carrier gas, lead to the 
formation of propene and the corresponding phosphaalkene 2. 

CH,=CH CH, ,'A * 
R-P, C-H - -[ R-q, ,Ti]- + " 

R-P=C: 
H H' 'R' H R' 

R= Phi R'= PhCH,, CH1=CH, H 
R= TMP, Mes, iPr2N; R'= CH2=CH 

When R= Ph, kinetic studies show that this reaction proceeds via 
an unimolecular elimination that involves a six-center cyclic 
transition state mechanism. 
When the substituent R on the phosphorus atom is a Mesityl (Mes) 
or a Tetramethylpiperidino (TMP) group, we observe radical 
splitting as competitive reaction. Perhaps, the steric hindrance of 
these bulky group is responsible for this behaviour, preventing the 
molecule from reaching the appropiate transition state geometry. 
In the case of R= iPr2N, we observed besides the corresponding 
phosphaalkene, the formation of an iminophosphine produced most 
likely via a radical reaction. 
In the same conditions,the pyrolysis of t-Butyl diallylphosphine 
vproceeds in a 60% extent via similar six center cyclic transition 
state elimination of propene. In a 40% extent it proceeds via t- 
Butyl moiety splitting, forming 67% isobutene plus 33% isobutane. 
This C4 hydrocarbon ratio suggest the occurrence of both 
unimolecular, four-center cyclic transition state, and radical 
mechanisms for isobutene formation. 
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SYNTHESES AND REACTIONS OF PHOSPHA- AND DIPHOSPHA- 
THIOPHENETRIPTYCENES 

AKIHIKO ISHII, IKUO TAKAKI, JUZO NAKAYAMA AND 
MASAMATSU HOSHINO 
Department of Chemistry, Faculty of Science, Saitama University, Urawa, Saitama 
338, Japan 

Abstract 4-Phospha, 8-phospha, and 4,8-diphospha-4,8-dihydro-4,8[3',2']- 
thiophenobenzo[ 1 ,2-b:5,4ht]dithiophenes (thiophenetriptycene) are prepared by 
the reactions of the corresponding trilithium salts with triphenyl phosphite. 

There has been great interest in chemical and physical properties of a phosphorus atom in 
a rigid ring system. Substitution of bridgehead carbons of 11 with one or two 
phosphorus atoms produces 2,3, and 4, where the phosphorus atom(s) of 2 and 4 are 
not only fixed in the rigid ring system but also surrounded with three thiophene sulfur 
atoms. We report the syntheses and some reactions of such interesting compounds. 

The reaction of the trilithium salt, prepared from a tribromide 5, with P(OPh)3 in 
THF gave desired 2 in 16% yield. In a similar manner, 3 and 4 were obtained from 6 

and 7, respectively. Reactions of 2 with m-CPBA, Sg, and Se provided 8,9,  and 10, 
respectively, in good yields. Oxidation of 4 with 2 equiv of m-CPBA gave a 
bis(phosphine oxide) 11. 

1) &BuLi 

2) P(OPh)3 1 Me-: 

5 6 : X=GMe. 7 : X=P 

REFERENCE 
1. A. Ishii, M. Kodachi, J. Nakayama, and M. Hoshino, J. Chem. SOC.. Chem. 

Commun., 751 (1991). 
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PHOSPHORYIATED VINYLSULPHIDES 

C.G.CHURUSOVA, O.A.KONONOVA, C.V.YAROVENK0, V.A.KOZLOV, 
V.V.NEGREBETSKII,E.B.PUTSIKINA,A.F.GWOV,N.N.MELNIKOV 
Scientific Research Institute of Plant Protecting 
Chemicals, Ugreshskaya 3 3 ,  Moscow 109088, Russia 

The method for preparation of phosphorylated vinylsulphides, 
based on the alkylation and acylation of the enthyolates, 
formed by isomerisation of thiophosphorylthio mono- and di- 
carbonyl compounds at the conditions of the base catalysis, 
is proposed. 

KOBu- t R3X 
(RO ),P (S )S~HC ( 0  )R' - (RO )?F L (S )OC=CR*S-K+ - 

L k2 R1 8' 
(R0)2P(S)OC=CR ' 2 3  SR R1 =Alk,Ar; R2=H,COR I ,COOEt 

The intermediate enthiolates are able to react with 
compounds containing activated double bonds. 

(RO)~P ( s  )O~=CHS-K+ + C ~ H ~ O  (0  )CCH=CHC (0  ) O C ~ H ~  - 
- (RO)~P ( s  )O~=CHSOHCH,C (O-)OC,H~ 

It was shown by NMR 'H, I 3 C  and 31P that cyclic 3-thio- 
phosphorylthio-4-oxy-pyrone and coumarin are transformed 
into corresponding mercapto-derivatives under action of the 
bases and\or high temperature. The mechanism of reversible 
thermal migration of thiophosphoryl groups is discussed in 
accordance with obtained activation parameters. 
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SYNTHEs;xS &D SOME PROPERTIES OF FUNCTIONALIZED 
DERI VAT1 YES OF 3-PROPYLPHOSPHINI C ACI Ds 

IRENE L-ODINETS, EUGENE AaANTONOV, PAVEL V PETROVSKY, 
BORIS I. FRJZGER, PAVEL V. KAZAKOV, LEONI D V. KOVALENKO, 
TATYANA A. MASTRYUKOVA, MARTIN I KABACHNIK 
A.N.Nesmeyanov Institute of Element-Organic compounds, 
Russian Academy of Sciences, Vavilov str. 2 8 ,  Moscow 
1 1781 3, Russia 

We have studied reactions of some derivatives of (2-car- 
boxyethy1)-methylphosphinic aoid with Me3SiCN. Dichloroan- 
hydlride of this aoid reaote with Me3SiCN to afford not the 
expeoted oyanophosphineoxide, but oyolio 5,5-dioyano-1,2- 
oxaphospholane. 

Me3SiCN Me3SiCN 

I t I 11 U MeP(O)%C=O *+ MeP(OGC=O - MeP’o‘C(CN)2 
CN CN c1 bl 0 

A n  inner anhydride of the acid named interacts with 
Me3SiCN to open a cycle in contrast to carboxylic acids an- 
hydrides, which don’t react with Me3SiCN. The reaction 
leads to three silyl esters of phosphinic acids, which ra- 
tio depends on the conditions of the process: the catalyst 
the reactants ratio, temperature and time of the procedure. 
0 t l  Me3SiCN 

MeP”\C=O - MeP(O&C=O + MeP(0)2/C(CN)2 
L/ OSiMe3 CN OSiMe3 OSiMe3 

I I \ I 

+t 1 -HCN 
MeP(O)%C-OH I -MeP(0)vC-OSiMe3 I I 

I 
OSiMe3 CN OSiMe3 CN 

Z,E 
The mechanism of the reactions is discussed.The hydrolysis 
of synthesized products and tautomerism of acids obtained 
were investigated. 
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A NEW, UNEXPECTED COURSE OF THE REACTION OF PHOSPHINO- 
CHLORIOOTHIONATES WITH ARYLALKYL ETHERS 

JAN OMELAflCZUK 
C e n t r e  of M o l e c u l a r  and  M a c r o m o l e c u l a r  S t u d i e s ,  P o l i s h  
Academy o f  S c i e n c e s ,  D e p a r t m e n t  o f  O r g a n i c  S u l f u r  Com- 
p o u n d s ,  9 0 - 3 6 3  t d d i ,  S i e n k i e w i c z a  1 1 2 ,  P o l a n d  

The phosphiny la t ion of aromatic d e r i v a t i v e s  occur ing i n  the  presence 

of Lewis acids c o n s t i t u t e s  one of t he  most impor tant  methods f o r  the 

cons t ruc t i on  of C-P bond. 1 
2 During our work on the synthesis o f  c h i r a l  chlorophosphines we have 

found t h a t  a r y l a l k y l  e thers reac t  with phosphono- or phosphinochlor ido- 

th ionates under the  F r iede l -Cra f t s  cond i t i ons  t o  form the  corresponding 

phosphono(phosphino) t h i o l a t e s ,  according t o  the general  equat ion show 

below : 

IJe suppose t h a t  the r e a c t i o n  course cons is t s  o f  t h e  f o l l o w i n g  sequ- 

ences: 1 . format ion o f  a complex of ether  and A1C13, 2 . a l k y l a t i o n  o f  

phosphinochlor idoth iona tes ,  3,displacement o f  c h l o r i d e  by the  phenoxy 

group i n  chloromethylthiophosphonium s a l t ,  4 .hydro lys is  of t h e  s a l t  t o  

the  f i n a l  product.  

REFERENCES 

1. M.Field, R.Schmutzler, S.C.Peake i n  "Organic Phosphorus Compounds" 
Eds. G.M.Kosolapoff and L.Maier. Wilev In te rsc ience  a D i v i s i o n  o f  
John LJiley and Sons Inc., New York, London, Sydney, Toronto, Vo1.4, 
p. 155. 

2. J.Omelarkzuk, Heteroatom Chemistry i n  press. 
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A NOVEL TYPE OF CHIRAL DZPHOSPHINE LIGAND, TRANS-2,3-BIS(DI- 

PHENYLPHOSPHINO)-1-METHYL-1-CYCLOPROPROP~ECARBOXYLIC ACID AND 

ASYMMETRIC ALLYLIC ALKYLATION BY THE USE OF ITS PALLADIUM COMPLEX 

Yoshiharu OKADA, Toru MINAMI, and Junji ICHIKAWA 

Department of Applied Chemistry, Kyushu Institute of Technology, 

Sensuicho 1-1, Tobata, Kitakyushu 804, Japan 

We have recently reported a simple method for the synthesis of 
chiral 2-functionalized (dipheny1phosphino)cycloalkanes and utilization 

for their transition metal complexes catalyzed asymmetric reactions. 

we report here synthesis and resolution of a novel type of diphosphine 
bearing a carboxyl group, which have been utilized as a ligand for the 

catalytic asymmetric reactions. 

Reaction of trans-1,2-bis(diphenylphosphinyl)ethene 1 with t- 

butyl 2-chloropropionate 2 in the presence of LDA gave racernic t-butyl 

trans-2,3-bis(diphenylphosphinyl~-l-methyl-l-cyclopropanecarboxylate 

3 .  Resolution of (f) -3  with ( + )  -dibenzoyltartaric acid I ( + )  -DBT] gave 

the optically active ( - ) - 3 .  Reduction of ( - ) - 3  with trichlorosilane, 

followed by acidic treatment gave a new type of chiral (-)-trans-2,3- 
bis(diphenylphosphino)-l-methyl-l-cyclopropanecarboxylic acid ( - ) - 5 .  

P(0)Phz 

* %UO,C L A EDH 

H (-)- or (+)- DBT 

0 

,CH3 LDAl THF 

reflux, 1 h 

I I  

PPh2 'C02-BU M P(O)Phz I I  

phzp+ + ClCH 

(*)-3 
0 

2 
1 

t BUOZC -- PTSlPhH HOzC & 
Me reflux, 2 h dzh2 5 

HSIC13/ PhH 

sealed tube, 1 10 "C, 7 h 
(+)-3 or (-)-3 

Me 

4 

Reaction of 2-cyclohexenyl acetate with I-menthyl sodiodiethyl- 

phosphonoacetate in the presence of catalytic amount of palladium 

acetate-(-)-5 complex (1.5 %mol, 1:0.8) gave the allylic alkylation 

product in quantitative yield (61 %ee). 
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PHOSPHORYLNITRILOXIDES: SYNTHON APPROACH TO THE 
SXNTIBSIS BF NEW PHOSPHORYLATED HETEROCYCLIC AND 
POLY3"CTIONAL COMPOUNDS 

V.A.PAVLOV, 
VoVoMOSKVAy 

A, I. KURDJUKOV y 

PoRoFAZLEJEVA 
NoVoARISTOVAy B m I o G O R I N y  

I n s t i t u t e  of Chemical Technology, Xazan, Russia 

The i i i t ro sa t  i o n  r e a c t  ion of  phosphorylacetaldehydes 
(R0)2P(0)-CHX-CI10 l eads  depending on R or X t o  e i t h e r  
phosphorylated n i t roso - ( I )  and n i t roneno l s ( I1 )  o r  oximes 
of phosphorylcarbonylhalogenides(II1) o r  halogenoglyoxylic 
monooxime(1V) and monomeric metaphosphoric acid(V) which 
can be used as phosphorylating agent in mild conditions.  

t i o n  o f  high r e a c t i v i t y  phosphorylni t r i leoxides  
(RO).$(O)C~N+ (VII3 which e i t h e r  polymerize. or dimerize 
t o  furoxan(V1I) a t  room temperature. SCP ab i n i t i o  molecu- 
l a r  o r b i t a l  ca lcu la t ions  have been c a r r i e d  out f o r  t h e  
phosphorylni t r i leoxide with t h e  STO4-31 G b a s i s  s e t .  Compa- 
r i s o n  of ca l cu la t ions  done by ab  i n i t i o  and by "DO demon- 
s t r a t e d  that lVIND0 can be used f o r  opt imizat ion of t h e  
t ransi t ion ska te  of dimerisat ion products. It vras shown 
the consecutive mechanism of dimerisat  ion. 

The cycloaddition r eac t ions  o f  (VI) t o  alkynes and 
alkenes ( including norbornenes and cyclopropenes) and t h e  
i n t e r a c t i o n  of  (Vx) with oxigen-, su l fur - ,  nitrogen- o r  
phosphorus containing nucleophi les  have been invest igated.  
The mechanism of  novel r eac t ion  o f  t he  oximes of phospho- 
rylcarbonylhalogenides( 111) with th iou reas  i n  a l coho l i c  me- 
dium r e s u l t i n g  t o  phosphoryl thioncarbaates  was studied.  

REPEFU3NC ES 

1 
2 

2 

The processing of  (111) by bases r e s u l t s  i n  t h e  forma- 

* 

l.V.A.Pavlov, J.A.S.Smith and T.A.Zjablikova, Mam. Res. 

2.D.A,Pavlov, N.V.Aristova and V.V.Moskva, Dokl. Akad. 

3 .'V.A. P a v l o v ~ . V . A r i ~ r t o v a  , V.V.Moskva e t  al. , Khim. PhaXIlll. 

Chem. ( in  press )  

N a u k  SSSRy I y 1137(1990)0 

a . 9  No 4, 3 1 ,  (ISS1). 
W.roal 
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PHOSPHINE-BORANES IN SYNTHESIS 
EASY ACCESS TO FUNCTIONALIZED DIPHENYLPHOSPHINES. 

P. PELLON and M. LE CORRE 
Laboratoire de Synth&se Organique, Associb au CNRS, Avenue 
du General Leclerc 35042 Rennes FRANCE 

Abstract Oxidation of the hydroxyalkylphosphine-borane complexes by usual 
oxidizing agent can lead to the phosphinsboranes bearing an aldehyde, a ketone or 
an acid function on the side chain. 

The peculiar chemical properties, reactivity and stability, of phosphine-boranes 
have attracted the attention of chemistd-3. 

We report here our recent results, which show that P-B bond offers great resistance 
to usual oxidation. 

This result allows the use of phosphine-boranes in organic syntheses and, starting 
from commercially available triphenylphosphine-borane we can obtain hydroxy , carbonyl 
or carboxy-diphenylphosphines by an original way. 

+ 
H3B - PPh3 2Li + 

H3B - PPh2 Li 

+ + 
-b H3B - PPh2 - C H 2  - CHOH - R T 

H3B - PPh2 Li + R 
,. 

+ 
I I  
0 

Col 
0 + 

H,B - PPh2 - CH2 - CHOH - R _.__) H3B - PPh2 - CH2 - C - R 

If R = H, Corey’s oxidation with P.C.C. give an aldehyde and, 
Jones’ oxidation give an acid. 
If R * H, Corey’s or Jones’ oxydation give a ketone. 

The decomplexation, in quantitative yields, of phosphine-boranes in phosphines 
was canied out using diethylamine3. 

REFERENCES 

1. H. Schmibaur, J. Organornet. chem. (1980), 249,287. 
2. A. Peltev. R. Rosser and S’. Mills. J.C.S. Chem. Commun (1981). 1014. 
3. T. Imamoto, T. Oshiki, T. Onozawa, T. Kusumoto, and K. Sato, J. Am. Chem. Soc. 
(1990), 112, 5244. 
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SOME ASPECTS OF REACTIVITY OF PHOSPHONIC OICHLORIDES 
TOWARDS ALKOXYLIC AROMATIC COMPOUNDS 

OANA PETREUS 
“Petru Poni” Institute of Macromolecular Chemistry 
Iagi - Romania 

Abstract 

The synthesis of polyphosphate esters attracts the interest 
of specialists due to the particular characteristics of 
these compounds, such a s  nonflammability, thermal stability 
high melting points, etc.”’” 
The research deals with the reaction betwen phosphonic 
dichlorides and aromatic diols containing halogen atoms 
in nucleus, SO2 group in the chain or imide groups. 
Using chemical or  spectroscopic methods (IR, HI-NMR) we 
determined the transformation degree and the reaction rate 
constante and we observed that the structure of monomers 
had a great influence on the kinetic behaviour of condensa- 
tion. 
As a result of our investigations we can conclude that the 
structure of phosphonic component influence the rate of 
reaction towards aromatic diols in a decreasing way for 
thiophosphonic dichlorides. In the case of aryloxyphospho- 
nic dichlorides we also observed a lower stability of the 
product of reaction. 
At the same time the chlorine atoms introduced in the aro- 
matic ring of.the diol and the internal SO group having a 
strong electronic withdrawing effect, decrgase their reac- 
tivity against phosphonic dichloride. As a results, the 
reaction parameters are drasticaly influen,ces.,.The ethoxy- 
lic group positioned betwen the halogenated aromatic nucle- 
us and the reactive OH group leads t o  an increase of reac- 
tivity. Similarly of reaction rate constants of cyclohexyl- 
phosphonic dichloride with two different diols (tetrachlo- . 
rinated bisphenol and dihidroxydiphenyl sulfone, respecti- 
vely) has permited the synthesis of some polyphosphonates 
with chlorinated aromatic ring alternating with aromatic 
sulfonic ones. 

REFERENCES 
1. 0.Petreug and F1. Popescu, Rev.Roum.Chim.28, 387 (1983) 
2. S.Varbanov and G.Borisov, Acta Polvmerica, 39, 507(1988) 
3. 0. Petreus, Fl.Popescu, V .  Blrboiu and L .  Rosescu 

J.Macromoiecular Sci. Chem. A 2 5 ,  1093 (1908) 
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CONSTRUCTION OF THE PHOSPHOLENE RING-SYSTEM FROM 
DIPHENnVINYLPHOSPHINE 

K.M.PIETRUSIEWICZ, M.KUZNIKOWSK1 and M.KOPROWSK1 
Centre of Molecular and Macromolecular Studies, The Polish 
Academy of Sciences, Sienkiewicza 112, 90-363 tbdi, Poland 

An exploratory experiment sketched below has revealed that conditions 
exist under which diphenylvinylphosphine cycloadds to activated 
olefins with concomitant elimination of the auxiliary electrofugal 
group to form directly unsaturated cyclic five-membered phosphonium 
salt. 

Br- + 

+ 

25% 

Ph,P 

Efforts to make such a reaction more efficient as well as more 
general are presented. 
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DIELS-ALDER STEREOCHEMISTRY OF PHOSPHINYLETHENES 

2 3 and A.BRANDI K.M.PIETRUS1EWICZ' , W.WiSNIEWSKI1, W.WIECZOREK 
'Centre of Molecular and Macromolecular Studies, The Polish 
Academy of Sciences, Sienkiewicza 112, 90-363 t6di, Poland. 
2Institute of General Chemistry, Technical University of t6di, 
ewirki 36, 90-924 t6d5, Poland. 3Dipartimento di Chimica 
Organica, Universita di Firenze, G.Capponi 9, 50121 Firenze, 
Italy 

diene with 
phosphorus 
reaction d 

x 

Stereochemical course of thermal Diels-Alder reactions of cyclopenta- 
phosphinylethenes 1 and ?_was studied and the effects of 
substituents on the endolexo product ratio and on the 
astereofacial selectivity were revealed. 

- 

2 Ar=Ph, 2,4,6-Me C H 3 n=0,1,2 3 6 2  - 1 X=O,S,Se 

Selenoxy derivative 1 gave the highest endolexo product ratio 
whereas mesityl derivative 5 favored the formation of the exo products 
the most. The diastereofacial selectivity in cycloadditions involving 
P-chiral dienophiles was only moderate. In the most favorable case 
the selectivity was higher for the exo than for the endo approach. 
As judged from the structure of the major cycloadducts (lH NMR, X-ray), 
the preferred reactive conformation of phosphinylethenes 2- in the 
studied cycloadditions was s-trans. 
to all the products will be presented and attempts to control the 
endo/exo as well as diastereofacial selectivity in the above reactions 
by means of an auxiliary directing substituent (as in 21, or by means 
of Lewis acid catalysts (e.e., AlCl,,), will be discussed. 

'y - 
rcI 

Complete stereochemical assignment 
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PHOSFhORYLATION O F  HETEROAEOWATIC COMPOL'NDS 

BY HALOGENfiNHYDRIEES O F  P ! I I I l  A C I D S  

& . A .  TOLMACHEV, S.P. IVONYN,  6.a. YURCHEFJKO, 

A.I. S V I R I D O N ,  E . S .  KOZLCV, A.M. PINCHUE 

I n s t i t u t e  of rl irganic C h e m i s t r y  o f  t h e  Akademy of  S c i e n c e s  

+=f U k r a i n e  , Murmanskaya S t r  . 5 , Kiev 253660 U k r a i n e  

W e  h a v e  shown that h l o g e n  a n h y d r i d e s  o f  PCIII) a c i d s  i n  

p y r i d i n e  r o l u t i o n s  c a n  b e  u s e d  as s u f f i c i e n t l y  a c t i v e  phos-  

p h o r y l a t i n g  r z a g e n t s  i n  r e s p e c t  t o  w i d e  r a n g e  07 h e t e r o a r s -  

m a t i c  compounds,  i n c l i n e d  to e i e c t r o p h i l i c  s u b s t i t u t i o n  rea- 

c t i o n s .  The  b e s t  p r e p a r a t i v e  r e s u l t s  w e r e  r l b t a i a e d  u s i n g  

Per 3 - 
P h o s p h o r y l a t e d  p y r r o l e s ,  f i t r a n s 3 ,  t h i o p h e n r s ,  i n d o i e s ,  

i n d o l i z i n e s ,  p y r i m i d a z o l e s ,  p y r a z c l e s  a n d  i n d a z o l e s  w e r e  

s y n t h e s i z e d  a i t h  h i g h  y i e l d s .  I n  some cases o n e ,  t w o  o r  

th r -ee  h e t e r o a r y l  s u b s t i t u e n t s  can  b e  s u c c e s s i v e l y  i n t r s d u c e d  

to p h o s p h o r u s  a t o m .  

X 

R 

= 0; S i  NMo 

P 

MO 

M e  
I 
M e  

P 

X = CH, Ni R = Ph, M e  R = M o r  OMoi R1 = M e -  Ph 

f n d o l i i i n e s  are f o u n d  t o  u n d e r g o  p h o s p h a r o t r o p i c  re- 

a r r a n g e m e n t  i n  m i l d  c o n d i t i o n s .  
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PHOSPHORYLATED DERIVATIVES OF 1-HORPHOLINOCYCLOHEXENE, 
CYCLOHEXANONE AND AZAENAMINES 

A.A.Tolmachev. A-N-Kostyuk.  E.S.Kozlov, A.M.Pinchuk 
I n s t i t u t e  o f  Organ ic  Chemis t ry  of t h e  Akademy of S c i e n c e s  

of Ukra ine ,  Hurmanskaya S t r .  5, Kiev ,  Ukra ine  252bSO 

P h o s p h o r y l a t i o n  of 1-morphol inocyclohexene  w i t h  phospho- 
r u s  t r i .chlor i .de i n  t h e  p r e s e n c e  of  t r i e t h y l a m i n e  was c a r r i e d  

o u t  y i e l d i n g  d i c h l o r o -  and c h l o r o p h o s p h i n e s  which s e r v e d  as 

r e a g e n t s  f o r  p r e p a r a t i o n  of d i f f e r e n t  p h o s p h o r y l a t e d  d e r i v a -  
t i v e s  - 

X 

R' = CI, NEt2, OEt; X = l o n e  pa i r ,  0, S, N3Ar, NH, NPh 

The p o s s i b i l i t y  of t h e  second  p h o s p h o r y l a t i o n  was found 
f o r  some monophosphorylated 1-morpholinocyclohexenes. 

On t h e  h y d r o l y s i s  of p h o s p h a z i d e s ,  t h e  unexpec ted  rear- 
rangement  o c c u r s  accompanied by t h e  m i g r a t i o n  o f  a t r i a z e n e  

g roup  from phosphorus  t o  ca rbon  atom. The s t r u c t u r e  of t h e  
hydro lyzed  p r o d u c t s  w a s  e s t a b l i s h e d  by NMR and X-ray spect- 

N----NAr 
roscopy  . 

0 ArN=N-NH !I 
PCNEt.212 

N' 
NR2 II 

$0 H20 
PC NEt2 )2 b 

Azaenaa ines  i n c l u d i n g  hydrazones  of a l d e h y d e s  are r e a d i l y  

p h o s p h o r y l a t e d  w i t h  phosphorus  (111) h a l o g e n i d e s  

R2PHI g 
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BIS(TRICHLOR0METHYL)PHOSPHINES 

A.P.MARCHENK0, G.N.KOIDAN, G.O.BARAM, A.M.PINCHUK 
Institute of Organic Chemistry of the Akademy of Sci- 
ence of Ukraine, Murmanskaya Str. 5, Kiev, Ukraine 

Accessible methods of synthesis of previously unknown poly- 
functional phosphine I11 (a-g), containing two trichlorome- 
thy1 groups, have been developed. 

2 [Et,N13P/2 CCI,  

--J R-P'CCI, + CCI, I11 a-g 

-2 [ Et,NI,PCI , , R-P[ CCI , l z  

I1 d-g 

R = Alk (a), P h ( b ) ,  Alk,N(C), t -BuzN (a), (-i+ (el, 4 ( f l , - @ - O  (9) : cat.= [Et,NI,P, L i C C I ,  

Like CCI,, phosphines (111) interact with triamidophos- 
phites by galogenophilic mechanism. Composition and struc- 
ture of reaction products depend on electronic and steric 
properties of substituent R. 

R-P[ CI ICCII 'CCI , + [ Et,Nl,PCI , 
[ E t Z N  1,P R = EtzN,  i - P r z N ,  i -Pr  

+ -  
R-P=CCI, + [Et,Nl,P CCI ,  

I 

R-P[ CCI 3 12 

+ 

Bis(trichloromethy1)phosphine / triamidophosphite binary 
system is an active phosphodichloromethylating reagent in 
respect to various electrophiles and this allows to obtain 
C-substituted phosphine derivatives. 
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RADICAL REACTION CHEMISTRY OF RE(CH,CH=CH2)2 AND 
R2E(CH2CH =CH2). (E=N,P; R = ALKYL) 

COLLEEN MICKLETHWAITE, ALLAN ROBERTSON 
Cyanamid Canada, Inc., P.O. Box 240, Gamer Road, Niagara Falls, Canada 

Abstract The radical reaction chemistry of RE(CH2CH =CH2)2 with secondary 
phosphines and R2E(CH2CH =CH2) with primary phosphines where E=N,P and 
R=alkyl is shown to generate tridentate ligands as well as cyclic and bicyclic 
byproducts. 

Tridentate ligands with two three-carbon backbones of the type 
RE(CH2CH2CH2ER>)2 (E=N, E = P ,  or E=P, E = N ,  or E=E=P;  R,R=alkyl) 
commonly form coordination complexes with transition metals. Two possible routes 
to form tridentate ligands are the radical reaction of 1.) R2E(C&CH=CH2) with 
primary phosphines, or 2.) RE(CH2 CH = CH2 )2 with secondary phosphines. 

The intermediate transition radical E-CC(.)C-P undergoes a reversible 
radical reaction by fission of the P-C bond to regenerate a phosphine radical and 
allylphosphine or allylamine. Since the nitrogen-carbon bond is more stable than 
the phosphorus-carbon bond, the N-C bond fission does not occur in the amine- 
phosphine system and thus always regenerates the starting reagents. However, the 
P-C-C*-C-P radical is unique in that either P-C bond may be broken. 

The radical intermediate (H2 C = CHCH2)RECH2C(.)HCH2PR2 reacts 
intramolecularly with the ally1 group to cyclize in addition to abstracting a hydrogen 
from another reactive phosphine. The cyclic radical further cyclizes to form a 
bicyclic compound and alkane. In order to reduce the number of byproducts in the 
phosphine-phosphine systems, the R substituent must be the same. 

The reaction between dialkylallylamine and a primary phosphine produces a 
clean product and the other three methods produce a complex mixture of bidentate 
and tridentate ligands. 
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EASY ACCESS TO c~-FLUO~UNATED PHOSPHONIC ACID ESTERS 

CARL PATOIS and PHILIPPE SAVIGNAC 
H6t6roatomes et Coordination, URA 1499, DCPH Ecole Polytechnique, F-91128 
Palaiseau CEDEX 

Phosphonates bearing one or two fluorine atoms at the a position have met great interest 
due to their potential as bioactive compounds. Blackbum et al. have demonstrated that 
P(0)CHF and P(O)CF2 are better analogues of P(0)O than is P(O)CH2. We wish to 
report here an attractive route to functionalised fluorinated phosphonates that render them 
available under very simple experimental conditions. Our starting fluorine containing 
product is commercially available fluorotribromomethane, which is an easy to use m. 
We now prepare in quantitative yields dibromofluoromethyl diethylphosphonate via an 
Arbuzov-like reaction in THF (improved procedure after D.J. Burton and R. Flynn, J. 
Fluorine Chem., 1977, 10, 329).This phosphonate is then reduced or hemi-reduced 
quantitatively and can be easily functionalised. 

NaO, 7 
NaO, %-cH2 

0 

t 
I 

+ CISiMc, (2 nBuLi, -80°C) 

EtO, 7 
p-C=cHR 

F R Y  EtO'A 
I 

,P--C-SiMe, 
EtO II I 

1 EtO, 7 
NaO 11 

0 

EtO, 

,p--cH2 

Et0.p -c1 
EtO'h/ 0-Li 

F / 
EtO, I 
EtO 11 I 
, P-C-SiMe, 

0 C02Et 

1 EtoH 
F 

1 2LDA 

F 
Eto, I 
EtO II I 

,P-cH 

0 -Li 

F 
EtO, I 
EtO II I 

,P-C-SiMe, 

O R  

EtONa, EtOH I 
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SYNTHESIS AND PROPERTIES OF PHOSPHORYLATED DONOR- 
ACCEPTOR SUBSTITUTED ALKENES 

MICHAEL SCHNELL, ANGELA KOCKRITZ and GESINE ROHR 
Centre for Selective Organic Synthesis, Rudower Chaussee 5, 
0- 1 199 Berlin, FRG 

The chemical behaviour of phosphorylated dono-acceptor substituted alkenes 2 has 
been investigated. Compounds 2 are easily available from I by simple procedures.'.2 
Dependent on the nature of the X-group sequential chlorine substitution with N- or S- 
nucleophiles on C-Zatom takes place. In some cases the X-group of 2 itself has nuc- 
leophilic properties and therefore a ring closure to phosphonosubstituted heterocycles is 
possible. So reacts 2 (X: NH-CH=O) with amines or by uv-irradiation to oxazoles 4 
(Y: NR2,Cl). Acidic cleavage of this oxazoles gives phosphonoglycine amides 5 (X: 
NH2). Thiazole 4 (Y:Cl) is obtained from 2 (X: NH-CH=S) by simple HC1-elimination. 
Prim. amines react with 2 (X: NC) to form imidazoles 4 (Y: RNH). Bifunctional N,N- 
or N,S-nucleophiles react differently, either to isonitriles 3 (X: NC) or imidazoles 4 ( Z  
NH). The hitherto unknown bisphosphonates 6 (X: P(O)(OEt)2) are synthesized from 2 
by a substitutiodhydrolysis sequence on C-Zatom via keteneimines 5. 

0 0 0 
II Y II 

H P ( O E t l 2  

cl,c <kOE% c1 
+ +  

NH- CH= 0 H p ( o E t ) 2  2 X Y' X 
3 
- 0  

1 
0 - 0  - 

X: NH-CH=O , NH-CH=S , NC , P(O)(OEt)2 , NH, Y , y': CI , RS , R2N, 

Z: 

CH2S (NH) 

0 ,  S ,  R-N, c, H2S(NH,N) 

REERENCES 

1. S. Scheidecker, A. Kiickritz and M. Schnell, J.prakt.Chem., 332,968(1990). 
2. A. Kockritz, G. Rohr and M. Schnell, Phosphorus,Sulfur,and Silicon,63, 

95(1991). 
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FLUOROPHOSPHONIC ACID, HOPH(O)F, A NEW EDUCT FOR THE 
PREPARATION OF ORGANOFLUOROPHOSPHONATES 

ULRICH SCHaLKE 
Centre of Inorganic Polymers, Rudower Chaussee 5 ,  0-1 199 Berlin, 
-Y 

Phosphonic Acid, H3PO3, reacts quantitatively with acetic anhydride and 
hydrofluoric acid or potassium fluoride at room temperature under formation of 
fluorophosphonic acid and potassium fluorophosphite, respectively. 
The reaction proceeds via acetylphosphites and diphosphites as intermediates. The 
crystalline KOPH(0)F was isolated from the acetic acid/-anhydride solution by 
precipitation with diethyl ether and digestion of the oily precipitate with 
methanol/diethyl ether (yield 60 %). 

H2PH% + (CH$0)20& HPH02(0COCH3) + CH3COOH 

HPH%(OCOCH3) + KF-K+ + PH%F' + CHQCOOH 

The crystalline potassium salt is stable in absence of moisture. KOPH(0)F reacts with 
alcohols in alkaline solutions to monoaIkylphosphites and F'. Mechanical activation of 
a mixture of alkali phosphates and KOPH(0)F yields P1I1-0-Pv compounds. 
Huorophosphonic acid is a weak donor and reacts similar as phosphonic acid with 
reactive carbonyl compounds under formation of organ0 fluorophosphonic acids. 
For example, on heating (60 OC, 24 h) a mixture of acetic anhydride, H3PO3 and KF 
the crystalline potassium salt of acetoxyethan-bis-fluorophosphonat solvated with 
acetic acid is formed. 

0 0  
2 H3PO.J + 2 KF + 3 CH3-C-O-C-CH3 fast 

K+ + OPF + 2 CH3COOH + 2 (CHQCO)~O 

- 
0- 

H 

L 1 
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PHOSHPHOROTROPIC ISOMERIZATIONS IN THE C=N-C TRIAD 

PETER P. ONYS'KO, TATIANA V. KIM, ELENA I. KISELEVA, 
and ANATOLII D. SINITSA 
Institute of Organic Chemistry, Academy of Sciences 
of the Ukraine, Kiev 253660 

We wish to report on a novel 1,3-phosphorotropic migration 
in C=N-C triad. This unusual rearrangement proceeds on 
heating (150-200 ) and is accompanied by cleavage of the 
C-P-bond. We have found that boron trifluoride etherate 
essentially facilitates the rearrangement. 

O'PPhz 
BF, Et,O, C,H,, r.t. i 

Ph,P=O 
I 

The isomerization is reversible (K = 2/& = 15 at r.t.) and 
proceeds by an intramolecular mechanism in the complexe 
formed with participation of a phosphorylated imine P=O 
group. 

3 - 
Both thermal and BF,-induced phosphorotropic migrations in 
the 1.3-diarylsubstituted a-phosphorylated imines proceed 
not so easily as in the case of 1. The comparative data f o r  
thermal and catalytic phosphorotropic isomerizations are 
discussed. 
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S T E R E O S T R U C T U R E  OF BENZO [ f ] - 3 - P H O S P H A B I C Y C L O O C T -  
-6-ENE 3-OXIDES FORMED I N  THE FRIEDEL-CRAFTS REACTION 
OF 2,5-DIHYDRO-lH-PHOSPHOLE 1-OXIDE-DICHLOROCARBENE 
A O O U C T S  

LASZLO T O K E ,  G Y U R G Y  KEGLEVICH, ATTILA K O V A C S ,  
KALMAN UJSZASZY, G A B O R  TOTH 

D e p a r t m e n t  of  O r g a n i c  C h e m i c a l  T e c h n o l o g y ,  T e c h n i c a l  
U n i v e r s i t y  of  B u d a p e s t ,  1 5 2 1  B u d a p e s t ,  HUNGARY 

The r e a c t i o n  o f  d i c h l o r o c a r b e n e  a d d u c t s  1. w i t h  s u b s t i t u t e d  

b e n z e n e s  i n  t h e  p r e s e n c e  of  A I C l j  r e s u l t s  i n  t h e  f o r m a t i o n  

o f  b e n z o - p h o s p h a b i c y c l o o c t e n e s  2 and 2 and,  i n  c e r t a i n  c a s e s ,  

h e x a h y d r o p h o s p h i n i n e  4. 2 and 2 a r e  f o r m e d  b y  t h e  r a r e l y  
o c c u r i n g  o p e n i n g  o f  t h e  c y c l o p r o p a n e  r i n g ,  w h i l e  5 b y  r i n g  

e x D a n s i o n .  

A r e d u c t i o n  s t e p  must  a l s o  be  assumed t o  e x p l a i n  t h e  f o r m a -  

t i o n  o f  1 a n d  4. The e x c e s s  o f  t h e  a r o m a t i c  s u b s t r a t e  i s  

r e s p o n s i b l e  f o r  t h e  r e d u c t i o n  b y  g i v i n g  b i a r y l - d e r i v a t i v e  i n  

S c h o l l - r e a c t i o n .  

The c o n f o r m a t i o n  o f  p r o d u c t s  2 and 2 was e l u c i d a t e d  b y  NOE 

measurements  and s t e r e o s p e c i f i c  c o u p l i n g s .  I n  most  o f  t h e  

c a s e s  c o n f o r m e r  A p r e d o m i n a t e s .  

- 
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Stereoselective Synthesis of a Polyunsaturated Fatty Acid Ester 
by Horner - Wittig Chemistry 

A.M.C.H. van den Nieuwendijk and A. van der Gen 

Department of Chemistry, Gorlaeus Laboratories, Leiden University 
P.O. Box 9502, 2300 RA Leiden, The Netherlands 

Recently, the presence of a unique, highly unsaturated fatty acid moiety has been 
demonstrated in the lipo-oligosaccharide signals that determine host specificity in Rhizobi- - um lecluminosud. An efficient, highly stereoselectwe, synthesis of the methyl ester of this 
fatty acid (6) is reported here. 

The reaction sequence starts with conversion of the easily available 5-hydraxypentanal (1) 
with the anion of heptykliphenylphosphine oxide 2 to a mixture of diastereomeric adducts, 
containing a large preponderance of the erythn, isomer 3. Empbying the methodology 
developed by Warren et al?, 3 is converted to the Z-olefin, which is easily oxidized to the 
aldehyde 4. It is worthy of note that, contrary to literature reports3, conversion of 1 with the 
phosphonium ylide corresponding to 2 affords a large preponderance of the E-isomer of 4. 
In a last step, the aldehyde 4 is directly converted into the methyl ester of the desired 2€, 
4€, 6€, 1iZ-octadecatetraenoic acid 6, by a Homer-Witti reaction, using the newly 
developed dienoic phosphine oxide reagent 5. The identity of 6 with the naturally occumng 
compound was confirmed by NMR-spectroscopy. 

1) ____) NaHlDMF -0 - 

HO- OH 

3 
H 

0 OMe 

PhZP ko 
I: 

~ 

2) PCC 
4 

OMe 6 

1. H.P. Spaink et al., Nature 354, 125 (1991). 
2. See, i.a.: A.D. Buss and S. Warren, J. Chem. Soc. Perkin I, 2307 (1985). 
3. M. Fetizon and C. Lazare, J. Chem. SOC. Perkin I, 842 (1978). 
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ACTION OF THE TRICOORDINATED GROUP 15 ELEMENTS 
AMINODERIVATIVES ON PYRYLIUM SALTS. 

SYNTHESIS OF NEW AZODYES 

Jean-Ghrd WOLF, Yves MADAULE, 
Myriam RAMAROHETRA, CorinnePAYRASTRE 

Laboratoire de synthdse etphysicochimie organique, URA CNRS n '471 
Universitt! Paul Sabatier - 118, route de Narbonne - F-31062 TOULOUSE CEDM 

We recently discovered a new type of pentamethinium (azodyes) salts synthesis by 
action of trisdiaUcylaminoarsanes on pyrylium saltsl. Owing to the interest of this 
new series including dyes, synthetic intermediates, anthelmintics and materials for 
non linear optics, we describe here the new results obtained in this field : 
- we first proved that Sb(NMe2)g reacts like As(NMe&, giving the same modyes, 
- with P(NMe2)3, the C-4 attack is always favoured whereas it is only observed in 
arsenic series with 2,6-alkylsubstituted salts. 
The principal features of the reactivity of the pyrylium salts are gathered in the 
scheme : 

R' 
[ J : P(NMe2)3 

c io4- f i  
R O t R  

if R = alkyl, C-2 or C-4 positions are 
deactivated 

.' ' M = As, Sb 

-1""' 
New salts with various substitutions were obtained with expected modified 
structures and physical properties as compared to the known planar trans-trans 
configuration of the previously described compounds. Particuliarly, 2,6-aryl 
functionnalized pyrylium salts afford starting materials for further reactivity leading 
to polymeric or macrocyclic compounds. 

1) Y. MADAULE, M. RAMAROHETRA, J.G. WOLF, J.P. DECLERCQ et A. 
DUBOURG, Angewandte Chem., 1991, 103, 1044-1046 ; Angewandte Chem. 
Int. Ed. Eng., 1991, 30, 994-996. 
2) Y. MADAULE, M. RAMAROHETRA. J.G. WOLF, Tetrahedron Letters, 1992, 
33,  1741-1742. 
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SOME SYNTHETIC UTILITIES OF CYCLIC PHOSPHONIUM SALT 

TETSUYA FUJIMOTO, YUKIHARU TAKEUCHI, HISASHI TAKEUCHI 

IWAO YAMAMOTO 
Department of Functional Polymer Science, Faculty of Textile 
Science and Technology, Shinshu University, Ueda, Nagano 386 
Japan 

KOH-ICHI KAI, YOH-ICHI KODAMA, KAZUCHIKA OHTA, AND 

ABSTRACT 
Synthesis of E- and Z-dihydrofarnesol and cycloheptenyl 
phosphine oxides from cyclic phosphonium salts are described. 

RECENTLY we reported that the tandem Wittig reactions of cyclic 
phosphonium ylides provided a versatile procedure for synthesis 
of unconjugated dienes and enonesl). In this paper , we applied 
these method to syntheses of E- and Z-dihydrofarnesol l a , b  and 
cycloheptenyl phosphine oxides 2. 
A Wittig olefination of 1,l -diphenylphospholanium perchlorate 
with acetone in the presence of t-BuOK gave a phosphine oxide 
having a terminal isopropylidene moiety 3 in 75 % yield. 
Subsequent methylation and a further Wittig-Horner reaction with 
6-(t-butyl-dimethylsiloxy)-4-methyl hexanal(LDA, THF, -78°C) 
afforded a mixture of diastereomers of P-hydroxyphosphine oxide 
4 .  After separation, each of the pure diasteromeric phosphine 
oxide was treated with sodium hydride in DMF to give pure E- and 
Z-dihydrofarnesol l a , b ,  respectively. 

On the other hand, the reaction of the ylide with conjugated 
enones afforded cycloheptenyldiphenylphosphine oxide 2 via 
Michael-intramolecular-Wittig reactions. 

3 HO' ' 

RmERENCEs 
1) T. Fujiomoto, Y. Hotei, H. Takeuchi, S .  Tanaka, K. Ohta, and I. 
Yamamoto, J .  Org.  Chem., 1991,56, 4799. 
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SELECTIVE PHOSPHORYLATION OF AMINO AND HYDROXYL 
GROUP BY DIALKYL PHOSPHITES 

YING-WU YIN, XU-QING YANG * , YI CHEN, LI-PU LI, YU-FEN ZHAO 
Department of Chemistry, Tsinghua University, Beijing 100084, China 

Beijing Xing-Da Scientific System Corporation, Beijing 100084 

Abstract Trcing the reaction media in different system and condition 
with "PNMR, it was found that the dialkylphosphite specifically reacted 
with amino group but not with the hydroxyl group. 

(a) The reaction of the (RO),P(O)H with CCI, and NEt, produced the 
(RO),P(O)CI at RT. It showed that the reaction rate of the (MeO),P(O)H was 
twice as the (EtO),P(O)H and thirty times as the (i-PrO),P(O)H. 
(b) Selective phosphorylation of amine and alcohol by (i-Pro), P(0)H was 
studied by "PNMR at different temperature. It was found that in general the 
amine was phosphorylated first, and at OC there was the cleanest reaction with 
no oxygen-phosphorylation at all. 
(c) Among the mixture of the amino acids (Ala, Set, Cys, His), H,O, EtOH, 
CCI, and NEt, only the amino group was phosphorylated at OC . In general, 
the (i-PrO),P(O)H was a much cleaner reagents for only (4-17%) hydrolysis 
occurred but no mereapto and imidozol was phosphorylated. 
(d) The competitive reaction of (MeO),P(O)H and (i-PrO),P(O)H with Alanine 
in the system (H,O, EtOH, CCI, and NEt,) was studied. It was found that the 
formation of N-diisopropylphosphoryl-Alanine was much more than the 
N-dimethylphosphoryl-Alanine. 

REFERENCE 

1. Gai-jiao ji, Chu-biao Xue, Jia-ning Zeng, Li-Pu Li, Yu-fen Zhao, - Syn- 
thesis, 6,444, (1988) 

2. Jia-ning Zeng, Chu-biao Xue, Qing-wu Chen, Yu-fen Zhao, Bioorganic 
Chemistry, 101,434 (1989). 
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NOVEL CYCLOADDITION REACTIONS OF Bun3P.CS2 : FORMATION AND 
REACTMTY OF NEW RING SYSTEMS 

R. ALAN AITKEN* TRACY MASSL AND SWATI V. RAUT 
Department of Chemistry, University of St. Andrews, North Haugh, St. Andrews, 
Fife, KY 16 9ST, UK. 

Although the crystalline adduct (1) of Bun3P with CS2 has been known for over 100 
years the only cycloaddition reaction reported is with DMAD to give salt (2) in the 
presence of HBF4. We recently reported1 that in neutral solution a stable crystalline 1 : 2 
adduct (3) is formed and the structure and reactivity of this novel compound have been 
examined. With electron-poor double bonds a complex pattern is emerging: fumarates 
and other compounds with an E-double bond (4) give mainly the stabilised ylides (5) in 
which CS2 has been lost. It seems likely that these are formed as shown rather than by 

S 

direct reaction of (4) with Bun3P from decomposition of (1). Hydrolysis of (5 )  in D20 
provides a convenient synthesis of 1,l-dideuteriosuccinates. The corresponding Z- 
compounds (6) also give (5) but for maleic anhydride only, another product is formed 
which appears to be (8). With (7) unstable adducts are formed which may well be (9). 
Reaction with norbomene gives a 2: 1 adduct which has lost Bun3P and most likely has the 
novel structure (10 ). 

REFERENCE 

1. R.A. Aitken, G .  Ferguson and S.V. Raut, J .  Chem. Soc., Chem. Commun., 1991, 
812; Tetrahedron, 1992,48, in the press. 
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PHASE TRANSFER CATALYSIS I N  THE SYVTHESIS OF ORGANOPHOSPHORUS 
COMPOUNDS 

WEIZHEN YE, XIUGAO LIAO, GUIYUN SUN, YUNFANG QIAN, CHENGYE YUAN 
Shanghai I n s t i t u t e  o f  Organic Chemistry, Chinese Academy o f  Sciences, 
Shanghai, 200032 China 

A b s t r a c t  A f a c i l e  method f o r  t h e  p r e p a r a t i o n  o f  a l k y l  a lkoxycar -  
bonylmethanephenylphosphinates, a l k o x y  carbonylmethanediphenylphos- 
ph ine  oxides, d i a l k y l  alkoxymethanephosphonates and d i a l k y l  a l k y l -  
phosphonates under phase t r a n s f e r  c a t a l y t i c  c o n d i t i o n s  i s  descr ibed. 
Crown e t h e r  was found t o  c a t a l y z e  t h e  P - a l k y l a t i o n  o f  d i a l k y l  phos- 
p h i t e  s a l t  w i t h  i n a c t i v e  a l k y l  h a l i d e .  

P - A l k y l a t i o n  o f  d iphenylphosphine oxide, a l k y l  pheny lphosphon i tes  and 
d i a l k y l p h o s p h i t e s  u s i n g  a quaternary  ammonium s a l t  as c a t a l y s t :  

I 
R, Q'X-, aq. NaOH, 0-1 5" R', 
R /  2 P(0)H + C1CH2X ) R  z,P(0)CH2X 

60-882 

1 2 3 R = Ph, R = Ph, OC3H7-i, OC4Hg-n, OC4Hg-i; X = COOR 
R 3 = C2H5, i-C3H7. n-C4Hg, i-C4Hg. t-C4Hg, cyclo-C6H1 1, n-C6H1 3, 

i-C8H1 7 ;  
R = R 

X = OC4Hg-n, OC H 

1 2  
= OC2H5, OC4H9-n, OC4Hg-i, OC4Hg-s. OC 8 H 17 -i; 

-i 8 17 

Crown e t h e r  i s  s u c c e s s f u l l y  a p p l i e d  i n  P - a l k y l a t i o n  o f  d i a l k y l p h o s p h i t e .  
Crown e ther .  50°C 

(R10)2P(0)Na t R 2 X (R'0),P(O)R2 
50-902 

1 2 
R = C2H5, n-C4Hg. i-C8HI7; R = n-C4Hg, i-C4Hg, s-C4Hg 

X = C1, Br. 

I n  t h e  absence o f  crown e ther ,  no s i g n i f i c a n t  r e a c t i o n  can be found. 

REFERENCES 

1. K.M.Kem, N.V.Ngugen. D.J.Cross J. Org. Chem. 1981, 46, 5188. 
2. W.Ye, X.Liao Synthes is  1985. 986. 
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H e t e r o c y c l i c  S y n t h e s i s  fro'm t h e  R e a c t i o n  o f  
D i c y a n o r n e t h y l e n e a c e n a p h t h e n - 2 - o n e  w i t h  P h o s p h o r u s  

Y l i d e s .  

W a f a a  M. Abdou, and Neven A. F. Ganoub 

Dept. o f  Pes t i c ide  Chemist ry ,  Nat iona l  Research Centre, Dokki,  
C a i r o ,  Egypt. 

Extending our w o r k  on the syn thes is  o f  n e w e r  he terocyc les  
f r o m  P-unsaturated ketones,") the  W i t t i n g  reac t i on  of  the t i t l e d  
compound 2 w i t h  alkoxycarbonylrne thylenetr iphenylphosphorane 1 
a,b has been invest igated,  and the  reac t i on  products ;  y l i des  (3 
a,b), pyrans ( 5  a,b) and pyrone ( 6) were  i so la ted  and ident i f ied .  
On t h e  o t h e r  h a n d ,  r e a c t i o n  o f  2 w i t h  
benzoylmethylenetriphenylphosphorane ( 1  c)  proceeded only  a t  
d ras t i c  condit ions, y ie ld ing  4 c and 5 c. 

React ion  mechanisms and spec t ra l  data a re  discussed, and 
synthet ic  u t i l i t y  o f  the  products  were  tested. 

I t  i s  also w o r t h  no t ing  t h a t  the po la r i t y  o f  the solvent and the 
temperature o f  the reac t ion  play on ly  a very l i m i t e d  r o l e  whereby, 
they a f f e c t  only the r a t i o  o f  the  products  t o  each other. 

. -  
C - C R  
II 

4 

?!+ 3 - < + I O U  

I) . 3 I :: c z  ? S 5  

'1, a = 5 $ P 5  

1 4 ,  J C U )  S a h ,  

+ ___) 

6. 
,R 3s in 1 

1 

W A Abdou, N A. F Ganaclb and M R Msnrsn, Phosohorus, Sulfur and 
S i l i con  ( i q g i ) ,  1 n j 3 r ~ s s  
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THIOESTERS OF TRIVALXNT PROSPIIORUS ACIDS - AS NEV 
LIGANAS IN CYXANTIIRENE 

OLZG SINYASHIN': IGOR GORSI-TTJNOV, ALLAN GINZBURG , 
VYACHESLAV SOKOLOV, ELVIRA BATYEVA 
Arbuaov Institute of Organic & Physical Chemistry, 
Arbuzov str., 8, 420083, Xazan, Russia 
Mesmeyanov Institute of Organoelement Compounds, 
Vavilov atr., 28, 117334, I'vloscow, Russia 
Abstract New cymanthren derivatives, containing P(II1) 
acid th ibeaters as ligands, synthesized for the first 
time. 

Complexes of transition metals, containing trivalent phos- 
phorus acid thioderivatives as ligaiids, have been insuffi- 
ciently studied as yet. Netv cymanthren derivatives ( 1 )  - we- 
re synthesized by us via photochemical substitution of CO- 
group by thioesters P ( I I 1 )  acid. 

THF, h3 R RI'P-SR 

- co - THF CpE?n( CO) [ cphh(co) 2 r a  ] - - 

R = Me, Et, i-&, Ph 

Rfl=  H, Ph, OMe, SR 

SR 
Cph'In (CO) 2-P-R ' 

R" 1 

/ 

\ R'= t-Bu, Ph 

- 
PR ' R" / 

L - CpNln( GO) 2-6-R 
- [R'R"P*] cp~(co)2-s\R 

- 2 - 3 
The structure of complexes (1) was verified by I R ,  'H and 
31 P NMR spectroscopy, by mass-spectrometry and X-ray study. 
The formation of labile S-coordinated complexes (2) takes 
place together with compounds (1). They are identified by 
I R  and 31P NMR spectroscopy. In transition reactions they 
are partially transformed into metal sulfur-centred radi- 
cals ( L ) ,  identified by IX and EPR spectra. 
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SYFTHBSIS OF 1,l-DIJUL~EXO 2-PHmETHYLEBE BY 
ELECTRocHezIICAL VITTIG REACTIOB 

W I H 5  AUGUSTB, PHILIPPB JWAULT, CHRISTIAE FEASSDB* and 
BOEL COLLIGBOP 
Laboratoire des ComposcSs OrganophosphorBs, IBSA-IBCOP, BP 08 
Place E. Blondel, 76131 Hont-Saint-Aignan Cedex, France. 

The development of electrolysis techniques makes it possible 
for organic for Electrochemistry to becoe a competitive method 

synthesis. However, the electrochemical way has not so far been 
experimented in the Vittig reaction, though it has appeared as 
both simple and efficient in the Homer reaction as well as the 
electroreduction of phosphonates carried out in our laboratory'-=. 

In the present study, we succeeded in the synthesis of 1,l-di- 
chloro and 1,1-difluoro 2-phenylethylenes. 

The electrochemical reduction of phosphonium salts f. or 2 was 
performed by an initial bielectronic step producing ylide 3. In an 
aprotic medium ( DNF, WeCH ), this ylide reacted with the benzalde- 
hyde present in the electrolysis cell giving , the corresponding 
olefin 2 through an intermediate betafn 5 : 

2e &IT- CX2 
&IP+CX2Y 4 RaP-CXZ phc"o, : I __* PhHC=CXz t Ram 

W-CHPh 
- 1 or 2_ a 5 5 
- 1: X = Y = C l  ; 2: X = F ,  Y = B r .  

In a protic medium, the ylide 3 was protonated to give phospho- 
nium salt 5: 

RsP=CXn 2!!+ R2'CEXZ 
z 5 

The best results were obtained with controled current electrolysis 
in a one-compartment cell <X=F) or a tmrcompartPents cell CX=Cl). 

PhIiC=rr.lz B = 80% 
PhHC=c& R = 69% 

REFEREHCBS 

1. T.B. Balo and 11. Devaud, Tetrahedron Letters, 1987, 23, 3799. 
2. I[. Devaud, F. bzx0uzi and T.B. Balo, J. Chei. Research, 
<S)1991,120. CIc)1991,1052. 
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SYNTHESIS, METALATION AND F"CTIONALISATI0N OF DIETHn 
TOLYLPHOSPHONATES 

AJ3DEL.KADER BOUMEKOUEZ. ELIE ABOUT-JAUDET and NOEL COLLIGNON* 
Laboratoire des Compos6s Organophosphorbs. INSA-IRCOF, BP 08 
Place E. Blondel, 76131 Mont-Saint-Aignan Cedex, France. 

In connection with our recent work on the synthesis of phosphono- 
phenylalanines', we studied the functionalisation of diethyl 
tolylphosphonates 1, readily prepared from halotoluenes by an 
adapted procedure of the S 1 photostimulated phosphonylation2. 
For this purpose, we submitted the phosphonotoluenes 1 to the 
"metalation - functionalisation" sequence. Among the various 
metalating systems we tested (n-, sec-, or ter-BuLi; n-Mi-TMEDA; 
L W ;  LDA) ,  LDA (2eq. in THF at -60°C) gave the best results. The 
intermediate carbanions 2 were reacted with different electro- 
philes EY tMe3SiC1, R3SnC1, C02, EtOC(O)OEt, EtOC(O)C(O)N(CH2)51 
giving the corresponding diethyl tolylphosphonates 3 
functionalised on the side chain. The yields in purified compounds 
- 3 were excellent (80-98%) for the ortho- and para-isomer. For the 
meta-derivatives however, the yields were generally lower than 
50%. 

RN 

0'" [ 0 cH2-Li ] 2 (EtO)lP-@cH2-Y (Et0)zP- 0 (EtOhP- 0 
II II 
0 0 

- 1 - 2 3 - 

REFERENCES 

1. M. Bayle-Lacoste, J. Moulines, N. Collignon, A. Boumekouez, 
A. de Tinguy-Moreau and E. Neuzil, Tetrahedron, 46, 7793 (1990) 

2. A. Boumekouez, E. About-Jaudet. N. Collignon and P. Savignac, 
- J. Orpanometal. Chem., submitted. 
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SYNTHESIS AND USE OF NEW a-PYRAZOLYLALKYLPHOSPHONATES 

DIDIER FOUQUE, ELIE ABOUT-JAUDET and NOEL COLLIGNON 
Laboratoire des ComposBs Organophosphor6s, INSA-IRCOF. BP 08 
Place E. Blondel, 76131 Mont-Saint-Aignan Cedex, France. 

We report a straighforward synthesis of two series of new 
a-pyrazolylalkylphosphonates (3 and 4) obtained by cycloconden- 
sation of hydrazines with bis-electrophilic phosphonates 1 and 2, 
respectively. We illustrated some synthetical potentialities of 
these pyrazolylalkylphosphonates by preparing new a-alkenylpyra- 
zoles 5 from 3 and new a-pyrazolylalkylphosphonic acids 6 from 4. 
Advantages of the proposed method include accessibility to the 
starting phosphonates , structural diversity of the substituents 
[R1,R2= H,alkyl,Phe; R3= H,Me,Phe,CH[OEt)z; R = H,Me,Phe; Y = H, 
alkyl, Phe,OH; Y' =Me, Phe,OH, NH2; R' =aryl, alkyl] , chemoselectivity 
and efficiency of the steps. 

1 

R R 
0 0 1  L 

(Et012P d 68-98% a (l30)2!* b 49-92% R1P 
2 

''# - 1 - 3 R' - 5 

6 - - 2 - 4 

a) R-NH-NH2/EtOH. re f lux;  b) R'CHO/KH/THF, reflux; C )  HCI 811, re f  lux. 

REFERENCES 

1. D. FouquB, E. About-Jaudet, N. Collignon and P. Savignac, Svnth. 
Commun., 22, 219 (19921. 
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PUNCTIONALLY SUBSTITUTED DERIVATIVES 03' TRIVAUNT 
PHOSPHOXJS THIOACID 

ELVIBA ZATYZVA", OLEG SILYASHIY, VLADIMIR AL'PONSOV, 
ARKADYI PUDOVIK 
Arbuzov Institute of Organic & Physical Chemistry, 
Arbuzov str., 8, 420083, Kazan, Russia 

Abstract The use of functionally substituted deriva- 
tives instead of P(II1) acid thioesters results in fo- 
rmation of new phosphorus and s u l f u r  containing compo- 
unds with preservation of P-S bond. 

A study of reactions of thioesters of trivalent phospho- 
rus acids - (RSl3P, with a wide range of electrophilic re- 
agents has shown that as a rule the Arbuzov reaction as 
distinct from some oxygen P(II1) esters is not observed 
where as the rupbure of P-S bond proceeds with the mbsti- 
tution of the RS-group at the phosphorus atom. Consequently 
obtaining organophosphorus compounds on their basis with 
preservation of the P-S bond involves is extremely diffi- 
cult. The presence of functional groups should promote the 
course of the Arbuzov reaction and formation of products 
with P-S bond. In fact (BS)2POSiMe synthesized by us f o r  
the first time, react with many electrophylic reagents - 
alkyl and acylhalides, aldehydes, azomethynes, ethoxyace- 
tylene, with migation Me Si- or Alk-group and formation 
of alkylthio or thiophosphonates. In contrast, interaction 
of (RO) 2P-S-C (0)R'  nith electrophylic reagents proceeds 
mainly with formation of thiophosphorylation products. hl- 
kylthiophosphines react with carbonyl and dp-unsaturated 
compounds with migration of hydrogenous atom and preserva- 
tion involving the formation of corresponding thiopliosphi- 
nites and phosphonites,i.e. with Preservation of P-S bond. 
It is of  interest that and C1- 
groups into the molecule of dithiophosphorous acid instead 
of the ether group brings about the ropture of P-Ebolld 
(E = O,N,Cl) in the reaction and preservation of P-3 bond 

3 

3 

insertion of W J ( O ) - ,  ITR2- 
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5 SYNTHESIS OF B-PHOSPHOHYDRAZIDES 
3-OX0 1,2,3 DIAZAPHOSPHOLINE (3). - 

(2) AND A 2-ACYL 3-DIMETHYLAMINO 

A. BEN AKACHA; M. BOUKRAA; A. HFIDH; B. BACCAR 
Laboratoire de Synthese Organique, Dkpartement de Chimie, Facult6 
des Sciences de Tunis 1060 Tunis (TUNISIA). 

The monoacylhydrazides 
well as hydrazines") , react with phosphoallenic derivatives 1 to lead 
to the 8-phosphohydrazides 2 (yield 2 70%). It has been found that 
when R=(CH ) N group, the heating of the compound 1. with monoacyl- 
hydrazides in refluxingtoluene leads to obtaining compound 2 (yield 2 

40%). The structure of these compound is further confirmed by IR, 'H 
NMR and 31P NMR spectra. 

recently synthetized in our laboratory''), as 

3 2  

1 0 CH< 
II 11 1 (R) P-CH=C=C< H2N-NHCOR 0 (R)2P-CH2-C=N-NHCOR 1 
0 

2 

1 - 2 - 
CH< 

I t  
0 H2N-NHCOR 1 

((CH ) N) P-CH=C=C< _____t 

-(CH3) 2NH 3 2  2 

1 3 - - 

R = C H  6 5  1 
2 

R = C6H5, I-C3H7, t-C H 
R = CH< = CH3, i-C3H7, C-C H 

4 9  
6 11 

REFERENCES 

1. A. Ben Akacha; S. Barkallah; B. Baccar, Phosphorus, Sulfur and 
Silicon (1992) in press. 

2. A. Ben Akacha; Doctorat de spkcialitk Fac. Sci. Tunis, Tunisie 
(1987). 
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EFFICIENT METHOD FOR SYNTHESIS OF a-KETOPHOSPHONATES AND 
REACTIVITIES. 

A.BEN AKACHA; S. BARKALLAH; M. BEN SLIMANE; B. BACCAR 
Laboratoire de Synthese Organique, Departement de Chimie, Facult6 

des Sciances de Tunis 1060 Tunis (TUNISIA). 

We have successfully improved the results first reported by costisella 

and al."), when preparing the compound 1 by increasing the yield fram 
30-402 to 90%. We show that we can similarly obtain the phenylaceti- 
chydrazide 2 and dialkylphosphite - 3 after cleavage of P-C bond(2). The 
synthesis of a-phosphonylhydrazones was discribed. The products 1 
(a-b), 2 and 5 are characterised by IR, 'H NMR and 31P NMR spectra. 

0 0 

(R0)3P + C H CH2-C-C1 W(RO)2P-C-CH -C H a(R0)2P-C=CHC6H5 
11 ,I 2 6 5 -  1 

0 HO -RC1 6 5- 
0 

l a  - 
H2N-NH2 0 

11 + H2N-NH-C-CH -C( H + (R0)2P-H 
i t  2 6 5  

(la - + 1p) 
0 

1 H-N-NHR 

-H20 

RO = CH 0, C2H50, 3 
R = C H  6 5  
1 

REFERENCES 

lb - 

1. B. Costisella; I. Keitel and H.Gross, Tetrahedron 37, 1227 (1981). 

2. A. Ben Akacha; S. Barkallah; B. Baccar, Phosphorus, Sulfur and 
Silicon (1992) in press. 
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PHOSPHORUS SUBSTITUATED ACETYLENES - A VERSATILE STARTING 
MATERIAL FOR THE SYNTHESIS OF PHOSPHOPRYLATED COMPOUNDS 

KLAUS BIEGER, PETER KUHM. EKKEHARD FLUCK 
GMELIN-Institute for Inorganic Chemirtry of the Max-PIanck Society, Fmkfurt 
Inrtitute for Inorganic Chemistry, Stuttgart 

Abstract: Some reaction of phosphorylated acetylenes with nucleophiles are shown. 
They lead to  thiazaphospholidines, dithiaphospholidines, diphosphorines and phos- 
phorylated diphosphabenzenes. From the primary products derivatives could be obtained. 

Me2N NHe2 
\ /  P h i  H /S-cHz \ /  NMe2 +pdCl2; I 

/PP h 2  NiCI2 , H\/P+C/P, /C I 
II I 

H ~ C / ~ \ : / ~ S - C  H 2  
II I 

He2N-P\ /C\ 
He 2N HezN I 

H 

Me2N-P\ +C\ / M\C I 
. / C/ P P h z  ’ ‘Ph2 

R1= Rp =NE t 2 
+3HSCH2CHzSH 

C3l -4HNEt2 
R=Ph 

R= Ph 
Rl=Rz=NEtz 

+PhCSOH 

H P h-P P-P h 

+2 tertBuOOH 
-2  tertBuOH 

\ 

//\c=c / 
\ 

P h  H 
REFERENCES: 
1. 
2. 
3. 

E. Fluck, P. Kuhm, R. Riffel; & Naturforsch., m, p. 1258 (1988) 
E. Fluck, P. Kuhm; Phosphorus Sulfur and Silicon, 42, p.  123 (1989) 
E. Fluck, B. Neumuller, G .  Heckmann; Cherniker Zeitunq, 111, p. 309 (1987) 
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THE INFLUENCE OF STRUCTURE ON THE REARRANGEMENT AND FRAGMENTATION 
OF a-HYDROXYIMINOPHOSPHONATES 

E. BREUER, M. MAHAJNA, H. ZAHER, H. SCHNEIDER, and J. KATZHENDLER 
Department of Pharmaceutical Chemistry, The Hebrew University 
School of Pharmacy, Jerusalem, Israel 

We reported previously that a-hydroxyiminophosphonate esters show 

stereoselectivity in their tendency to undergo either fragmentation or 

Beckmann rearrangement,l while a-hydroxyiminobenzylphosphonic acids 

undergo fragmentation to metaphosphate speciea.2 In an effort to imp- 

rove our understanding of the chemistry of a-hydroxyiminophosphonatee, 

we examined the influence of structure on the behavior of these types 

of compounds. We studied tne following types of derivatives: a-hyd- 

roxyiminobenzylphosphonates substituted in the aromatic ring, others 

eeterified with aryl groups as well as polyhaloalkyl groups, and also 

a-hydroxyiminophosphonamidates. We found that the behavior of the com- 

pounds depends on the substituent on the phosphorus. In contrast to 

the dimethyl ester which exhibits stereoselective behavior, either 

geometrical isomer of methyl 2,2,2-trifluoroethyl a-hydroxyiminoben- 

zylphosphonate undergoes fragmentation. In contrast, phosphonamidates 

underwent rapid Beckmann rearrangment, thus providing a simple and 

convenient synthetic approach to novel peptide transition state ana- 

logs starting from N-(a-hydroxyiminoalkylphosphony1)amino acids. A 

kinetic etudy on the acid catalyzed fragmentation in water showed that 

electron withdrawing groups retard and electron releasing groups acce- 

lerate the fragmentation. The reaction rate is influenced only to a 

small extent by the various substituents. The enthalpy and entropy of 

activation are consistent with a preassociative reaction mechanism. 

References 
1. E. Breuer, A. Schlossman, M. Safadi, D. Gibson, M. Chorev, and H. 
Leader, J. Chem. SOC. Perkin 1, 1990, 3263. 
2. E. Breuer, R. Karaman, H. Leader and A. Goldblum, J. Chem .Soc. 
Chem. Comm., 1987, 671. E. Breuer, R. Karaman, D. Gibson, H. Leader 
and A. Goldblum, J. Chem. SOC. Chem. Commun., 1988, 504.  J. 
Katzhendler, R. Karaman, D. Gibson, H. Leader, and E. Breuer, J. Chem. 
SOC. Perkin Trans. 2 ,  1989, 589 .  
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MOLECULAR STRUCTURE OF FOUR-MEMBERED PHOSPHAZA CYCLES 

ALEXANDER N.CHERNEGA 

Institute of Organic Chemistry Acad. Sci. of the 
Ukraine, Murmanskaya St.5, Kiev-94, 253660, Ukraine 

The main reguliarities and characteristic features of the 
molecular structure of 4-membered phosphaza cycles A-E have 
been discussed on the basis of wide-range X-ray diffraction 
studies. In diazaphosphetidine systems A and B the P-Nendo 
bonds (1.70-1.76 and 1.68-1.73 A) are considerably longer 
whereas the P-Nexo bonds (1.65-1.71 and 1.63-1.65 A) are 
shorter as compared with the analogous acyclic compounds, 
due to sterical and electronic [rehybridization of P and N 
atoms at cyclization, repulsion between LP(P) and LP(N) 
etc.] factors. These proportions are retained in structures 
C, but the presence of a phosphonium centre causes shorte- 
ring both endo and exo P1"-N bonds (1.64-1.66 and 1.60-1.62 z )  (due to contraction of the phosphorus bonding AO-s and 
lowering of their energy). Delocalization of the positive + +  
charge on exo bonds due to the electrostatic repulsion P--P 
in dicationic structures D leads to shortening of exo bonds 
(1.58-1.60 A) as compared with P-Nendo (1.65-1.68 A) whe- 
reas quite opposite bond lengths distribution is observed 
in zwitter-ionic cycles E: delocalization of the positive 
charge on endo bonds causes their considerable shortening 

0 

0 

0 0 

0 0 

1.59-1.62 A) as compared with P-Nexo (1.63-1.68 A). 

I I I 

I I I I I 
A B C D E 

(X = C, 0, N, P, Si: M - transition metal atom: L - ligand) 
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PHOSPHORYLATED N-PROPARGYLAMINES - SYNTHESIS AND REACTIONS 

VALERIJ CH.CHRISTOV, VESELIN T.VASILEV AND CHRIST0 M.ANGELOV 
Department of Chemistry, University of Shoumen, 9700 Shoumen, 
Bulgaria 

Abstract 
gylamines are discussed. 

Synthesis and some reactions of phosphorylated N-propar- 

N-Propargylaminophosphites 1 are readily available compounds from dial- 
kylchlorophosphites and N-propargylamine ’. Treatment of the phosphites 
- 1 with methyl iodide leads to the phosphonates 2. In similar way, in- 
vestigation between 

buzov type reactions). In the reaction of E with methyl iodide in the 
presence of Et N.HC1 three transformations proceed: (1) heterocycliza- 
tion of 1 with HC1 of Et3N.HC1 affording the azaphospholes k;  (2) Arbu- 
zov reaction of 1 with methyl iodide giving the phosphonates 2; and 
( 3 )  addition of HC1 upon the triple bond of compounds 2 leading to the 
N-allylaminophosphonates 5. Treatment of the phosphonates 2 with HC1 
leads to the phosphorylated N-propargylamonium salts 6, but no the 
adducts 2. 

and sulfuryl chloride gives the phosphates 2 (Ar- 

3 

( RO)~P-N-CH~CECH 1; 
I 
Me 

0 0 
P-N-CH2C3CH 2 P-N-CH2CICH 3 

RO,e RO, II 

Me’ Ae 
I 
Me 

6 - 

The NMR and IR characterizations of the phosphorylated N-propar gylami- 
nes as well as the possible mechanisms of their formation will be 
discussed. 
1. Ch. M. Angelov and 0. Dahl, Tetrahedron Letters, 2, 1643 (1983). 
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A SIMPLE SYNTHESIS OF ACTIVATED DIENES FROM PHOSPHONIUM SALTS 

Domitila Apariciog Jose Barluenga#', Isabel Merino,# Ana Ochoa do Retana,§ Francisco 
Palaciosp and Gloria Rubialess. 

5 Dpto. Qufmica Orgdnica. Facultad de Farmacia. Universidad del Pais Vasco. Portal de 

# Dpto. Qufmica OrganometAlica. Facultad de Qufmica. Universidad de Oviedo. 33071. 
Lasarte sin 01007 Vitoria. SPAIN. 

Oviedo. SPAIN. 

Phosphorus derivates such as the phosphorus ylidesl and the isoelectronic h5- 
phosphazenes2 have been widely used in preparative organic chemistry in recent years 
because of their broad range of aplications. 

On the other hand, activated dienes such as alkoxy-, and siloxy-1,3-butadienes3 as well as 
sulfurA and aminoB substituted dienes represent synthetically attractive buildings blocks for 
the synthesis of heterocycles and complex natural products, through the Diels-Alder reaction6. 
In connection with our interest in the application of phosphonium salts7, as intermediates in 
organic synthesis, we report here a very easy method of synthesis of activated dienes 1. 

Recently we reported the preparation of 2-amino-l,3-butadienes 1 from comercially 
available starting reagents, as propargyltriphenyl phosphonium bromide, secundary amines and 
aldehydes. Hero, we extent this synthetic process to other nitrogen and oxigen containing 
nucleophiles, in which the key step involves Wittig reaction of phosphoranes generated "in 
situ" from the p-functionalized phosphonium salts with aldehydes. 

The preparation of the desired P-sustituted phosphonium salts 3 was very easily 
accomplished in very high yields through nucleophilic addition of amines and alcohols, to 
comercially available propargyltriphenyl phosphonium bromide 2. Wittig reaction of 
phosphoranes 4 generated "in situ" from p-enamino- and alkoxy- phosphonium salts 3 with a 
base followed by addition of aldehydes leads to 2-functionalized-l,3-butadienes 1 in excellent 
yields. 

R 

2 3 3' 

References 
1.- 1. Gosney, A.G. Rowley in "Organophosphorus Reagents 

Cadogan. Academic Press, New York (1979), p.17. 
2.- J. Barluenga, F. Palacios. Org. Prep. Proc. Inf. (1991), 23,l. 
3.- S. J. Danishefsky, H. P. De Ninno. Angew. Chem. (1987), 99, 

4 1 

X = NR,, OR 

in Organic Synthesis" Ed. J.I.G. 

5. 
4.- W.H. Pearson, K.C. Lin, F. Poon, J. Org. Chem. (1989). 54, 5814. 
5.- J. Barluenga, F. Aznar, M.P. Casal. C. Valdes. Tetrahedron Left (1989), 30, 5923. 
6.- D.L. Boger, S.H. Weinreb. Helero Diels-Alder Melodology in Organic Synthesis. 

Academic Press. New York (1987). 
7.- J. Barluenga, 1. Merino, F. Palacios. Tetrahedon Leff. (lQQO), 31, 6713. 
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KINETIC RESOLUTION OF 6-HYDROXY ALLYLIC PHOSPHINE OXIDES: 
A STEREOCONTROLLED ROUTE TO AUYLICALLY FUNCTIONALISED 
SYSTEMS 

JONATHAN CLAYDEN,a ERIC W. COLLINGTONb and STUART WARRENa 
a University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW 
b Glaxo Group Research Ltd., Park Road, Ware, Hens., SG12 ODJ 

Abstract: We have used a combination of phosphine oxide and Sharpless 
epoxidation chemistry to synthesise allylically functionalised compounds with 
complete control over absolute, relative and geomemcal stereochemistry. 

Starting material 1 were resolved kinetically by Sharpless methodology to give anti 
epoxide anti-2 with good e.e. The syn epoxide syn-2 was made by peracid epoxidation 
of the remaining starting material from the kinetic resolution. 

WOH && OH 
Ph2PO Ph2F0 

&-OH 
Ph2P0 

1 anti-2 s y n -  2 

Regiocontrolled ucleophilic opening of the epoxide was controlled gave intermediates 3 
which underwent stereospecific Homer-Wittig elimination to yield compounds 4 with 
controlled geometry double bonds and controlled absolute stereochemistry. + Nu- Base 

OH 
- 

OH 
Ph2PO Ph,PO NU 

3 4 anti-2 

The method has been extended to the synthesis of unsaturated amino acids such as 5, and 
compounds with further chiral centres such as 6. Work is under way which should allow 
the synthesis of compounds bearing remote (1,4) chiral centres (such as 7). 

vo + Nu OH 

5 BnN 6 % 0 7 
RHMb 
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NEW ROUTE TO THE PREPARATION OF 1,3,2 OXATHAPHOSPHOLANES 
2-SULFIDE D E R I V A T I V E S  

ALAIN COMEL, GILBERT K I R S C H  and DANIEL PAQUER 
Labora to i re  de Chimie Organique, F a c u l t 6  des Sciences F-57045-Metz 

Abs t rac t  5 - s u b s t i t u t e d  2-a1 k y l  ( o r  a r y l  , h e t e r o a r y l  ,.. . l t h i o  1,3,2 
oxathiaphospholanes 2 - s u l f i d e  5 a r e  r e a d i l y  access ib le  by r e a c t i o n  
o f  t h e  t r iethylammonium s a l t  1-of a d i e s t e r  o f  t h e  phosphorote- 
t r a t h i o i c  a c i d  w i th  a p p r o p r i a t e  epoxide i n  t h e  presence o f  
BF3.Et20 as c a t a l y s t .  

INTRODUCTION 

It i s  known t h a t  (0,O) d i e s t e r s  2 of t h e  phosphorod i th io i c  a c i d  r e a c t  
e a s i l y  w i t h  oxiranes, y i e l d i n g  t o  t h e  a d d i t i o n  produc ts  - 3 (scheme 1) .  

The s a l t s  1, p r e v i o u s l y  descr ibed' ,  d o n ' t  r e a c t  i n  t h e  s i m i l a r  way. 

SCHEME 1 (R'O),P-SH L"-R2, (R'O),P-S-CH,-CH-OH + isomer 

The use o f  a Lewis a c i d  (BF3.Et20) as c a t a l y s t  d o e s n ' t a l l o i v b o b t a i n  t h e  
a l coho ls  s i m i l a r  t o  3 b u t  i n s t e a d  2 - a l k y l  ( o r  a r y l ,  ... l t h i o  1,3,2- 
oxathiaphospholanes 2 - s u l f i d e  - 6 a re  formed (scheme 2 ) .  

0 8 YZ S 
I1 

- 

2 3 

\ /* (R'S),P-S-CHp-FH-OH 

R2 
II 

(R'S),P-S, 0 8  HNEt, 4 2  
I I  

!is 
+ R' S-CHp-C H-0  H 

1 BF,.Et&CHU3 ~'-s\,,/s> A 
R2 - 4 A2 R'= Et, Ph, Ph-CH,, furfuryl 

-30°C to r.t., 12h \ 
1 7 - 4 6 %  

6 (maj.) (min.) R2= H, CH3 SCHEME 2 
An impor tan t  amount o f  phosphorus c o n t a i n i n g  o l igomers  i s  formed d u r i n g  
t h e  reac t i on ,  which e x p l a i n s  t h e  moderate y i e l d s  ob ta ined.  
Th is  r e a c t i o n  i s  r e g i o s p e c i f i c  b u t  n o t  s t e r e o s e l e c t i v e  . 
The s a l t s  1 add i n  t h e  same manner on t h i i r a n e s  and 2 - s u l f i d e  o f  
1,3,2-dithiaphospholane d e r i v a t i v e s  a r e  formed b u t  i n  lower  y i e l d s .  

2 

REFERENCES 

1. A. Comel, G. Ki rsch ,  D. Paquer, S u l f u r  L e t t . ,  13(6) ,  257 (1991).  
2. A. Comel, G. Ki rsch ,  D. Paquer, Phosphorus S u l f u r  i n  p ress .  
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SYNTHETIC EQUIVALENTS OF )I-FIINCTIONAI,IZED ALLYLIC CATION 

INVERSION OF POLARITY APPLICATION TO ALLENYL COMPOUDS 

Henri-Jean CRISTAU, Karim Al HAMAD et Eliane TORREILLES 
Laboratoire de Chimie Organique E.N.S.C.M. (URA no 458 du CNRS), 
8 rue de I'Ecole Normale - F 34053 MONTPELIER Cedex 

Our target was to obtain equivalents of y-functionalized allylic cation trom allenyl 
derivatives 1 This involve the protection of the 0-position in I towards nucleophiles 
and the inversion of the electronic character of the carbon in the y-position, that becomes 
electrophile.As illustrated by the following example compound 121 results of the intro- 
duction of triphenyl phosphonio group in allenyl substrate 1 giving rise to the corres- 
ponding salt of vinylphosphonium 2, followed by the nucleophilic addition of NuH. 

pTsOH 

1l2 
NEt3 ( &OH ) ( -  %3') 

(Rdt.91% 1 
I -  

) 

12hb250C 4 (Rdt.76%) 

L25 
H . J .  Cristau, A.K. A1 Hamad, E. Torreilles Phosphorus Sulfur a&Sili- 
- con, %,47 (1991) 
H . J .  Cristau, M. Fonte, E. Torreilles, Synthesis, 301 (1989) 
H . J .  Cristau,A.K. A1 Hamad, E. Torreilles, C.R.Acad.Sci. Paris, 314, 
S. 11,1423 
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REACTION OF 0- AND P-NAPHTHOFUCHSONE WITH THIOL 

PHOSPHORIC ACIDS AND PHOSPHORUS PENTASULPHIDE. 

Ahmed El-Kateb, Ebtisam Hennawy, Rashad Shabana 
and Hoda Abdel-Malek 
National Research Centre, Dokki, Cairo, Egypt. 

abstract The reaction of 0-, and p-naphthofuchsone with 
thiol phosphoric acids and phosphorus pentasulphide, was 
undertaken. 

I" 
Extending our work on the reaction of 0- and p-naphtho- 
fuchsone with organophosphorus reagentsl-3, we now wish 
to report the chemical reactivity of compounds 1 and 2 

towards some thiol phosphoric acids and P4S10 to synthe- 
size a new naphthalene derivatives of expected biologi- 
cal activity. 
RESULTS AND DISCUSSION 
Naphthalenone 1 reacts with thoil phosphoric acids 3 and 
6 to give adducts 4 and 5 ,  respectively. Reaction of 1 
with P4S10 gives 7 .  

1 ' Cn30'2pssH 
3 - 
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MASS SPECTRA OF CYCLOHEXYL- AND PHENYL THIOPHOSPHORYLIC AMIDES 

Ioan FENESAN, Andrei HANTZ, Rodica POPESCU 
Institute of Chemistry, str.Fhthele,nr.30, 3400 Cluj, ROMANIA 
Zaharie MOLDOVAN, Monica CULEA, Nicolae PALIBRODA 
Institute of Isotopic and Molecular Technology, 3400 Cluj, ROMANIA 

The electron impact mass spectra ( 70 eV ) were made for two types of 
thiophosphorylic morpholinyl amides previously reported’: 

( CsHll )RP( S )  ( N ( 2 O )  ; B =CHI ,C1 ,OH,OCI$ 

( C 6 5  )R’P(S) (N(Z\,O) ; R ’ = q  ,Cl,OCq ,W& (11) 

The fragmentation pathways and ion structures were established by 
exact mass determination of peaks due to metastable transitionszv3. 

The present work is concerned with the study of the dependence of the 
fragmentation pathways on the nature of phosphorus-substituents: cyclo- 
hexyl and phenyl. 

It was found that the dissociation pathways were strongly dependent 
on the saturation grade of the phosphorus-attached hydrocarbonate radical. 

The main fragmentation of compound I starts with a H transfer from 
cyclohexyl group to thionic S, followed by elimination of neutral cyclo- 
hexene or SH radical. Rearrangements involving H transfer to S from the 
morpholinyl group produced low-intensity ions (3%). 

For compounds 11, the H transfer from morpholinyl group to S is 
characteristic. So, the ions resulted from molecular ion by elimination 
of morpholinyl group in this way exhibited an aboundance of about 10%. 

Anyhow phenyl-P bonds exhibited high stability. 

bonds from M’ of I and 11. 

Another series of ions is formed by simple fission of P-C1, P-N, P-0 

REFERENCES 

1. L.Almavi, I.Fene$an, V,Biro, J.Prakt.Chem., 321, 913, (1979). 
2. Z.Moldovan, N.Palibroda, M.Culea, I.Fenerjan, A.Hantz, Org.Mass., 

3. Z.Moldovan, M.Culea, N.Palibroda, I.Fenegan, R.Popescu, Orc.Mass., 
Suectrom., 2, 81, (1989). 

Suectrom., 26, 840, (1991). 
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OIETHYL 1-AZIOOALKYLPHOSPHONATES AS USEFUL INTERMEDIATES: 
PREPARATION OF DIETHYL 1-AMINOALKYLPHOSPHONATE HYOROCHLORIOES 

TADEUSZ GAJDA* and MACIEJ MATUSIAK 
I n s t i t u t e  o f  O r g a n i c  C h e m i s t r y , T e c h n i c a l  U n i v e r s i t y  
( P o l i t e c h n i k a ) , Z w i r k i  36 ,  90-924 t b d f ,  P o l a n d .  

A b s t r a c t  A new, s i m p l e  and e f f i c i e n t  r o u t e  t o  t h e  
p r i m a r y  and s e c o n d a r y  d i e t h y l  1 -a rn inoa lky lphosphona te  
h y d r o c h l o r i d e s  h a s  been d e v i s e d .  

H e r e i n  i s  repor ted a one-pot t ransformat ion o f  the e a s i l y  a v a i l a b l e  

d i e t h y l  1-hydroxyalkylphosphonates 1 i n t o  d i e t h y l  l-arninoalkylphospho- 

nate hydrochlor ides 4, without the necessi ty o f  i s o l a t i o n  o f  the  

intermediate azide 2. S imi la r  methodology was appl ied by Golding e t  a l .  

for conversion o f  a lcohols i n t o  amines and amino acids.  

1 

0 0 
Ph,P/OEAO/HN, II P h 3 P / b e n z e n e  

(Et0)2P-CH-R 
I 1  

(Et0)2P-CH-R 
I CH2C12,20 h I r . t . , 2  h 
OH N3 

1 2 

0 0 
I I  1. H20,50-55'C,4.5 h II 

-(Et0)2P-CH-R - (Et0)-P-CH-R 71-925 
I 2 .  5% HC1 aq .  

N-3 
3 R=H, A l k y l ,  A r .  4 

2 Thus, the azide 2 prepared from 1 by the Mitsunobu reac t ion3 i s  
4 converted " in  s i t u "  by the Staudinger reac t ion  

i rn inophosphorane 3. This,in t u r n  i s  hydrolysed by a d d i t i o n  of water, 

and transformed by treatment with HClaq. i n t o  the corresponding 

hydrochlor ide 4 i n  h igh  o v e r a l l  y i e l d  and p u r i t y .  

with Ph3P i n t o  the 

REFERENCES: 
1. E.Fabiano, B.T.Golding, M.M.Sadeghi, Synthesis, 190 (1987). 
2.  T.Gajda, M.Matusiak, Synthesis, i n  press. 
3 .  O.Mitsunobu, Synthesis, 1 (1981). 
4. Y.G.Gololobov, I.N.Zhrnurova, L.F.Kasukhin, Tetrahedron,37,437 (1981). 
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THE tNFLUENCE OF RAMCAL CHARACTER ON THE ADDITION OF A 
GRIGNARD TO AN a,fkUNSATURATED PHOSPHORYL GROUP' 

RALPH C. GATRONE AND STEPHANIE D. JONSON 
Chemistry Division, Argonne National Laboratory, 9700 S. Cass Ave., 

Argonne, Illinois, USA 

During an investigation of the substitutent effects upon the extraction of 
trivalent actinides by the carbamoylmethylphosphine oxides, we required a generic 
synthesis of alkyl substituted aromatic phosphorus compounds. Unfortunately, the 
literature reports of the direct addition of hypophosphorous acid to an olefinic 
cente? and the addition of an organometallic reagent to phosphorus trichloride, 
followed by hydrolysis3 were unsatisfactory for our purposes. An ideal approach 
to this class of compounds would involve the direct substitution of an alkyl group 
on the aromatic group of phenylphosphinic acid or an ester as this readily available 
starting material has been converted into the carbamoylmethylphosphine oxide 
extract ant^.^ 

We had previously observed that trace quantities of an octyl substituted 
phosphinic acid were prepared during the addaion of octylmagnesium bromide to 
ethyl phenylphosphinate? Extrapolation of the mechanism proposed by Ashbf for 
the addition of a Grignard reagent to a ketone suggests that if a solvent-cage 
radical species could be stabilized by increasing the radical character of the alkyl 
group of the Grignard reagent than a corresponding increase in the yield of the 1,4 
or 1,6 addition product would be realized. 

We began our investigation by preparing a series of Grignard reagents 
(RMgX) with increasing radical character (R = Me, Et, nPr, iPr, nBu, secBu, iBu, 
t5u, neo-Pentyl) and examining the product distribution by GC/MS and NMR 
spectroscopy. While the data indicates that the method is far from being 
synthetically useful for the preparation of these compounds it is clearly supports 
our belief that the direction of addition is dependent upon the radical's structure. 

1. 

2. 

3. 

4. 

5. 

6. 

Work performed under the auspices of the O f f i i  of Basic Energy Sciences, W i  of 
Chemical Sciences, U.S. Department of Energy under Contract number W-31-109- 
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STUDIES OF THE INTRAMOLECULAR CYCLISATION REACTIONS OF THE 
CARBENE INTERMEDIATES FORMED BY THE ACTION OF TRIALKYL 
PHOSPHITES ON 2-SUBSTITUTED DIALKYL BENZOYLPHOSPHONATES 

D. VAUGHAN GRIFFITHS and KHALKU KARIM 
Department of Chemistry and Biological Chemistry, 
University of Essex, Colchester, C04 3SQ, U.K. 
BELINDA J. WHITEHEAD 
Department of Chemistry, University of Keele, 
Staffordshire, ST5 5BG, U.K. 

Trialkyl phosphites attack the carbonyl oxygen of dialkyl 
benzoylphosphonates to give anionic intermediates (1) which 
under appropriate conditions decompose thermally to give 
carbenes ( 2 )  and trialkyl phosphate. These carbenes are 
readily trapped by trialkyl phosphites to give ylidic 
phosphonates (3) which may undergo further rearrangement. 1 

4- 

(1) (2) (3) 
When suitable ortho-substituents are present on the 

benzoylphosphonate intramolecular carbene insertion reactions 
can also occur to give cyclic systems. The dominant mode of 
cyclisation appears to be carbene insertion into a C-H bond 
to give a five-membered ring system, even in those cases 
where six-membered ring formation is possible. However, if 
this is prevented by choice of an appropriate substitutent 
other reaction pathways are observed. 

1. D. V. Griffiths, P. A. Griffiths, B. J. Whitehead, and 
J. C. Tebby, J. Chem. SOC. Perkin Trms. 1 , 479, (1992). 
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A NEW STRATEGY FORTHE PREPAR4TION OF DICARBONYL COMPOUNDS: 
THE a-ALLYL PHOSPHORAMIDO LITHIATED CARBANIONS APPROACH 

Philippe COUTROT., Claude GFUSON, Catherine BOMONT 
Laboratoire de Chimie Organique I1 [URA CNRS no 486). Domaine Scientifique 
Victor Grignard, Universitk de Nancy I 

Abstract a-allylphophoramido lithiated carbanions are used as homoenolate 
reagents with halogenated acetals and give regioselectively y-alkylation 
products. Acidic hydrolysis of the adducts is a novel route to dicarbonyl 
compounds. 

The dicarbonyl compounds are very interesting precursors in organic synthesis, 
especially in the construction of cyclopentenones, cyclohexenones and heterocyclic 
compounds. 
Previously, it h a s  been demonstrated that the lithiated carbanions derivatived from 
ene-phosphoramides are excellent synthetic equivalents of homoenolate anions. 

*, I 

I I  I '  0 I 

Me 0 
I / 

(Me,N),P-N-CH-C-C <=> +c-CH-C @ 

0 

This methodology is now used in a straightforward approach to oxoaldehydes . 

Me Y Y  
I a . .0y,R2 0 \ /  

(Me,N),P-N-CH-C-C Li + X-[CHJ,-C-R4 - 
I I  I 'R3 
0 R' 

1 2 3 

H F 2  Y Y 
\ /  0 

I I  
C C- C-(Cq),-C-R4 

R'. 2, R4 = H or alkyl 

R3 = alkyl or phenyl .,C -C- C-(CH,),-C-R4 
0 41 A3 Y = OR. O-[CHd,-O 

5 4 
n= 1 .2,3.4 

The synthetic potentialities of this strategy have been exploited in the synthesis of a 
well-known pheromone, the (E)-9-oxo-P-decenoic acid ( Queen Bee substance ) . 
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'ENFA??G mTANG, F.JING!,U D I N G ,  E X J I N G  XI.40, TIANJI3  W 
I n s t i t u t e  o f  Organic Synthes is ,  Central China N o m a l  
Univers i ty  , lTuhan, China 430070 

9 b s t r a c t  The k i n e t i c s  and l inear  f r e e  energy r e l a t i o n -  
s h i p  o f  PTC-Tittig r e a c t i o n  between su3s t i tu%ed aromatic 
aldehydes and t i t l e  compound. a r e  discussed.  

IT\TTRO?UCTION 

The k i n e t i c s  o f  PTC-Bittig r e a c t i o n  has  been pa id  l i t t l e  
a t t e n t i o n  i n  t h e  ?ast gears - ,  Eiere we descr ibed  t h i s  t o p i c  
about tho  fol lowing r e a c t i o n .  

1 

f - K2COj( S) , C H p : ,  ,3<c 
ph$SH2CE=CECS33r + 2-2-C H CRO 5 4  

(=3 p-R-17 "6"4 CI?=CBCH=CHCHJ + P h 2 y j  

3=?T02,CI,H,CE $-3U, OCH :Lf(nq ) 3' 7 '  '--3 2 

TIX'3'TCcS AYD LPlR 

Results showed t h a t  t h e r e  are good l i n e a r  r e l a t i o n s h i p  Setween 
l / c  ,?ad t ?.o matTer what I? i s .  This i n d i c a t e s  a second o r d e r  
k i n e t i c  reacti 'on. 

The r e a c t i o n  rrite i n c r e a s e s  with t h e  i n c r e a s i n g  elec-  
tron-withdrawing s u b s t i t u e n t s  o f  aldehyde. A H a m m e t t  l i n e a r  
r e l a t i o n s h i p  i s  observed as the  fol lowing equat ion  

l o g  !<='I .30T-1.31 
The low r e a c t i o n  c o n s t a n t ( ~ O . 3 0 )  i m p l i e s  that "&is PTC 

- T i t t i g  r e a c t i o n s  are n o t  s e n s i t i v e  t o  t h e  s u b s t i t u e n t  and 
the reaction might t a k e  place through low p o l a r  in te rmedia tes  
o r  f ree  r3.dicsl.s . 2 

R?F92DK!TS 
1. Y.L.Bigot and M-Delmas, Tetrahedron, 44,1057(1988) .. 
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KINETICS AND MECHANISM OF DECOMPOSITION OF QUASIPHOSPHONIUM 
INTERMEDIATES: BORDERLINE S J  CHARACTER OF ALKYL-OXYGEN FISSION IN 
S-ALKYLOXYPHOSPHONIUM SALTS AND SOLVENT EFFECTS ON THE RATE OF 
DECOMPOSITION OF MICHAELIS-ARBUZOV INTERMEDIATES. 

HARRY. R. HUDSON AND A.  RAUF QURESHI 
School of Applied Chemistry, The Polytechnic of North London, 
Holloway Road, London, N7 8DB, U.K. 

We have previously isolated intermediates in Michaelis-Arbueov 
reactions of phosphorus (111) esters containing sterically hindered 
alkyl groups and we have studied their structures and reactivities. 
The present work describes the detection, by P nmr spectroscopy, of 
short-lived s-alkyloxyphosphonium intermediates (6p 68.6 - 68.7 ppm) in 
the reactions of s-alkyl diphenylphosphinites with iodomethane. The 
chemical shifts are at slightly higher field than for 
ethoxy(methy1)diphenylphosphonium iodide (6p 72.4 ppm), in accord with 
higher electron density at phosphorus in the secondary alkoxy series. 
The relative rates of decomposition in CDC1, for alkyl 
diphenylphosphinite-methyl iodide adducts, ROPPh,Me I- (Me > Et > i-Pr 
> >  neopentyl) are in accord with SN2-type cleavage of the R-0 bond but 
for the secondary alkoxy series the relative rates of decomposition 
(i-Pr < s-Bu < 3-Pe) are in accord with an increasing tendency towards 
carbonium ion character as the secondary alkyl group becomes bulkier. 
Reactions of this type nevertheless occur with essentially total 
inversion of configuration and with only traces of products that could 
be attributed to carbonium ion rearrangement. A borderline S,1 

mechanism is indicated. In more ionising media (CD,CN, MeNO,, DMSO-d,, 
and PhNO,) the reaction order is intermediate between first and second. 
Separation of the ions in these solvents leads to a reduction in the 
overall rate of product formation but there is no effect on the 
mechanism of alkyl-oxygen fission. 

1 

31 

REFERENCE 

1. H. R. Hudson, Quasiphosphonium Intermediates and Compounds, in 
Topics in Phosphorus Chemistry, ed. M. Grayson and E J Griffith, 
Wiley, 1983. 
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PUDOVIK REACTION UNDER PHASE TRANSFER CATALYTIC CONDITIONS 

Zsuzsa M. JASZAY; Imre PETNEHAZY; L&izld TOKE 
Dept. o f  Organic Chemical Technology, Technical  U n i v e r s i t y  H-1521, 
Budapest, HUNGARY 

The r e a c t i o n  o f  d i a l k y l  phosphites with @-unsaturated 0x0 compounds 

i n  bas ic  circumstances has been c a l l e d  as Pudovik r e a c t i o n  by Russian 

authors’. The product depending on t h e  s t r u c t u r e  o f  t h e  com- 

pounds, are N-hydroxyphosphonate, 8-ketophosphonate and seve ra l  diphos- 

phonates2 3 .  
We have now i n v e s t i g a t e d  the  i n t e r a c t i o n  o f  a s e r i e s  o f  d i a l k y l  phos- 

p h i t e s  with chalcones us ing  s o l i d - l i q u i d  PTC cond i t i ons .  I n  a l l  cases 

th ree  types of products ( cX-hydroxyphosphonates 2, 8-ketophosphonates 

and phosphoric a c i d  a l l y l i c  es te r  4) could be i s o l a t e d  and i d e n t i f i e d .  

The 2 : l  adducts which are always formed i n  the  reacton o f  two moles o f  

d i a l k y l  phosphites w i t h  one mole  o f  6,B-unsaturated 0x0 cornpounds i n  

s t a r t i n g  

homogenous phase never have been observed i n  our circumstances. 

R ’ : M e , E t ,  iPr R Z , R 3 : H , M e , C I  

The r e a c t i o n  has been c a r r i e d  out  i n  a nonpro t i c  so lvent  as benzene 

or to luene us ing s o l i d  potassium carbonate as base i n  the  presence o f  a 

quaternary ammonium s a l t  a5 c a t a l y s t  between 25-70 OC. 

The d i f ferences observed i n  the  s t r u c t u r e  o f  t h e  f i n a l  products i n  

sur face homogenous phase and i n  PTC cond i t i ons  may be due t o  t h e  s o l i d  

o f  the potassium carbonate. 

1. Cherkasov, R. A.;  Galk in,  V.  I.; Khab ibu l l i na ,  A .  8 . ;  Al ’Ku rd i ,  

2. Dhler,  E.; Z b i r a l ,  E.:  Chem. Ber., 124, 175 (1991). 
3. Dhler, E.; Z b i r a l ,  E.:  L ieb igs  Ann. Chem. 1991, 229. 

K.: Phosphorus, Sulfur, and S i l i c o n ,  49/50, 6 1  (1990). 
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( R )  ~r (S)-MethylPhosphine-Borane Complexes: Easily 
accessible and versatile precursors for bidendate ligands 

S. luaC+, R. Merdes, M. StCphan and J.P. Genet 
Laboratoire de synthese organique, ENSCP, 11 rue P. M. Curie 75231 Paris Cedex 05 
+ Universite de Cergy pontoise, 47-49 av des Genottes, 95806 Cergy Pontoise Cedex 

Chiral phosphine ligands are of key importance in asymmetric synthesis of optically 
active products, by homogeneous catalysis using organometallic species, and particularly for 
the industrial preparation of the desired antipodel. Recently, we have described2 a new 
;tsyrnmetric synthesis of optically pure tertiary phosphines via an oxazaphospholidine borane 
complex prepared from commercially available (-)-ephedrine. The attractivity of this 
synthetic approach in borane complexed serie is due t o  the possibility t o  prepare the two 
antipodal phosphines, starting from the same precursor, and the great stability of the borane 
complexes which permit their easy manipulation and storage. 

In our continuing program on chiral organophosphorus ligands, we described here3 the 
synthesis of various chiral bidendate ligands using optically pure methylphosphine borane 1 as 
a chiral synthon. the compound 1 was metalated with sec-Buli in THF at -78°C. The generated 
carbanion 2 could be converted into 1,2-diphosphino ethane complexes 5 by oxidative 
coupling using anhydrous CuC12 (scheme 1 b). The reaction of 2 with the phosphinite borane 
complex 3 or the dichlorosilane 4, gave respectively the corresponding 1,l 6 or 1,3 - 
diphosphine complexes 2 without loss of chirality (Scheme 1 a, c). 

Scheme. 1 
The diphosphines were removed of their complexes on treatment with diethylamine at 

51)"C and with overall yields of 60-80% from 1. The efficiency of this new route permit the 
preparation of new class of tertiary bidendate ligands, which constitute a powerful tool for 
organometallic chemistry and asymmetric catalysis. 
REFERENCES: 1) H.B. Kagan and al, Chemistrv of OrganoDhosDhorus ComDounds. 1990,L F. R. 
Hardley Ed., J.Wiley.2) S. Jug6 and al, a) Intern. Patents 2 603 286 b) Tetrahedron Lett., 
1990,3l(44), 6 3 5 7 ~ )  Fr. 91 01 574 
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ACID HYDROLYSIS OF FOSFAMIDE AND RELATED D E O R O -  
ETHYLATEDCOMPOUNDS 

VERONIQUE GILARD', MARIE-C. MALET-MARTINO', ROBERT 
MARTINO', ULF NIEMEYER2 
'Laboratoire des IMRCP , Universite Paul Sabatier, Toulouse, France; 2 Asta 
Medica, Frankfurt, Germany. 

As nearly all the metabolites of the antineoplastic oxazaphosphorine drug, ifosfamide 
(IF), contain the phosphorus atom, phosphorus-31 NMR is a powerful, direct and 
simple method to determine the biotransfomtion of this drug. Indeed, phosphorus-3 1 
NMR analysis of patients' urine samples allowed the detection of at least ten 
phosphorated compounds of unknown structure, some of them being degradation 
compounds of yet identified IF metabolites. To identify these compounds, we studied 
the acid hydrolysis of IF and its dechloroethylated related compounds, i.e. 3- and 2- 
dechloroethylifosfamide (3DEClIF and 2DEClIF) and 2,3-didechloroethylifosfunide 
(2,3DEClIF). The time course of acid hydrolysis of these compounds was followed 
using phosphorus-3 1 NMR. The structure of each intermediate formed was identified 
by mass spectrometry and carbon-13 NMR after their isolation. Results are reported in 
the following scheme. 

IF 
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O-OGTYL-S-(WTH~~Y~ARBONKW~ETHXLMERCAETOMECHXL)- 
ME;~EHOSFHONOTHIOATE - A SELECTIVE INHIBITOR OF 
WsE;C'J? CARBOXXXSlZERASES 

A.E. r%IPoV, G.V. ZHDABOVA, S . A .  ROSIAV!I?SEVA, 
0.YU. re'3iE;p11MB, XI3.X. W O V A ,  W*V* lQPATINA, 
R.1. VOLKOVA, T-A. MASTRmOVA, MaIm KABACHNIEI 
A.B. Nesneyanov Insti tute of  Organo-Element Compounda 
of the Russian Academy of Sciences, Moscow. 

The compounds Me(RO)P(0)SCH25CH2COOMe, where R =C8E17 
(I), C+llgY Cl#21 have been e r l f e r  shown t o  be the active 
and selective inhibitors of carboxyesterases (CE) o f  me- 
rican cockroach Periplaneta Brmericana (nervous chain) and 
cereal aphids Schizaphis @;ranrFna (in toto)'. me differen- 
ces i n  inhibition constants of (I) f o r  the corresponding 
CE and cholynesterases (CbE) are 3 orders of magnitude. 

selective CE inhibition is general f o r  inseots of other 
species. The composition of the esterases fractions from 
the tissues of the diverse organs of red cockroaches Blat- 
t e l l a  germanica and houaflies Husca domestica as well as 
from homogenate of r a t  f leas Xenopsylla cheophh was elec- 
trophoretically revealed. On the basis of the differences 
i n  electrophoretic mobility and diverse substrate and inbi- 
b i t o r  specificity of the separate estersses fractions the 
l a t t e r  were identified as C U ,  acetylesterases and CEO (I) 
was shown t o  i nh ib i t  the CE zones completely already a t  the 
concentrations -l 10-7M (cockroaches), 1 'lo'% (fleas) and 
I m 1 O %  (housflies), while t h e  corresponding ChE zones were 
inhibited on ly  by solutions of 100-fold concentration. 

Thus the compound (I) is one of the naost active and 
selective inhibi tors  of insect carboxyesterases and can 
be used f o r  the identification of  these e w p e s .  

It had t o  be found ou t  whether the abi l i ty  of (I) f o r  

'I* Volkova R.I., Titova E.V., Kabachnik M . I . ,  Mastryukova 
T.A. ,  Shipov A.E., Zhdanova G.V., DokL. Akad. Mauk 
SSSR, 270, 470 (1983). 
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SYNTHESIS AND HPLC-ANALYSIS OF N-PBOSI'IIOBYLATED 
AMIXOACIDS AND THEIR DEHIVATIVES 

ANDRE1 B . OURYUP Iw , VLADIMII.2 W .KOMISSABOV , 
VLADIMIR A .TSYRYAPGIN, 
Wit1 A .DAVIDQVICII , TATYANA A .liASTltWKOVil, 
FIAftTIN I .KABACTINIK 
A.N .N esmeyanov I n s t i t u t e  of  Element-Organic compo- 
unds,  Russim Academy of  s c i e n c e s ,  FIascow 

PAVEL V .PETROVSKII , 

T1ie new procedure  t o  p repa re  N-phosphoryla ted  aminoacfds 
i s  r e p a r t c d  h e r e ,  t h e  ne thod  a p p l i e d  e a r l i e r  f o r  t h e  

s y n t h e s i s  o f  N-acylatcd aminaacids  b e i n g  extended t o  o r -  
gasiopliosplioryl c h l o r i d e s  .The react ion o f  h? ,0-bis( trime- 
thy1 s i  l y l  ated ) aminoacfds ( Gly , Ala , V a l )  wi th  phosphorus 

acids c h l o r i d e s  (1CO) 2POC1 proceeds  smoothly ( CXf3CE", r. t .I 
t o  g ive  s i l y l i c  e s t e r s  of  N-phospiioryl a t c d  mi inoac ids  
(HQ) nP(0)MIICIIR'COOSi~.ie, ( I ;  R = E t , % r ;  ~ ~ ' = ~ ~ , ~ ~ e ,  i P r )  t r i t h  

q u a n t i t a t i v e  y i e l d s .  Itsters (I)  are h i g h l y  hyd.rolyzablc,  
t hen  t h e s e  may b e  used d i r e c t l y  t o  p r e p a r e  cor responding  
a c i d s  (aO)ZP(0)NHCIIRtCOo~x ( 2 )  (sometimes ( I )  can b e  d i s -  

t i l l e d  i n  vacuo) .  
The procedure desc r ibed  may b e  useful a l t e r n a t i v e  t o  

t h e  d i s c c t  phosphoxylat ion o f  aminoacids  by d i a lky lphos -  

p h i t e s  . 
h i i l i d c s  of ( 2 )  have been ob ta ined  a l s o  t o  accoruplfsh 

t h e i r  s t r u c t u r a l  i n v e s t i g a t i o n  .The e f f e c t  c l o s c  t o  "double  
magnetic non-cquivalence" i n  IIl-lTMR-spectra, of  (2 )  may be  
r e l a t e d  t o  i n t e r -  o r  i n t r a -molecu la r  in te rac t ions  .So RFLC 
a n a l y s i s  ( s i z e - e x c l u s i o n  v a r i a n t )  o f  t h e s e  ar^iIides and 

o t h e r  ad ides  has been performed zlnder c o n d i t i o n s  used ear- 
Lier '.The s t r x i g h t  l i n e  ( s e e  cq.) dernonstratcn t h e  ab- 

sence of long-l ived a s s o c i a t e s  of  Gur i l i des  i n  THF. 

CI ,, 

2 

7 

P g M  = -0.G023V+3.37/3 (1^ 0.930, SJ 0.055)  
EEFEHZI!: CES 
I .Bol in  D.K. e t  al. 1nt.J.Pepti .de P r o t e i r  Rcs.77,353(1989) 
2 . J i  G . I .  e t  al. S y r t h c s i s ,  444(1388).  
3 .Uryupin A.B. e t  a1 . zhourn .Anal .ChZmii, 44, 2049( Tg83) 
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INTERMULECUR TRANSALKYLATION OF TRIORGANOSILYL- 
METHYL PHOSPHORIC ES'PERX 

M.I.KABACHNIK, L.S.ZAKHAROV, G.N.MOLCHANOVA, E.I.GO- 
RYUNOV, P.V.PETROVSKI1, T.M.SHCHERBINA, A.P.LARMIINA 
A . N .  Nesmeyanov Institute of Organo-element Compounds 
Russian Academy of Sciences, Vavilov Str. 28, 
Moscow 117334, Russia. 

We have established, by GC-MS and NMR(1H,3'P) methods, 
that upon heating triorganosilylmethyl phosphoric esters 
the intermolecular exchange of triorganusilylmethyl groups 
takes place. 

150' EtgSiCH,,-OP(0) L (OPh)2 + Me3SiCH,-OP(0) (OCH2CF3)2 -2 

-A -Ie3SiCH2-OP(0) (OPh)2 + Et3SiCH2-OP(0) (OCH 2 (31' 3 2  ) 

After I 0  h reaction mixture contains all four compo- 
and the mixture 

which 
nents in approximately equal proportions, 
composition does not change with continued heating, 
testifies to equlibrium process. 

led (trimethylsilylmethyl)bis(2,~,2-trifluoroet~l~ phos- 

spectral data testify to isotopic scrambling between the 
phosphoryl and alkoxyl positions. 

We studied too the thermal behaviour of ' 7/1 80-labe- 

phate, contai.ning 17/18~-atom in P=O fragment. 70-NMR- 

A mechanistic picture, that may be constructed from 
ou- studies, suggests, that the thermal transalkylation is 
carried out by means of intermolecular nucleophilic attack 
of phosphoryl oxygen to carbon atom of Si-CH2-0 -fragment. 

exist in state of equilibrium transalkylation at tempera- 
ture 150' and some above. 

Thus, the triorganosilylmethyl phosphoric esters 
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STEREOCONTROLLED REDUCTIONS OF BRANCHED kKET0 
PHOSPHZNE OXIDES: A ROUTE TO ElTHER GEOMETRY OF 
DISUBSTlTUTED ALKENES 

GORDONHU'ITONAND STUARTWARREN 
University Chemical Laboratory, Lensfield Road, Cambridge, England. 

Abstract Stenoselective syntheses of precwsors to either geometry of various 
disubstituted alkenes which arc branched at least at one end are discussed. 

In the Homer-Wimg reaction it has been noticed that addition of alkyl diphenyl 
phosphine oxides to aldehydes gives good selectivity for the anti isomer. However, 
when there is a branch p to phosphorous this selectivity is poor.This problem can be 
overcome by using stereocontrolled reductions of the corresponding ketones. 
Reduction using N a B a  in refluxing ethanol leads to the syn isomer in good 
selectivity whereas reduction using N a B a  and CeC13.7H20 in ethanol at -78OC 
leads to the anti isomer in excellent selectivity. 

Ph2PO PhzPO 
~1 +NaBH4 R2&Fi1 NaBH4, R 2 b R 1  

CeCI+ -78OC EtOH, reflux 

OH R3 R3 0 

Purification to single diastereoisomers is generally easy and each undergoes a 
stereospecific syn elimination upon treatment with a sodium or potassium base to 
give pure E or Z alkenes. 

The poster will describe work with various R1, R2 and R3 wtaere R2 and R3 are 
identical to avoid the complication of an extra chiral centre. 
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ORGANOPHOSPHORUS COMPOUNDS AS INDUCTORS OF THE IODI- 
NE-AZIDE REACTION. ANALYTICAL APPLICATION AND MECHA- 

NISTIC ASPECTS 

Z.H. KUDZIN a, W CIESIELSKI a, J. DRABOWICZ &I? KIELBASINSKI 

a Institute of Organic Chemistry, University of Lodz, Narutowicza 60,90-368 Lodz, 
Poland 

Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, 
Sienkiewicza 112.90-363 Lodz. Poland 

Recently we have reported that thiophosphoryl compounds can induce the iodine - 

azide reaction. Some analytical applications of this reaction were also reported 

P-S inductor 
2N3* + 12 > 3 N 2  + 21- 

The efficiency of these compounds as inductors was characterized on the basis of 
their induction coefficients detined by equation : 

"I 

n. 
Fi = - 

1 
Where n - milimoles of iodine consumed in the induced reaction 

I 
n. - milimoles of the inductor. 

1 
Since the induced consumption of iodine is linearly dependent on the inductor 

quantity (direction factor contains Fi) this effect constitutes the basis for the i n d i c t  deter- 
mination of inductors. Taking into account a high induction potency of thiophosphoryl 
compounds, we developed three procedures for their indirect determination based on the 
induced iodine consumption : 

a) tittimetric method (on pmole scale) ; b) spectrophotomemc method (on mole  scale) ; c) 

coulomemc method (on nmole scale). 
Methodology based on the title reaction constitutes the first general method which 

can be applied for detection and determination of a variety of thiophosphoryl compounds 
in a broad analytical range from 1.0 p o l e  to 0.15 nmole and with high accuracy. The 

thiophosphoryl compounds are oxidized during the reaction to the corresponding phos- 
phoryl compounds. 

W. Ciesielski, W. Jedrzejewski, Z.H. Kudzin, P. Kieibasinski, M. Mikolajczyk, 
Analyst, 116, 85 ( 1990). 

Z.H. Kudzin, A. Kotynski, P. Kielbasinski, J. Chromutogr. 588, 307 (1991). 
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POLAROGRAPHIC INVESTIGATIONS OF FUNCTIONALIZED 
ALKANEPHOSPHONIC ACIDS 

ZBIGNIEW H. KUDZIN, SLAWOMIRA W. SKRZYPEK and 
ROMUALD SKOWRORSKI 
Institute of Chemistry, University of Lbd.2, 
90-368 Ebdt, Narutowicza 68, Poland 

The first report’ on the polarographic reduction of 
nitro-substituted phenylphosphonic acids was published as 
early as 1957. Later on the polarographic investigations 
of phosphonoaldehydes2 , a-ketopho~phonates~ and 
alkanephosphonates bearing nitro group4 have been 
reported. However in fact they were focused on the 
polarographic activity of the carbonyl or nitro groups. 
The first and still single report on the polarographic 
reduction of ghosphonic function was presented by Tomilov 
and co-workers almost two decades ago. They observed that 
at -1.62 V vs. SCE (Licl, KC1) on the mercury electrode 
the cathodic wave of phosphorous acid appeared. Taking 
into account this observation the occurance of 
polarographic reduction of phosphonic function expressed 
by eq. 1 was postulated: 

H3P03 + 2H+ + 2e + H3P02 + H20 eq. 1 

The analytical and synthetical importance of this 
conversion, which steams mainly from chelating abilities 
of phosphonic acid and/or biological activities of their 
phosphinic analogs encouraged us to carry out more 
detailed electrochemical study of this class of compounds. 
The results have been presented in this communication. 

References 
1. G. M. Kosolapov and Ch. J. Jenkins, J. Chem. SOC., 
2. A. J. Razumov, G. A. Savicheva and G. K. Bubnikov, Zh. 
3 .  G. A. Savicheva, M. B. Gazizov and A. J. Razumov, Zh. 
4. Z. H. Kudzin, M. Tasz and R. Skowrohski, Phosphorus, 
5. A. P. Tomilov, I.,M. Osadchenko, L. M. Kisil and G.A. 

1957, 3430 
Obshch. Khim. 35, (1965) 1454 
Obshch. Khim. 38, (1968) 622 
Sulfur and Silicon, 51-52, (1990) 853 
Ayuyan, Electrokhimiya 11, (1975) 1213 
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ORTHOFORMATES - THE USEFUL REAGENTS FOR DERIVATIZATION 
OF FUNCTIONALIZED ALKANEPHOSPHONIC ACIDS 

Zbigniew H. Kudzina, Marek SoEhackib and 
WXodzimierz Kopycki 

Institute of Chemistry, University of &5d2, 
Narutowicza 68, 90-136 $6d2, Poland; 

bCentre of Molecular and Macromolecular Studies, 
Polish Academy of Sciences, Sisnkiewicza 112, 

90-363 Z6d2, Poland; 

Institute of Organic Chemistry, Technical 
University, Zwirki 36, 90-924 Z6d2, Poland 

a 

C 

In a search for new derivatization procedure the 
reaction of orthoformates with functionalized alkanephos- 
phonic acids have bean investigated. Thus, l-amino- 
alkanephosphonic acids 1A were found to form the mixtures 
of N-formyl 2A and N-forminoethoxy 3A derivatives, the 
ratio of w h i z  depends on the reactionconditions (eq. 1). 
On the other hand, the reaction of orthoformates with ami- 
noalkanephosphonic acids having either secondary amino 
group IB (eq. 2)  or tertiary amino group 1C (eq. 3) 
afford3 the corresponding N-alkyl-N-formyl dezvatives 3 
or N,N-dialkylaminoalkanephosphonates respectively. 

0 R’, II 
C-P (OH) 

R2’I 
NR; 

2c - 
R1,R2 = H,H; H,alkyl; H,aryl; alkyl, alkyl; 

R3 = Me, Et, n-Bu, t-Bu; R4 = Me, Et, i-Pr; 

All compounds 2, 3 and 4 have been found to be suit- 
able for gas chromztoqraphiE (GLC) and mass spectrometric 
(GCMS) analysis. 
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AMINOALKANEDIPHOSPHONIC ACIDS. 
THE SYNTHESIS VIA THIOUREIDOALKANEPHOSPHONATE METHOD. 

a a Zbiyniew H .Kudzin , Andrzej Kotyfiskib and Grzegorz Andrijewski 
Institute of Chemistry, University of EBdi, Narutowicza 68. 

90-136 EBdi, Poland 

bInstitute of Chemistry, Faculty of Pharmacy, Medical Academy of L6dz, 
Narutowicza 120A, 90-151 EBdi, Poland 

a 

In this paper we would like to present a new synthesis of aminoalkane- 
diphosphonic acids described by formula I. The procedure is based on 
the thioureidoalkanephosphonate metodology [l]. Thus, starting from 
phosphonoaldehedes 2 (n = 1, 2, 3 )  , N-phenylthiourea (3) and triphe- 
nylphosphite (4) the corresponding intermediary thioureidoalkanephos- 
phona 

( EtO 

es have been obtained in good to high yield 

0 S 

2 - 

(PhO 
II I1 
P(CH2)nCH0 + H2NCNHPh + (PhO) P 

2 3 -  

0 
I1 

(PhO)2PCH(CH2 

AH-C ( S 

4 - 3 - 

0 0 
II II 
PCH(CH ) P(OEt)2 2 n  
AH-C ( S ) NHPh 

I 

0 
II 

P(OEt)2 (OH)~PCH(CH P(OH)~ 
(eq. 2) ' I 2 n  n 

NHPh 

5 
NH2 

1 - - 
When these derivatives 5 were subjected to hydrolytic degradation (eq. 
2 )  the title aminoalkanediphosphonic acids & [2,3] were isolated in 
high yields. The dissotiation costants and spectroscopic properties of 
amino acids I have been presented. 
References 
1. Z.H.Kudzin and W.J.Stec, Synthesis, 1978, 469 
2 .  Z.H.Kudzin and M.W.Majchrzak, J.Organometal.Chem.,376 (1989) 245 
3 .  Z.H.Kudzin and A.Kotyfiski, Phosphorus, Sulfur and Silicon, 51-52 

(1990) 382 
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POTENTIOMETRIC INVESTIGATION OF ACIDIC AND CHELATING PROPERTIES 

OF HYDROXYALKANEPHOSPHONIC ACIDS 

a b Zbigniew H. Kudzin, Grzegorz Andri jewskia Andrzej Kotyfiski a‘ and Romuald Skowroiiski . 
Institute of Chemistry, University of LBdz, Narutowicza 68, 

90-136 LBdi, Poland. 
bInstitute of Chemistry, Faculty of Pharmacy, Medical Academy of L6d2, 

Narutowicza 120A, 90-151 LBdi, Poland 

a 

Recently we have reported on the complexing and tensiometric abili- 

ties of 1-aminoalkanephosphonic acids [1,2]. In order to characteri- 

ze the influence of other auxiliary chelating functions of the dis- 

sotiation constants and chelation properties of phosphonic acids we 

have examined the dissotiation and chelate formation equilibria of a 

series of 1-hydroxyalkanephosphonic acids 1.. 

0 
R1\ ll/OH OH 

‘OH 

R 1\ c-$ ’ 

R2 NH2 

2 - 1 - 
where : R1 , R2 = H , Me , Ph 

These results indicate that 1-hydroxyalkanephosphonic acids 1 
have stronger acidic character than 1-aminoalkanephosphonic acids 2. 
Their chelating properties to metal ions such as Cu(II), Co(II), 

Ni(I1) and Cd(I1) are weaker in comparision with chelating 

properties of corresponding amino analogs. 

References 

1.) Z.H.Kudzin, J.Mokrzan and R.SkowroAski, Phosphorus, Sulfur and 

2.) Z.H.Kudzin, G.Andrijewski, W.Kopycki and A.Kotyiiski, Phosphorus, 
Silicon, 42 (1989) 41 

Sulfur and Silicon , 51-52 (1990) 811 
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TOWAEUX WATER SOLUBLE PHOSPHIFES 

RYSZARD GRZYBEK, TEOEALD KUPKA, and ANTONI HEEOWSKI 

Institute of Chemistry, Silesian University, 9 Szkolna Street, 
40-006 Katowice, POLAND 

Abstract Chlorosulfonated and sulfonamide substituted aromatic 
phosphines as precursors of water soluble phosphines have been 
synthesized. 

IIJTRODUCTI ON 

Water soluble phosphines are one of the most desired ligands for metal 

complexes as effective catdysts 
system. Sulfonamide substituted phosphines (and their chlorosulfonated 
precursors) are convenient source of such the compounds. 

in water or  water/organic solvent 

RESULTS 
Chlorosulfonated phosphines can be obtained by controlled direct reac- 
tion of triphenylphosphine and chlosulfonic acid. h n i a  or amine 

treatment of chlorosulfonated phosphine leads to a variety of sulfon- 
amide substituted aromatic phosphines. The latter can be transformed 
into relative alkali metal salts form: 

phF C1S03H * (mcI0,S-Ph>3P R-m 

(wR 'RN02S-Ph)3P NaOH * 

R,' R- Me,H 
Chlorosulfonated phosphine is accompanied with its oxidized form which 

can undergo the same processes as former. It can be finally recovered 
as (NaO S-Ph) P by deoxygenation with HSiC13. 3 3 
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SYSTEMATIC I N V E S T I G A T I O N S  I N  THE SYSTEM PHOSPHANE / 
HALOMETHANE 

KIRSTEN LAURITSEN, HARTMUT VOGT, a n d  LOTHAR RIESEL 
F a c h b e r e i c h  Chemie  d e r  H u m b o l d t - U n i v e r s i t g t  z u  B e r l i n ,  
0 -1040 B e r l i n ,  F . R . G .  

The r e a c t i o n  o f  v a r i o u s  p h o s p h a n e s ,  R3P ( R  = Ph ,  Bu, Me2N, 

E t 2 N ) ,  w i t h  h a l o m e t h a n e s ,  C X n Y 4 - n  ( X I  Y = F ,  C 1 ,  B r ,  I, H ) ,  

a r e  i n v e s t i g a t e d  u n d e r  c o m p a r a b l e  r e a c t i o n  c o n d i t i o n s .  I t  i s  

shown t h a t  t h e  c o u r s e  o f  r e a c t i o n  a n d  t h e  p r o d u c t s  o f  i n t e r -  

a c t i o n  b e t w e e n  p h o s p h a n e  a n d  h a l o m e t h a n e  d e p e n d  o n  s t e r i c  

a s  w e l l  a s  e l e c t r o n i c  e f f e c t s  of t h e  s u b s t i t u e n t s  a t  c a r b o n  

a n d  p h o s p h o r u s .  D e p e n d i n g  o n  t h e s e  e f f e c t s  s i m p l e  p h o s p h o -  

n ium s a l t s ,  [R3PCX3]X, b i s p h o s p h o n i u m  s a l t s ,  p3P-CX2-PR3]X2 , 
y l i d i c  b i s p h o s p h o n i u m  s a l t s  , 
n i u m  s a l t s  c o n t a i n i n g  r e d u c e d  h a l o m e t h y l  g r o u p s ,  e .  9 .  

F 3 P C H n X 3 - n ] X ,  a r e  f o r m e d  i n  t h e s e  s y s t e m s .  

c a l  p r o p e r t i e s .  The triphenyl(iodomethy1)phosphonium s a l t s ,  

[Ph3PCHn13-n]I  ( n  = 0, 1) a r e  u n s t a b l e  a t  r o o m  t e m p e r a t u r e  

a n d  decompose  u n d e r  r e l e a s i n g  i o d i n e ,  w h e r e a s  

s t i l l  s t a b l e  u n d e r  s i m i l a r  c o n d i t i o n s .  B u t  t h e  c r y s t a l  s t r u c -  

t u r e  o f  t h i s  compound a l r e a d y  shows  v e r y  s h o r t  1-1 d i s t a n -  

c e s .  By h e a t i n g  i o d i n e  a n d  t h e  y l i d e  Ph3P=CH2 a r e  f o r m e d ,  

w h a t  a l l o w s  t o  u s e  t h i s  compound f o r  t h e  o l e f i n a t i o n  o f  c a r -  

b o n y 1  compounds  ( W I T T I G  r e a c t i o n )  ( e q . ) .  

k3P=CX-PR3]X, a n d / o r  p h o s p h o -  

The p h o s p h o n i u m  s a l t s  show d i f f e r e n t  p h y s i c a l  a n d  c h e m i -  

- 
[Ph3PCH2111 i s  

k h 3 P C H 2 1 ] I  ~ > Ph3P=CH2 + R R ' C = o >  Ph3P=0 + RR'C=CH2 
- I 2  

[763]/211 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Val. 11, p. 212 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

SYNTHESIS OF NEW FUNCTIONALIZED 
OPTICALLY ACTIVE PHOSPHINES 

A. HERCOUET and M. LE CORRE, 
Laboratoire de Synthbe Organique, Associk au CNRS, 
Avenue du GCn6ral Leclerc - 35042 Rennes - FRANCE 

Abstract : New functionalized optically active phosphines were prepared from 
oxaphospholane. 

Methylenetriphenylphosphorane 1 react with optically active epichlorhydrin to 
give in good yield oxaphospholane 2. This heterocyclic compound is a good 
precursor for different optically active phosphines. 

Y 
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STRUCTURES AND PROPERTIES OF' I)EXTROROTATORY 
Z,4,3--I)IAZAPHOSPHABICYCM( 3.2.1)OCTANES 

LIJIAN LIU R E N X I  W U O  
Department of Chemiefry, Wuhan University, wuhan 430072, China 
RUYU CHW 
I n s t i t u t e  of Elemento-organio Chemistry, Nsnkai University, 
Tiandin 3OOO71, China 

ABSTRACT 

The experimental data of ohernical s h i f t s  of 31P N)IR of t h e  two d i sp  

stereomere ((lR,38,5S) and (lR,jS,53J isomers) of some t i t l e  com- 

pounds have been determined. 

3 4 5  6 Number of, 
Compounds 7 8 

Group Y t OMe OEt OPr-i OBu-8 OF% OC6H4N02-p OC H CH p Ph 6 4 .3' 
I 67.7 65.2 64.1 64.3 61.8 61.7 62.1 56.4 
I 70.4 68.4 66.9 67.2 66.2 66.3 66.2 63.5 

ba 
db 

When regression analyeie w a s  ueed l o  the  r e l a t ionsh ip  between 6, and 
Lb a satisfied regression equation oauld be found 

0.01 6, = l.631Jb - 46.15 ( n  - 8, r = 0.973; r8 = 0.843) 

It may be concluded t h a t  t he  (lR, 3S,SS)-diastereosaer should be more 
a t ab le  than t h e  (lR,3R,SS)-ieomer when-group Y i n  t h e  molecule is 
the same. However, t h e  oonclution is supported by some chemiod 
erper  iment 8 .  

[ 765]/2 13 
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A HIGHLY STEREOSELECTIVE APPROACH TO CHIRAL 
1,3,2-OXAZAPHOSPHORINANE SYSTEM 

M.Mikolajczyk and J.Luczak 
Center of Molecular and Macromolecular Studies, Polish Academy of 
Sciences 90-363 Lodz, Sienkiewicza 112, Poland 

It is well known that biological activity of many 

1,3,2-oxazaphosphorinane derivatives is strongly dependent on the 

absolute configuration of the chiral phosphorus atom'. For this 

reason, synthesis of such systems in optically active forms 

constitutes an interesting synthetic problem. Here we would like to 

report the first, highly stereoselective synthesis of the optically 

active 1,3,2-oxazaphosphorinane system which is based on the use of 

optically active methyl p-nitrophenyl phosphoro-chloridothionate ( 1) 

as a key reagent according to Scheme 1. 

References 
1. W.J.Stec, Chapter 8 in "Organophosphorus Chemistry" vo1.13 Royal 

Society of Chemistry, Ed. by D.W.Hutchinson, London 1982. 
2. A.Hirashima, M.Eto, Agric. Biol. Chem. 41, 2831,(1983). 
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D I E T H Y L  S E L E N I T E  - A NEH AND USEFUL OXIDANT FOR 
SELECTED ORGANOPHOSPHORUS COMPOUNDS. 

J .  ORABOWICZa, J. tUCZAKa and J .  C. MARTINb 

aCenter o f  Mo lecu la r  and Macromolecular S tud ies ,  P o l i s h  Academy o f  

bDepartment of Chemistry,  V a n d e r b i l t  U n i v e r s i t y ,  N a s h v i l l e ,  TN 
Sciences, 90-363 todi, Sienk iewicza  112, POLAND 

37235, USA 

Cons ider ing  o x i d i z i n g  p r o p e r t i e s  of organ ic  o x i d a n t s  c o n t a i n i n g  t h e  po- 

l a r  heteroatom-oxygen bond we wondered whether t h e  replacement of t h e  

heteroatom-carbon l i n k a g e s  by t h e  heteroatom-heteroatom bonds would 

change o x i d i z i n g  a b i l i t i e s  o f  t h e  m o d i f i e d  compounds so t h a t  t h e y  c o u l d  

s t i l l  be s t r o n g  enough t o  make them u s e f u l  reagents  i n  r e a c t i o n s  o f  

i n t e r e s t  i n  o rgan ic  and b i o o r g a n i c  chemis t r y .  Checking t h i s  p o i n t  we 

have found t h a t  d i e t h y l  s e l e n i t e  _1, irhich can be ve ry  e a s i l y  p repared by 

t h e  r e a c t i o n  o f  se len ium d i o x i d e  with e thano l ,  i s  a b l e  t o  c o n v e r t  e i t h e r  

t io (se1eno)phosphory l  compounds or t r i v a l e n t p h o s p h o r u s  d e r i v a t i v e s  i n t o  

t h e  cor respond ing  phosphory l  compounds. 

R3P=X 

R3P-z - 1 X=S,Se 

or + (Et0)2Se0 RJP=O + X + [(EtO)2Se] 

To determine t h e  s te reochemis t r y  o f  t h e  o x i d a t i o n  process, (+)-(R)-met- 

hyl-n-propylphenylphosphine 2a, (+)-(R)-methyl-n-propylphenylphosphine 
s u l f i d e  3 and (+)-(R)-methyl-n-propylphenylphosphine s e l e n i d e  2 w r e  
used as a s u b s t r a t e .  

n-Pr Me 

- 2 a X=e lec t ron  p a i r  
b X=S, c X=Se 

3 - 

The r e s u l t s  ob ta ined  i n d i c a t e d  t h a t  t h e  cons idered o x i d a t i o n s  t a k e  

p l a c e  u i t h  predominant i n v e r s i o n  of c o n f i g u r a t i o n ,  a l t hough  s t e r e o s e l e -  

c t i v i t y  i s  s t r o n g l y  dependent on t h e  n a t u r e  o f  t h e  s u b s t r a t e .  
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ON THE EXTENSION OF THE ATHERTON - TODD REACTION TO THE 
1 -0RGANYLOXY 1 -HYDRIDOBICYCLOPHOSPHORANES 

Douraid HOUALLA *, Zouhair BOUNJA, Sai'd SKOUTA 
U.R.A. 454 - Universite Paul Sabatier F-31062 TOULOUSE CEDEX 

Lothar RIESEL and Dirk LINDEMANN 
Humboidt - Universitat zu Berlin. lnstitut f u r  Anorganische Chemie 0-1040 
BERLIN 

The oxidation of 1 by CC14 in the presence of triethylamine and a 
nucleophile (Atherton-Todd reaction) leads easily to the new symmetric and 

o n FH3 
0 N-H 

1 6 

non symmetric bicyclophosphoranes 2 - 

L O  
CCl4 + 2 Et3N + NuH l,*OCH3 

N-P / 

I'H CH3CN 

7 

5 .  

The same reaction, performed with the bicyclophosphoranes 6 and 7 ,  in 
the absence of another nucleophile, leads to the ten membered rings 8 and 
9 which are, to our knowledge, the first bicyclophosphoranes containing ten 
membered rings. 

8 9 
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NEW CHEMISTRY AND STEREOCHEMISTRY OF PHOSPHORUS SIX-COORDINATE 
SYSTEMS 

RAFAC KAMI~JSKI ' , JACEK KOWARA' , ALEKSANDRA SKOWRO~JSKA' , 
MICHAk WIECZOREK2 and GRZEGORZ BUJACZ2 
'Centre of Molecular and Macromolecular Studies , Polish Academy 

21nstitute of General Chemistry, Technical University of E6d5, 
of Sciences, Sienkiewicza 112, 90-363 t6di, Poland 

twirki 36, 90-924 Ebdi, Poland 

Recent results concerning preparation and stereochemistry of six-co- 
ordinate phosphorus compounds are described. 

the formation of isomeric species resulting from the interaction of 
the cyclic phosphoranes with a variety of nucleophiles has been 
demonstrated by means of 'H, "F and 31P NMR spectroscopy. 
structure and mode of isomerization will be discussed. 
Special attention will be paid to: 

In a number of cases 

Their 

the configuration and the conformation of bicyclic compounds with 
2 3  a six-membered ring (RO) (R'O) (C6C1402)-P-OCH2CR R CH20 MH+ 1. 

X-ray crystallographic studies of the compounds 
(C C1 0 )-P-OCH2CR R CH20 Et3N H - 2, which have a chair, twist or 
boat conformation of a six-membered ring depending on the nature 

of the ligands R2 and R . 

1 2  + 
6 4 2 2 L  

1 

Kinetic data on isomerization of bicyclic compounds trans- 
(C6H402);P-(OAr (OAr Et3N H I?_ into cis-? providing evidence 

for the intramolecular dissociative mechanism with heterolysis 
of one of P-0 endocyclic bonds. 

1 2 + 

[769]/217 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 77, p. 218 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

P. Hug, S. Kolly, H.R. Meier, R. Pitteloud, G. Rist, Ciba-Geigy AG 
Marly/S w itzerland 

Conformational equilibria of 12-substituted and 

dibenzo [ d,g] [ 1,331 dioxa p hosp hocines 
1 2 - ~ n ~ ~ b ~ t i t u M  

A 

- B 
A = C1, F, Ph; R1 = H, Me; R2 = t-But 

Conformational equilibria of dibenzo[d, ][1 3 2 dioxa hocines B 
in so lu t ion  a re  investigated by f H -' , ' I & - ,  ?9F-, and 

*P-Nh4R-spectroscopy. 
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HIGHLY REGIOSELECTIVE AND STEREOSPECIFIC 
FUNCTIONALIZATION OF 1,2-PROPANEDIOL WITH 
TRIMETHYL(X)SILANES EMPLOYING THE 1,3,2h5- 

DIOXAPHOSPHOLANE METHODOLOGY 

ISABEL MATHIEU-PELTA AND SLAYTON A. EVANS, JR.* 
The William Rand Kenan, Jr., Laboratories of Chemistry 

The University of North Carolina at Chapel Hill 
Chapel Hill, North Carolina 27599-3290 U.S.A. 

ABSTRACT 

The regioselective ring opening of (S)-4-methyl-2,2,2-triphenyl-1,3,2L5- 
dioxaphospholane (2)[prepared from the bis(transoxyphosphorany1ation) of (S) -  1,2- 
propanediol(1) with diethoxymphenylphosphorane (DTPP)] was initiated with several 
trimethylsilyl reagents (Me3SiX: X= PhS, I, Br, C1, CN and N3) to afford the 
regioisomeric silyloxyphosphonium salts. A stereospecific extrusion of triphenylphos- 
phine oxide from these oxyphosphonium salts gave predominantly the thermo- 
dynamically less stable C-2-X substituted derivatives with nearly complete inversion of 
stereochemistry at the C-2 stereogenic center (i.e.. X = PhS). 

Regioselective Substitution of 4-Methyl-2,2,2-triphenyl-l,3,2h5-dioxaphospholane 2 
with Me,SiX 

2 Major or exclusive product 
X = Br, I, C1, CN, SPh and N,. 

REFERENCES 

(1) I. Mathieu-Pelta and S. A. Evans, Jr. , J .  Org. Chem. , 5 7 ,  3409 (1992). 

(2)  J. W. Kelly, P. L. Robinson, W. T. Murray, N. Anderson- Eskew, A. Pautard- 
Cooper, I. Mathieu-Pelta, and S. A. Evans, Jr., in the ACS Symposium Series No. 
486, Phosphorus Chemistry: Developments in American Science; E. N. Walsh, E. J. 
Griffith, L. D. Quin, and R. W. Parry (eds); Chapter 15,  pp 186-201, 1992; American 
Chemical Society, Washington, DC, USA. 
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NEW CONVENIENT SYNTHESIS OF PHOSPHONIC KETENE 
DITHIOACETALS AND THEIR REACTIONS WITH NUCLEOPHILES. 

SYNTHESIS OF POTENTIAL ANTIVIRAL COMPOUNDS. 
Didier ViHemin, Frkdkric Thhibault-Stanyk and Eric Esprimont 

Laboratoire de Chimie des Composb l'hio-Organiques 
Ecole Nalwnale SupCrieure d'lngknieurs de Caen 

I.S.M.R.A., U.R.A. C.N.R.S. 480, 6 Boulevard du Marechal Juin 
14050 Caen ccdex, France. 

Potassium fluoride on alumina is a solid base prepared 
by dissolution of potassium fluoride in water and evapo- 

ration of water in the presence of chromatographic 
alumina. This base can be used in organic synthesis, 

allowing reactions otherwise hardly possible by classical 
ways. Its basicity Is near to that of butyl lithium. Its work-up 
is very simple, as it only needs to be added to the mixture 
of acid and nucleophile, eventually with a solvent. After a 

reaction time from 2 Mn to I or 2 hours, the product is 
obtained by simple filtration and washing of the solid with 
a solvant. Reactions can be surprisingly chemoselective, 

and the product Is otten very pure : somelimes no 
purification is necessary. 

I Me E 
r. I., 90 mn 

R =  P(OEt), R=C02Me Me Me 

Putassium fluoride on alumina : 
a very simple Lo use basic calalysl 

addition of 
solid base 

filtration 

mixture of Reaction time product 
reactants 2 mn --> 2 h (often pure) 

We have used this solid base to prepare phosphonic 
ketene dithioacetals. The yields are 90-95 %. The products 
are obtalned upon filtration and chromatography on a short 
silica column. 

These compounds react with arnines, on the condition that 
they are not too big, because of steric hindrence, and that 
they are nucleophilic enough (aromatic amines do not react) 
These compounds also react with sodium ethylate to substi- 
tute the methylthio groups by Grignard reagents.The 
obtained derivatives will be hydrolysed to free acids 
and biologically tested, for they are analogs of pyrophos- 
phate and may have anti-viral properties. 
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PHOSPHORUS CASCADE MOLECULES 

Robert Engel, Kaslituri Rengan, and Chiiig-see Chrui 
Department of Chemistry arid Biochemistry 

Queens College, C.U.N.Y. 
Flushing, N Y  I1367 U.S.A. 

Cascade species bearing phosphorus core and branch sites have been synttiesized in 
several categories. In prior efforts, tridirectionally or tetradirectionally elaborated cascade 
species have been generated from a single phosphoniuni ion core, with each branch point 
being an additional phosphonium ion site. ' ,2 In each instance the phosphonium core site 
has been generated from tri(4-methoxymethy1phenyI)phosphine by quaternization using 
either an dkyl halide or 4-methoxyrnethylbromobenzene in the presence of tiickel(I1) 
chloride. These cascade molecules have been elaborated to three generations bearing up to 
forty phosphonium ion sites within the covalent structure (and forty free associated iodide 
ions). 

In the present work a phosphine oxide core has been fonned based on tri(4- 
methoxymethylpheny1)phosphine oxide which is elaborated to further generations of the 
cascade structure in a manner similar to that previously reported, that is by treatment first 
with iodotrimethylsilane (which selectively cleaves the benzylic ether linkage leaving it as 
a benzylic iodide function) followed by quaternization of tfie resultant benzylic iodide 
sites using three equivalents of tri(4-niethoxymethylptienyl )phosphine. 

The species thus generated bears a phosphiie oxide core with three suirounding 
phosphoniuni ion sites in the covalent portion of the molecule, and three free associntetl 
iodide ions. Further elaboration to a second generation cascade structure is accomplished 
by repetition of the two steps previously mention yielding a species with a phospliine 
oxide core surrounded by three first generation phosphoniuni ion sites and nine second 
generation phosphonium ion sites; twelve free associated iodide ions are also present. 
Although the core site might be anticipated to be buried within the expanded covalent 
framework of the molecule, it remains available for continued reaction. This core 
phosphine oxide site has been reduced to the free phosphine by treatment with 
trichlorosilane, and the resultant phosphine has been used in fonnation of a I : I complex 
with gold(l) chloride. The electronic absorption spectrum of the gold(1) complex exhihits 
a slight hathochromic shift from that of the corresponding complex involving 
triphenylphospliiiie. Elemental analyses and NMR spectra (H-1 and P-3 1 )  in accord with 
the proposed structures have been obtained for all species, the P-31 NMK spectra 
exhibiting definitive signals for each of the several types of phosphorus sites present 
within each species. 

In addition, a previously reported tetradirectional cascade structure with a 
phosphoniutn ion core, tetra(4-inetlioxymetl~ylphenyI)phosphoi~ium iodicfe, has been 
converted to the penta(4-methoxy1iietliyIphe1iyl)pliospliora1ie hy treatment with the 
organolithium reagent, 4-methoxyiiiethylplienyIlitIiiu1n. This phosphorme tins been 
elaborated to a cascade structure hy treatment with iodotrimethylsilane followed by 
quaternization of the benzylic iodide sites using tri(4-~iiethoxymetliylphenyl )phosphiiie. 
The casacde species thus generated bears a neutral core surrounded by cationic branch 
points. This represents the first cascade structure bearing ;I quitiquedirectioiial core from a 
single center. 'This species exhihits suit;ihle elemental analysis and NMK spectril (11-  1 m r l  
P-3 1 )  for the proposed structure; again, the P-3 I NMR spectrum clearly distinguislies 
each type of phosphorus site within the molecule. 

I . 
2.  

K .  Kengari and R .  Engel. .I C ' h r r i i  Soc.. Chmi. ('o!??rj iut i  . I084 ( 1900) 
K. Reiigai and R Engel, J .  C7/ tcr i i  S i x .  , Perhiti 7i t lI ts .  1, 987 ( I  990). 
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REACTIONS OF AMINOPHOSPHINES WITH ALKYL THIOCYANATES. 
1,2-3ISI CPHOSPHORANYL1DENE)AMINOI TETRACYANOETHANES - 
SOURCE OF N E W  STABLE ORGANOPHOSPHORUS RADICALS 

R, M, Kamalov, G. S. Stepanov, Kadirov M. K. , Morozov V. I. , 
I1 ' yasov A. V. , M. A. Pudovi k 
A. E. Arbuzov Institute of Organic and Physical Chemistry, 
420083, Kazan, Arbuzov str, , 8, Russia 

Reactions of R-P(NEt2I2 (R = Et2N, Phl with alkyl thio- 
cyanates have been found to yield alongside with other pro- 
ducts, N -alkyldicyanomethyl-N -~phosphoranylidenelcyano- 
f ormamidines and 1,2-bis( phosphoranyl ideneaminol tetracyano- 
ethanes 1. These reactions were assumed to take both a hete- 
rolytic and a homolytic course, 

Essential lengthening of' the central C-C bond 
[1.609[6lAl has been found by X-Ray study of 1 and this made 
it possible to assume easy cleavage of this bond in 1. Actu- 
ally the ESR investigation of solutions of 1 in toluene and 
HMP in the 300-400K temperature range has demonstrated the 
existence of an thermally-induced equilibrium homolytic dis- 
sociation of 1, resulting in the formation of' the stable 
radicals 2. 

2 1 

R 
I 

CEt2N12P=N NC 

C-C 
' I,CN 

4 ' Nc CN N=PCNEt212 
I 

l l t  

R 
I - 2 CEt2N12P=N 

7 \ 
\ 

C' F N  

2 AN 

The values of the dissociation enthalpy and entropy for 1 
have been estimated from ESR spectra of solutions of radi- 
cals 2, which are temperature-dependent. Main changes of the 
spectra have been found to be due to the a variation. P 
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X-RAY SfRUCTURAL SI'UDY OF THE N E W  PHOSPHORUS-NITROGEN 
COMPOUNDS 

n. YU. ANTIPIN, R. u. m v ,  YU. T.STRUCHKOV 
A.N.Nesmeyanov Institute of Organo-Element Compounds, 
Russian Academy of Sciences, Vavilov Str. 28, Moscow, 
B-334, Russia 

Using X-ray diffraction method a series of the new phos- 
phorus-nitrogen compounds, products of their protonation and 
complexes with metals was studied. 

+ E3ut2P-N3 (1) Bu t 2P-NEt2 (2 )  But2P(H)-NqBF< (3) 
- - 

@ N=PPh3'HC1O4(5,6: R=3-Me,4-Me) 
t +  - 

BU 2P(H)-NEt2'BF4 (4) R Q N=P (OEt ) HBPh4 (7 ) 

CuCl2.2L@)- N=PPh3J ( 9 )  CoOl2~2[@~N=PPh31 (10) 

@PPh3 HBPh4 (8 1 

N 
Me 

hides (1,2) are protonated by HBF4 with the formation of 
the unusual phosphonium salts (3,4) with P-H bonds. Protona- 
tion of the iminophosphine derivatives (5-8) may take place 
at the N-atoms of the heterocycle or imino-group. Reasons 
of such behavior are discussed. In metalocomplexes (9-12) 
Cu- and Co-atoms are coordinated by N-atoms of heterocycles 
and C1-atoms. A strong additional intramolecular coordina- 
tion of the metals by N-atoms of the imino-groups also take 
place in all structures investigated. The degree of this 
interaction influences on P=N bond's lengths. 

I77511223 
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SY N'I'II ESIS O F  GICM-OR(; A N O l ~ l S U l S S ' l l ~ ~ J ' ~ ~ l ~  
CYCIX~'L'KIPIIOSI'I1A%1SNISS ISEAHING FUNC'I'IONAI, GROUPS 

FRANCOISE PLENAT, HENRI-JEAN CRISTAU, JEAN-MARC CHAPUIS 
and ALAIN FKUCHIEK, 
Laboratoire de Chimie Organique - URA CNRS NO458 
&ole Nationale Sup6rieure de Chimie, 8, rue de I'Ecole Normale 
34053 MONTPELLIER. FRANCE 

Abstraa Various gem-organodisubstituted cyclotriphosphazenes which might be 
considered as precursors of bioactive phosphinic compounds have been obtained. 

Cyclotriphosphazenes bearing functional substituents linked to the ring through 
Phosphorus-Carbon bonds are yet rather unusual 1.2: the transient in situ generated 
tetrachlorocyclotriphosphazenes anions (N3P3C14R)-, with either Li+ or Cu+ cationic 
counterparts, are claimed as substrates of limited synthetic utility and relatively low 
reactivity3. 

We show that the lithiocyclotriphosphazenes with aryloxy substituents are suitable 
substrates for further alkylation with functionalized carbon chains. The new 
cyclotriphosphazenes are obtained in 60-70% yields. In the course of their structure 
determination, we have pointed out the existence of some virtual coupling at the 13Ck 
signals . 

The new synthetized compounds may be considered as precursors of the 
corresponding phosphinic acids, since the 1, I -dipheny lcyclotriphosphazenes are known 
to lead to the diphenylphosphinic acid under hydrolytic conditions4. In this way, the 
progressive release of pharmaceutical and agrochemical bioactive phosphinic compounds 
might be looked upon. 

REFEREN CES: 

1.- H.R. Allcock , P.J. Harris , M.S. Connolly , Inorg Chem,, 20, 11 (1981); H.R. 
Allcock , D.J. Brennan , B.S. Dunn , M. Parvez , Inor?. Chem., 27, 3226 (1988) 
;H.R. Allcock ,D.J. Brennan , J.M. Graaskamp , M. Parvez , Orpanometallics,, 5,2434 
(1986); H.R. Allcock , D.J. Brennan , J.M. Graaskamp , Macromolecules, 22, 1 
(1988). 
2.- P.L. Buwalda , A. Steenbergen , G.E. Oosting , J.C. Van de Grampel , Inore. 
Chem., 29, 2658 (1990); P.L. Buwalda , J.C. Van de Grampel , J. Chem. Soc,, 
Chem. Commun., 1793 (1986).. 
3.- H.R. Allcock, W.D. Coggio , 1. Manners, M. Parvez , @ganometallics, 10, 3090 
(1991). 
4.- H.Bode, H. Bach, Chem. Ber., 75, 212 (1942); R.A. Shaw, C. Stratton, Chem. 
I&, 52 (1959); K.G. Acock , R.A. Shaw , F.B.G. Wells , J .  Chem. SOC , 121 

1964). 
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CONFORMATIONAL STABILITY OF SHORT-CHAIN LINEAR 
CHLOROPHOSPHAZENES: MNDO CALCULATIONS, 31P NMR AND 
VIBRATIONAL SPECTRA. 

Yahia Lemmouchi, Daniel Bougeard, Claude Brkmard and Roger De Jaeger 

Laboratoire de Spectrochimie Infrarouge et Raman, CNRS UPR 26311, Bat. C5, 
Universitt! des Sciences et Technologies de Lille, 59655-Villeneuve d’Ascq Cedex, 
France 

The availability of new high polymeric systems (-P(R)2=N-) (R is an organic 
group) based on the phosphazene backbone provides the possibility to obtain 
insulating, non burning and chemically stable materials suitable for a wide range of 
applications, Some are elastomeric at room temperature. These elastomeric properties 
are in relation with the flexibility of the phosphazene backbone. 
Polyorganophosphazenes are unusual in polymer chemistry inasmuch as they are 
derived from a single polymeric intermediate, the polydichlorophosphazene 

In the present work, we use the MNDO (modified neglect of diatomic overlap) 
method to examine the confoimational stability and vibration of the linear short-chain 
ch lorophosphazene  compounds:  C l 3 P N ( P C I 2 N ) , P ( O ) C l 2  a n d  
[ C13PN(PC12N),PC1,] [ PCI,] (n= 1,2,3). 

The 31P NMR spectra were recorded in the temperature range 183-413 K. The 
coalescence phenomena observed at low temperature for C1,PN(PC12N ),P(0)Cl2 

(n= 2,3) indicate the mobility of the (PN) backbone. 
The Raman spectroscopy was used for the linear chain chloro-phosphazene 
compounds from n= 1 to n= OQ to obtain the vibrational frequencies of the 
phosphazene backbone in the solid state as well as in the liquid phase. 
In order to ascertain the vibrational assignment a classical normal coordinate analysis 
of the vibrational modes of dimeric and polymeric isolated molecules was performed. 
All the experimental and calculated results are in good agreement with a cis-trans 
planar arrangement of the phosphazene backbone. It turns out that the short linear 
molecular oligomers are better models for the polymeric chain than cyclic oligomers 
or ionic derivatives. 

( - P C ~ ~ Z N - ) ~ .  

[777]1225 
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VIBRATIONAL AND CONFORMATIONAL PROPERTIES OF 
MONOMERIC PRECURSORS OF LINEAR POLYDICHLORO- 
PHOSPHAZENES. 

Yahia Lemmouchi, Daniel Bougeard, Claude Bremard, Roger De Jaeger 

Laboratoire de Spectrochiniie Itfiarouge et Raman, CNRS UPR 2631L Bat. C5, 
Universitb des Sciences et Technologies de Lille, S9655-Villeneuve d'Ascq Cedex, 
France 

Polyphosphazenes represent a new class of inorganic polymers; they are 
characterized by a backbone of alternating phosphorus and nitrogen atoms with 
organic groups (R) attached to the phosphorus (-P(R),=N-),. - The polymers are 

derived from a single polymeric intermediate which can be obtained through the 
polycondensation of the monomeric species Cl,P=N-P(O)Cl,. Some polyphospha- 

zenes are highly elastomeric materials at room temperature and these elastomeric 
properties are in relation with the flexibility of the phosphazene backbone. 
In the present work about the shortest linear chlorophosphazene compounds we use 
the semi-empirical MNDO method (modified neglect of diatomic overlap) to study 
the ground state structures and vibrations in order to predict the more stable 
conformers of Cl,PNP(X)Cl, - (X= 0, S )  and [C13PNFC1,][Y] (Y= C1, PCl,). 
A 31P NMR study of CI,PNP(O)Cl, indicates that even at low temperature either one 

rigid species or two flexible species in very fast equilibrium exist in solution. 
The Raman spectroscopy is an efficient tool to study the conformation of the 
polyphosphazenes in all phases. The Raman spectra of Cl,PNP(X)Cl, (X= 0, S )  
and [CI3PNPC1,][Y] (Y= C1, PC1,) were carried out in solution or in the molten 

and solid states at different temperatures. The polarized Raman spectra of 
CI,PNP(O)Cl, in the melt are in good agreement with a nearly planar structure. The 

number of observed Raman band demonstrates the simultaneous presence of two 
conformers in solution as in the solid state. 

In order to ascertain these results a classical normal coordinate analysis of the 
vibrational modes of the Cl,PNP(O)Cl, isolated molecule was performed. The 

calculated values are in good agreement with the experimental values and the 
calculations yield a quantitative interpretation of the vibrational spectra. 
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SPECTRAL STUDY OF COPPER CII) COMPLEXES WITH 
POLYAZACYCLIC PHOSPHONIC ACIDS. 

M.P.PASECHNIK, S .P. SOLODOVNIKOV , Y. M.~OLIKARPOV, 
E. I .MATROSOV , M. I .KABACHNIK . 
A.N.Nesmeyanov Institute of Organo-Element Compounds, 
Russian Academy of Sciences, Vavilov str. 28, Moscow, 
117334, Russia. 

The complexation of tri- and tetra-azacyclic phosphonic - 
acids (1-4) with Cu2+ ( I : ? )  in the aqueous 
different pH condition by means of W-Vis, 
spectroscopy has beer; studied. 

1 2 3 

solution under 
IR and ESR 

4 @-P03H2 
In the complexes under study CU" ion is pentacoordinated 
by ligand donor atoms and has square-pyramidal environment. 
In the complexes of 1 or 2 the chromophore (Cu2N,20,Na) is 
formed, one phosphonic group is free. For ligand 2 the co- 
ordination polyhedron is more distored and flexible than 
for 1. In the complexes of 3 and 4 the (Cu4NeOa) chromopho- 
re is formed, three phosphonic groups are free. In the fro- 

1 zen solution of CuL at high pH values there are two diffe- 
rent conformation complexes. 
Thus, variations of the cycle size (3 and 4 )  or pendant 
length (1 and 2), f o r  our ligands, do not influence on the 
number of coordinated ligand donor atoms, but change their 
mutual position in coordination polyhedron. 
REFERENCES 
1. Pasechnik M.P., Solodovnikov S.P., Izv. Akad. Nauk, Ser. 
Khim., 1988, p.2080. 
2. Pasechnik M.P., Solodovnikov S.P. et al.,ibid.,1992, 
in press. 
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PREPARATION OF STERICALLY PROTECTED 3,4-BIS- 
(PH0SPHINIDENE)CYCLOBUTENES AND THEIR ISOMERISM 

KOZO TOYOTA, KATSUYA TASHIRO, and MASAAKI YOSHIFUJI 
Department of Chemistry, Faculty of Science, Tohoku University, 
Aoba, Sendai 980, Japan 

Bidentate phosphaalkene ligands having conformationally rigid skeletons are of interest 
since their coordination is expected to be selective in site and size. By utilizing 2,4,6- 
m-t-butylphenyl group (abbreviated to Ar) as protecting group, we have prepared 1,2- 
bis(trimethylsilylethyny1)diphosphane l b  (6p -38.5).' The diphosphane l b  was 
unstable toward heat and gradually isomerized to 2b (6p 42.9). On heating in 
refluxing toluene for 30 min 2b gave an equilibrium mixture of 2b and (E,E)-3b (6p 
162.5). Furthermore, (E,E)-3b isomerized to (E,Z)-3b (6p 197.4 and 176.6, ABq, 
3Jpp = 14.6 Hz) by irradiation with a Xe lamp or sunlight. 

Ar Ar 
Ar-p I I 

A r * p s R  

Ar"- R Ar-' I 

I - 2; A pn; 4% P 

Ar 

Ar = 2,4,6-Bu!jC~H*; Tms = SiMe 3 

Desilylation reaction of l b  with K2CO3 in MeOH gave 2a, which was then converted 
to (E,E)-3a almost quantitatively by heating. Irradiation of (E,E)-3a led to the photo- 
equilibrium between (E,E)- and (E,Z)-3a. They were also obtained by the reaction of 
tetrabutylammonium fluoride (TBAF) with ( E , E ) -  and (E,Z)-3b, respectively. 
Furthermore, the reaction of (E,E)-3b with CH2ClI or Me1 in the presence of TBAF 
gave 4a and 4b or 4b and 4c, respectively, as major products. The group-6 metal(0) 
carbonyl complexes 5 were prepared by several methods. 

l a , b  2a ,b  (EE)-3a I b (€,2)-3a, b 
a: R=H; b : R =  Tms 

Ar Ar 

I I Ar b:  R=Tms,R'=H Ar 5a: R=H; M =  Mo 
C: R=Tms,R'=Me 5 b : R =  Tms; M=Cr,Mo,W 

1 .  M. Yoshifuji, K. Toyota, M. Murayama, H. Yoshimura, A. Okamoto, K. 
Hirotsu, and S. Nagase, Chem. Lett., 2195 (1990). 
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PHOSPHAMETALLACYCLOBUTANE- AND PHOSPHAMETALLA- 
CYCLOBUTENE DERIVATIVES BY INSERTION REACTION 

RAINER STREUBEL 
Institut fiir Anorg. und Analyt. Chemie der TU 
Hagenring 30,3300 Braunschweig, FRG 

NGOC HOA TRAN HUY, LOUIS RICARD,FRANCOIS MATHEY* 
Ecole Polytechnique, DCPH 
91 128 Palaiseau Cedex, France 

Thermal decomposition of the 7-phosphanorbornadiene-derivative 1 in toluene in the 
presence of either a phosphaalkene or a phosphaalkyne afforded the stable diphosphirane 
2l)  and the 1H-diphosphirene 3, respectively (1). 

SIM., 

(11 

COOM. 

N(SIMaJIW 

An access to the new diphosphaplatinacyclobutane 4 as well as to the diphosphaplatina- 
cyclobutene 5 has been achieved by reaction of the appropriate heterocycles 2,3 with the 
platinum complex (2). In the case of the diphosphirane 2, the insertion of the [(Ph3P)$t] 
fragment into the P/P-bond proceeds with the retention of the configuration of the parent 
heterocycle. 

(PhiPlz Fl c2H4 

3 - C2H4 

c i ~ - c ( S I M e d 2  

I 1  4 

I 
Ph,P-R--PPh 

PhlP 
(2 )  

F((SIh4e3)lPr 

.=( I 5 
Ph3P- Fl -P- ph 

1 ' s  
Ph,P w(co)5 

The products have ,een characterized -y means of NMR, IR-spectroscopy anc single 
X-ray cristallography in the case of 3. 

References: 
1) M. Rahmoune, Y.Y.C. Yeung Lam KO, R. Carrie, New J .  Chem. 13,891 (1989). 
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Structure of a 1,3-diphosphaallyllithium 

M. Gouygou,a M. Koenig,b C. Couret,b J. Escudi6,b V. Huch? M. Veith.c 
a) Universitd Pierre et Marie Curie, 75252 Paris cedex 05; France 
b) Universitd Paul Sabarier, 31 062 Toulowe cedex; France 
c) Universitat des Saarlandes, 6600 Saarbnicken; Germany 

For allyllithium compounds, the theoretical calculations, performed by R.v. Schleyer, 

indicate two possible smctures : a Q smcture with a more covalent character and a x structure 

with a more ionic character. According to these two calculated allyllithium structures, the X-dyl 

system appears more stable than the Q ally1 system. Similar results have been obtained by 
Bachrach for the calculated lY3-diphosphaallyllithiwn structures. Moreover, this author considers 

the x-diphosphaallyllithim as an intermediate in the 1,3-diphosphaallene fomtion. 

U f l  

We have recently determined the X-ray structure of 1,3-diphosphaallyllith~um 
(ArP=C(Me)-PAr)-(Li. 2 Et20)+.The position of Li atom in the PCP plane (dpfi'2.80 ik 
involves a B saucture.Taking into account the rotation barxier around P-C bonds, we will discuss 
the mechanism of 1.3-diphosphaallene formation. 
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EXPERIMENTS ON THE GENERATION OF 2-COORDINATE 
PHOSPHORYL SPECIES BY FRAGMENTATION OF 7-PHOSPHA- 
NORBORNENE DERIVATIVES 

LOUIS D. QUIN, STEFAN TANKOWSKI, DONALD €3. CHESNUT, 
ANTHONY G. SOMMESE, and XIAO-PING WU 
Department of Chemistry, University of Massachusetts, Amherst, 
Massachusetts 01003 U.S.A. 

Thermolysis of the 7-phosphanorbornene (7-PNB) derivative 1 at 300°C 
and 0.01 mm caused release of the phosphenite 2, which rapidly gave 
dimeric and trimeric condensation products. 

A 31P NMR signal at 6 238 in the product when condensed in a liquid 
nitrogen receiver disappears on standing or addition of ethanol, and is 
attributed to structure 2. The same signal was present in the pyrolysate 
from a pure sample of the trimer, prepared by a different method. A 
calculation of the 31P NMR shift for R = Ph confirmed that 6 238 is 
consistent with 2. Attempts to generate this and other phosphenites, as 
well as thiono and P-phenyl analogs, by photolysis of 7-PNB derivatives in 
aprotic solvents were unsuccessful. However, as noted in the literature, 
photolysis proceeded readily when alcohols were present, providing H- 
phosphonates from the released fragment. That an alcohol is required for 
the fragmentation suggests that it first reacts with the 7-PNB, possibly to 
give a 5-coordinate adduct. This observation prompted an examination of 
the photolysis of 3-phospholene oxides, also reported in the literature to 
fragment photochemically. Again it was found that the reaction failed in 
aprotic solvents, and occurred only when an alcohol was present. An 
adduct of the 3-phospholene and the alcohol is suspected as the species 
undergoing the fragmentation. 
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TRIPHOSPHCIRIJS DISULHDE P3S2 AND THIOLPHOSPHINIDENE NSP 
STABLE MOLECULES IN THE DILUTE GAS PHASE 

HELMUT KECK~), WILHELM KUCHEW), PETER TOMMES~) 
JOHAN K. TERLOUWb) and THOMAS WONGb) 
a)Heinrich-Heine-Universitat Diisseldorf, Inst. f. Anorg. Chemie 
und Strukturchemie, Diisseldorf, Germany; b)McMaster 
University, Department of Chemistry, Hamilton, Canada. 

Abstract Generation and identification of gaseous P3S2 and HS-P 
by means of Neutralization-Reionization mass spectrometry is 
presented and discussed. 

Neutralization-Reionization mass spectrometry (NRMS) has proved to be 
a powerful technique to generate highly reactive but thermodynamically 
stable molecules in the rarefied gas phase by reduction of their 
corresponding ions. We wish to report part of the results of our 
continuous studies concerning the generation of "non-existing" small 
gaseous molecules containing phosphorus by means of NRMS. The 
dissociative ionization of tetraphosphorus trisulfide P4S3 by electron 
impact (70 eV) yields [P3S2]+, the connectivity of which has been 
determined by Collisional Activation (CA) mass spectrometry of this ion 
and of its isotopomer [P332S34S]+. Using NRMS these ions can be 
reduced to the corresponding neutral molecules. On the basis of the CA- 
mass spectra and thermochemical data as well as from the results of ab  
inirio MO calculations (HF/6-31G* basis set) it is concluded that both 
[P3S2]+ ion and neutral molecule exist as planar five-membered rings 
( C ~ V )  with one P-P-bond. 

The hitherto unknown thiolphosphinidene HS-P has been identified 
by NRMS, too. We found that radical ions of composition "[HPS]+'" can 
be generated by dissociative ionization (electron impact: 70 eV) of 
dialkylphosphanesulfides R2HP(S) (R = C2H5, C3H7) and by use of the 
methods mentioned above that both the ions and the neutral molecules 
have the connectivity of thiolphosphinidene HS-P (Cs). 
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Seleno Derivatives of Planar Three-coordinate 
Ylide-substituted Phosphorus 

Georg Jochem, Konstantin Karaghiosoff, Christian Rob1 and Alfred Schmidpeter 
Institur fur Anorganische Chemie der Universitat Miinchen, Meiserstrasse 1,0-8000 Munchen 2 ,  Germany 

Ylide substituents cause selenophosphinoyl halides to become ionic P = Se X- and keep diselenoxophosphoranes 
\+ 

Se / - P' from becoming dimeric. Representatives can be prepared these ways: 
*Se 

R R  R R  

Ph,P x -  
Ph,PAPA;Ph3 X-  Se II 

It tl 
Se, HNEt2 
___t X = CI. Br 

+ 

+ Ph3P Ph,P LpZ: x- 
I I  

R 

Ph3PASiMe3 

px3 Se 

x = c '  Y R I Ph 

R R R 

' A p P S e  - ph,;ApOSe- 
I I  
se 

I 
Se- 

Ph3P A P P S e  IC-) Ph3P 
ll  
Se 

R = Me, Et. Ph, 3-Me-CGH, 

In the crystal the PSe2 and the CCP 

moieties are coplanar (dihedral angle 9"). 

In solution the rotation around the con- 

necting PC bond is restricted, as docu- 

mented by two "Se NMR signals and 

by two pairs of satellites to the 31P 

NMR signal. 
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STUDIES OF P...P BONDING THROUGH INTRABRIDGEHEAD 
CHEMISTRY 

ROGER W. ALDER, CHRISTIAN GANTER, CHRISTOPHER J. 
HARRIS" AND A. GUY ORPEN 
School of Chemistry,, University of Bristol, Bristol 
BS8 lTS, U.K. 

We sought to make 1,6-diphosphabicyclo[4.4.4]tetradecane 
1 to compare the interactions of the P atoms with those 
of the N atoms in 2.l Calculations show 1 is highly 
strained with i n , i n ,  i n , o u t ,  or o u t l o u t  lone pairs, but 
that derivatives such as 4 ,  6 and 7 with almost any kind 
of P...P bonding are relatively strain-free. 

1 2 3 4 

5 6 7 

Isslieb' s route to 1 , 5-diphosphabicyclo [ 3.3.01 octane' was 
modified to make 3, shown to be thermodynamically-stable 
as the cis-isomer. Reaction of 3 with 1,4-butanediyl 
ditriflate yields 4 which is stable to water unlike 5 .  

Reaction of 4 with NaBH4 yields P-P bonded ion 6 ,  i.e. 
mono-protonated 1. Reaction of 4 with hydroxide ion 
yields 7 , which has some P.. .P bonding by 31P NMR. The 
chemistry of these species has been studied. 

References 
1 For a review see: R. W. Alder, Tetrahedron, 1990, 4 6 ,  

2 K. Issleib and P. Thorausch, Phosphorus and Sulphur, 
683-7313. 

1978, 4 ,  137-144. 
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Substitution and Addition Reactions 
of 1,S-Anellated 1,3-Azaphospholes 

Konstantin Karaghiosoff,* Gabriele Hackenbracht and Alfred Schmidpeter 

Institut f i r  Anorganische Chemie der Universitit Miinchen 
Meiserstraj7e 1, 8000 Minchen 2, Germany 

Raj K. Bansal, Neelima Gupta, Dinesh C. Sharma, Ruchi Mahnot and 
Vijaya Kabra 

Department of Chemistry, University of Rajasthan 
Jaapur - 302004, India 

l-Unsubstituted 1,3-azaphospholo[l,5-a]pyridines (2-phosphaindolizines) 1 [1,2] 
- like indolizines - enter electrophilic substitution reactions in this position. They 
are brominated by BrZ/NEts or NBS and yield phosphino derivatives with PC13 
and RPClz. 
With (PhPSe2)Z in the presence of NEt3 the seleno phosphinate 2 is isolated, in 
absence of base the seleno anhydride 3 as a mixture of diastereomers and the 
zwitterion 4 are obtained. In contrast no substitution is observed with Lawesson’s 
reagent. 

BU 

HNEt3+ 
2 

,COPh 

/; \ 
Se Se- 

3 4 

The sulfur analogue of 4 can be prepared from 1, 
H2S and s8. l-Methyl 3-carbethoxy 1,3-azaphos- 
pholo[:, ,I- b] benzot hiazole yields with dimethylbuta- 
diene/& 5 ,  R = Me and with isoprene/& regiose- 
lectively 5 ,  R = H. E*$$ Ma 

\‘S 
R 

R=H,Me 
Me 

5 References 

[l] For a recent review on heterophosphcles see: A. Schmidpeter and K. Karagkio- 
soff, in ”Multiple Bonds and Low Coordination in Phosphorus Chemistry”, M. 
Regitz and 0. J. Scherer eds., Thieme, Stuttgart, 1990; p. 258. 

[2] R. I<. Bansal, K. Karaghiosoff, Neelima Gupta, A. Schmidpeter and C. Spind- 
ler, Chem. Ber., 124, 475 (1991). 
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GENERATION OF ALKYL METAPHOSPHATES BY THERMOLYSIS 
OF 0-ALKYL. ESTERS OF PHOSPHORAMIDIC ACIDS 

STEFAN TANKOWSKI, LOUIS D. QUIN, and DIETMAR FLUBACHER 
Department of Chemistry, University of Massachusetts, Amherst, 
Massachusetts 01003 U.S.A. 

Phosphoramidic acid esters are known to be thermally unstable, and when 
decomposed in water or alcohols give phosphate products from 
replacement of the amino group. Both elimination-addition (EA) and 
addition-elimination (AE) mechanisms have been proposed for these 
solvolyses. We have now found conditions for the practical generation of 
alkyl metaphosphates by the EA mechanism in aprotic solvents. The 
thermolysis of several 0-ethyl phosphoramidates was studied in various 
solvents (toluene, ethanol, acetonitrile, DMSO) at 45-llOeC, as a possible 
source of ethyl metaphosphate. 

!-? 1 , R = rnesitvl. R' = H < .  II 
RR.N--P-oEt 

I 
2, R = 1-adarnantyl, R' = H 
3, R = phenyl, R' = H 
4, R =  R'= Et OH 

From kinetics measurements, i t  was found that a large bulky N-substituent 
(as in 1 and 2 )  was essential for the exclusive occurrence of the 
monomolecular EA process. With smaller N-substituents (as in 3 and 41, 
the AE process is also sterically allowed and the bimolecular (AE) process 
accompanies the monomolecular process. The EA process for 1 and 2 was 
supported by the activation parameters, and by the kinetic isotope effects for 
nitrogen and hydrogen. The intermediacy of the metaphosphate was 
proved by trapping it through reaction with the surface OH groups on silica 
gel. All of 1-4 gave products with a CP-MAS 31P NMR signal for a surface- 
bound ethyl phosphate group, with the same shift as observed when silica 
gel is reacted with ethyl metaphosphate generated by other processes. The 
method is also capable of generating other metaphosphates; thus, (-)- 

menthyl metaphosphate was so generated and successfully reacted with 
silica gel. 
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lP-CHEMICAL SHIFT ANISOTROPY IN o?~~-IMINOPHOSPHANES 

D. GUDAT", W. HOFFBAUER, E. NIECKE 
Anorganisch Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

The high resolution 'P( lH) -MAS-spectra spectra of the halogeno-iminophosphanes 1 
(X = C1, Br, I) as well as those of several amino-iminophosphanes and 2.4-diphospha- 
1.3.5-tiazadienes of general formula 2 and 3, respectively, were obtained. From the side- 
band intensities, the isotropic shift and the principal components of the anisotropic shiel- 
ding (CSA)-tensor were determined. 

- 1 - 2 - 3 

The anisotropic chemical shift parameters show a close relation with the chemical 
structures. It can be shown that different types of substituents induce characteristic varia- 
tions of individual tensor components. The anisotropic shift parameters further provide 
better understanding of substitution effects on the solution nmr data, although the obser- 
ved differences of 5 - 117 ppm for the isotropic shifts give evidence that conformational 
relaxation processes may occur. The effect is most pronounced for the iodo-iminophos- 
phane, whose unique solid state structure becomes also manifest in a totally different 
axiality of the CSA tensor. 

For the amino-iminophosphanes and diphosphatiazenes 2 and 3, respectively, arelation 
between the anisotropy of the chemical shift and the cis-or trans-configuration of the 
doublebond may be established. This allows thedetermination of the stereochemistry of 
these compounds exclusively on the basis of the nmr data. 
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SYNTHESIS OF NOVEL BIS(PHOSPHONI0)-PHOSPHOL- AND BIS- 
(PHOSPHONI0)-ISOPHOSPKINDOL-CATIONS 

D. GUDAT* 
Anorganisch-Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

The synthetic approach to the Bis-(Phosphoni0)-isophosphindol cation l a  (R = Ph) by 
Schmidpeter andThiele"1 is extended to the functionalized derivatives l b  (R=2-pyridyl), l c  
(R = 2-thienyl), Id (R =Me), and the Bis-(phosphoni0)-phosphol-cation 2 (R= pyridyl). 
3 (R = pyidyi) containing a formal phosphinine ring was detected by spectroscopy. 

R R 

l+ 
2 - 

1 + 

R R 
3 

Even if the presence of Lewis basic centers in the pendant groups Rmakes lb,c potential- 
ly chelating ligands, the failure of lb to form stable transitionmetalcomplexes shows that 
the coordinating ability is still underdeveloped. In thereaction of lb with AlC13,evidence 
was obtained for the formation of a C-protonated product which underlines the ambident 
nucleophilicity of these systems. 

[11 A. Schmidpeter, M. ThieIe, Angew. Chem. 1991,103,333. 
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METALLO(B1SMETHYLENE)PHOSPHORANS AS BUILDING BLOCKS 
IN ORGANOPHOSPHORUS CHEMISTRY 

PETRA BECKER, EANS-mGEN IWITE RNICY, EDGAR NIECE* 
Anorganisch-Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

RAINER BARTSCH, PETER HITCHCOCK, JOHN F. NIXON*, 
School of Chemistry and Molecular Sciences, University of Sussex 
Brighton BN1 SQJ, Sussex, United Kingdom 

Organometallic derivatives of bis(methy1ene)-phosphoranes 1 (e.g. (M)  = Cp2V 
(a), CpFe(C0)2@), Allyl-Fe(C0)3 (c), Ni(Cl)PR3 (d), Pt(Cl)PR'3 (e) ) were obtained 
by nucleophilic displacement as well as insertion reactions starting from P-functiona- 
lized bis(methy1ene)phosphoranes. 

R 

R = Me3Si 
J-R 

(MI --p k-R 

The highly electrophilic phosphorus center initiates different rearrangement reactions 
depending on the electronic nature of the metal1 - ligands. By this, phospha-ferroce- 
nes (2), phosphole-complexes (3) and 2-phosphonioallene complexes of nickel 
and platinium (45) i2] were obtained. The reaction mechanism, spectroscopic and 
structural data are discussed. 

RO 

2 :  

R2CH 3a 

R 
"-Np I ,c1 

4 (5)  

[l] 

[2] 

HJ. Mettemich, E. Niecke, Angew. Chem. Int. Engl., 1991,30,312. 

HJ. Meaemich, E. Nicke, J.F. Nixon, R. Bartsch, P.B. Hitchcock, M.F. Meidine, Chem. Ber. 

1991,124,1973. 
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Unusual Coordination In Phosphorus-Silicon Compounds 

H.R.G. Bender, E. Klein, E. Niecke*, M. Nieger 
Institut f i r  Anorganische Chemie der Universitat Bonn, 
Gerhard-Domagk-Str. 1, W-5300 Bonn 1, Germany 

H. Ranaivoniatovo 
Laboratiore de Chimie de Coordination du CNRS, 
205, Route de Narbonne, 31077 Toulouse Cedex, France 

In analogy to the recently reported synthesis of the 1,3-diphospha-2-sila- 
allylic anion 3a [l], the lithium salts 3b-f have been obtained by treatment 
of 1 with the adequate substituted trichlorosilanes. The X-ray-structures 
of 3a-c are discussed. 
Mild hydrolysis (a) of 3a-d or reaction of ClPPh2 (b) with 3a,b yields the 
phosphasilens 5a-d (R'=H) and 4a,b (R'=PPh2). Structural investigation 

of 4a leads to the first X-ray-structure of a Phosphasilene (P=Si-bond- 
length: 209.4pm). 

R= 'Bu(a), Mes(b), Cp*(c), Is(d), Ph(e), OAr(f) 

The phosphasilene 6 can easily be generated from the lithium phosphide 1 
and the dichlorodiphosphinosilane 2. The single-crystal-structure of 2 is 
also reported. 

Ar 
I 

,P -H H Cl Ar 

P-Si-P -+ P =Si 
/ I \  

Ar Cl H 

\ I /  Ar-PHLi 1 Ar, 

IT-' 
2 6 H  

(Cp*= Me&,; Is= 2,4,6-'Pr,C6H2; Ar= 2,4,6-'Bu,C6H2) 

Reference: 

[i] E. Niecke, E. Klein, M. Nieger,Angew. Chem. 101, 1989,792-793. 
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HALOGENO-BIS(IMINOPH0RANES) - SYNTHESIS, CRYSTAL 
STRUCTURE AND REACTIVITY 

EDGAR MECKE", MARTIN MEGER, -A D .. NN 
Anorganisch-Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

ALEXANDER RUBAN 
Institut of Organic Chemistry, Academy of Sciences of Ukraine, 
252660 Kiev 94, Ukraine 

Halogeno(ary1)iminophosphines react with alkylazides[l] and arylazides at low tem- 
perature to the 4,5-dihydro- 1H-tetrazaphospholes 1. Compounds 1 can be transformed 
into the thermally unstable halogeno-diiminophosphoranes 2, which have been identified 

5 3  by means of their n.m.r. data. In some cases they were trapped in form of the ttiaza h ,h - 
diphosphapenta- 1,4-dienes 3 by the educts. 

Mes* 

Thermally stable P-halogeno-bis(2,4,6-tri-tert-butylpheny~mino)phosphoranes 5a,b 
have been obtained by thermal decomposition of corresponding Q h -P,P-dihalogeno- 
aminoiminophosphoranes4. Treatment of compounds 5a,b with excess of trimethyliodo- 
silane leads to the formation of P-iodo-diiminophosphorane 5c. 

4 5  

jc M a *  
4 

J NM( 53,b 

Mes* = 2,4,6-t Bug CgH2 ; X = Cl, Br, I 

The structural data of compounds 3 and 5 are discussed. 

[I] E. Niecke, V. von der GLlnna, M. Nieger, Chem. Ber., 1990,123,2329-2333. 
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TRANSITION METAL COMPLEXES OF P-FUNCTIONALIZED 
MINOPHOSPHINES: SYNTHESES AND REACTIVITY 

JOACHIM HEIN, EDGAR NIECE*, MARTIN NJEGER, PETER WENDEROTII 
Anorganisch-Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

JOHN F. NIXON*, BERNADETTE E TRIG0 PASSOS, MOHAMED F. MEIDINE 
School of Chemistry and Molecular Sciences, University of Sussex 
Brighton BN1 SQJ, Sussex, United Kingdom 

Treatment of (PR&Ni(COD) with one or two equivalents of halogenoiminophosphanes 
produces the P-functionalized Ni-complexes 1 (R=PEt3, PBu3, PPh3; X=C1, I, Br) and 2 
(R=PEt3, PBu3,PPh3; X=Cl)[']. A single-crystal X-ray diffkaction study confmes  the 
expected tetrahedral conformation of 2 with q -bonded iminophosphine fragments. 
Similar results, established by n.m.r. data have been obtained in the Pt-systems, 
Pt(X2)(PEt3)(Cl-P=NAr*) [X = C1, Br, I]. 

1 

X 
X f pR3 R3pL ,*..--. 'P=N Ar * L L f  L l+ 

Ni M 
\ 

# K  
Ar*N= P \PR3 L P 

Ar*$p+Ni R 

1 \ x 2  3 $Ar* 
PR3 

Reaction of 2 (R=Et, X=Cl) with two equivalents of a methylmagnesiumiodide re- 
sults in the substitution of both chlorine atoms whereas reaction of 1 (R=Et, X=C1) 
with one equivalent Grignard-Reagent in the presence of PEt3 yields the tris(triet- 
hy1phosphine)methyliminophosphine-nickel. The cationic complexes 3 (M=Ni, Pt; 
L=PEt3, PBu3, PPh3, triphos) can be generated either by treatment of 1 with AlC13 or 
NaBPh4 and an excess of phosphine or via in situ dehalogenation of the halogeno- 
iminophosphine followed by addition of a transition metal complex. Using triphos as 

1 a ligand the bonding mode of the iminophosphine moiety has been proved to be q . 
The reaction of 2 (R=PPh3; X=Cl) with two equivalents of AlC13 yields instead of a 
double charged complex via migration of a phenyl-group the bis(tripheny1phosphi- 
ne)-bis(pheny1iminophosphine)-nickel. 

[l] J.Hein, E.Niecke,M.F.Meidine,B.F.TrigoPassos, J.F.Nixon, J.Chem.Soc.,Chem.Comun., 191,4142. 
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CYCLOADDITION REACTIONS OF METHYL- AND 
ETHYL(ARYL)IMINOPHOSPHINE 

&f. LINK, E. NIECKE*, M. NIEGER 
Anorganisch-Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

Carbenic like alkyl(ary1)iminophosphines 1 containing a steric non protecting 
alkyl substituent at the phosphorus-atom, (R = Me, Et), undergo areversible [4+1]- 
cycloaddition to the benzoazadiphospholes[l] 2. 

R \ P = N  L R - P A N ~  

I - 
A R-P- 

\Ar II 
1 N 

Ar0- 2 

(R = Me, Et; Ar = 2,4,6-tBu 6 $I2) 

1 react regioselective with cis and trans azobenzene to the azaphospholes 3 and 
4, respectively. The course of the reaction involves a [2+1]- (3) or [4+1]-cyclo- 
addition reaction (4) of the iminophosphines"]. 

3 

The versatility of compounds 1 for the synthesis of three-membered phosphorus hete- 
rocycles has been further demonstrated by [2+1]-cycloaddition reactions with alky- 
nes, alkenes, phosphaalkenes and iminophosphines. 
The spectroscopic data of all reaction products as well as the X-ray structure of most 
of the ring system are discussed. 

[l] E.Niecke, M. Link, M. Nieger, Chem. Ber., in press. 
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PECULIARITIES OF THE MOLECULAR AND ELECTRONIC 
STRUCTURE OF 63h5-IMINOPHOSPHORANES 

ALEXANDER N.CHERNEGA, MARK I. POVOLOTSKII 
Institute of Organic Chemistry of the Ukrainian 
Academy of Sciences, 253660, Kiev 94,  UKRAINE 

The main peculiarities and characteristic features of mo- 
lecular and electronic structure of the 6 h -iminophospho- 
ranes have been studied on the basis of a large-scale X-ray 
diffraction and NMR ('H, 13C, 15N, 31P and 29Si) studies. The 
tltwistingtt of the P=C double bond which indicates the p -p n n  
overlapping degree may change in an unusually wide interval 

=0-50°) ,depending on electronic and steric characte- (cpXPCR 
ristics of the X substituent. However, the P=C bond length 
is independent of the cp value; this is connected with the 
peculiarities of the three-centered four-electron n-system. 
On the other side, the dynamic NMR data (in solution) indi- 
cate a correlation between the cp value and the rotation 
barrier around this bond. The cis- or trans- orientation of 
substituents X and R'relatively to the P=N double bond is 
shown to be determined by the balance of stereoelectronic 
(nN-6P-X etc.) effects and intramolecular steric interac- 
tions. The differences in molecular and electronic structu- 
re of phosphoranes and initial compounds - iminophosphines 
X-P-N-R' and phosphaalkenes X-P=CR2- are considered. On the 
base of the X-ray diffraction studies of products of 63h5- 
phosphoranes transformation, some of their reaction path- 
ways are revealed. In particular, the formation of four- 
membered zwitterionic cycles where a co-ordinatively unsa- 
turated state of a transition metal may be stabilized, is 
proved at the interaction of 63h5-phosphoranes with metal 
derivatives. 

3 5  

* 
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PERFLUORO-2-PHOSPHAPROPENE AND BIS(TRIFLUOR0METHYL)- 
DIPHOSPHENE - SYNTHONS FOR NOVEL PHOSPHA HETEROCYCLES 

JOSEPH GROBE, ANDRE ARMBRECHT, THOMAS GROBPIETSCH, 
MARIANNE HEGEMANN, DUC LE VAN 
Anorganisch-Chemisches Institut der Westf. Wilhelms-Universitiit, 
Wilhelm-Klemm-Strasse 8, D-4400 Munster, Germany 

Abstract 
P = CR and R,CN2 has been investigated. 

The cycloaddition reactions of F3CP =CF, and F,CP =PCF, with 

The stabilizing effect of fluorine and/or ?r-donor substituents is used for the preparation 
of E=C and E=E (p-p).- systems'. Thus the fluorophosphaalkene F,CP=CF2 and the 
in situ generated diphosphene "F,CP=PCF," have been shown to act as excellent 
dienophiles and therefore are suitable synthons for the preparation of new [2+4]- 
c y cloadduct s* . 
Here we will report on the application of these reactive species in the syntheses of the 
novel four- and five-membered ring compounds 4 to with F,CP building units. 

C 

In addition, the preparative potential of F,CP=CF, is demonstrated by the simple two- 
step synthesis of the macrocycle 2 according to the following equation: 

1. tBuPH, 

2 .  Ni(CO), . .  

0 

REFERENCES 

1. (a) J. Grobe, D. Le Van, U. Althoff, B. Krebs, M. Dartmann, R. Gleiter, 
Heteroat. Chem., 2, 385 (1991); (b) J. Grobe, D. Le Van, S. Martin, Z. Anorg. 
All:. Chem., 579, 35 (1989). 
(a) J. Grobe, D. Le Van, W. Meyring, B. Krebs, M. Dartmann, J. Organomet. 
Chem., 346, 361 (1988); (b) J. Grobe, Th. GroBpietsch, D. Le Van, J. Schulze, 
B. Krebs, M. Dartmann, W., 385, 255 (1990). 

2. 
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2H-i , 2,3-DIAZA?HOS?i-IOLES AND 2-!+EI'IIYi-3-?hiNYL-i , 2,3- 

DI AZAARSOLE IN REACT1 ON WITH ETHYL DI AZOACETATE 

E. Zabotina, E, Dianova 
But lerov Chemical Research lnsti Lute 
of Kazan University, Russia 

A compar ison of 2H-1 , 2,3-diazaphosphol es and 23-1 , 2,3- 
diazaarsoles with monosubst ituted diazocompounds is carried 
out herein. 

ZR' -5-methyl-l , 2,3-diazaphosphoies 1 react with diazo- 
compounds RCHNp (ethyl diazoacetate, acetyl diazomethane, 
diethoxyphosphoryl diazomethane) to form bicycl ic products 
2, which isomerise in crystalline form or in solutions to 3. 

5-Methyl-2-phenyl-l,2,3-diazaarsole 4, in the reaction 
with ethyl diazoacetate yields two crystalline 1: 1 products 
3, S_. The structures of the both products are determined by 
X-ray crystal structure analysis. 

N - N H  

3 

E&e t R2CHN2- 

N - N H  
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ATTEMPTS TO PREPARE METAL BASE/ACCEPTOR COMPLEXES: 
LIGANDS WITH TIN AS LEWIS ACIDIC CENTRE 

JOSEPH GROBE AND ELKE MARIA REIFER 
Anorganisch-Chemisches Institut der Westf. Wilhelms-Universitat, 
Wilhelm-Klemm-Str. 8, D-4400 Munster, Germany 

Abstract Phosphine ligands with tin as acceptor centre were 
coordinated to electron rich Cr(0)- and Rh(1)-compounds and 
examined for metal+Sn interactions. 

INTRODUCTION 

The spectroscopic data of succesfully synthesized 
complexes of type & do not give conclusive evidence 
for M + M' interactions'. In order to improve the 
acceptor strength of M' we recently have chosen the 
"soft" acceptor centre tin as partner for the "soft" 

CH, CH, - metal bases. Due to the tendency of Sn to realize 
coordination numbers higher than 4, the synthesis of ligands with Sn 
acceptors is expected to be more difficult than that of the corresponding 
Si or Ge containing corn pound^^^'. 

A 

CONTENTS OF THE CONTRIBUTION 

- Systematic studies to produce ligands of the type Me,SnXCH,PMe, and 
Me2Sn(XCH,PMe,),(CH2CH,PMe,),, (X = 0, CH,; n = 0 - 2) , 

- experiments to build up donor/acceptor ligands in the coordination 
sphere of Cr(CO)5 and the photochemical synthesis of Cr(CO)5L-complexes, 

- attempts to use the electron rich Rh(1)-compounds (q5-CsMeS)Rh(CO), 
and (qS-C5H5)Rh(CZH4)2 as partners for the Sn/P ligands, 

- the complete spectroscopic investigation ('H, I3C, "PI '"Rh, 'I9Sn- 
NMR, MoRbauer) of the new compounds and the X-ray diffraction analysis of 
some representatives in order to elucidate the coordination geometry and 
the bonding situation at tin. 

REFERENCES 

1. J. Grobe and N. Krummen, 2.  Naturforsch, m, 1239 (1986). 
2. I. Bartz, Dissertation, WWU Miinster (1990). 
3. E. M. Reifer, Dissertation, WWU Munster (1992). 
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ARYLDITHIOXOPHOSPHORANES AND DITHIADIPHOSPHETANES - 
CPMAS, CV-INVESTIGATIONS, CRYSTAL STRUCTURE AND ab initio 
CALCULATIONS 

GISBERT GROSSMAN*, GISELA OHMS, HAIKO BECKMANN, 
KERSTIN FRIEDRICH 
Institut fiir Analytische Chemie der Technischen Universitat, 
Mommsenstr. 4, 8027 Dresden, Germany 

EDGAR NIECKE', MARTIN NIEGER, REINER SERWAS, 
VOLKER VON DER GONNA 
Anorganisch-Chemisches Institut der Universitat Bonn, 
Gerhard-Domagk-Str. 1, D-5300 Bonn 1, Germany 

WOLFGANG W. SCHOELLER 
Fakultat fur Chemie der Universitat Bielefeld 
Postfach 8640,4800 Bielefeld , Germany 

As is known the thionation of 2,6-disubstituted phenylphosphanes yields either dithia- 
diphosphetanes 1 or aryldithioxophosphoranes 3. Applying 2,4-di-tert-butyl-6- 
methylphenylphosphane we were able to obtain the aryldithioxo hosphorane 3 and 
furthermore the cis-and the trans-isomer of 1. We have taken l l P  CP-MAS spectra 
of different compounds of type 1,2 and 3. These spectra are discussed considering 
results of IGLO-calculations. 

1 2 3 

Quantum chemical calculations were carried out for some selcted compounds to sup- 
port the interpretation of shielding tensors. Effects of substituents and conformative 
changes were considered. The IGLO-calculations allow the assignment of the princi- 
pal values of the tensors. 

Treatment of ArfPH2 (Arf = 2,4,6- (CF3)3-CgH2,2,6-(CF3)2-CgH3) or 
ArfP=P-Arf with sulfur leads to corresponding dithioxophoranes 3, the structure of 

which has been proven by X-ray structure analysis. 
The redox behaviour of 3 ( Ar = 2,4,6-tBu3-CgH2) were determined by cyclic vol- 
tammetry. Quantum chemical calculations at UHF and MCSCF level on the radical 
anion, 3, were carried out on its structure and electronic configuration. 

2481[800] 
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INTRAMOLECULAR DONATOR-ACCEPTOR INTERACTION - 
CONCEPT TO STABILIZE PHOSPHENIUM IONS AND PHOSPINIDENES 

K. Diemert, G. Krautz, and W. Kuchen 

lnstitut fur Anorganische Chemie und Strukturchemie 
Heinrich-Heine-Universitat Dusseldorf, 4000 Dusseldorf 1, Universitatsstr. 1 , FRG 

In contrast to carbenium cations the corresponding phosphenium ions could be 
stabilized by n-backdonating substituents 111. A new route of stabilizing these 
compounds is described following the concept of intramolecular trapping [21 and 
donator-acceptor stabilization of low coordinated species [31. 

Chlorophosphines of general type D-R'-PC12 I (R' = aliphatic or aromatic spacer 
group; D = group containing 0, N, P as donor atoms) have been synthesized 
according to the following equation 

D-R'-P(NEt2)2 + 2 PC13 - I i 2 C12P(NEt2). 

In solutions of 1 there exists an equilibrium 

f 
D PCI 2 OD- PCI 

0 CI 

- 1 la. 
containing first examples of well characterized phosphenium cations stabilized by 
intramolecular donator-acceptor interaction [I 141. 

It has been shown by VT-31P-NMR and conductivity measurements that the 
equilibrium is shifted to the right by decreasing temperature and strongly depends 
on solvent, donor properties of D, flexibility of the spacer R'. 

By reaction of 1 with molar quantities of AIC13 in CH2C12 the corresponding 
phospheniumtetrachloroaluminates [D-R'-PC!]+[AIC14]- are obtained. 

Reduction of 1 lead only to cyclo-oligophosphines rather than to "phospinidenes" 
stabilized by intramolecular donation. 

[ I ]  M. Sanchez, M. - R. Mazieres, L. Lamande, R. Wolf in 
"Multiple Bonds and Low Coordination in Phosphorus Chemistry" 
by M. Regitz and 0. J. Scherer; Thieme Verlag, 1990, literature cited therein 
K. Diemert, B. Kottwitz and W. Kuchen, Phosphorus Sulfur 1986,26,307 
R. Corriu, G. Lanneau and Ch. Priou, Angew. Chem. 1991,103,1153 
Y. van den Winkel, J. van der Laarse, F. de Kanter, T. van der Does, F. 
Bickelhaupt, W. Snieets and A. Spek, Heteroafom Chemistry 1991, 2, 17 

[2] 
[3] 
[4] 

[ 80111249 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 77, p. 250 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

THE HITHERTO UNKNOWN PHOSPHINOFORMIC ACID H2PCOOH - 
STABILIZED AS LIGAND IN A CHROMIUM(0)CARBONYL-COMPLEX 

K. Diemert, T. Hahn, and W. Kuchen 
lnstitut fur Anorganische Chemie und Strukturchemie 
Heinrich-Heine-Universitat Dusseldorf, 4000 Dusseldorf 1 , Universitatsstr. 1 , FRG 

Phosphinoformic acid 1 are unstable like their analogue carbamic acid 2. 

../O 
H 
\ 

\ 
0-H  

/p-c 
H 

//O 
H 

,N-C \ 
\ 

H 0 - H  
1 2 

Efforts to prepare the phenyl substituted compound Ph2PCOOH by protolysis 
of the corresponding alkaliphosphinoformate resulted in decarboxylation with 
formation of Ph2PH [I]. 

We have found, however, that acids 1 can be stabilized by coordination via P to a 
(C0)sCr-moiety [@ following the procedure according to eq. 1 - 3. Thus, the 

reaction of 6 with silicagel at room temperature provides the mild conditions 
necessary to prevent the decarboxylation of the ligand in 7. 

@H2PLi + @ HP(COOLi)2 + @ P(COOLi)3 (eq. 1) 
3 4 5 

@ H2PCOOSiMe3 (es. 2) 
CISiMea 

4 + 5  
6 

silicagel 6 @ H2PCOOH 
7 

Compound 7 is a yellow solid which is stable under nitrogen and decomposes 
slowly in contact with moist air. The spectroscopic data confirm the coordination via 
phosphorus in 6 and 7 t21. 

More examples of complexes of substituted phosphinoformic acids are given. 

[l] K. Diemert, T. Hahn, W. Kuchen, Phosphorus, Sulfur Silicon Relat. Elem. 
1991 , 60,287 - 94 

[2] 6: ap = -38.3 ppm; 1 J p ~  = 339 Hz; ac = 170.9 ppm; 1Jpc = 66 Hz; ,., 
vas,COO = 1695 cm-l; VPH = 2337 cm-1.7: ap = -37.7 ppm; 1 J p ~  = 342 
Hz; ~H(OH) = 9.1 ppm; v"as,COO = 1665 cm-1; V"py = 2385 cm-1. 
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SYNTHESIS AND PHOTOREACTIONS OF E-l-(2,4,6TRIISOPROPYL- 
PHENYL)-2-(2,4,6-TRI-TERT-BUTYLPHENYL)DIPHOSPHENE 

CORINE M.D. KOMEN, SIMON J. GOEDE, FRIEDRICH BICKELHAUPT 
Scheikundig Laboratorium, Vrije Universiteit 
De Boelelaan 1083,1081 HV Amsterdam, The Netherlands. 

Absmct The synthesis and irradiation of the title compound E-1 are discussed. 

The title compound E-11 was synthesized by reaction of Mes*PHLi (Mes* = 2,4,6- 
tri-tert-butylphenyl) with IsPC12 (Is = 2,4,6-triisopropylphenyl) followed by HC1 
elimination with DBU. 

t-Bu H 
Mes*, 

P Z P  .*- t-Bu 

Is 
\ 

E- 1 

2a,b 3 

The main products of the irradiation (h = 300 nm, T = -70 "C) of the title compound 
E-1 are the diastereoisomers 2a,b. Besides 2a,b, some minor products were formed 

e.g. the cleavage product 3 ; this phosphaindane has also been obtained on irradiation of 
the symmemcal diphosphene Mes*P=PMes*2. 

Irradiation of E-1 leads also to the thermally unstable cis-isomer Z-1 which, 
however, rapidly reverts to the E-isomer at room temperature. 

REFERENCES 
1.C.N. Smit, Th.A. van der Knaap, F.Bickelhaupt, Tetrahedron Lett, 24,2031 (1983). 
2.A.-M. Caminade, M. Verrier, C. Ades, N. Paillous, M. Koenig, J.Chem.Soc., Chem. 

Commun., 875 (1984) ; M. Yoshifuji, T. Sato, N. Inamoto, Chem. LetL, 1735 (1988). 
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SYNTHESIS AND REACTIVITY OF 
P-SUPERMESITYL-C-HALOPHOSPHAALKENES 

SIMON J. GOEDE, HENK P. VAN SCHAIK, FRIEDRICH BICKELHAUPT 
Scheikundig Laboratorium, Vrije Universiteit 
De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands 

Abs t rm The synthesis of the title compounds in high yield via a new route are 
presented and their reaction with n-butyllithium and subsequent functionalisations 
is discussed. 

The title compounds were synthesized in high yield via a one pot synthesis using 

carbenoids, generated from haloforms and bases, and Mes*PC12 (Mes* = 2,4,6-tri-rerr- 

butylphen yl). 
2 n-BuLi 

or 2 LDA 

a: X = C1 
HCX3 + Mes*PC12 - Mes*P=CHX or Mes*P=CX2 b:X=Br  

la-c  2a-c c : X = I  

Reaction of (EI2)-lc with n-butyllithium followed by electrophilic substitution of 

the intermediate phosphaalkenyllithium intermediate gave E/Z mixtures of new 

functionalized phosphaalkenes. The conformation of ( M ~ s * P = C H ) ~ H ~  was established by 

an X-ray structure determination. The other EK pairs could be identified by their 31P NMR 

spectrum; especially the 2J(PH) and 2J(PE) coupling constants are diagnostic. 
n = l ;  X = C I  

n = 2 ;  X=Clz  
(E/Z)-lc E = Hg 

E = Me3Si. Me3Ge. Me&, HgCl n-BuLi EX 
Mes*P=CHI - - (Mes*P=CH),,E 

The q I-teruacarbonyliron complex of 2c was prepared. A preliminary investigation 

of its reactivity towards n -butyllithium is  presented. The formed 

phosphaalkenyllitiumtetracarbonyliron complex decomposes at low temperature giving 

Mes*C=P, presumably via a phosphorus analogue of an isocyanide intermediate, which 

could be observed in the 31P NMR spectrum. 
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(2-PHOSPHIN0)PHOSPHOLYLS : A NEW TYPE OF 
LIGANDS FOR TRANSITION METAL CHEMISTRY 

,qS-HETERODIFUNCTIONAL 

BERNARD DESCHAMPS AND BRANCOIS MATHEY" 
Laboratoire "HbtBroatomes et Coordination", URA CNRS 1499 
DCPH, Ecole Polytechnique, 91128 Palaiseau Cedex, France 

Phosphino-substituted cyclopentadienyls (1) have recently found a wides- 
pread use in coordination chemistry.' Their interest stems from the fact 
that they allow two types of transition metals to be held in close pro- 
ximity in order to study their cooperativity in various reactions. On 

the other hand, phospholyls (phosphacyclopentadienyls) (2) have been 
shown to be able to replace cyclopentadienyls in a variety of Q5-com- 
plexes2 ( 3 )  and to have the additional ability to coordinate a second 
metal via their phosphorus lone pair2 ( 4 ) .  The previously unknown phos- 
phino-substituted phospholyls (2) were thus a target of obvious interest 

for coordination chemists. We describe here the svnthesis of the first 

such ligand, i.g. the 3,4-dimethyl-(2-diphenylphosphino)phospholyl 
anion (6) and some of its transition metal complexes. 

c 
M' (4) 

. 

Me Me 
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1,3-DIPHOSPHOLYL, 1,3-ARSAPHOSPHOLYL AND 1,2,3- 
TFUPHOSPHOLYL : SYNTHESES AND CHARACTERIZATION. 

E & K l e  Polytechnique, 91 128 PALAISEAU. France. 
ER, M. SIERRA, N. MAIGROT, L. RICARD and F. MATHEY 

These compounds are prepared starting from 1,2-dihydro-l ,Zdiphosphetes and 
1,2-dihydro-l,2-arsaphosphetes (1). Lithium and sodium metal are used to cleave the P- 
P or AS-P bond leading to the formation of dianions 2. The condensation of these 
dianions with C12CH2 or PCl3 give rise to the five membered ring 3. 

1 2 3a Y - q  
b Y =PCI X = P  or As R=Ph,MeorEt R, and&=PhorMe 

Butyllithium is used to extract a proton from compound 3a to afford the 
carbanion 4, which in the presence of lithium or sodium metal cleaves the P-Ph or As-Ph 
bonds leading to the desired 1,3-diphospholyl or 1,3-arsaphospholyl derivative 5. 

3a 4a 5a 

For compound 3b, lithium or sodium metal affords in a fiist step the anion 4b, 
then the 1,2,3-triphospholyl5b. 

R 

__L 

Na 
Ph/ '\ p/x' Ph 

Li+ Li+ 
61 

X = P  

3b 4b 5b 

Compounds 5a and 5b react with FeC12 or [r16-p-xylene]Fe++2PFg- leading to 
the sandwich complexes which are characterized by X-ray crystal structure analysis. 

254/[806] 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 71, p.  255 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

COORDINATION CHEMISTRY OF A 2,2' BIPHOSPHININE 

Duncan CARMICHAEL, Pascal LE FLOCH and FranGois MATHEY 
Laboratoire "H6t6roatomes et Coordination", URA CNRS 1499, 
DCPH, Ecole Polytechnique, 91 128 Palaiseau Cedex, France 

Abstract 
The coordination chemistry of a 2,2' biphosphinine is discussed. 

The recent preparation of the first example of the strongly pi- accepting class of 
2,2' biphosphinine ligands (1) (Eol -1.85, E02 -2.42V versus SCE)l suggests the 
possibility of building coordination complexes which wiU show interesting metal to 
ligand charge transfer properties when irradiated with low- energy photons. To 
investigate the viability of such an approach, we have prepared a number of coordination 
complexes w( L),(biphosphinine)] and made comparisons of their properties. 

Preliminary studies suggest that complex stability is inversely proportional to metal 
oxidation state for values between 0 and +2. Hence, [Cr(C0)4L] is resistant to 
hydrolysis, [ReCl(CO)3L] shows reasonable stability, and the platinum (n) complex 
[PtClzL] (L = 4, 4' 5, 5' tetramethyl 2,2'biphosphinine) is highly sensitive. We observe 
a selective hydrolysis of the phosphinine ring trans- to the chloride ligand in 
[Pt(Cl)(Me)L], which further suggests that electron density at phosphorus plays a 
significant role in the stability of the complexed biphosphinine ligand. 

RFEERENCES. 
1) P Le Floch, D Carmichael, L Ricard, F Mathey, A Jutand, C Amatore, 
Orrranometallics, in press and references therein 
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Chirals Vectors. Synthesis of Chiral bisphospholyls and Application in 
Enantioselective Catalysis 

J.-J. BRUNET, M. GOMEZ, H. HAJOUJI and D. NEIBECKER 

Laboratoire de Chimie de Coordination du CNRS, Llnite'N08241. lie'e par conventions b I'lJniversite' Paul 
Sabaiier et b I'lnstifut National Polytechnique, 205 route de Narbonne, 31077 Toulouse Cedex (France). 

We recently reported that phospholes are very efficient ligands for the rhodium-catalyzed 
hydrogenation and hydroformylation of various kind of a-olefins l .  Among the phospholes, 1,2,5- 

triphenylphosphole 1 and 1 -phenyl-3,4-dimethylphosphole 2 appeared to present the required 
stereoelectronic properties to achieve high activities and regioselectivities in both the hydrogenation and 
the hydroformylation reactions. 

Di- or polydentate ligands, especially phosphorus-containing ones, are finding increasing 
applications in homogeneous catalysis z. A large number of diphosphines bearing the PPh2 
substituents have been synthesized and successfully applied in enantioselective catalysis 3. 

Chiral diphosphines bearing the dibenzophospholyl moiety have brought about efficient catalytic 
reactions. However, as has been systems in enantioselective hydrogenation 

stated, the dibenzophospholes do not behave like typical phospholes 6 .  

and hydroformylation 

The synthesis of the first chiral diphosphines bearing truly phospholyl moieties, (R,R)-DIPPOP 
3, (R,R)-DIMPOP 4, (Sa-CB-DIPPOP 5 and (Sa-CB-DIMPOP 6 ,  involves the reaction of the 
phospholyl anion generated from 1 or 2 on the appropriate bis(tosy1ate) precursor. 

? 

PR, = -p (R.R)-DIMPOP 
H x ,  P% = -p ($9-CB-DIMFQP 

x 6  

Rhodiuml3 combinations or rhodium complexes of 3 are active catalysts for the enantioselective 
hydrogenation of (Z)-a-acetamidocidc acid and hydrofomylation of styrene. A reversal of enantio 
selectivity with respect to (R.R)-DIOP, which exhibits the same absolute configuration, is observed. 

References 

1. A. Breque, F. Mathey, D. Neibecker, Fr. Demande 8514638 (1985). D. Neibecker, R. Rkau, S. 

2. L. H. Pignolet, Homoeeneous catalysis with metal phosthine comdexes, Plenum Press, New York 

3. H. B. Kagan, Bull. Soc. Chim. Fr., 846 (1988). 
4. T. P. Dang, J. C. Poulin, H. B. Kagan. J. Oreanomet. Chem. ,a  105 (1975). 
5. G. Consiglio, S. C. A. Nefkens, A. Borer, Ormnometallics. 

P. Brechot, G. Parinello, L. S. Hegedus, Oreanometallics, 
6. F. Mathey, Chem. Rev., 88,429-453 (1988) and references therein. 

Lecolier, J. Ow. Chem., 54,5208 (1989). D. Neibecker, R. Rhu, New J. Chem., 15,279 (1991). 

(1983). 

2046 (1991). J. K. Stille, H. Su, 
1183 (1991). 
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NOVEL SILYLATION OF FUNCTIONALLY SUBSTITUTED PHOSPHANES 
WITH HEXACHLORODISILANE 

REINER MARTENS and WOLF-WALTHER DU MONT 
Institut fur Anorganische und Analytische Chemie der TU 
Hagenring 30, D 3300 Braunschweig, F.R. Germany 

Anionic trichlorosilylations of various functionally sub- 
stituted phosphanes with Si C1 provide new compounds with 2 6  
silicon to heteroatom bonds. These reductive silylations 
avoid the use of organometallic reagents and the addition 
of bases, even organic solvents may be unnecessary. The si- 
lylation of dialkylchlorophosphanes and diphosphanes pro- 
vides trichlorosilylphosphanes, alkyldichlorophosphanes 
give bis(trichlorosily1)phosphanes or cyclophosphanes. 

R2PC1 + Si 2 6  C1 -+ R2PSiC13 + SiC14 /I/ 
RP(SiC13) (R= t-Bu) 4 l/n (RP), (R= i-Pr) 

Si2C16 RPC12 

Molecules with P-Sit P-Ge and P-Sn bonds are also cleaved 
by Si2C16 in a kind of "2+2"  exchange reaction. Selective 
cleavage 
leads to chiral t-BuP (SiMe3) (SiC13) and oligomeric silicon 
chlorides SixCl 
base catalysed decomposition of Me3SiSiC13 / 2 / .  Contrary, 
the Si2C16 cleavage of organometal phosphanes R2P-MR'3 
opens a completely new way to silyl-metal compounds under 
very mild conditions. For the recovery of R2PMMe3 from 
R2PSiC13, reasonable 

of one P-SiMe3 group of t-BuP(SiMe3)2 with Si2C16 

the formation of which might be due to 
Y' 

paths have been developed. 
R2PMMe3 + Si2C16 +Me3MSiCl3 + R 2 PSiC13 

M= Get Sn R= i-Pr, t-Bu 

REFERENCES 
1 .  R. Martens, W.-W. du Mont and L. Lange, Z.Naturforsch., 

1609 (1991) 
2 .  R. Martens, W.-W. du Mont, Chem. Ber., 9, 761 (1992) 

[809]/257 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 77,  p. 258 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

NEW REACTIONS OF l.l’,~,3’-TETRAKIS(DIMETHYLAMINO)-1Xb,~X5- 
DIPHOSPHET 

=TEN LANGE. MANFRED SPAHN, FRED ROSCHE, EKKEHARD FLUCK 
GMELIN-Institute for Inorganic Chemistry of the Max-Planck Society, Frankfurt 
Institute for Inorganic Chemistry, Stuttgart 

Abstract: T h e  titel substance C1,21 reacts as  a compound with high carbanionic 
character of the ring-C-atom. Several new reactions are shown leading to interes- 
t ing products. 

Me 

C I C H2 C H=C H C H z C  I \ N M s 2  I CH2CH=CHCH 

Me zN-P.TC/ c I 
I a‘: I 

H-C-P-NMez 
2 I I  

H N M c z  

2 c  I 

REFERENCES:  
1. J. Svara, E. Fluck, H. Riffel; Naturforsch., p. 1258 (1985) 

2 .  
3. 

E. Fluck, B. Neumuller, H. Riffel; Z. anorp. alln. Chem. ,  567, p. 81 (1989) 
E. Fluck, G. Heckmann, M. Spahn: Phosphorus Sul fur  and Silicon, 62 ,  p.  193 (1991) 
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MNDO, AM1, PM3 AND NMR STUDY OF THE FORMATION AND STRUCTURE 

OF PHOSPHONIO SUBSTITUTED ISOXAZOLINES AND ISOXAZOLIDINES 

MACIEJ K. TASZ, ROMUALD SKOWRONSKI 

Department of Organic Chemistry, University of Lodz 

Narutowicza 6 8 ,  PL-90-136 Lodz, Poland 

FRANFOISE PLENAT, HENRI-JEAN CRISTAU 

URA CNRS No 458, Ecole Nationale Supdrieure de Chimie, 

8, rue de 1'Ecole Normale, 34053 Montpellier, France 

1,3-dipolar cycloaddition of nitrones and a,P-unsaturated phosphonium 

salts leads to a mixture of 4- and 5-phosphonio substituted isoxazo- 

lidines 4 and only 4-phosphonio substituted isoxazolines 5 in the case 
of ethylenic and acetylenic salts, respectively. 1 

1 4 - 2  
R HC=N-R 

1 - 

2 R 

+ 3 Ph P-CH=CH-R PF- 3 6 

2 R 

+ Ph P-CeC-Ph Br- 3 

3 - 

RL 

R1 = HI Ph; R2 = Me, tBu; R3 = HI COPh 

Some MNDO, AM1 and PM3 calculations' were accomplished to find the 

HOMO and LUMO electron density distribution for selected nitrones 1 
and unsaturated phosphonium salts 2,:. Simple application of Klopman's 

equation did not lead to explication of the lack of regioselectivity 

observed for ethylenic phosphonium salts. 

REFERENCES 

1. M.K. Tasz, F. Pldnat, H-J. Cristau and R. Skowrofiski, 

Phosphorus, Sulfur and Silicon, 57, 143 (1991). 
2 .  MOPAC Version 5.0, QCPE 455 
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APPLICATION OF AB INITIO 31P NMR CHEMICAL SHIFTS CALCULATIONS 

A. DRANSFELD, A.A. KORKIN, U. SALZNER, P.V.R. SCHLEYER 
Institut fur Organische Chemie, Universitat Erlangen-Nbg. 
Henkestr. 42, D-8520 Erlanqen, Germany 

Compounds of current research interest were chosen to inves- 
tigate the influence of structure on 31P NMR chemical shifts. 
These were calculated with the LORG' program. 

PHOSPHAETHENES (1) 

31P chemical shifts of la(H-P=CH,) and lb (Cl-P=CH,) with short 
half-lives in solution have been recently reported. 
Experimental and calculated LORG values are iven below. 
la 6(exp.)2 = + 230.1 ppm lb 6(exp.)q = + 300. ppm 

6(LORG)' = + 220. ppn 6(LORG). = + 304. ppm 
PHOSPHA-ALLYL LITHIUM (2 ) 

H 
I 2a H 2b 

Ere \=  I Ere,= H 

h c a i c  (31p)= 

0.20 

g c a l c  I (31P) = Li H 
a -  kcal/mol = ,,,,\$"* 

0 .  o e  
kca l/mo 1 

- 112 ppm H - 100 ppm 

H -I- H 2a 

Structure 2 (C,H,LiP) has two stable conformations 2a ( Itcisll) 
and 2b ("trans"). The lar e dependence of the measured 31P NMR 

ppm), may be due to aggregation as in similar systems studied 
before5. 

shift on the solvent ( hexP( 39 P/pentane) =-82 ppm; 6exD(31P/THF) =-125 

DIPHOSPHINOMETHANE ( 3 ,  H,P-CH,-PH2) 

The detailed structure of 3 has not been 

calculations (MP2(fu)//6-31G*) indicate 
4 conformers to be minima of approximately H' 'H 
equal energy, the chemical shifts calculated 
with LORG give the best agreement with 
experiment for the depicted rotamer with C2" symmetry. 

H, YH 

experimentally clarified. While ab initio (c'9p 
H' 'H 

References 

T.D.Bouman, Aa.E.Hansen, B.Voigt, S.Rettup, 1nt.J.Quantum 
Chem., 23, 595 (1983). 
B-Pellerin, P.Guenot, J-M.Denis, Tetrahedron Lett., 2 8 ,  
5811 (1987) 
Yu.P.Egorov, M.I.Povolatskii, Ukrainski Khimitcheskii 
Zurnal, 55, 1196 (1989). 
A.-C.Gaumont, Dissertation, Univiversite de Rennes I, 1991. 
M.Buh1, N.J.R.v.E Hommes, P.v.R.Schleyer, U.Fleischer, 
W.Kuzelnigg, J.Am.Chem.Soc. 113, 2459 (1991). 
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SOLID STATE 31P AND 13C C P M  STUDY OF IONIC AND N E U W  RH(I) 

-BISPHOSPHINE-DIEM COMPLEXES 

G.SZALONTA1 and J.BAKOS University of Veszpdm, Veszprim Pf.l58., Hungary 

SAIME and R.GOBETT0 University of Torino, Via P.Giuria7.,Torino 10125,Italy 

INTRODUCTION: In the last decade a number of paper dealing with the solid state NMR 
investigations of organometallic compounds has shown the potential of this technique to 
get more insight into the structural and dynamic properties of such species. Due to the 
"narrower" sigmficance of the term "equivalence" than in solution, high resolution solid 
state techniques may be particularly attractive in the investigation of the steric and 
electronic factors of the solid state structures of organometallic compounds. 

1 RESULTS AND DISCUSSIONS : in solution the cationic complexes possess a C2 axis , 
however, this axis may or may not exist in the neutral complex depending on the solvent 
and temperature used. In solid state no eIement of symmetry has been observed, even the 
free ligand ((2S,4S) - 2,4-bis(diphenylphosphino) pentane, BDPP) exhibits two lines in the 
31P CP/MAS spectrum. Spectra of the ionic complexes ((Rh-BDPP-NBD)' BF4- and 
(Rh-BDPP-NBD)+ c104-) with identical cations but different anions consist of two 
doubletsthe nature of the latters has large impact on the chemical shifts and coupling 
constants. There are four doublets in the P CP/MAS spectrum of the neutral complex 
(Rh-BDPP-NBD-CI) what indicates the existence of two different molecules in the unit 
cell which is line with the crystal structure data2. The substantial difference of the 
chemical shifts and its principal tensor components is in support of a trigonal bipyramidal 
structure. CONCLUSIONS: It has been shown that the coordination to the Rh atom 
causes large increase of the chemical shift anisotropy of the phosphorus resonance , 
however, the determination of the tensorial components revealed that mainly the a1 1 

components is affected by the coordination. 

31 

REFERENCES: (1) G.Szalontai, P.SAndor and J.Bakos, Magn.Res.Chem. 
29,449( 1991) (2) JBakos, I.T6th, B.Hei1, G.Szalontai, LP i i rby i  and V.FiilOp 
J.0rganomet.Chem. 370,263( 1989) 
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NMR SIMULATION AND ITERATION TOOLS FOR PCs 

NMR SIMULATION AND ITERATION TOOLS FOR PERSONAL COMPUTERS 
Applications in Organo Phosphorus Chemistry 

R. SPISKE, G. HAGELE, H.W. HOFFKEN, T. LENZEN, R. SPISKE. 
U. WEBER, S. GOUDETSIDIS 
lnstitue of Inorganic Chemistry and Structural Chemistry, 
Heinrich-Heine University Dusseldorf, W-4000 Dusseldorf 1 , Germany 

INTRODUCTION 

Structural analysis of organo phosphorus compounds in the liquid and solution state 
is widely based on NMR spectroscopic methods using nuclei 31P, I H  and l3C, in 
suitable cases further spin active elements like I 9 F  and others. Since modern PCs 
are fast enough for simulations or iterations of NMR spectra novel programs with 
convenient SAA user interfaces and graphical output facilities were developed. We 
wish to supply laboratories in research and practical applications with the following 
novel tools: 

DSYM-PC 
can be used for simulations of systems up to 8 spins with I = 112. The program 
supports chemical equivalence and both isotropic and anisotropic media. 

DCY M-PC 
additionally supports magnetic equivalence and nuclei with I > /= 1 /2. 

NMR-FILM 
is a fast simulator for interactive use producing sequences of spectra varying up to 
six parameters in film fashion. Usefull and illustrative tool, in particular when 
iterations are difficult. 

NMDR 
is a simulator for 1D-double resonance spectra, helps to plan experimental work 
prior to spectrometer sessions and to understand results hereafter. 

LAO 
is a convenient iterator user interface to support work with the well known 
LAOCOON 5 by simplified data input and line assignment. 

DAISY PROGRAM PACKAGE 
Programs mentioned above represent parts of our strategy to  implement towards 
the DAISY Program package on PCs. DAISY, previously designed for main frame 
computers allows for an almost automatical iteration even in difficult spectral 
situation. Practical problems will be solved. 

The programs are available from the authors. Extensive references will be given in 
the poster. 

2624 8141 
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SEMIQUANTITATIVE ANALYSIS OF OLIGOPHOSPHATE MIXTURES BY 
31P-3'P HOMONUCLEAR-2DJ NUCLEAR MAGNETIC RESONANCE 
SPECTROSCOPY 

JANICE K. GARD' and DAVID R. GARDa 
Physical Sciences Center, Monsanto Corporate Research' 
and Performance Products Division, The Chemical Group 
of MonSantoa, 800 North Lindbergh Blvd., 
St. Louis, MO 63167, USA 

Bbstract; 

One-dimensional 31P NMR spectra of mixtures containing 
phosphate species with more than three phosphorus atoms 
per molecule are often compli-ated by overlapping 
resonances. In these cases, quantification can be 
extremely difficult. Homonuclear 2DJ-resolved 
spectroscopy has found widespread use because of its 
capacity to separate the effects of chemical shift and 
spin-spin coupling, although it is usually applied for 
structural identification of single compounds. In this 
work, the feasibility of applying and optimizing the 2DJ 
experiment for the quantitative analysis of 
oligophosphate mixtures is examined. The 31P-31P 
homonuclear-2DJ NMR spectrum of oligophosphate mixtures 
(i.e. sodium phosphate glass) when projected onto the 
chemical shift axis yields effective&! homonuclear 
broadband B e c o w  spectra with simultaneous 
observation of all phosphorus-containing species. 
Semiquantitative determination of individual phosphate 
species is achieved through optimizing 1) dispersion at 
high magnetic fields, 2) the interpulse delay, 3 )  
application of weighting functions to improve lineshape, 
and 4 )  curve fitting. Determination of individual 
species up to decapolyphosphate (n-10) is demonstrated. 
The average chain length determined by 2DJ NMR compares 
well with the value determined from elemental analysis. 
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TRANSFORMATION OF WHITE PHOSPHORUS BY CARBONYL 
COMPLEXES 

MANFRED SCHEER 
Institute of Inorganic Chemistry, University Halle, 
Weinbergweg 16, 0-4050 Halle/S., Germany 

The reactions of  white phosphorus with cyclopentadienyl- 

carbonyl-complexes of various transition metals have been 

extensively studied , in contrast to the reaction of 
P with carbonyl complexes. 
The reaction of  Pq-Phosphorus with [M(C0)5thf] (M = Cr 

or W) affords [(CO)4M( 4-P4 { M(C0)5 j 4]. The structure 

determination o f  the tungsten derivative I reveals a 
square-planar cyclo-P4-ligand serving as a 12-electron 

donor (Fig.). This structure also exists in solution in 
CH2C12, whereas when a donor solvent such as thf or acetone 
is added, reversible changes to this structure are observed 
by nmr spectroscopy. The reactivity of these derivatives 

with tetrakis-(triorganylphosphan0)-platinum(0) and phos- 

phorus pentahalides is discussed. 
The reaction o f  Pq with Fe 2 (CO)g gives a highly symmetrical 

complex [{Fe(C0)4(u-P2)}2 {p -Fe2(C0)6}2] I1 which contains 
a rectangular P -unit (Fig.) as a 16-electron donor. 

4 

4 

8 

I 
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NOVEL COMPLEXES OF RHODIUM AND RUTHENIUM 
CONTAINING THE P,C,But, AND P,C,But, RING SYSTEMS 

By ROBSON MATOS, PETER HITCHCOCK and JOHN P. NIXON 

University of Sussex, Brighton, BN1 9QJ, Sussex, UK). 
(School of Chemistry and Molecular Sciences, 

A variety of novel transition metal complexes typified by the 
selection shown below will be described and structural and 
spectroscopic (particularly nmr) data will be presented. 
Fluxional behaviour of (I) and (11) will be described. A 
remarkable transformation of the P,C,But, and P,C,But, ring 
systems in the presence of a Rh(1) complex will be described. 
Comparative data of [M(nS-P,C,But,),], M - Fe and Ru; and the 
synthesis of the 'new' cage compound P,C,Butb will also be 
presented and its structure discussed. 

I I We thank CNPq for financial support (for RM) 
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PHOSPHORIC ACID HYDRAZINE DERIVATIVES AS CHELATING 
LI GAND S 

UDO ENGELHARDT,  C H R I S T I N E  RENZ-KREIKEBOHM AND 
B R I G I T T E  STROMBURG 
Institut f u r  Anorganische und Analytische Chemie der 
Freien Universitat Berlin, Faheckstr. 34-36 
D-W -1000 Berlin 3 3 ,  Germany 

The title compounds I -1V form stable complexes with C d -  
and N i  (11) -salts in alcoholic solutions. Depending on the 
substituents at N dimei-ic or polymeric complexes are found 
with C 1  :in bridging positions. The ligands are bonded via N 
alone or via N and S (five- and sixmembered chelate rings). 

l a : R = H  I I  
ib : R = Me 

111 IVa : R = H 
1Vb : R = Me 

X-ray structure determinations reveal octahedral or tetra- 
gonal pyramidal coordination at Cd. , :  

I 
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FUNCTIONALIZED PHOPHORUS HYDRAZIDES AS NOVEL CHELATING 
LIGANDS TO TRANSITION h4ETALS. 

K.V. KAl'TI,*1 P.R. SINGH? H. JIMENEZ? C.L. BARNES,2 
A.R. KETRING? AND W.A. VOLKERT.4 

Center for Radiological Research, Departments of Radiology1 and Chemistry,2 
Research Reactor,3 University of Missouri and Research Service, H.S. Truman 
Memorial VA Hospital? Columbia, MO 6521 1. USA 

Abstract There is current interest in the development of new bifunctional chelates 
(BFCs) of late transition metal radioisotopes (eg., 67Cu, 105Rh, 109Pd) for 
radioimmunotherapeutic purposes. The ligating properties of n-acid phosphines 
have been extensively used to stabilize different oxidation states of electron rich 
late transition metals. However, the chemical inflexibility and the difficulty to 
derivatize the traditional phosphine based ligands has necessitated the search for 
new multifunctional ligand systems to produce immunoconjugates of lOgPd, 
105Rh and 67Cu for radioimmunotherapy (RIT). The physical properties of Pd- 
109 (t1/2 = 13.5 h, EP = 1030 keV) makes it a potential candidate for RIT. We are 
currently interested in the development of new bifunctional chelating agents 
(BFCA's) for labeling proteins with Pd-109. In this connection, we have 
investigated the fundamental coordination chemistry of the functionalized 
phosphorus hydrazides (RP(S)[NMeNH2]2) and their carboxylate demvatives 
with Pd(I1) precursors. The extension of this chemistry to produce new 
bifunctional chelates of Pd-109 which contain a carboxylate group as a reactive 
moiety is described. The reactivity of these BFC's towards aliphatic amines has 
been evaluated as a model for the preparation of new bioconjugates. The utility of 
a carboxylate functionalized BFC to label human IgG with Pd-109 is also 
demonstrated. 
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[2+2] PHOTOCY CLOADDITIONS OF [CpRu@MPP),L] PF, 

HONG-LI JI and JOHN H. NELSON 
Department of Chemistry, University of Nevada, Reno, Nevada 89557 

R A N  FISCHER 
Laboratoire de Cristallochimie et de Chimie Saucturale (URA 424 du CNRS) 
Universitd Louis Pasteur, 67070 Strasbourg Cedex, France 

Abstract A series of [CpRu(DIVWPhL] PF6 complexes, DMPP = l-phenyl-3,4- 
dimethylphosphole, L = CH3CN, Ph,P, PhS0,CH=CH2, (CH3),NC(0)CH = 
CH,, PhN I C, CO, pyridine and P(OCH,), were found to undergo sunlight 
initiated [2+2] photocyloadditions only when L is a good x- acceptor ligand. 
These [2+2] cycloadditions are accompanied by [4+2] cycloadditions. The 
ratio of the [2+2] to the [4+2] cycloaddition product is a function of the steric 
bulk of L. The reactive photo excited state is probably a ML charge transfer 
state. The complexes have been characterized by elemental analyses, infrared, 
electronic and 'H, 'H(31P), I3C{'H) and 31P('H) NMR spectroscopy and in one 
case by single crystal X-ray crystallography. 

Figure 1 Ortep plot of the cation of the [2+2] photoproduct of 
[CPRU@MPP)~(CO)J PF6 
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UNEXPECTED BREAKDOWN OF A P-C BOND WHEN 
ATTEMPTING TO SYNTHESIZE THE CADMIUM SALT OF 

BUTANE-HYDROXY-1 AMINO-4 DIPHOSPHONIC-11' ACID. 

D. EL MANOUNI, Y. LEROUX, T. PRANGE, A. NEUMAN and H. GILLIER 

Luboratoire de Chimie Structurale Biomolt!culaire, (UR A. I430 CNRS), 
74, rue Marcel Cachin 93012 BOBIGNY CEDEX, FRANCE 

Structure of the Cupric salt of butane-hydroxy-1 amino-4 
diphosphonic-1, 1' acid is shown in poster no X. Attempting to 
synthesize the Cd salt of the same acid through the Cd carbonate 
gives an example of an unexpected break down of the P-C bond of 
the diphosphonic acid. 

The cristalline product obtained is the Betaine of Bis 
(dihydroxy phosphinoy1)-2.2' N(2',3',4'-H pyrroly1)pyrrolidine. 

NMR Data and mechanism of this surprising reaction is 
discussed. Biological aspects of the toxicity of Cd salts are also 
presented. 
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FUNCTIONNALIZATION INFLUENCE ON THE COORDINATION SCHEME 
OF SUBSTITUTED H.E.D.P Cu (11) SALTS. 

Yves LEROUX, Alain NEUMAN, H6lbne GILLIER, Driss EL MANOUNI 
and Thierry PRANCE 

Laboratoire de Chimie Structurale Biomollculaire. (U.R.A. 1430 CNRS), 
74,  rue Marcel Cachin. 93012 BOBIGNY CEDEX, France 

In t h e  c o u r s e  of a g e n e r a l  s t u d y  o n  c o m p l e x e d  
hydroxydiphosphonic acids, three Cu(I1) complexes of differently 
subtituted HEDP's were prepared and investigated by X-ray 
diffraction methods. 

R : CH, HEDP I 
(CH2),,- NH, n = 3  II 

n = 5  III 
HO-P-C-P-OH i r r l  

I l l  
OH R OH 

The HEDP methyl substitution in (I) by an aminopropyl (11) or an 
aminopentyl  (111) chain, led to a drastic modification of the 
complex structures : 

The organisation of polyhedral complexation network around the 
Cu(I1) has been found completely different in the three cases : a 
polymeric chain association (I), a tetrameric (11) and dimeric (111) 
ar rangements .  
On the basis of the molecular X-ray structures, a model including 

i) the aliphatic chain elongation and 
ii) the influence of the terminal ammonium group, which 
prevent for further Cu(I1) coordinations, is proposed. 

I1 
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PALLADIUM AND PLATINUM PROMOTED DIASTEREOSELECTIVE 
INTRAMOLECULAR [4+2] CYCLOADDITIONS 

WELIAM L. WILSON and JOHN H. NELSON 
Department of Chemistry, University of Nevada, Reno, Nevada 89557 

NATHANIEL W. ALCOCK 
Department of Chemistry, University of Warwick, Coventry CV47AL, England 

Abstract Dichlorobis-(l-phenyl-3,4-dimethylphosphole) palladium (10, 1, and 
dichlorobis-( 1 -phenyl-3,4-dimethylphosphole) platinum (11). 2, react with two 
equivalents of AgBF, in CH,NO, to form the [(DWP),Pd(BF,)J, 3, and 
[(DMPP),Pt(BF,)J, 4, complexes containing very weakly bound BFi ligands. 
These BF; ligands are quantitatively displaced by 2-vinylpyridine, N,N- 
dimethylacrylamide, vinyldiphenylphosphine and divinylphenylphosphine to 
produce equilibrium mixtures of &- and m- [(DMPP),ML&(BF,),. Each of 
these complexes undergo intramolecular [4+2] Diels-Alder cycloadditions, 
producing racemic mixtures of cis [(L - L’),M] (BFJ,. The absolute 
stereochemistry of the first metal-promoted intramolecular [4+2] cycloaddition 
dictates, by virtue of interligand steric interactions, the absolute stereochemistry 
of the second [4+2] cycloaddition on the same metal center. 

[823]/271 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Val. 11, p. 212 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

NOVEL SYNTHESIS OF AN n'-PHOSPHINIDENE OXIDE, ( R M ,  
R = B U ~ C H ~ - )  COMPLEX OF RHENIUM( I FROM A PHOSPHA-ALKYNE 

PRECURSOR. CRYSTAL AND MOLECULAR STRUCTURE OF 
[ ReCl ( Ph ,PCH, CH2PPh ) , (n -P ( 0) CH, BU ) 3 

BY PETER B. HITCHCOCK. JULIAN A. JOHNSON, M. AMELIA N.D.A. 

ARMANDO J.L. POMBEIRO~ 
LEMOS, MOIOHAMED F. MEIDINE, JOHN F. NIXONa and 

a School of Chemistry and Molecular Sciences, University of 
Sussex, Brighton BNl QQJ, E. Sussex, UK. 

Centro de Quiaica Estrutural, Complexo 1, Instituto Superior 
Tecnico, 1096 Lisbon Codex, Portugal 

Tenalsnt phosphorus compounds having the two-coordinate 
structure RP-4 arc rare and highly reactive species. which 
readily underso cyclic head-to-tail trimerisation. I Compounds 
of the type S-P=O (X = F, CI. Br) have been generated by the 
action of silver on appropriate phosphorus oxide trihalides at 
high temperatures and low pressures. and the gaseous 
products characterised by mass. photoelectron or IR 
spectroscopy. Alkyl- and avl-phosphinidene oxides. R E 0  
(R = Ph. Bul). can he generated by several methods and 
trapped wi th  a variety of reagents;' however. examples of 
metal cornpleses containing RP-4 ligands are extremely rare. 

Generation and stabilisation of RP=O ( R  = Pr12N) within 
the coordination sphere of a transition metal was first reported 
t y  Niecke ei al.2 by the treatment of Pri2NP=NBu' with 
[Cr(CO),] followed by treatment with SOz, and the P-bonded 
(KP) ligating mode was confirmed by a single-crystal X-ray 
diffraction study. Marinetti and hiathey3 proposed the inter- 
mediacy of a KP-tungsten pentacarbonyl complex [W(CO)$- 
P(O)Ph] in the thermal fragmentation of the phosphinidene 
complex (N'(CO)cPPh] in the presence of phenyloxirane. but 
its low stability prevented full characterisation. 

We now report a stable P-bonded phosphinidene oxide 
complex of rhenium(i), which results from a completely 
different route to any previously described. It was  formed 
upon h'? replacement by P Z C B U ' ~ ~  from trans- 
[ ReCNS: Ndppc 12]  (dppe = Ph2PCH2CH,PPh,) in tetra- 
hydrofuran t t h i ) .  presumably followed by addition of H.0 
across the activated PzC triple bond of the phosphaalkyne-KP 
coordinated to the hulk? rhenium centre (Scheme 1). - 
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REACTION OF DI-IRON AMINOCARBENE COMPLEX WITH 
1,3-DIPHOSPHAALLENE 

MARYSE GOUYGOU, JEAN-CLAUDE DARAN, BERND HEIM, RENE 
THOUVENOT AND YVES JEANNIN. 
Laboratoire de Chimie des Mitaux de Transition, URA 419, Universite' Pierre 
et Marie Curie, 75252 Paris Cedex 05, FRANCE. 

The reaction of &nuclear aminocarbene complex[Fe~(CO)~(p,fl-C(R)C(NEt2) )Il,with 

various heterocumulenes (S=C=S , R-N=C=X ; X=O,  S, Se, N-R') normally 
involves the terminal carbene function but occasionally attack occurs at the bridging 
carbene function. 
The reaction of complex 1 may be extented to the analogous phosphorus cumulene. The 
1,3-diphosphaallene 2 reacts with 1 to yield complex 3 as the major product. 

-Fe(CO),  - W  

1 2 

- A r  

3 

I. 
A r  

Complex 3 has been isolated and its X-ray crystal structure determined The formation 
of 3 results from cycloaddition between the Fe=C and the P=C bonds with a 
subsequent C-C coupling. This compound can be viewed as a basket-like structure with 
the two Fe-C-Fe and Fe-P-Fe triangles forming the basket and the fragment 

C(NEt2)C(PAr) providing the handle. 
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SOME NOVEL CAGES CONTAINING PHOSPHORUS DERIVED PROM 
PHOSPHA-ALKYNES INCLUDING AN UNUSUAL PHOSPHINO-PHOSPHINIDENE 

COMPLEX. 

By RAINER BARTSCH, PETER HITCHCOCK and JOHN P. NIXON 
(School of Chemistry and Molecular Sciences, 

University of Sussex, Brighton, BN1 SQJ, Sussex, UK). 

The novel cyclic and cage compounds shown below react with 
sulphur to give interesting products shown below and evidence 
for their structures will be discussed. 
reaction, involving loss of Pe from the sandwich complex 
[Fe(n5-PzC,But,)(~5-P,C,Butz)], generates the first example of 
a phosphino phosphinidene complex, which has been structurally 

A surprising 

characterised by a single crystal X-ray diffraction s t  .dy . 

I 
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SYNTHESIS OF THE FIRST 4-ARSA-3,2-DIPHOSPHACYCLOPENTADIENYL 
ANION (AsP2C2But2)- AND ITS COORDINATION TO TRANSITION METALS. 

By RAINER BARTSCH, JULIAN A. JOHNSON and JOHN P. NIXON 
(School of Chemistry and Molecular Sciences. University of 

Sussex, Brighton BNl QQJ, E. Sussex, UK) 

The new AsP,C,But,- anion (I) , which has been synthesised from 
ButCP and LiAs(SiMe,),. reacts with (i) CoC1, in 
diaethoxyethane to give the red complex [Co(n5-AsP,C,But,)- 
(n4-AsP,C,But,H)] (11). (ii) [Mn(CO),Br] to give the orange 
oil [Mn(CO),(n5-AsP,C,Butz)] (111). and (iii) [RuCl,(PPh,) ,] 
to give the sandwich complex [Ru(nS-AsP,C,But,),] (IV), all of 
which have been structurally characterised by ,'P nmr and mass 
spectroscopy. 

I H 

As 'WBu' P 

I co 

B Ut 

R W  
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PENTA- AND HEXAPHOSPHORUS PERROCENES AS LIGANDS: CRYSTAL AND 
MOLECULAR STRUCTURES OF [Fe~~S-P,C,But,),W(CO)s], 
[Fe(n5-P,C,But2) (nS-PzC,But,)W(CO),] AND THE NOVEL 

TRIRUTHENIUM CARBONYL CLUSTER COMPLEX 
[ Pe( n '-P ,C,But , ) zRu, (CO) , 0 ]  CONTAINING TWO INTERLINKED 

nS-P3C,But, RING SYSTEMS. 

By RAINER BARTSCH, ACHIM GELESSUS, PETER B. HITCHCOCK and 
JOHN F. NIXON 

University of Sussex, Brighton, BNl SQJ, Sussex, UK). 
(School of Chemistry and Molecular Sciences, 

The lone-pair electrons of one of the two directly bonded 
phosphorus atoms of the P,C,Butz ring in the penta- or 
hexaphosphaf errocene complexes [ Pe f n 5  -P ,C ,But , ) (n '-P,C ,But , ) ] 
and [Pe(nS-P,C,But,),f can ligate to other metal centres to 
afford novel bi- and tetrametallic complexes. whose structures 
have been elucidated by nmr and single crystal X-ray 
crystallographic studies. 

I I Fe 

Fc 

LA- pz 
-~ 
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INSERTION REACTIONS OF THE [RhCl(PPh,),] FRAGMENT INTO A 
PHOSPHIRENE RING, AND CARBONYLATION OF THE RESULTING Rh(II1) 

COMPLEX. CRYSTAL AND MOLECULAR STRUCTURES OF 
[RhCl(PPhCPh-CPh)(PPh,),l,[RhCl(PPhCPh~CPhCO)(PPh3),] AND THE 

DIMERIC COMPLEX [(RhCl(PPhCPh-CPhCO)(PPh,)),]. 

By FLORENCE A. AJULU”, DUNCAN CARMICHAELa, PETER B. HITCHCOCKa 
FRANFOIS MAT HEY^, MOHAMED F. MEIDINE~, JOHN F. NIX ON^, 

LOUIS RICARD~. AND M. LOUISE RILEY~. 

a (School of Chemistry and Molecular Sciences, 
University of Sussex, Brighton, BN1 QQJ, Sussex, UK). 

Transition, DCPH Ecole Polytechnique, 91128 Palaiseau Cedex, 
France ) 

(Laboratoire de Chimie du Phosphore et des Metaux de 

The first example of insertion of the d8 Rh(1) fragment 
[RhCl(PPh,),] into a phosphirene ring system results in a 
5-coordinate Rh(I1I) complex, which undergoes insertion of 
carbon monoxide to give either monomeric 
[RhCl(PPhCPh-CPhCO)(PPh,),] or dirneric 
[(RhC1(PPhCPh-CPhCO)(PPh3)},], whose structures have been 
elucidated by nmr spectroscopy and single crystal X-ray 
diffraction studies. 

Ph 
\ .  

Ph k P CI PPh3 

The novel 8-membered ring complexes resulting from unusual 
insertion reactions of the opened phosphirene ring into the 
Pt-Cl bond of [PtCl,(NCR)] complexes will also be presented 
and discussed. (Studies carried out in collaboration with 
Professor A.J.L. Pombeiro, Lisbon and Professor R. Michelin, 
Padova. ) 
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THE NATURE OF PHOSPHINE LIGANDS AS PROBED BY 
MOLYBDENUM-95 NMR SPECTROSCOPY 

ELMER C. ALYEA AND SHUQUAN SONG 
Guelph-Waterloo Centre for Graduate Work in Chemistry, Guelph Campus, 
Department of Chemistry and Biochemistry, University of Guelph, Guelph, 
Ontario, Canada, N1G 2W1. 

Abstract The 95M0 chemical shifts for an extensive series of 
fac-Mo(CO),(PY,), (Y = R, Ar, OR, N R ,  halide) complexes, which occur 
over a 950 ppm range downfield from S(95M0) for MO(CO)~  (-1857 
ppm), prove a sensitive probe of the nature of the phosphorus(II1) ligand. 
Correlations of 6 (95M0) with various ligand parameters will be described. 
Correlation of S(95M0) with Kabachnik's parameter (X uph) provides a 
differentiation of the u-donor and n-acceptor ability of the PY, ligands. The 
surprisingly low downfield position of 6(95M0) for the PCl, complex (-910 ppm 
vs -1860 for the PF, analogue) refutes the common literature description, 
deduced from infrared carbonyl data, of PC1, as a good nc-acceptor. Our 13C, 
31P and 95M0 NMR evidence that PCI, is both a weak a-donor and n-acceptor 
is consistent for the series of Mo(CO)~-,L, (L = PC13-nPh,, n = 0-3) 
complexes as well as some related PBr, and AsC1, complexes and is readily 
explicable in terms of shielding theory for the quadrupolar 95M0 nucleus. 
Similarly, the 95Mo NMR data for their molybdenum carbonyl complexes 
allows an assessment of the coordinating ability of some unusual 
phosphorus(II1) ligands undergoing complexation studies in our laboratory, 
i.e. bis(diphenylphosphinomethyl)dimethylsilane, 5-phenyldibenzophosphole 
(PhDBP) and 1,3,5-triaza-7-phosphaadamantane (F'TA). 
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METAL COMPLEX CATALYSTS WITH PHOSPHONIC ESTER 
PHOSPHANE LIGANDS FOR CARBONYLATION OF METHANOL 

Axel Weige. Jurgen Freiberga and Herbert Dilchep. Germany; 

a Gesellschaft zur Fijrderung der UmweMerapie e.V.. Berlin: 

b Zenwum fiir iietemgene ~atalyse. hri in. 

The treatment of technically available 2-(chloroethyl)phosphonic acid dimethylester (1) with 

diphenylphosphane and potassium-tert-butylate affords 2-(diphenylphosphanoethyi)phosphonic 

acid dimethylester (2a) in a simple manner. 

HP~2n<OC(CH3)3 
(Me0)2P(O)CHfl$I > (Me0)2P(O)Wfl2PPh2 

(1 1 (a) 
2a can be used as a hemilabile complex ligand by phosphane and phwphotyl group and it contains 

an ester function for anchoring of complexes on a catalyst support. Acydic rhodium complexes 34 
3b and cyclic complex 4awere obtained from 2a. 

3a and 8b h i b i t  excelent cab!ytic properties in the liquid-phase cartmylation of methand to 

acetic acid (MeOH-conversion 1009g, AOOH-seledivity >9oarc. TOF ls00 gAcOWgRhlh. at 1WC. 
4.5 MPa. MeOH:Mel=8:1. Rhconcentration 200 ppm) 111. 

1. J. Freiberg. A Weigt. H. Dilcher. Chemiker Zeitung 1992 in print 
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PHOSPHOROUS-31 NMR STUDIES OF THE! HYDROLYSIS OF 
'NORMAL' ZINC(I1) 0,O-DIALKYLDITHIOPHOSPHATE LUBRICATING 
OIL ADDITIVES AND RELATED COMPOUDS 

ALAN J.  BURN^, IAN GOSNEY~, PAUL S.G.  TAN^, AND JOHN WASTLE~ 
aBritish Petroleum International, Sunbury Research Centre, Chertsey Road, 

bDepartment of Chemistry, University of Edinburgh, West Mains Road, 
Sunbury on Thames, Middlesex TW16 7LN, England. 

Edinburgh EH9 355, Scotland. 

We have shown by 31P NMR techniques that Zinc(I1) bis(0,O-dialkyldithiophosphates), 
Zn[S2P(OR)2]2,1 (ZDTPs) undergo a complex hydrolytic process involving attack at 
zinc by water to form the intermediary 0,O-dialkyldithiophosphoric acid, PS2(0R)2, 

followed by further hydrolysis to thiophosphoric acid, PS(OH)3. This species is then 
either hydrolysed further to give phosphoric acid, PO(OH)3, the major product, or 

undergoes a series of transesterification reactions with the 0,O-dialkylthiophosphoric 
acid to give the minor products O-alkylthiophosphoric acid, PS(OH)2(0R), 0,O- 
dialkylthiophosphoric acid, PS(OH)(OR)2, and O-alkylphosphoric acid, PO(OH)2(0R). 

A number of ZDTPs bearing the following alkyl groups have been studied: R= ethyl, 
2-propyl, 2-butyl, n-hexyl, 4-methyl-2-pentyl and 2-ethylhexyl. Kinetic studies show the 
reaction to be acid catalysed and that the size and nature of the alkyl group have little or 
no bearing upon the rate of hydrolysis. This constancy, besides providing further 
evidence for attack by water at the zinc centre rather than at phosphorous, also shows that 
for a given ZDTP, its structure represents no steric or hydrophobic hindrance to attack by 
water, presumably due to the remoteness of the alkyl groups from the tetrahedral zinc 
atom. We attribute this inability to provide a protective shield by the longer alkyl groups 
to hydrophobic interactions (otherwise called hydrophobic bonding). We have also 
observed that in the presence of its 'basic' form, Zn4[ S2P(OR)2]20, hydrolysis of 

'normal' ZDTP is inhibited. This effect is asribed to the interaction between the 0,O- 
dialkyldithiophosphoric acid formed during hydrolysis of 'normal' ZDTP and zinc oxide, 
a product of the decomposition of the 'basic' ZDTP. 
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POLYMERIZATION OF PPROPIOLACTONE CATALYZED BY NICKEL 

OF THE INITIATION STEP. 
CARBOXYLATE - TRIBUTYLPHOSPHINE COMPLEX - DETERMINATION 

J. BELLENEiY, R. BLOTT'IAU, F. CARRTERE 
Laboratoire de Chimie MacromolCculaire, Universi tC Pierre et Marie 
Curie, Tour 44 , 4 Place Jussieu, F-75252 Paris Cedex 05, FAX : (33) 
(1) 44 27 70 89 

RODUCTION 

The anionic polymerization of 3,3-disubstituted P-propiolactones has 
been studied with tetraalkylammonium salt type initiators(132) and the 
propagation was found not to be stereoselective. In order to improve this 
stereoselection nickel carboxylates-tributylphosphine complexes were 
used(31, but in this case a new initiation step had to be determined. 

RESULTS 

The initiation was studied by infrared, 1H NMR and UV light. Since the 
complex is not destroyed, no initiation occurs. Therefore it has been 
found: i- The colour diminishes gradually with time giving free 
phosphine and nickel carboxylate. ii- During this period, all the free 
nickel carboxylate is complexed by the lactone. Then iii- The free 
phosphine reacts with the "activated" lactone to give the true initiation 
and the first zwitterion R3P+ (CH2)2COO-. iv- An order 2 with 
respect to monomer has been found. v- The rate of the initiation is given 
by the rate of the complex decomposition (point i) since points ii and iii 
are very fast. The initiation is faster in THF than in toluene and the rate 
depends strongly on the concentrations of the complex and/or of the 
lactone. 
In conclusion, a new mechanism of initiation has been elucidated in the 
BPL polymerization catalyzed by nickel carboxylate-tributylphosphine 
complex and a new initiation rate constant ki has been calculated. 

REFERENCES 

1- F.J. Carrikre, C.D. Eisenbach Makromol. Chem., m, 325 (1981) 
2- F.J. Carrikre, R. Blottiau, H. Sekiguchi Europ.Polym.J., 22, 2 8 3  1986) 
3- F.J. Carrii?re, R. Blottiau, H. Sekiguchi Makromol.Chem.l,717( 1988) 
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To OPTIWIZE THE CRYSTALLIZATION PROCESS OF THE Ca0-PnOs-SiOn GLASSES 

JIA-HENG YEH and C H I N - W A N G  H U A N G  
Departlent of Cheiistru, Chung Yuan Christian University, 
Chuns-Li 320, Taiwan, R.O.C. 

Abstract The crystallization rechanislr for five various SiOn content 
in Ca0-PnOs-SiOn glass are discussed. B Y  using nonisotheraal technique, 
the activation energy o f  crystallization are f r o a  6 6 . 7  to 92 .6  Kcal.aol" 
and the paraaeter I are from 0.50 to 2 .32 .  The aicrostructures and 
crystalline phases are also investigated base on SEW pictures and X R D  
pa tteras. 

On kind of slass-ceraaic aaterials is prepared b y  the control led crystal I i -  
zation of calcium phosphate glasses for  use in prosthetic bone replaceient. 

Glasses are prepared b y  aelting the raw aaterials ( Table I 1 in a aullite 
crucible at 1250 to 1350°C f o r  two hours. 

Table I The composition o f  the raw aaterials ( i n  graa) 

A 1 2 3 , 7 9  4 . 9 1  0 
6 123 .79  4.91 2.56 
C 123 .79  4 . 9 1  5 . 2 6  
0 1 2 3 . 7 9  4 . 9 1  8 . 1 1  
E 123 .79  4 . 9 1  11.11 
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GROUP 4 ELEMENTS, TOOLS IN MAIN GROUP ELEMENT 
CHEMISTRY 

Alain IGAU, Nathalie DUFOUR, Tom STRAW, Mike D E W ,  Florence 
BOUTONNET, Armelle MAHIEU, Maria ZABLOCKA and Jean Pierre 
MAJORAL* 
Laboratoire de Chimie de Coordination du CNRS, 205, Route de Narbonne 
3 1077 TOULOUSE Ctdex, FRANCE 

Titanium and zirconium species when reacted with unsaturated phosphorus 
compounds give rise to a large variety of original metallated (or not) phosphorus 
derivatives difficult or impossible to obtain via classical routes. Oxophilicity, 
halophilicity of group 4 elements, weakness of Zr-C, Ti-C bonds are the driving force of 
most of these reactions. 
Some example : 

1 

Cl-%N-Ar + Cp2ZrMe2 - 

R-P=CC12 + Cp,Ti(CO), __t 

Me Me 
I I 
I 

Me--F-N-Ar Me-P=&-Ar 

i r C p 9  

2 

R‘7f P 

R’ a 
3 

+ 
Cp2ZICl 

The reactivity of compounds 1 to 3 will be reported. Evidence for the formation of the 
first zircona phosphene Cp2ZcP-R will also be given. 
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HYDRAULIC CEMENT FOR ORTHOPAEDIC USES 

E. MEJDOUBI ; A. GARBARSKY ; J.L. LACOUT 
Laboratoire des MatCriaux-Physico-chimie des Solides 

38, Rue des 36 Ponts 31400 Toulouse (France) 
ENSCT-INPT, URA-CNRS 445 

Calcium phosphates are largely used in orthopaedy and stomatology 
for bone defect filling, hip coating, etc . A new development has 
recently occurred : self-setting cements. 
In addition to total biocompatibility, these cements require various 
specific properties such as a suitable setting rate and strengh, a 
good resorption rate. 
We studied the synthesis, the physico-chemical characterization and 
the mechanical properties, of a cement prepared from dicalcium 
phosphate dihydrate (DCPD) and tetracalcium phosphate (TTCP). A 
mixture of these two  reagents added to  water fo rms  an 
hydroxyapatite as follows : 

2 Ca(HP04).2H20 + 2 Caq(P04)20 ------> CaiO(P04)6(OH)2 + 4 H20 

We examined the influence of the proportions of the  reactants , the 
solid/solution ratio, pH, addition of H 2 0 2 ,  amino acid addition, and 
temperature on self-hardening and compressive strengh. 
As a general rule, particle dimensions, in the range 20/120 p m ,  the 
solid/solution ratio and pH have no marked influence on the self- 
setting rate ; temperature however has a large influence : the 
duration of setting is about 3 hours at 25°C and 1 hour at 37°C. The 
addition of N H 4 0 H  decresases the self-setting rate but increases the 
hardness. On the opposite, H 3 P 0 4  addition decreases the setting time 
from 3 hours to 10 minutes ; we can propose the formation of an 
intermediate Ca(HP04) , 2 H 2 0  phase which binds the particles. H 2 0 2  
addition does not affect t h e  physical properties of the cement but 
can improve biological effects. 
Biological tests, cell culture and biocompatibility tests were 
performed on the most promising samples. 
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A SIMPLE METHOD OF PROVING THE INTRODUCTION OF 
URANIUM IN THE APATlTlC STRUCTURE 

J. CARPENA DSD/SCS/SGC/LGCA 
CEN Cadarache 13108 Saint Paul lez Durance, France. 
J.L. LACOUT, P. ROUX 
Laboratoire des Materiaux-Physicochimie des Solides, ENSCT-INPT 
URA CNRS 445 ; 38, rue des 36 Ponts 31400 TOULOUSE, France. 

Apatites, Me10 (X04)Y2, are well known to be the mineral host of uranium ; 
however no definitive proof have never confirmed the introduction of uranium 
ions in asignificant amount in the apatitic structure. In this study, uranium (IV) - 
containing silicoapatites were prepared and localization of uranium is 
proposed. 
Apatite synthesis was carried out realized by a solid state reaction at high 
temperature (1000°C) and high pressure (60 kbars) according to the reaction : 

Uranium-containing britholite were prepared by a convenient replacement of 
calcium fluoride with uranium fluoride to obtain compounds containing 
0.005%, 0.05%, 0.5% of uranium (atomic ratio). X-ray diffraction data confirm 
the formation of apatites for all the concentrations. 
The registration of fissions tracks from the thermal neutron-induced fission of 
U235 in this material have been used to confirm the introduction of uranium in 
the apatitic structure, to study its distribution and to determine quantitatively its 
concentration. The presence of fission tracks in the heart of crystallites and the 
quasi linear variation of their density vs uranium content correlate with the 
progressive introduction of this element in the crystal lattice. Nevertheless one 
can observe that the fission track density reaches a constant level at 6000 
ppm : this can be correlated with a limit to the amount of substituted uranium 
(0.6 Yo weight or 0.04 ion/unit cell. Furthermore, the decrease of the crystallite 
size seems also to be correlated with the introduction of uranium. 

3 Ca SiO3 + 3 La203 + 3 Si02 + CaF2 -----> Ca4Las(SiO&F2 
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SURFACE MODIFICATIONS OF HYDROXYAPATITE CERAMICS IN AQUEOUS 
AND BIOLOGICAL MEDIA. 

s. AMRAH-BOUALI ; A. LEBUGLE ; D. BERNACHE" ; c. REY 
Laboratoire de Physico-Chimie des Solides. 38, Rue des 36 ponts 
31400 Toulouse. 
* Laboratoire d e  Ceramiques Nouvelles. FacultC des  Sciences, 123,  
avenue Albert-Thomas. 87060 Limoges Cedex. 

INTRODUCTION 

Hydroxyapatite ceramics are  widely used for orthopedic applications because 
they readily form physico-chemical bonds with bony tissue and promote 
bone  f o r m a t i o n  ( B i o a c t i v i t y ) .  Bioac t iv i ty  is c o n d i t i o n e d  by t h e  
character is t ics  of the calcium phosphate-biological media  interface and 
especially the surface alterations of hydroxyapatites ceramics. This  report 
presents data on the chemical modifications of  apatite ceramic surfaces in  
aqueous media 

TECHNIOUES 

Sintered hydroxyapatite pellets (relative density 95%) have been exposed at 
room temperature, to a series of aqueous solutions which varied in  ionic 
strength, P H ,  and composition. The  surface changes were determined by 
chemical analyses of  the solutions, and direct examination of  the surface 
using ESCA and IR reflectance spectroscopy. 

RESULTS AND INTERPRETATIONS 

Exposure to aqueous media modified the surface composition of  sintered 
hydroxyapatites. ESCA studies showed C a p  ratios as low as 0,9 compared to 
1.6 for the original sintered matcrial. ESCA angular analysis confirmed that 
only the f i rs t  few atomic layers  were altered. This  phenomenon was 
interpreted as  a surface hydrolysis of P043- groups to HP04'', followed by a 
preferential release of calcium ions which ensures  electrical neutrality of  
the surface. Experiments in saturated solutions showed however  that the  
surface hydrolysis was not necessary linked to the dissolution of  the apatite 
but probably arose from a surface equilibration process a t  the  calcium 
phosphate surface.  The  H P 0 4 2 -  surface groups were observed in several 
favourable cases by 1R reflectance spectroscopy. The  features of The  IR 
spectra did not reveal, however , specific environments of these ions such a s  
that of dicalcium phosphate dihydrate o r  octacalcium phosphate postulated 
by different authors. 
In biological media the surface C a p  ratio was also found to be  very low. 
However ,  these  media  a re  general ly  supersa tura ted  with respect  t o  
hydroxyapatite, and the surface hydrolysis was hidden by the formation of a 
neo-formed carbonate apatite exhibiting a low surface Ca/P ratio. Bone 
samples studied by the same technique also showed a very low surface Ca/P 
ratio consistent with those observed For all aqueous apatite surfaces in this 
s t u d y .  286/[838] 
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STRUCTURE/TRANSITIONS/RELAXATIONS RELATIONSHIPS 
IN CARBONATED APATITES 

Alain LAMURE*, Fatiha MISKANE**, Amina BENNIS**, Najia 
HITMI**, Mireille VIGNOLES*** and Colette LACAB ANNE* 
'k Paul Sabatier University, Toulouse (France) 
#'* Mohammed V University, Rabat (France) 
*'kg'E.N.S.C.T., Toulouse (France) 

Apatitic structures are characterized by tunnels in which ions principally OH- 
have two equilibrium positions. Reorientations of the related dipoles are responsible 
for the structural monoclinic-hexagonal transition Tt observed at 211.5 "C in 
hydroxyapatites. Previous studies by Thermally Stimulated Current (TSC) 
spectroscopy have shown that these reorientations are also at the origin of dielectric 
relaxations. Morover, these movements inside tunnels are cooperative and the 
compensation temperature Tc deduced from the analysis of TSC spectra has been 
found equal to the Tt temperature. This result shows that the kinetic of polarization 
phenomena can be used as fingerprint of hydroxyapatite structures. Complementary 
studies of carbonated hydroxyapatites and carbonated fluorohydroxyapatites have 
been investigated. The aim of this work was to precise the relationships between 
atomic arrangements and dipolar reorientations in carbonated apatites. 

Comparative studies of stoichiometric hydroxyapatites and carbonated 
hydroxyapatites show the influence of C032- + P o p  substitutions. These 
substitutions are evidently acompanied by defects (water, lacunae, ...) in the apatitic 
structure. Analysis of the compensation temperatures Tc shows that carbonate ions 
facilitate the cooperativity of hydroxyl reorientations. A contrario, anionic 
substitutions inside tunnels like F- + OH- in carbonated fluorohydroxyapatites 
restrain the OH- ions cooperativity. The existence of 
F-H-0 and 0-H-F hydrogen bonds prevents probably the hydroxyl reorientations. 

These studies of carbonated hydroxyapatites confirm that like in 
hydroxyapatites the mobility of hydroxyl ions inside tunnels is governed by 
interactions of OH - with ions inside and outside tunnels. 
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Influence of C d P  ratios on the Transitions 
of Hydroxyapatites by T.S.C. 

4. 
T a u t  Sabatier University, Toulouse (France) 
*x’h40ha~n~ned V University, Rabat (France) 

ei*’i*-i*E.N.S.C.T., Toulouse (France) 
.b.b.*. 

Natural filler of calcified tissues x e  non stoicliiomemc apatites characterized by a 
CaP  ratio larger or lower than 1.66 (stoichiometric ratio). Structural studies of 
hydroxyapatites have shown chat synthetic hydoxyapatites can occur in two phases - 
monoclinic or hexagonal- according to preparation method. approach to stoichiometry and 
thermal treatment The transition from one phase to the other is of the order-disorder type. 
Previous works by Tliermally Stimulated Current (TSC) spectroscopy have shown that the 
reorientation movements and arrangement of the O H  ions in the apatitic tunnels can be 
characterized by a compensation temperature deduced from the analysis of TSC spectra. The 
aim to this work is to determine the influence of defects on the mobility o f  hydroxyl ions. 

Calcium deficient hydroxyapatites have a TSC relaxation map quite analogous with 
the stoichiometric hydroxyapatites one : only one compensaaon phenomenon is observed. In 
that case. the non stoichiorneuy is only characterized by a lowering of the compensation 
temperature. This result shows that HP042‘ + Pop substitutions and presence of lacunae 
in calcium sites facilitate hytlroxyl ions mobility. A contrario, in hydroxyapatites with 
calcium in excess, TSC relaxation map shows the existence of two compensation phenomena. 
In that case the non stroichiometry induces two phases. 

As defects. responsible for modification of the crystalline smctun .  can be eliminated 
by annealing apatites at various temperatures. pretreated sampies of non stoichiomemc 
hydroxyapatites have been also studied By coupling preaeatment and reiaxaaon map 
analysis. the origin of defects (hydrogenophospkate or water) has been determined 
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MAGNESIA AMIDOIMIPOLYPHOSPHATE CEMENTS. 

KATHY KOWALCZYK - GERARD PALAVIT.  
Labora to i r e  d e  Ch imie  AppliquCe,  59655 Vi l l eneuve  d ' A s c q .  

M o r t a r s  a n d  c o n c r e t e s  m a d e  f r o m  m a g n e s i a - p h o s p h a t e s  c e m e n t s  
a re  bee ing  used  inc reas ing ly  f o r  r ap id  r epa i r s .  T h e s e  c e m e n t s  pro- 
v i d e  a w o r k a b l e  mix which se t s  wi th in  15 m i n u t e s  a t  20°C ,  and  har- 
d e n s  to o v e r  2 0  MPa wi th in  1 hour .  
We  p r o p o s e  a new m a g n e s i a - p h o s p h a t e  c e m e n t  us ing  amido imido-  
p o l y p h o s p h a t e s .  
By hea t ing  d i amidophosphor i c  acid a t  l lO"C1,  we obta in  a mix  of : 
a m m o n i u m  h y d r o g e n o  d i a m i d o  1 ,  2 i m i d o d i p h o s p h a t e s  a n d  ammo-  
n ium sa l t  of  t r ime taphosph imic  ac id .  
A m i d o i m i d o p o l y p h o s p h a t e  c o m p o u n d s  a re  k n o w n  to  be  c o n v e r t e d  
in  a q u e o u s  b a s i c  s o l u t i o n  f i r s t l y  i n t o  a n i i d o p h o s p h a t e s ,  t h e n  to  
a m m o  n i u m o r  t h o p h o s p h a t e  s2. S o  t h e magn  e s i  a -  am id oi m i d o  pol  y- 
phospha te  c e m e n t  have  a long  se t t i ng  t ime : 8 d a y s ,  d u e  to t h e  gra- 
d u a l  h y d r o l y s i s  d u r i n g  t h e  h a r d e n i n g  r e a c t i o n .  T h i s  l o n g  s e t t i n g  
t ime  r e su l t s  i n  a dec rease  of  the hea t  and  lo s s  of a m m o n i a  du r ing  
the  se t t i ng .  
I t  h a v e  b e e n  s h o w n  t h a t  a m i d o i m i d o p o l y p h o s p h a t e s  a r e  m o r e  
c o m p 1 e x i n g p o 1 y p h o s p h a t e s 3 .  
Amidoimidopolyphosphates i n c r e a s e  i n t e r n a l  c o h e s i o n ,  a n d  t h e  
c e m e n t  h a v e  a g r e a t e r  n i echan icha l  s t r e n g t h  than  the  e q u i v a l e n t  
p o l y p h o s p h a t e s  c e m e n t s  : 30 MPa.  
We  inves t i  a t ed  the  mechan i sm of  ha rden ing  by X ray  p o w d e r  dif-  
f r ac t ion ,  6? nuc lea r  magne t i c  rebonance  and  i n f r a - r e d  bpecirosco- 
py.  T h e  mechan i sm of s e t t i ng  p resen t s  t w o  s t eps  : 

- h y d r o l y s i s  of t he  a m i d o i m i d o p o l y p h o s p h a t e  
- c om p 1 ex a t i  on of am i d o  i m i d o p h o s p h a t e  s by ni a g  n e s i u m . 

t h a n t h e c o r r e s p o n d i n g 

T h e  r e su l t i ng  spec ie s  a re  : n ionoamidophospha te s ,  o r t h o p h o s p h a t e s ,  
a m m o n i u m  h y d r o g e n o  d i a m i d o  1 ,  2 i m i d o d i p h o s p h a t e s ,  py rophos -  
p h a t e s  and  po 1 y p h o s p h a t e  s . 

1 .  K .  K O W A L C Z Y K ,  T h & s c  d c  I ' U n i v c r s i t d  d e  T e c h n o l o g i e  d c  C o m p i C g n e ,  
Po  I Y c o n d e n s  a t i  o n  d e 1 ' a  c i d c d i a in id o D h o s D h o r  i (1 u c, 1 99 2 
2 .  W .  T o p c l m a n n ,  H .  K r o s c h w i t z ,  D .  S c h r o t c r ,  D .  P a t z i g  und  H . A .  L e h n i a n n ; Z .  
C h e r n i e ;  31(5), 1986 
3.  M .  Komiya ,  T .  m i y a j i m a ,  S .  S a t o  and M .  W a t a n a b c ,  l n t c r n a t i o n a l  S v m o o s i u i n  
o n  I n o r g a n i c  P h o s n h a t c  M a i e r i a l s ,  Tokyo ,  I991 
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FORMATION AND CRYSTALLIZATION OF APDRPHOUS CALCIUM PHOSPHATE 

TAMDTSU YASUE, YOSHIYUKI KOJIMA, AKIHIRO YOSHIYAMA, YASUO ARAI 

Department of Indus t r i a l  Chemistry, Faculty of Science and 

Engineering, Nihon University, 1-8, Kanda-Surugadai, 

Chiycda-ku, Tokyo 101, Japan 

Studies were made to inves t iga te  the  synthe t ic  conditions of 

amorphous calcium phosphate (ACP) obtained by hydrolyzing calcium 
dihydrogenphosphate mnohydrate (MCP) solut ion with aqueous m n i a  

and the  c rys t a l l i za t ion  of the  ACP a t  a certain condition. 

A strong point  of the  present work w a s  to  obtain ACP i n  various 

atomic ratios of Ca/P 1.25 

conditions such as temperature, pH, aging the, concentrations of 

MCP solut ion and aqueous m n i a .  A l s o  the c rys t a l l i za t ion  of ACP in 

relative humidi ty  of 80% and i n  aqueous solut ion (pH 4 

discussed. 

1.55 by cont ro l l ing  the  synthe t ic  

10)  w a s  

The MCP solut ion (0.005 0.07ml dm ) w a s  kept a t  0 , and the  

aqueous m n i a  (0.3 15N NH OH) was added quickly to  the  solut ion i n  

the  specif ied volume ratio (MCP/NH OH: 80/1 2/1, addi t ion r a t e :  40cm 

m i n  ) with ranging from pH 6 to  12 and an gelatinous p rec ip i t a t e  was  

obtained. The g e l  was separated from the  m t h e r  l iquor  by f i l t e r i n g  

and then it was washed with cold aqueous m n i a  and acetone. 

The ACP i n  the  present work could be roughly divided i n t o  three 

kinds of the  l o w  calcium type  (L-ACP) and high calcium type (H-ACP), 

middle calcium type (M-ACP) between the  both. The kinds of L-ACP 

(Ca/P atomic ratio: 1.25 1.30) ,  M-ACP (Ca/P atomic ratio: 1.30 1.40) 

and H-ACP ( C a / P  atomic ratio: 1.40 1.55) form respect ively a t  pH 6 ,  

p H  8.5 and pH 11, but ACP becomes unstable with changing from the  

high pH to the l o w  pH. The present work are emphasized t o  confirm the 

presence of unknown ACP of  low calcium type and middle calcium type. 
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SYNTHESIS AND THERMAL TRANSFORMATIONS OF 
Ca,Mg - CARBONATEAPATITE 

MIHKFL VEIDERMA, HEINRICH VILBOK, RENA KNUBOVETS* 

Technical University, Tallinn. Estonia, *Institute of 
Chemical Raw Materials, Moscow-Ljubertsy, Russia 

Ca,Mg-fluorohydroxycarbonateapatite was synthesized by 
the precipitation method. Na2HP04. CaC03, !&C03, Mg(0HI2, 
NaOH and K F  were used as reagents. The formation of apatite 
proceeded through the stage of amorphous phase which 
evolves partly in the initial mixture and completely during 

heating into crystalline form. The samples obtained were 
studied by methods of chemical and thermal analysis, x-ray 
diffraction and IR spectroscopy. In spite of the different 
molar ratios Mg:Ca and C03:P04 in the reaction mixture 
these ratios in products are approximately equal (0.5:9.5 
and 0.5 : 5.5, respectively 1 . Under thermal influence the 
structure of the apatite obtained is relatively labile and 
undergoes changes of all its anion groups, especially in 
the part of carbonate-ions. The phenomena of the relocation 
of COq2-ion and the forming of gaseous Cog, the distortion 
of PO groups and the appearance of P-0-P bonds, formation 
of OH...F hydrogen bonds and others were revealed. 

4- 
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COMPOSITION AND PROPERTIES OF THE HEATING PRODUCTS OF 
CALCIUM PHOSPHATE - ALUMINOSILICATE MIXTURES 

KAIA TGNSUUDU, MIHKEL VEIDERE~A 

Technical University, Tallinn, Estonia 

For obtaining thennophosphate fertilizers from phosphate 
rock, the use of natural aluminosilicates (nepheline, 
glauconite a.0. ) as reagents is possible. To determine the 
influence of different reagents on the composition and 
properties of the products, model mixtures on the b a s i s  of 
Ca(H2POdl2'H20 and CaC03 (with molar ratio CaO : P205=2.8 - 
3.2 ) ,  with natural aluminosilioates and p i z e  Si02 ,  

A l ( r 3 H ) 3 ,  Fe20g and Mgo, were prepared. The mixtures were 
calcir,ated at 1300 - 1400°C. The products were studied by 
chemical, x-ray and IR methods. By adding aluminosilicates 
( in  amounts 6 -8% 1 to the calcium phosphates. products 
with 89 - 96% solubility in 2 % citric acid were obtained. 
The principal phases of the products are a- and 
f3-Ca3(P04)2, with various substituents in the stmcture , 
as well the solid solutions of a-Ca3(PO4I2 and 
a-Ca2Si04.The 2% content of MgO o r  Fe203 in the mixtures of 
calcium phosphate with 4% Si02 decreases the solubility of 
P205 by 25% and 10% correspondingly. A1203 has no influence 
on the solubility of P205 in these mixtures. 

292/[844] 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 77, p.  293 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

EXPERIMENTAL AND RESULTS - ---__ 
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MIXED METAPHOSPHATES A S  A N T I C O R R O S I V E  PIGMENTS 

M I R O S I A V  T R O J A N ,  PETR KALENDA, PAVOL MAZAN, 

ZDENBK SOLC AND PETE M@SNER 

I n s t i t u t e  ~f Chemical Technulogy, Pardubice ,  532 10 

Czechoslovakia  

- Abstract  The metaphosphates  are syn thes i zed  as new 
mixed compowids. The p roduc t s  are t e s t e d  as st able 

compounds with a n t  i c o r r o s i v e  p r o p e r t i e s .  

RESULTS 

F'roducts r e p r e s e n t  . the c y c l o - t e t r a p h o s p h a t e s  of b iva l en t ,  

cations M,, Me;IP4Ol2 C M r l  is Z n ,  Me" is Mn or Mg) i n  t h e  

w h o l e  range x ,  i . e .  ( 0 , 2 ' 1 .  In case ni' the produc t s  coi-ltai-. 

ning calcium +-he mixed corripourds M2_xCaxP4012 is formed 

u n t i l  molar. r a t i o  C a f M r l = l  is reached. I f  .+:he cations are 
t r i v a . l e n t  me ta l s  l i k e  A]. , F e ,  Cr*> mixed metaphosphates  o f  

~ F O ,  ) / t ype  are farmed i n  the whole range  of 
i . e .  (.@,I.!. I f  combined with b i v a l e n t  m e t a l s  (Al-Mg, Fe-Mg, 

A l - Z n )  , t h e  p roduc t s  are mixed  metaphosphates 

I1 
..--x 

I1 -~ 

1 -x  x 3 3 n 

t e s ( M ; r ~ M e : ~ x , 2 ! 4 ( P 4 C ) 1 2 ) 3 .  A l l  t h e s e  product+s d!ie to  t h e i r  

e x e l l e n t .  ppec ia l  pr-oper-t ies are very  pel-speczt i ve .  The re- 

s u 1 . t ~  of corrosion tests are v e r y  good and c o m p a r a b 1 . e  wi th  

c l a s s i c a l  P b  c o n t a i n i n g  p igments .  
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MIXED MAGNESIUM TETKAMETAPHOSPHATES 

E X  6'ER 1 MENTAL, ANL? R ES 'JLTS 
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ON THE DISSOLUTION OF APATITIC OCTACALCTUM PHOSPHATE 

B.SALLEK, A.LEBUGLE 
Lab. de physico-chimie des solides-ENSCT. URA.CNRS 445 
(FRANCE) 

Toulouse 

ODUCl3ON ; 

Octacalcium phosphate exhibits interesting compression properties which 
could allow its use as a biocompatible and biodegradable material for osseous 
defect repair. The biodegradibility is closely related to the solubilities 
properties. As a prelimary study, we examined the dissolution of this 
phosphate in an unbuffered aqueous solution . 

EXPFlZIMENTAL ; 

Powdered octacalcium phosphate was stirred in 500 ml of water at 37"C, and 
the composition ( calcium and phosphate ) and the pH of the solution were 
determined as a function of time. The modification of the solid phase was 
studied after filtering, by various techniques: X-ray diffraction, IR, 
Chemical Analysis, and Electron Spectroscopy for Chemical Analysis . 

pESULTS AND DISCUSS ION ; 

With regard to the solution, the calcium and phosphate release rates 
decrease with time, but the Ca/P ratio remain at a value of 0.5. Furthermore, 
a decrease of pH is observed. In the solid the C a p  atomic ratio, initially 
equal to 1.33, increases with time, up to a value of 1.66 which is the C a p  
ratio of pure HAP, the most stable phase in solution. FTIR and ESCA studies 
reveal that the concentration of HP042- ions decreases; while the amount of 
apatitic OH- ions increases. 
The invariance of C a p  atomic ratio in the solution during dissolution and 
the decrease of pH, can be explained by considering apatitic octacalcium 
phosphate to be transformated directly . 
into HAP, without intermediate stages. The following equation is proposed 
for this process : 
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CATION .EXCHANGE CHARACTERISTICS OF SILICATE-CONTAINING 
APATITES 

TAKASHI SUZUKI, MICHIHIRO MIYAKE', KOUJU SUGIYAMA** and 
AKIHIRO NAKAMURA*** 

Department of Applied Chemistry and Biotechnology, 
Faculty of Engineering, Yamanashi University, Takeda, 
Kofu 400, Japan 

* Department of Applied Chemistry, Faculty of Engineering, 
Gunma University. Tenzin, Kiryli 376, Japan 

* *  Rengo Co., Ltd., Ohhiraki. Funusillma, Osaka 553, Japan 
* *  'Nippon sans0 Go., Ltd., Shimokurosawa, Takane, Kitakoma, 

Yamanashi 408, Japan 

ABSTRACT During investigation o f  t,he surface characteristics of 
various synthetic hydroxyapatites [Ca, f l ( P 0 4 ) 6 ( O f 1 ) 2 ] ,  we have 
discovered that cations in aqueous solution are held on some 
synthtic hydroxyapatites at room temperature and the behavior is 
not merely an adsorption effect but a type of ion-exchange 
reaction between cations in solution and lattice Ca" ions of the 
a p a t i t e s .  We have therefere begun t o  examine the feasibility of 
employing the apatites as a new inorganic "lattice cation 
ion-exchanger"* for the treatment of various toxic cations in 
solution. The purpose of the present paper is to examine an 
interesting removal behavior of CdZ+, Z n 2 +  and Mn"' ions in 
solution by newly-synthesized silicate-containg apatites. Two 
silicate-containing apatites (SiApl and SiAp2) were 
hydrothermal ly synthesized at 150 "c under saturated steam 
pressure for 4 days. The syhthetic samples were characterized by 
XRD and IR, and their chemical analyses were made by ICP. The 
removal characteristics of an2+, Zn2+ and Cd2+ ions in aqueous 
solutions by the apatite samples vere examined by using a normal 
batch method at 25 "c. The analytical results showed that the 
chemical compositions of SiApl and 2 were Calo(P04)s. :j(Si04)fl. 
( O H ) o .  and Calo(P04)4. z(Si04)l. ,(OH)". G ,  respectively. The 
specific surface areas of SiApl and SiAp2 were measured to be 17 
and 19 m2/g, respectively. It was Found that the cation-exchange 
characteristics of lattice Ca2+ ions in the apatite samples for 
Mn", Zn2+ and Cd2+ ions in solut,ion were enhanced with 
increasing S i 0 4 4 -  ions for ions and especially SiAp2 shows 
8 times larger amount of cation-exchange removal characteristics 
f o e  Mn2+ ions compared with that of original hydroxyapatites [Calo 
(P04)6(OH)2]. The superior cation-exchange characteristics seem 
to be due to a produced "activated Ca2+ ions" in the apatite 
samples by a loosening effect on the skeletal structure of  the 
apatite by the substitution of S i 0 4 " -  for PO,"- ions, assisted by 
attacking effect of HzO molecules and other cations in aqueous 
solution. * T. Suzuki, T. Hatsushika and M. Miyake in New 
Developments in Ion Exchange, edited by M. Abe. T. K a t a x  and T. 
Suzuki (Kodansha and Elsevier, Tokyo -Amsterdam. 1991). P. 401. 
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CHEMICO-PHYSICAL CHARACTERIZATION OF 
Na-POLv[BlS(CARBOXYiATOPHENOXY)PHOSPHAi!ENE] IN WATER SOLUTIONS 

V. CRESCENZI, M. DENTINI, G. MASCI, S. CONTADlNl 
Dipartimento di Chimica, UniversitA La Sapienza, Roma, Italy 

In the present work Na-poly[bis(carboxylatophenoxy)phosphazene) (PCBPP-Na), 

which was first synthesized by Allcockl and whose potential biological applications were 

pointed out2, is characterized in dilute aqueous solutions. 

Two samples with different molecular weight of the charged polymer (PCBPP1 -Na and 

PCBPP2-Na) have been characterized by means of viscosity measurements at 25°C in 

aqueous solutions at different ionic strength (NaCI) and the d;ila obtained have been 

elaborated as proposed by Smidsrod3. The rigidity parameter 6 is found to be the same 

for the two samples and equal to 0.26, which is one of the highest values observed for 

polyelectrolytes, indicative for a high degree of flexibility. 

Weight average molecular weight (Mw), radius of giration (<Rg2>21/2) and second 

virial coefficient (A2) for the high molecular weight sample PCBPP1-Na were obtained 

by light scattering measurements performed in 0.12 N NaCl aqueous solutions. The best 

fitting of the extrapolated points at CEO is obtained using a P(0) function for 

polydisperse coil. 

Preliminary results on the interactions of PCBPP-Na with Methylene-Blu (Mb) are 

also presented. A behaviour similar to Na-polystyrenesulfonate is found. The results 

obtained on addition of KCI to polyanion-dye system seem to indicate that the binding of 

Mb to PPCBP-Na is even stronger than that of Mb to Na-polystyrenesulfonate. 

REFERENCES 

1. H.R. Allcock and S.Kwon Macromolecules, 2 , 7 5  (1 989) 
2. S. Cohen, M.C. Bash, K.B. Visscher, M. Chow, H.R. Allcock and R. Langer 

J. Am. C h e m . ,  U, 7832 (1990) 
3.0. Smidsrrad and A. Haug, Biowlvmers. 1p, 1 21 3 (1 977) 
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CRYSTALLINE NITRIWOXOPBOSPHATES DERIVED FROM PHOSPHORUS 
NITRIDE OXIDE 

WALTER FELDMA" 
Centre for Inorganic Polymers, Rudower Chaussee 5, 0-1199 Berlin, 
Germany 

Nitridooxophosphates 

stalline types: NanPn03n-3N2 (n = 4-6); M13M111P309N (MI = Na, K; 

MII1 = A l ,  Ga, Fe, Cr, Mn) and M12MI12P3OgN (MI = Na, MI1 = Mg, Co) 4. 

In the present paper we report on a new type of crystalline nitrido- 

oxophosphates of the general formula 

are hitherto described to exist as two cry- 

(MPN2), . PXN - b H20, 

wherein M = R0.6 + 80.4; R ~ o . ~  + H0.3; Na0,5 + Cs0.5, X = 0; Oo.9 + 
(NCN)O.l, a = 1, 2; b = 0 - = 1.2. 

The novel nitridooxophosphates which all belong to the same structure 

type can be considered as derivatives of (PON)n which bridging oxygen 

is partially substituted by -NM- groups. A general way to prepare 

these nitridooxophosphates is the heating of suitable mixtures con- 

taining compounds as sources of the alkali metal, of phosphorus, and 

of nitrogen; the maximum temperature may be 800 - 900 OC. Excellent ni- 

triding agents - which should be used in excess - are nitrogen deriva- 
tives of carbonic acid, preferably melamine; their use is the cause 

of NCN content in reaction products. The obtained compounds are spar- 

ingly soluble in water, the R- and the Rb-salt have ion exchange pro- 

perties. 

1. It. Marchand, C.R. Acad. Sc. Paris Ser. 11, 294, 91 (1982) 
2. R. Marchand, J. Non-Cryst. Solids, 56, 173 (1983) 
3. W. Feldmann, 2. Chem. 23, 139 (1983) 
4. W. Feldmann, PhosDhorus, Sulfur, and Silicon, 51/52, 611 (1990) 
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Solid solution Nasicon in the system Ca - Na - Ti - (PO4) : 
Application for the elaboration of niulticomponent phosphate bioceramics. 

B. Deffontaines", P. Vast*, 0. Mentre**, F. Abraham** 

* Labratoire de Chimie Appliquck **  Labratoire de Cristallochimie et Physicochimie du Solide 
Universiti des Sciences et de Technologie de Lille F 59655 Villeneuve d'Ascq 

Bioactive glasses in the phosphate system are use as implant materials for medical 
device.We presently observe the development of bioglass ceramics like CaO / P205 
glasses containing TiO?. - Titanium oxide is used to form biocompatible Nasicon like 
c om po u n ds . We d e v e I o p bi om ate r i a I s from soft c h e m i s t r y p re c urs or : t he 
polyphophates coacervates. When adding Anatase in  suspension in  the solution of 
Graham's salt, the coacervate precipitates after addition of multivalent cations ( Ca, 
Mg ) with the totality of Ti07 -. After drying and grinding, we obtain a ceramic after 
heating at 900°C with this chemical composition : 13,5Ca0, 12Mg0, 8Na20, 
?1,5Ti02, 34P205. The themial evolution can be summarized as following : In a 
r i w  step, the phosphate chains are subjected to hydrolysis and led to amorphous 
hydrogen phosphate at 1 3O"C.Afterwnrds thermal condensations and crystallisations 
occur at 400°C. The free and bonded waters are releasedbetween 80 and 400°C. For 
the coacervate without anatase, we obtain at 500°C two mrijor compounds: Calcium 
sodium trimetaphosphate and magnesium sodium trimetaphosphate and also a little 
calcium metaphosphate. With anatase. we have a reaction above 700°C which gives 
sodium titanium orthophosphates - NnTi-,(P03)? - Nasicon like compound. The 
formation of Nasicon phasis may be controlled i n  order to obtain a good biomaterial 
by this way. This lead us to study more particularly the comportemeiit of these 
orthophosphates in the system Ca - Na - Ti - (POI) 
A complete solid solution has been prepared between CaTi4(P04)6  and 
Na,Tiq(PO4)6 by solid state reaction from stoechiometric mixture of Na2C03, 
Ca(PO&, Ti02 and (NHq)?HPOa ;it 970°C during 16 hours. In the range 0,5< x 
<1, the X ray powder patterns are indexed with the space group R3c, on contrary, in  
the range of O< x < 0,s , extra lines led us to reassign the space group R 3  , thus Ca 
and N a  atoms are partly ordered. lnf r i t  Red study confirm the existence of a 
complete solid solutioii.Sodiuni ions can be totally exchange for calcium i n  Ca 
Ti4(P04)6 using molten NaN03 at 3SOOC. Reverse exchange failed. 
This study of the formation of Nnsicon solid solution shows the possibility of 
sodium ratio control i n  the glass phnsis of multicomponent phosphate ceramic 
obtained by coacenwe process. ThLis i t  is possible to obtain adaptable durability of 
phosphate ceramic in biomedical application. 
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A SIMPLE METHOD TO STUDY THE DISSOLUTION OF APATITIC 
MATERIALS IN ACID SOLUTIONS 

CARLOS CALMANOVICI, BERNARD GLOT and CLAUDE LAGUERIE 
E.N.S .I.G.C., Toulouse, FRANCE 

INTRODUCTION 

Over the last two decades, the dissolution of synthetic or natural apatitic materials has 
been extensively studied. This work concerns the study of the digestion step of the 
production process of phosphoric acid. Over 90% of the phosphoric acid produced 
worldwide is manufactured by digestion of phosphate rock (apatite forms) with 
sulfuric acid; phosphoric acid is then separated from the resultant calcium sulfate sluny 
by filtration. Several processes are available; we focus our attention specially on the 
dihydrate process. The dissolution of phosphate rocks in acid solutions is essentially a 
surface solid-liquid reaction. When sulfate ions are present in solution, as in the 
dihydrate process, a solid product, i.e., calcium sulfate, is formed simultaneously with 
the digestion of the phosphate. This solid formation (crystallization) originates a solid- 
solid-liquid system (phosphate-calcium sulfate-solution) which is much more 
complicated to deal with than the basic solid-liquid system. The complexity of the 
system is even more important since the produced calcium sulfate may form solid 
layers around the phosphate particles (coating phenomenon) and block partially or 
completely the development of the reaction. 
To isolate the dissolution phenomenon in order to study it separately from the calcium 
sulfate formation, we have replaced sulfuric by hydrochloric acid. The phosphate 
material used in our experiments is synthetic hydroxyapatite (HAP). 

EXPERIMENTS AND RESULTS 

Several publications concern the dissolution of apatitic minerals although no agreement 
has been achieved concerning the rate-controlling step: diffusion of calcium ions away 
from the particle, diffusion of hydrogen ions towards the particle, and chemical 
reaction of the acid with the ore. The complete dissolution of HAP in hydrochloric acid 
solutions was studied in order to verify the rate controlling step of this phenomenon. 
A weighted amount of HAP was put to react with a 5 % excess of hydrochloric acid in 
dilute conditions (1.5 % of solids in mass). The time for complete dissolution of the 
HAP powder was measured by visual observation. All experiments were achieved at 
75°C. Increasing amounts of calcium were established by adding calcium chloride 
(CaC12.2H20) into the solution. Similarly, different amounts of phosphorus were 
considered by addition of phosphoric acid into solution. Increasing amounts of calcium 
slow down the dissolution since it increases the time for complete dissolution. On the 
other hand, the presence of phosphoric acid shows an analogous effect on the 
dissolution kinetics. The study of the dissolution of calcium hydroxyapatite powder in 
the presence of various concentrations of calcium and phosphorus points out that the 
controlling step of the process is the diffusion of products (calcium and/or phosphate) 
from the solid-liquid surface to the bulk of the solution. Some complementary 
experiments (different temperatures, solutions of various viscosities) are to be carried 
on, in a similar way as herein described, to implement the study of the dissolution rate. 
The time for complete dissolution (100 % conversion) will be used to calculate the 
dissolution rate constant assuming a shrinking particle behaviour controlled by 
diffusion. 

[853]/301 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 17, p. 302 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

STUDY OF THERMAL STABILITY OF CALCIUM HYDBOXYLAPATITES. 

A.S. DYKHAN, O.E. BATALIN, N.V. ABBAHOV and 
V. H . EVGRASH IN 
NPO Lenntftekhim, Zheleznodorozhny Pr.,40, 
St.Petersburg, Russia 

Thermal stability of the defect calcium hydroxylapatites 
(DCHA) Cazs--x (HPO.)r-r(OH)n-r, where 0Sx12, with various 
degree of defectiveness was investigated by the method of 
high-temperature rentgenography. 
It is known, that when heated acidic phosphate groups 
HPO.-' turn into pyrophosphate ions: 

which subsequently react with structural hydroxyls giving 
R-Car ( PO 1 .. 

PrO-r-. + 20H- ---- > 2P04-= + HnO 

Thermal stability of DCHA was estimated according to a 
content of R-Car(PO). in calcinated samples with the help 
of high-temperature rentgenography. 
It uas shown that, when increasing DCHA defectiveness, 
thermal stability of DCHA would also be increasing. For 
instance, at temperature of 70B°C, the DCHA sample with 
molar CaO/P=Oe ratio of 2.96 is converted to R-Car(PO). 
during 60 minutes, while DCHA with molar CaO/PzOs ratio 
of 2.72 does the same in 220 min. 
With the same duration of thermal treatment, full 
conversion of DCHA into @-Ca9(POl4 in the second 
sample is achieved at the temperature 40-50-1: higher 
than in the first sample. 
The data obtained can be used for purposeful search of 
new thermostable catalysts for petrochemical processes. 
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INHIBITION OF AMINOPEPTIDASES BY PHOSPHONIC AND PHOSHINIC ACID 
ANALOGUES OF ASPARTIC AND GLUTAMIC ACIDS 

BARBARA LEJCZAK, MAGDALENA POPIEL de CHOSZCZAK and PAWFL KAFARSKI 
Institute of Organic and Physical Chemistry, Technical University of 

Wroclaw, 50-370 Wrociaw, Poland 

Aminopeptidases are a diverse group of enzymes that catalyze the 
hydrolysis of the amino-terminal residue from a peptide chain. Since 
these enzymes appear to be involved in important biological processes, 
compounds that inhibit the aminopeptidases may have therapeutic 
applications. Although the substrate specificities of these enzymes are 
well understood the mechanistic details of their action are not and the 

enzyme inhibitors can provide mechanistic information regarding enzyme 
catalysis. Thus, the development of synthetic inhibitors of 
aminopeptidases is an active field of research that has provided 
insight into the nature of enzyme-substrate interactions during 
catalysis. 

Our approach to new inhibitors of cytosolic (EC 3.4.11.1) and 
microsomal (EC 3.4.11.2) aminopeptidases was to replace the scissile 
amide bond in a substrate by phosphonic acid function, moiety which 
effectively mimics the putative tetrahedral transition-state of 
catalytic process involving the direct attack of water molecule on the 
amide linkage of the substrate. Thus, for better understanding of the 
structure-activity relationship, as well as the structural requirements 
of catalytic and binding subsites of both enzymes. we have synthesized 
more than 30 phosphonic and phosphinic acid analogues of aspartic and 
glutamic acids and evaluated their inhibitory properties. Among all the 
compounds tested only those in which a-carboxylic function was replaced 
by phosphonic or related moiety were found t o  inhibit, to some extent, 
at least one of the enzymes studied. 

Although the analogues of aspartic and glutamic acids are modest 
inhibitors of both aminopeptidases the obtained data provide the basis 
for the structure-activity relationship discussion. 
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DEGRADATION OF ORGANOPHOSPHONATES BY FUNGI 

EWA ZBOINSKA, IRENA MALISZEWSKA, BARBARA LEJCZAK, PAWEL KAFARSKI 
Institute of Organic and Physical Chemistry, Technical University of 

Wroclaw, 50-370 Wrocl aw, Pol and 
TERESA KRZYSKO-LUPICKA and PIOTR WIECZOREK 

Institute of Chemistry, Pedagogical-,University of Opole, 45-052 
Opole, Poland 

Organophosphonates are of great economical and environmental 
importance since they are used worldwide in massive quantities as 
plasticizers, flame retardants, corrosion inhibitors and pesticides. 
Although the phosphorus-to-carbon (P-C) bond is resistant to chemical 
degradation (either hydrolytically, thermally or  photochemically) 
organophosphonates are widely regarded as environmentally 
nonpersistent. Thus, one would expect that there exists a great number 
of microorganisms containing suitable catabolic pathways for 
biodegradation of such compounds. Thus, the ability of five fungal 
isolates to utilize structurally diverse organophosphonates as a sole 
source of phosphorus, nitrogen or carbon was studied. 

The microorganisms used include: Penicillium citrinum isolated 
from soil during the studies on selection and characterization of 
lipolytic fungi; Penicillium verrucosum, also a soil isolate, which was 
a generous gift from Dr. H. Sztajer (Gesellschaft fur Biotechnologische 
Forschung, Braunschweig, Germany) ; Penicill ium sp. which grew 
spontaneously on a solid sample of di-n-butyl 9-hydroxy- 
fluoren-9-ylphosphonate and unidentified yet strains of like-yeast and 
fungi imperfecti (probably Chladosporium sp. 1 which spontaneously grew 
in aqueous solutions of 6-amino-6-phosphonohexanoic acid. 

With the exception of the representative of fungi imperfecti which 
grew well on 2-aminoethylphosphonic acid (ciliatine) as the sole source 
of nitrogen, the strains studied in this work did not utilize any of 
the phosphonates as the sole source of nitrogen or  carbon. All the 
fungi, however, utilized a range of phosphonates as the sole source of 
phosphorus for growth. 
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FAILURE OF AMINOPHOSPHONATE SYNTHESIS DUE TO FACILE 
HYDROXYPHOSPHONATE - PHOSPHATE REARRANGEMENT. 

* ** 
ROMAN GANCARZ , IRENA GANCARZ 
* Institute of Organic and Physical Chemistry 

** Institute of Organic Technology and Plastics 
Technical University of Wroclaw, Wybrzete Wyspiarlskiego 27, 
50-370 WROCLAW, POLAND 

Aminophosphonates and aminophosphonic acids have received their 
great interest due to their biological activity 111. 

One of the very useful methods of aminophosphonates synthesis 
appears to be the one described by Kabachnik, Medved and Fields [2-41 
in a reaction between ammonia or amine, dialkyl phosphite and 
corresponding carbonyl compound. It was postulated that the reaction 
undergoes via imines,[41, or hydroxyphosphonates due to reversibility 
of their formation from ketone [51. 

Observed yields of aminophosphonates vary from 85% (acetone) 
40-47% (acetophenone) 12% (benzophenone) to 0% (fluorenone derived 
substrates), when aliphatic amines are used [6,71. 

We found that in the case of aromatic ketones (especially 
fluorenone derivatives) and aliphatic amines, the formation of 
hydroxyphosphonates- s very fast. The reaction rates are in the range 
0.2 to 1.7 [sek '1. It should still allow the formation of 
aminophosphonates as long as formation of hydroxyphosphonate is 
reversible. This reversibility was observed monitoring fluorenone 
formation at A = 400 nm when the excess of amine (100 times) was added 
to the solution of hydroxyphosphonate The complete reversibility should 
be manifested by formation of the corresponding amount of fluorenone. 
For all studied diesters and amines the reversibility was lower than 
20%. The major reaction was irreversible formation of phosphates 
followed by their decomposition to many products and not towards 
starting ketone. Nothing or little of aminophosphonate was formed in 
the presence of aliphatic amines. 

Aromatic amines like aniline, or N-methylaniline are too weak 
bases and they catalyse neither the hydroxyphosphonate formation nor 
their rearrangement to phosphate. In this case the yields of the 
aminophosphonates were satisfactory (above 65%). 
References 
1. P.Kafarski & P.Mastalerz, Beitr.Wirkst.Forsch., H21,1, (1984) 
2. M. J. Kabachnik 8, T. Medved, Izv. Akad. Nauk. SSSR, Ser. Chim. , 1953,1126 
3. M. J. Kabachnik & T. Medved, Izv. Akad. Nauk. SSSR, Ser. Chim., 1954,1024 
4. E. K. Fields, J .  Am. Chem. SOC., 74,1528 (1952) 
5. T. J. Medved & M. T. Kabachnik, Doklady Akad. Nauk SSSR, 84,717, (1952) 
6. K. A. Pietrov,V. A. Canzov, T. S. Erochina 8, L.P. Cernobrovkina, 

Zh. Obsch. Khim. , 46,493, ( 1976) 
7. R. Gancarz, to be published 
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ALKYLATING PROPERTIES OF DIALKYL PHOSPHITES 

* ** 
ROMAN GANCARZ , IRENA GANCARZ 
* Institute of Organic and Physical Chemistry 
** Institute of Organic Technology and Plastics 
Technical University of Wroclaw, Wybrzete Wyspiafiskiego 27, 
50-370 WROCLAW, POLAND 

Dialkyl phosphites are used as reagents in many reactions 
involving amine as a another substrate. The reaction proceeds ,in 
general, without complications. However, there are several examples of 
failure with the formation of some unidentified product [l]. We found 
that in some cases the N-alkylation of amine could be a serious problem 
especially when methyl phosphite or phosphonites are used. Diethyl 
phosphites are not so powerfull alkylating agents. However when 
methanol is used as a reaction mixture component the methylation 
proceeds via transestrification of dialkyl phosphite to mono- o r  

dimethyl derivatives, which act as methylating agents. 

In this communication we report the studies on the reaction of 
phosphites, amines and methanol or water. The mixture of butylamine, 

diethylphosphite and methanol was left in room temperature for several 
days. The NMR spectrum (in C D 1 was taken at certain periods of time. 
After several days the very complicated mixture of many compounds was 
found . 

-1 

mol-'], for monomethyl and dimethyl ester formation respectively. The 
corresponding equilibria constant are: 0.80 and 0,34. Monoesters have 

not alkylating properties. Even after 30 days at room temperature no 
further reaction was observed. 

6 6  

The transestrification rate constants are: 2.7~10-~, 4~10-~ [min 

The mono-, di-, and trialkylated butylamine derivatives are formed 
-4 -1 , ~ . O X ~ O - ~ ,  5. l ~ l O - ~  [min 

-2 
with the estimated rate constants 1.0~10 
mol 1 respectively. 

3064 8581 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 71, p. 307 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

NEW SYNTHETIC METHODS FOR PHOSPHONOPEPTIDES* 

C.Y.YUAN. S. J. CHEN AND G.H. WANG 
Shanahai I n s t i t u t e  o f  Organic Chemistrv. Chinese Academy o f  
Sciences, Shanghai 200032, China. 

A three-component condensat ion i n v o l v i n g  halogenated acylamide, sub- 

s t i t u t e d  benzaldehyde and d i a l k y l p h o s p h i t e  i n  t h e  presence o f  a c e t i c  

anhydr ide c o n t a i n i n g  e t h a n o l i c  hydrogen c h l o r i d e  gave ~1 - (2-haloacyl-  

amino) -subs t i tu ted  benzylphosphonate i n  good y i e l d .  The l a t t e r  on amid- 

a t i o n  by a m o d i f i e d  Gabr ie l  procedure p rov ided  p r o t e c t e d  phosphonopep- 

t i d e  -- a backbone f o r  t h e  fo rma t ion  o f  o l igophosphonopept ides by pro- 

l o n g a t i o n  e i t h e r  f rom N- o r  f rom P-terminus i n  t h e  usua l  manner. 

Pentachlorophenyl  e s t e r  o f  p r o t e c t e d  amino a c i d  was prepared conven- 

i e n t l y  e i t h e r  i n  s i t u  o r  by  i s o l a t i o n  as c r y s t a l l i n e  compound upon con- 

densat ion  o f  N-protected amino a c i d  w i t h  pentachlorophenol  w i t h  t h e  a i d  

o f  DCCI .  The r e s u l t a n t  a c t i v e  e s t e r  underwent c o u p l i n g  smoothly w i t h  

aminophosphonate t o  p r o v i d e  phosphonopeptides i n  e x c e l l e n t  y i e l d s .  

A novel  and d i r e c t  syn thes i s  o f  p - n i t r o p h e n y l e t h y l  hydrogen benzyl-  

phosphonate c o n s i s t i n g  t h e  r e a c t i o n  o f  benzylcarbamate, s u b s t i t u t e d  ben- 

zaldehyde and phosphorus t r i c h l o r i d e  i n  t h e  presence o f  a c e t y l  c h l o r i d e  

f o l l o w e d  by subsequent a l c o h o l y s i s  w i t h  p -n i t ropheny le thano l  was repor ted .  

As p r o t e c t i o n  group o f  t h e  phosphonic a c i d  f u n c t i o n ,  p - n i t r o p h e n y l e t h y l  

group i s  e a s i l y  removed by t rea tment  w i t h  DBU v i a  E-e l im ina t ion  r e a c t i o n  

under m i l d  cond i t i ons ,  s u i t a b l e  f o r  t h e  p r e p a r a t i o n  o f  phosphonopeptide 

w i t h  phosphonarnide l inkage.  

*Th is  p r o j e c t  was supported by Na t iona l  Na tu ra l  Sciences Foundat ion 
o f  China. 
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SYNTHESIS OF myo-INOSITOL-1,3,5-O-PHOSPHATE, 
AS A NEW TYPE OF CAGE-PHOSPHATE" 

C.Y.YUAN AND H.X.ZHA1 
Shanghai Institute of Organic Chemistry, Chinese Academy of 
Sciences, Shanghai 200032, China. 

Since myo-inositol-1,4,5-0-trisphosphate (IP ) behaves as second 
messager in cellular signal transduction, synthetic study of myo-inosi- 
to1 phosphate became an area of active investigations. Studies on the 
possibilities of using phosphoryl moiety as protection group for the 
multi-hydroxyl functions in the synthesis o f  various inositol phosphate 
derivatives is therefore a problem of synthetic importance. Herein we 
wish to report a new synthetic method leading to myo-inositol-1,3,5-0- 
phosphate(6), a compound with cage-phosphate structure and resemble to 
adamantane 6a by the following sequence of reactions. 

3 

4 5 

Reagents and conditions: a-NaH, DMF, imidazole, BnBr, r. t. ; b-36%HC11 
MeOH, reflux; c-P0C13,pyridine, 100°C; d-P(NEt2)3,dioxane. llO"C, 18h; 
e-H2O2(3O%),THF,reflux; f-S, PhOMe, 150°C; g-H2(17atm), 10%Pd/C, r.t.. 

"This project was supported by National Natural Science Foundation 
of China. 
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DIRECT PHOSPHORYLATION OF NUCLEOSIDES 

HOU-JUN YANG CHEN-YANG LIU YU-FEN ZHAO 
Department of Chemistry, Tsinghua University, Beijing 100084, PRC 

In our laboratory, since all of the naturally occuring amino acids have been 
successfully N- phosphorylated by the dialkylphosphite' , it would be useful if 
this new method could be extended to N-phosphorylation of the nucleosides. 
By the literature', the oxazoline or adenosine was phosphorylated by one 
equivlent of dialkylphosphite. 

b 

The 3'P-NMR spectrum of phosphorylated oxazoline shows peak at 
6.19ppm, it suggested that the phosphoryl group is at the imino or amino group 
other than the hydroxyl group. Additionally, the FAB- MS showed that the 
dialkylphosphoryl group was added to the oxazoline. Also, in the I3C-NMR 
spectrum, the C, and Cl, as well as the first two carbon atoms in the butyloxy 
group were splited into doublet by the phosphorous atom, this concluded that 
the amino group was phosphorylated. 

The FAB- MS of phosphorylated adenosine shows the molecular ion, as 
well as the fragment ions at m / z 98 and 298. The peak at m / z 98 could be 
asscribed for ( HO),P( 0) NH other than (HO),P(O) (m / z 99), it implies that 
the phosphoryl group is connected to the amino group in the base. The ion at 
m / z 298 produced by C,,-N, cleavage provides more evidence for the conclu- 
sion. Moreover, the two hydrogens in the base shifted more than any others in 
the 'H -NMR spectrum after phosphorylation, it again ensures the proposed 
structure. The nucleoside and the analogue without protection were able to be 
N- phosphorylated by the dialkylphosphites in the aqueous basic condition, 
this might provide a novel new stratgy to synthesizing the N-phosphoryl 
nucleoside. 

1. Ji, G. J., Xue, C .  B., Zeng, J. N., Li, L. P., Chai, W. G., Zhao, Y. F., Synthe- 
sis, 444 (1 988). 

[861]/309 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 11, p. 310 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

Hydrophobic peptides induce phospholipid flip-flop in 
bilayers 

ELIAS FATTALI, ROBERTA A. PARENTE2, SHLOMO NIR3, 
FRANCIS C. SZOKA4 
1 URA CNRS 1218, Laboratoire de  Physico-Chimie, 
Pharmacotechnie, Biopharmacie, Chatenay-Malabry, FRANCE 
2 Ortho Diagnostics, Raritan, NJ, 08869, USA 
3 Hebrew University of Jerusalem, Facutly of Agriculture, Rehovet, 
ISRAEL 
4 Department of Pharmacy, School of Pharmacy, University of 
California, San Francisco, CA, USA 

The synthetic amphipathic peptide (GALA) designed to serve as a model for 
triggered fusogenic peptides, exists as a random coil at pH 7.4. At pH 5.0 it is 
transformed to an amphipathic a helix and its ability to partition into 
membranes increases about 5,000 fold. In the membrane, GALA organizes 
into a pore containing 8-12 peptides. Interaction with the membrane result in 
leakage of vesicles contents and membrane fusion for small unilamellar 
vesicles. 
We have examined the effect of GALA on the flip-flop of N-4-nitrobenzo-2- 
oxa 1,3 diazole phosphatidylcholine (C, 2-NBD-PC) in large unilamellar 
vesicles (LUV) that contain an asymmetrical distribution of the NBD-PC. 
Asymmetrical vesicles with NBD on the inner monolayer were prepared and 
NBD-PC flip-flop was measured by following the quenching of fluorescence 
of NBD that results when probe molecules that have flipped to the outer 
monolayer spontaneously transfer to a 10-fold excess of vesicles containing 
Rhodamine-Phosphatidylethanolamine (Rh-PE). The asymmetrical NBD 
vesicles were incubated with various peptides under various conditions and 
then an excess of the Rh-PE was added. Moderate mole ratios of GALA to 
lipid induce complete flip-flop of the probe. The dose dependence of flip-flop 
is similar to that observed for leakage of the contents. pH-jump experiments 
which cause dissociation of GALA from the membrane indicate flip-flop 
occurs sooner than 10 seconds after GALA addition. LAGA, a control peptide 
with a 30 fold lower affinity for the membrane, was about 30 fold less potent 
in causing flip-flop. The flip-flop activity of melittin, a peptide that self- 
associates in the membrane, was similar to that of GALA. Gramicidin and 
Valinomycin, peptides that do not form water-filled pores in the membrane 
were orders of magnitude less potent, despite their high level of association 
with the membrane. These data suggest that only peptides that self-associate 
to form pores provide a low energy path for the phospholipid headgroups to 
cross the hydrocarbon interior of the bilayer in significant quantities. Such an 
effect may be in part responsible for their fusogenic properties [Supported by 
Fondation pour la Recherche Therapeutique (EF) and NIH GN 301 63 (FCS)]. 
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PHOSPHONOACETALDEHYDE HYDROLASE : AN ENZYME THAT CLEAVES 
THE C-P BOND 

CATHERWE DUMORA, ANNE-MARIE LACOSTE and ANDRE CASSAIGNE 
Dbpartement de Biochimie M6dicale et de Biologie Mol6cculaire 
Universit6 de Bordeaux 11,146 rue U o  Saignat - 33076 Bordeaux Cedex 

Although a number of natural and synthetic organophosphonates are degraded by soil 
microorganisms, few enzymes have been isolated and characterized. 

Phosphonoacetaldehyde hydrolase (EC 3.1 1.1.1) from Pseudomonas aeruginosa, 
inducible by 2-aminoethylphosphonic acid, catalyses the C-P bond cleavage of 
phosphonoacetaldehyde into acetaldehyde and orthophosphate following the scheme. 

transaminase phosphonatase 

H2N-CH2-CH2-PO3H2 \ * OHC-CH2-PO3H2 -* OHC-CH3 
p p C  alanine H 2 0  P i  

This enzyme has a homodimeric structure with a subunit of Mr 30 000 and an 
isoelectric point of 5.2 ; it exhibits apparent Michaelis-Menten saturation kinetics with a Km 
value of 200 pM and a catalytic-centre activity of 300 min-1. The hydrolysis proceeds via an 
imine formation between the aldehyde group of the substrate 'and a lysine of the active site 
(Bacillus cereus [Olsen et al., Biochemistry, 22,2229 (19SS)l). The enzyme is very specific 
for its substrate. 

A series of alkylphosphonic acids from C1 to C4 behave as allosteric modulators of the 
hydrolase. Phosphite inactivates the enzyme in a time dependent process. This inhibition is 
pH-dependent and exhibits a pKa value of 7.70. 

P .  aeruginosa is able to grow, as many other soil microorganisms, in the presence of a 
number of alkylphosphonates as sole phosphorus source showing the existence of other 
catalytic systems which failed to be isolated from cellular extracts. 

Recently a complex system has been discovered from a crude extract of Enterobacter 
aerogenes [Murata et al., Biochem. Biophys. Res. Commun., 157, 190 (19SS)I : this system 
has a broad specificity since it recognized structurally different phosphonic acids as 
methylphosphonic acid, phosphonoacetic, phenylphosphonic acid. 

An increasing number of toxic synthetic organophosphonates are being introduced into 
the environment. The cleavage of the C-P bond by soil microorganisms is an important 
process for nature detoxification and maintenance of the ecosystems. 
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Studies on the Synthesis of Nucleoside Esters of 
Trifluoromethanephosphonic acid as Nucleotide Analogues 
Dr.Mao-Jun GUO’ and Professor.G.Michae1 BLACKBURN 

Depaflment of Chernistv, University of Sheffield, Sheffield, 53 7HF, U. K. 

We have employed diethylamino trifluoromethylphosphorus bromide, CF3P(Br)NEt2, 
as a synthon for the preparation of analogues of phosphate esters. In it, the bromine 
can readily be replaced by the 5’- or 3‘-oxygen of a suitably protected nucleoside to 
give trifluorornethylphosphonarnidite species, CF3P(NEt2)0R, which are close rela- 
tives of the intermediates used in P(III) oligonucleotide synthesis. These phosphon- 
arnidites can be oxidised by t-butyl hydroperoxide to the corresponding phosphon- 
amidates for both adenosine (A) and deoxythymidine species (5 ) .  Unfortunately, 
these analogues of nucleoside phosphorarnidates did not behave as expected and 
shcwsd P-0 rather thzn P-b! clssvage under certain conditior?s 5f transformation. 

Me R,/ 4; \$:$ CF3 / R20vc:-H 

( 4 :  
RZd ORZ R”/ P--d (B) R’=NEt2;R2=DMT 

(D) R’ = 0‘ Nb+; R2 = H (A) R ’ = N E ~ ;  R ~ = ~ C M .  (c) R’=OH; R‘=H CF3 

We therefore turned to the use of trifluoromethylphosphorus dibrornide,2 prepared by 
a new and convenient route, for access to trifluoromethanephosphonate diesters.3 
This reacts with triazole to give the bistriazolide which behaves as a standard phos- 
phorus (Ill) reagent towards 5’-dimethoxytritylthyrnidine and 2’,3’-di-O-ethoxymethyl- 
ideneadenosine to afford the corresponding 3- and 5’-mononucleotides (C) and (D) 
respt. The latter can conveniently be used to build dTpc~srA, the phosphonate anal- 
ogue of deoxythymidylyl-(3’-5’)-adenosine. Progress towards the incorporation of 
the trifluorornethanphosphonate linkage into oligonucleotides in a stereospecific 
fashion will be reported. 

Lastly, in the course of conversion of (D) into its sodium salt for NMR analysis, it was 
observed that prolonged exposure to ChelexR resin resulted in the selective hydrol- 
ysis of (D) by P-C cleavage to give thymidine-3’-phosphate. The significance of this 
observation will be discussed. 

REFERENCES 

1. Volbach W. and Ruppert I, Tetrahedron Lelters, 1983,24,5509. 
2. cf. Nixon J.F., and Cavell A.G., J. Chem.Soc., 1964, 5983. 
3. Burton D.J. and Flynn R.M., Synthesis. 1979, 61 5. 
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PHOSPHONOPEPTIDES AND CHELATED PHOSPHONOPEPTIDES 
AS HAPTENS FOR GENERATING CATALYTIC ANTIBODIES 

By Professor G.Michael Blackburn and Dr.Deng Shi-Xian 

Department of Chemistry, The University, Sheffield S3 7HF, UK. 

Monoclonal antibodies have been shown to be capable of the catalysis of a relativ- 
ely large number of different chemical transformations1 since the first examples 
were discoveredz.3 in 1986. The task of cleaving the amide bond remains one of 
the most difficult to accomplish by a catalytic antibody. 

The gerteral targei is the syn?hasis o i  stable kaptens of lifetime at !east one day in 
vivo, which will mimic the tetrahedral intermediates that are characteristic of the 
hydrolysis of the amid bond. We have designed phosphonopeptides and chelated 
phosphonopeptides as haptens to elicit the production of monoclonal antibodies 
capable of amide scission similar to that seen in aminopeptidases. Phosphonate 
esters, phosphonamides, and phosphinic acids containing P(0)-C-, P(0)-N-, and 
P(0)-0- surrogates for the peptide linkage have been prepared and conjugated to 
the carrier proteins, keyhole limpet haemocyanine (KLH) and bovine serum 
albumin (BSA) through their carboxyl terminus. In addition, specific stable metal 
chelate complexes have been prepared and characterised by 31P NMR to demon- 
strate the nature of the metal ligands from the peptide mimetic and these also have 
been conjugated to carrier protein. 

The hapten-KLH conjugates are being used to immunise mice and monoclonal 
protein is being prepared by standard hybridoma te~hnology.~ Results on the 
screening cf clones for catalytic activity will be repo5ed. 

References 

1. Schultz, P.G., Angew.Chem./nf.€dn., 1989, 101, 1336; Schultz, P.G., Lerner. 
R.A., and Benkovic, S.J.,Chem.Eng.News, 1990, 68(22), 26ff; "Catalytic 
Antibodies," ClBA Foundation Symposium No.159, 1991, John Wiley, New York. 

2. Tramontano, A., Janda, K.D., and Lerner, R.A., Science, 1986, 234, 1566; 
3. Pollack, S.J., Jacobs, J.W., and Schultz. P.G.. Science, 1986, 234, 1570. 
4. Kohler, G. and Milstein, C., Nature (London), 1975, 256, 495. 
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AMINOOXYPHOSPHONATES AS SLOW BINDING INHIBITORS OF 
ASPARTATE- AND ALANLNE- AMINOTRANSFERASES 

ANNE-MARIE LACOSTE*, CATHERINE DUMORA*, JERZY ZON** 
*Universitk Bordeaux II- 146, me Lko Saignat - 33076 Bordeaux Cedex - France 
** Technical University of Wroclaw - 50-370 Wroclaw - Poland 

Aminooxymethylphosphonic (AOMP) and 1 -aminooxyethylphosphonic (AOEP) acids were 
synthetized following the scheme : 

a b 
RCH(OH)-PO(OC2H5)2 + RCH(ONPhth)-PO(OC2H5)2 -+ 

RCH(ONH2)-PO(OC2H5)2 + RCH(ONH2)-PO(OH)2 
C 

(R = H or CH3) 

and their interaction with cytosolic aspartate- (EC 2.6.1.1) and alanine- (EC 2.6.1.2) 
aminotransferases from porcine hem was investigated. 

These compounds exhibit a time dependent inhibition with biphasic reaction kinetics. 
The formation of an initial, rapidly reversible enzyme-inhibitor complex (EI) is followed by 
the conversion to a tighter complex (EI*) which dissociates slo ~ d y .  

k3 k5 

k4 k6 fi, 201-301 (1988)] 
E + I EI --I* [Morrison and Walsh, Adv. Enzymol. 

The kinetic parameters of Asp-AT 'and Ala-AT determined by the onset of inhibition, 
preincubation enzyme-inhibitor studies and reversal of inhibition indicate that AOMP and 
AOEP are potent slow-binding inhibitors of both enzymes. The inhibition constants are in the 
nanomolar range for AOMP and in the micromolar range for AOEP. The half-times for the 
recovery of activity of fully inhibitedenzymes varie from 0.25 to 11.3 hours. 

The spectra of Asp-AT monitored before and after addition of AOEP show a shift from 
352 nm, the absorption band of the internal aldimine between PLP and lysine 258, to 380 nm, 
characteristic of an oxime formation. 

These compounds (NH2-O-R-PO3H2) were compared to their carboxylic analogues 
(NH2-O-R-COOH) as well as to the corresponding aminophosphonates (NH2-R-PO3H2). 

3141[866] 
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THE SYNTHESIS OF SMALL MOLECULE PHOSPHORYL- 
CHOLINE COMPOUNDS FOR USE IN BIOCOMPATIBILITY 
APPLICATIONS 

JUDITH BROWNE, JEREMY RUSSELL, RODERICK BOWERS and 
STEPHEN CHARLES 
Biocompatibles Ltd, Brunel Science Park, Kingston Lane, Uxbridge, 
Middlesex, UB8 3PQ, UK 

Phosphorylcholine treated surfaces confer biocompatibility by 
mimicking the outer membrane of the red blood cell. To this end a series of 
functionally active phosphorylcholine derivatives have been prepared for 
covalent attachment to surfaces. 

In particular two compounds (1,2) have been shown to be key 
intermediates to the synthesis of a wide range of derivatives and for directly 
attaching to surfaces. 

n 0 

( 1 )  ( 2 )  

Single step syntheses of these compounds are presented, thereby 
circumventing longer routes already described in the literature1.2. The 
starting materials are cheap and readily available. Each route depends on the 
initial formation of a tetraalkylammonium salt of the phosphate which then 
undergoes nucleophilic displacement of an epoxide, or halide. 

Each method utilises water as the solvent, with the tetraalkyl- 
ammonium species being totally extracted using dichloromethane. This 
methodology is applicable to a range of different molecules. 

REFERENCES 

1. EP-A-0157469. 
2. A. A. Durrani, J. A. Hayward and D. Chapman, Biomaterials, 7, 121 

(1986). 

[867]/315 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 11, p. 316 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

CONCISE SYNTHESES OF HOMOCHIRAL INOSITOL PHOSPHATES 
FROM MYO-INOSITOL 

G.M.SAL.AMOflCZYK and K.M.PIETRUSIEWICZ 

Centre of Molecular and Macromolecular Studies, The Polish 
Academy of Sciences, Sienkiewicza 112, 90-363 t6di, Poland 

A new synthetic protocol for efficient conversion of myo-inositol 
into homochiral inositol phosphates is presented and is illustrated 

with six syntheses of naturally occurring inositol phosphates, 

specified in the Scheme. 

Scheme 

my0 - inositol 

&-cam-ph/ 

OH HO OH 
2 

HO &! 

2 - ~  1ns(4)~ 

Ins (3)P 
/ \  Ins(1,4,5)P3 i Ins(1)P Ins(3,4,5,6)P4 

Ins(l,4)P* 

The syntheses start with selfresolving myo-inositol camphanyl- 
idene cis-monoacetals 1 and 2 ,  which are obtained in one step from 
the parent cyclitol and D- or L-camphor dimethyl acetal, respectively, 

and are harvested conveniently by means of a precipitation driven 
equilibration. The syntheses feature in the key steps the selective 
monophosphorylation, selective bissilylation and selective tris- 
acylation of tetrols Land 5, as well as the use of dibenzyl phospho- 
rochloridate and 2-dimethylamino-5,6-ben~o-l,3,2-dioxaphosphepane for 
effecting mono and polyphosphorylations, respectively. 

- - 
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SYNTHESIS OF NOVEL INOSITOL POLYPHOSPHATE ANALOGUES 
AT THE 1-POSITION 

DETHARD LAMPE, CHANSHENG LIU AND BARRY V.L. POTTER 
School of Pharmacy and Pharmacology, University of Bath, Claverton 
Down, Bath BA2 7AY, U.K. 

Abstract The s nthesis of novel inositol tris- and tetrakisphosphate 

D-myo-inositol 1,4,5-trisphosphate Ins( 1 ,4,5)P3 (1) is a hydrophilic second 
messenger which is generated by agonist-stimulated, G-protein coupled, 
phospholipase C-catalysed cleavage of the minor membrane lipid 
phosphatidylinositol4,5-bisphosphate. Ins(1 ,4,5)P3 releases Ca2+ from an 
intracellular store via a receptor which has now been isolated, cloned, 
sequenced and which, when reconstituted, mediates Ca2+ release in response 
to Ins(1,4,5)P3. A major challenge is now the elucidation of the structural 
basis for the interaction of Ins(1,4,5)P3 with its receptor and with the 
metabolic enzymes 5-phosphatase and 3-kinase and the rational chemical 
design of agonists, antagonists and enzyme inhibitors. We have addressed 
this challenge in several ways by the synthesis of inositol phosphates and a 
variety of chemically modified inositol phosphate analogues. 

The biochemical interest in Ins(1,4,5)P3 and D-myo-inositol 1,3,4,5- 
tetrakisphosphate Ins( 1 ,3,4,5)P4 (3), which also has a possible second 
messenger function, has created a demand for analogues of these compounds 
possessing reporter groups. Substitution of the I-phosphate group by a 
phosphorothioate moiety allows facile attachment of reporter groups. 

Starting from myo-inositol, D-myo-inositol 1-phosphorothioate 43 -  
bisphosphate (2) and myo-inositol 1 -phosphorothioate 3,4,5-trisphosphate (4) 
have been synthesised employing different protecting groups and a P(II1) 
approach followed by oxidation/sulphoxidation to give (2) and (4) after 
deblocking . 

analogues modi P red at the 1-position is reported. 

0 

x = o  (1) 
x = s  (2) 

[869]/317 

x=o (3) 
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C-FLUORINATED AMINOPHOSPHONIC ACID ESTERS 

C-FLUORINATED AMINOPHOSPHONIC ACID ESTERS 

U. GRUR H. DRONIA, G. HAGELE 
Institute of Inorganic Chemistry and Structural Chemistry, 
Heinrich-Heine University Dusseldorf, W-4000 Dusseldorf 1, Germany 

INTRODUCTION 
Aminophosphonic acids, the phospha analogues of aminocarboxylic acids, play an 
important role in biological and biochemical processes. Especially fluorinated 
aminophosphonic acids and aminophosphonates are of current biological interest having 
potential antibacterial, fungicide, herbicide and insecticide activities 11 1. 

RESULTS AND DiSCUSSlON 
Here we present three synthetic routes (several new variations to known reactions [2-41) 
leading to fluorinated 1 -amino-1 -arylmethanephosphonic acids 1. and 1 -N-arylamino-I - 
arylmethanephosphonic acid diethylesters 2 : 

- 1 2 
R = 4-, 3-,2-, (F, CF3, OCF3) ; R=',R" = H, 4-, 3-, 2-, (F, CF3, OCF3) ; 3,4-F2 

Using the oxime method and amidoalkylation techniques free acids of type 1 were obtained, 
while the addition of diethylphosphite to Schiff bases yielded the esters of type 2. It is not 
trivial to cleave the esters 2 to parent acids. Fluorinated substituents exert considerable 
influence on preparative yields of 2 : the highest reactivities were observed for para- 
substituted educts, while the ortho-effect gave rise to modest yields only. All compounds 
were investigated by H-, H{31 P}-l  3C{1 H}-, 9F- and 31 P{ H}-NMR in one dimensional 
methods. Selected samples were subjected to  advanced techniques in 2 D NMR and high 
resolution NMR-spectra were analyzed and iterated using new program systems DSYM-PC 
[51 and LAO5PC [61 developed in Dusseldorf. Specific data for chemical shift and coupling 
constants were obtained for the aromatic ring systems and molecular dynamics were 
calculated by using force field- and semi-empirical-programs (DISCOVER, VAMP and 
MOPAC). External biological studies are in progress. 

REFERENCES 
111 P. Kafarski, 6. Lejczak, Phosah. Sulah.. 63. 193 119911 
121 K.D. Berlin, R.T. Claunch, E.T. Gaudy, J. Om. C hem.. 33.3090 1 19681 
[31 J. Oleksyszyn, 1 1 7  
141 V.V. Orlovski, B.A. Vovsi, L.F. Zakharova, Zh. Obshch. Khim.. 42, 1165 (19721 
[51 G. Hagele, S. Goudetsidis, University of  Dusseldorf 
[61 G. Hagele, R. Spiske, University of Dusseldorf 
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N-(PHOSPHON0ACETYL)-L-ASPARTIC ACID 

PALA, N-(PHOSPHON0ACETYL)-L-ASPARTIC ACID, A POTENT ATCase 
INHIBITOR 

A. HAAS, H. DRONIA, G. HAGELE 
Institute of Inorganic Chemistry and Structural Chemistry, 
Heinrich-Heine University Dusseldorf, W-4000 Dusseldorf 1 , Germany 

INTRODUCTION 
Since the early 1970ies PALA is known as a potent inhibitor of ATCase [I]. 
ATCase (Aspartate Transcarbamylase) is the key enzyme in pyrimidine and DNA 
biosynthesis and therefore of great importance for the reproduction of cells. PALA's 
tumorostatic properties, especially in Lewis lung carcinoma, are due to complete 
inhibition of ATCase in cancer cells. Unfortunately it exhibits strong mutagenic and 
teratogenic effects [21 and was withdrawn from cancer chemotherapy. Nevertheless 
PALA remains an interesting and instructive model for enzyme inhibition by " 

transition state analogues I( (Figure 1). 

/ ,K 0 0 H 0 0 ,,C 0 0 H 0 
r' 

O H  I 
~ 

[ i / /  
H O  , 

H O  

,,. /I,, N :.-,,>, 0 0 
/ I  H 0 '2' ',.,__,,' ,- "., , ,/\ 1 1  

H N ;  N H Z  H 

n o  
H 

(1 1 (2) 
PALA N-(Carbamy1phosphate)-L-aspartic acid 
FIGURE 1 PALA as "transition state analogue" 

RESULTS AND DISCUSSION 
The main difference between PALA and the natural transition state is the 
replacement of easily hydrolizable P-0-C bond in (2) by a non hydrolizable P-C-C 
bond in PALA (1 1. This replacement shows a principle widely used in the design of 
anti cancer drugs. In spite of these facts only few material on NMR and structural 
data has been published so far. Aiming at NMR and structural studies we 
investigated several methods for the preparation of PALA. In our poster we critically 
review results from preparative studies and discuss the influence of pH on the 
synthesis of PALA 11 I .  With the aid of the molecular modelling program DISCOVER 
[31 we were able to find the main conformation of aspartic residue in 
PALA.Rotameric populations and the Karplus -type function for the aspartic residue 
in PALA were calculated. 

REFERENCES 

11 I K.D. Collins, G.R. Stark, J. Biol. Chem. ?46. 6599 (1 971 I 
121 P. Kafarski, B. Lejczak, P. Mastalerz, Beitraae zur Wirkstofforschung 

Vol. 25 (1 985). Akademie lndustrie-KomDlex, Arzneimittelforschuna , Berlin 
[31 Program DISCOVER, BlOSYM,(based on force field and semi empirical methods) 
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POLYFUNCTIONAL PHOSPHONIC AND PHOSPHINIC ACIDS 

POLYFUNCTIONAL PHOSPHONIC AND PHOSPHINIC ACIDS: 
SYNTHESIS, STRUCTURE, NMR AND ANALYTICAL PROPERTIES 

G. HAGELE, M. ACKERMANN, M. BATZ, R. FUHLER, H.W. KROPP, 
H. PAPADOPOULOS, U. PRIOR, J. OLLIG, E. WILKE, M. MURRAY 
Institute of Inorganic Chemistry and Structural Chemistry 
Heinrich-Heine University Dusseldorf, W-4000 Dusseldorf 1 , Germany 
School of Chemistry, University of Bristol, Cantocks Close, Bristol BS8 1 TS, 
Great Britain 

INTRODUCTION 

Several synthetic routes lead to  polyfunctional acids of type: 

P1 - P4 = PO3H2 , R2P02H ; R 1  = H, Me, t-Bu, Ph, Mes; R2 = Me, t-Bu, Ph 

FIGURE 1 Polyfunctional phosphonic and phosphinic acids 

RESULTS AND DISCUSSION 

The compounds shown in FIGURE 1 represent the phospha-analogues of 

polycarboxylic acids with unusual protonation and complex formation properties. 

Corresponding esters are obtained by Pudovik-addition and methods called 

"anomalous Michaelis Becker reactions". Molecular modelling is used to support 

postulated reaction mechanisms. Esters and in some cases the parent acids and 

anions as well, are sterically overcrowded exhibiting several specific rotameric 

forms at room temperature, as observed by NMR studies and predicted by modelling 

using molecular mechanics and dynamics. Special force field parameters were 

determined to simulate phosphonate and phosphinate structures. Individual 

rotameric forms were identified by a novel technique called "P,P - ROESY 

spectroscopy". Exchange between rotamers was monitored by EXSY-spectra in 

collaboration with K. Orrel, Exeter. 
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NMR a. STRUCTURAL INVESTIGATIONS OF PHOSPHOPEPTIDES 

R. BOTZEL, G. HAGELE und F. HAMMERSCHMIDT 

Institute of Inorganic Chemistry and Structural Chemistry, 

Heinrich-Heine University Dusseldorf, W-4000 Diisseldorf 1, Germany 

INTRODUCTION 
Phosphopeptides are small linear peptides containing one or more aminophosphonic 
acids as building units. Because of the stability of the P-C bond against hydrotysis 
they are of particular interest as substrates and inhibitors in biochemical pathways. 
Therefore it is important to elucidate their Structure in aequeous solution. It can be 
determined using I D  and 2D NMR techniques as well as molecular dynamics and 
force field calculations. The Phosphopeptides investigated so far are shown in 
FIGURE 1 .:[I 1 

cil'g 

STRUCTURAL ANALYSIS 
- 1 . 1 D spectral analysis and iterativ refinement of H chemical shifts and coupling 
constants (21. 
- 2. COSY and related techniques (double quantum filtered COSY) for the 
assignment of alanine units (Ala). 
- 3. C,H-correlation and COLOC for analyzing the aminoacid sequence (both peptides 
are insoluble in aprotic solvents. Therefore Ca-H-NH coupling constants can not be 
used on this purpose.). 
- 4. NOE measurements (H,H-NOESY; P,H-HOESY) for elucidating three dimensional 
structure in aqueous solution. 
RESULTS AND DlCUSSlON 
These well known methods were applied to the structure elucidation of 
phosphopeptides for the first time. While the AEP subunit occupies the typical 
antiperiplanar conformation the flexibility of the remaining skeleton of these short 
peptides is high at room temperature. Further investigations will include cyclic 
phosphopeptides as well as phosphorus containing macrocycles 
REFERENCES 
11 I Peptides were prepared by Prof. HAMMERSCHMIDT, Institute of Organic 
Chemistry, University of Vienna, Austria 
[21 DAISY program package, G. HBgele, M. Engelhardt, W. Boenigk, "Simulation 
und automatisierte Analyse von Kernresonanzspektren", VCH Verlag, Weinheim, 
I 987 
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PYRROLE-CONTAINING MACROCYCLES DERIVED FROM [2+2], 
[3+31, [4+4] CYCLOCONDENSATIONS 

Boualem OUSSAKDa, Bernard GARRIGUESa* and Anne-Marie CAMINADEb 
a Laboratoire Synthkse, Structure et ReactivitC de MolCcules Phosphor&, URA 454, 
Universitk Paul Sabatier, 118 Route de Narbonne, 31062 Toulouse Ctdex, France 
bLaboratoire de Chimie de Coordination du CNRS, 205 Route de Narbonne 
31077 TOULOUSE Ctdex, FRANCE 

Addition of phosphodihydrazides R-P(O)[NMe-NH2]2 to pyrrole 2,5- 

dicarboxaldehyde or N-methylpyrrole 2,5-dicarboxaldehyde led to a mixture of 20,30 

and 40 membered-rings. All these compounds resulted from [2+2], [3+3] and [4+4] 

cyclocondensations . In one case, a linear compound obtained via a [4+4] condensation is 

isolated. 

Some examples : 

OPh 
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PHOSPHOHYDRAZIDES AS BUILDING BLOCKS FOR POLYNU- 
CLEAR COMPLEXES 
B. Delavaux-Nicot and R. Mathieu 
Laboratoire de Chimie de Coordination du CNRS, 205 Route de Narbonne 31077 
Toulouse Cedex (France) 

The synthesis of redox-active molecules in which a redox center is in close 
proximity to a host binding site is actually an increasing field of activity. The conden- 
sation of phosphohydrazides XP(N(CH3)NH2)3 or PhP(X)(N(CH3)NH2)2 (X = 0, 
S) with ferrocene carboxaldehyde could lead to such type of compounds. 

This condensation reaction gives quantitatively new phosphohydrazideq com- 
pounds according to the reaction: 

n CpFeC5H4CHO + Ph3.$(X)(N(CH3)NH,), - [CpFeGH&H=NN(CH3)InP(X)Ph3., 

When n = 2 their complexing properties have been checked toward copper(1) tri- 

In the 1/1 case the structure of the complex has been established by an X-ray 

n = 2.3 

flate and the products obtained depend of the ligand/metal ratio. 

study. 

In the 2/1 ratio the spectroscopic studies are in agreement with the complexation 
of the ligand through sulfur atom and one nitrogen of one imino group. 

The same compounds can be made first by complexation of 
PhP(S)(N(CH3)NH2)2 with copper triflate and then condensation with ferrocene car- 
boxaldehyde. 

Properties and electrochemical studies of the various complexes will be presen- 
ted. 

[875]/323 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
1
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



Phosphorus, Sulfur, and Silicon, 1993, Vol. 71, p. 324 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

A NEW REARRANGEMENT IN PHOSPHORUS CHEMISTRY 

IGOR V. SHEVCHENKO and REINHARD SCHMUTZLER 
Institut fur Anorganische und Analytische Chemie der Technischen 
Universitat, 3300 Braunschweig, GERMANY 

The transformation of the spirophosphorane 1 into the isomer 2 
constitutes a new type of rearrangement in phosphorus chemistry. 1 and 2 react 
with sulfur to  give the structural isomers, 3 and 4. which exhibit no tendency 
to  undergo mutual isomerisation. 

The methylenephosphinophosphorane, 2 is a new type of compound, 
possessing unusual chemical properties. With Me1 it gives the salt, S which, 
when heated, loses dimethylcarbodiimide with formation of 6. Tetrachloroortho- 
benzoquinone (TOB) adds to  the two phosphorus atoms of 2 giving the unusual 
zwitterionic compound, 7. The reaction of 2 with CC14 leads t o  the P-chloro- 
ylide, 8 as well as to another compound, 9 isomeric to 7, also containing two  
phosphorus atoms of opposite formal charge and different coordination number. 
Isomers 7 and 9 exist independently of each other and do not undergo mutual 
isomerisation. 

+ 

0 

c i  CI 

K 
I+' Me-N N-Me 

I* \ / 
IEI~NIZP-CH2-P - 0  

5 CI CI 

Acknowledaements: 1.V.Shevchenko is grateful t o  the Alexander von Humboldt- 
Stiftung for the award of a post-doctoral Fellowship. 
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