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The research of recent years on the synthesis of new types of phosphoranes with 
P-O bonds (oxaphosphoranes) is examined. Particular attention is directed to the 
problems of the thermodynamic stabilities of oxaphosphoranes and the homolytic 
reactions of hydrooxaphosphoranes. 

The interest in organophosphorus compounds with a pentacoordinated phosphorus atom is 
associated with the solution of problems such as pseudorotation in the trigonal biopyramid, 
the structures of the intermediates in the Arbuzov rearrangement, nucleophilic substitution 
of tri- and tetracoordinated phosphorus atoms, the ratios of the thermodynamic stabilities 
of organophosphorus compounds with different coordinations, etc. 

Oxaphosphoranes occupy a special place in the chemistry of phosphoranes because of their 
accessibility, their relative stabilities, and the promising character of their use as effec- 
tive stabilizers for a number of polymeric materials, lh a previously published review [i] 
principal attention was directed to the heterolytic reactions of oxaphosphoranes; at the same 
time, the volume of information regarding new methods of synthesis of these compounds, the 
synthesis of structures with fundamentally new properties, and the homolytic transfor~tions 
of hydrospirophosphoranes has increased sharply in the last several years. For example, the 
homolytic reactions of hydrospirooxaphosphoranes make it possible to synthesize compounds of 
the 1,2,3-dioxaphospholane series that play an important role in biochemical transfornu~tions 
and, in particular, are encountered as products Of the enzymatic hydrolysis of ribonucleic 
acids and are also intermediates in the alkaline hydrolysis of lecithins, nephalins, etc. [2] 
and find extensive practical application as pesticides and additives that impart thermal sta- 
bility to polymers, etc. [3-10]. 

METHODS OF SYNTHESIS 

The reaction of the corresponding phosphorus compounds that contain P-C1 and P-N bonds 
with OH or NH acids is the traditional method for the synthesis of hydrotetraoxaphosphoranes. 
This method continues to be widely used to obtain previously undescribed hydrooxaphosphoranes 
and, which is more interesting, to obtain new types of compounds of this class. Thus the 
first representatives of tetraoxaphosphoranes I with a phosphorus atom included in an eight- 
membered ring were obtained in [ii]: 

H 
[ (CH3)2N ]3 P or PCl.t CH~CH20 0CH~CHo 

2 (CH3)~CN(CH2CH2OH)2 ~"  (CH~).C--N~" - "PI" - "~N--C(CH~)~ 
_ _ CH2CH2 0"" "OCH2CH2 / - - 

I 

The same reaction proved to be applicable for obtaining bicyclic oxaphosphoranes II [12, 
13], as well as tricyclic oxaphosphoranes [14] of the IV type in the process of the unusual 
acidolysis of amidophosphite III: 

RP[N(C2H5)2] 2 + 

\/ 
H C ( C H 2 ) 2 N H C 6 H 4 0 H - 0  ~ /~R 

H 
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CH~ 

k.~J~. + ~ . : o o . - - - . -  c H--P 
~/ "O'-P--CsH5 ~ 5 0 [ ~  .CH3 

I III NIICpH 5 /~---'x-A, \ IV 

When trivalent phosphorus chlorides are used as the starting compounds, the reaction 
is carried out in the presence of a base and, consequently, may be complicated by the forma- 
tion of a phosphorus analog of carbene. In fact, pentamethylphosphorus is formed as a side 
product [15, 16]: 

CH =F Cl 2 

+ 

HOCH(CH3)CH(CH3)OH 

Py 
0 / ~:/CH~ 

CH3--P ~ ! + CH3PH 2 + (CH3P)s + 
0 / ""CH~ 

CH~ - 0  Cll 3 CII.~. O 0 - CH 3 

+ [ P - -  CCtI(CII3~H(Cll3 ~'311 

. ~,O ~ I CH 3 CI CII 3 ' "O " I "0 ~CI-I 3 CI[~ 

Because of the greater thermodynamic stabilities of some phosphoranes as compared with 
phosphites, phosphite V cannot be isolated at any ratio of the starting reagents [17]: 

(R~N)3P 
+ 

0-NH2C~H,OH 
[ ~o/P_NR 2 N N N\ 0_NH2CsH40 H [ ~  ~p /  

- - - - , - -  ---- k ~ / A . ~  O / ~ . X O / ~ . ~  / 

v v1 

Cases of facile cleavage under the influence of glycols of not only the P-0, P-N, and 
P-C1 bonds but also the P-C bond have been found. This process is realized if the substitu- 
ent .attached to the phosphorus atom has a high negative inductive effect [18]: 

CC13PC12 + 2 HO(CII2)20H 

/O O~. 
! \ /  ] 
~ , o / t \ o  / 

H 

Phenols and aminophenols are traditionally used as OH and NH acids for the cleavage of 
the P-N bonds in amidophosphites [19]. The 1,3,2-benzoxazaphosphole oligomer can be used as 
the amidophosphite [20]: 

p - -  NI:2CsH4OH-0 -~ / P  - -  

0 O" 

Data indicating that PH-phosphoranes are formed intermediately in nucleophilic substi- 
tution reactions at the tricoordinated phosphrous atom with, for example, alcohols have recent- 
ly appeared with increasing frequency [21-24]. These intermediates may be formed via i,i addi- 
tion of the nucleophile at the trivalent phosphorus atom or in one step - through three-center 
transition state VII - or in two steps - through ionic intermediate VIII [25]: 

I }[ "~ ' H 
X . . ' ~ " '  I 7~'~ X X . +  H X ~ [ , Z  
Y ~p:~ .~u~[o-~ Y"P-'Z + HNu -----I,.- xSP~z NU-'--~ y/P ~'Nu 

VII VIII 
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In the case of high electrophilicity of the phosphorus atom and the possibility of effec- 
tive delocalization of the negative charge (for example, in benz0dioxaphosphoianes) nucleo- 
philic attack on:the phosphorus atom may precede proton transfer [26]: 

�9 0 / - - .  j O \  - 0 H 

IX  

Intermediates of the IX type were detected by alp NMR spectroscopy [26-28]: 

CH~ 
C H x - . I / 0 \  

/ ~  / P -N(CH3)2  

cn$ I "o 
CH 3 

[- CII3 ] 
ICII~ [ -0 H / 
t ~ 

" ' ~  / ~ / "CCH3 | - = 
ICH3 ] : 0  _J 
L CH 3 

CH 3 

] p~ 3 

CH; !.:o 
CH 3 

t Clt3 CIIa - . .~ /o \  

__.~ [ P--OCH~ 

C l I 3 : ~  0 / 
C}l 3 

H H H 

~ N \  / N  H ~ N ~t 

�9 .,.,t--- P .  
v - 0 / P  - C Z 2 H 5  + C2HsOH ~ [ ' "  0 / 0C2H5 L ' ~ ' I " "  0 / ~ R  

ix b x 

In some cases mercaptans also react similarly to give stable phosphorane X [29]. 

The reactions with diatomic phenols include several of the steps described above: thus, 
for example, an interesting and extremely unusual example of the synthesis of trioxaphos- 
phorane XIII has been found [30]; the reaction evidently includes the addition of the phenol 
(with respect to one phenol fragment) to the cyclic phosphite with the formation of monocyclic 
phosphorane XI; the latter, as expected, exists in tautomeric equilibrium with open form XII, 
which is stabilized additionally by coordination of the amino group with the phosphorus atom, 
and unusual cyclization with the splitting out of hydrogen then follows; the structure of XIII 
was proved reliably by the usual methods; however, considering the unusual character of the 
process, data from x-ray diffraction analysis would be extremely useful. 

H 
N / 

'~ O' P--CsH5 + 

X ! / 

It 
i /N\I{ 
' ! p - - c e l l  s 
f \ / 

0 OCsH4OH- o 

CsH4(OH) 2- o 

.NH 2 

"~'0 --P-- CC6H4OH- O 

C61I 5 
XII 

%}I 5 
0 I 0 

"" 0 N 
tt 

Xlll 

-. 0 C6H5 -I 

If the reaction of the oxazaphospholane with pyrocatechol is carried out in the presence 
of amines, an ethanolamine residue is replaced by a pyrocatechol residue, and the amine con- 
verts the PH-phosphorane to phosphorate XIV: 

O H O .- 

" ! '- i 
i "- O ! 0 \- 

XIV 
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Dioxaphosphoranes of a previously unknown type " with two P-H bonds in the molecule - were 
obtained by oxidative addition to dialkoxyphosphines [31], as shown below [32]: 

[(CH3).~CCH20]2PH + HOC(R2)zC(RZ)xNHCH2C(R)(R1)OH 

R R1 2 
O \ 

H. I ~"~R 2 
- P - - N  2 

H ~ t I~R 

It is known that the stabiliities of oxaphosphoranes increase markedly when two dioxa- 
phospholane rings are present in the structure; the monocyclic dioxa- and monooxaphosphoranes 
and, ~ subsequently, noncyclic analogs are less stable (for example, see [33]). It is also 
known that tricoordinated organophosphorus compounds display biphilic reactivities in reac- 
tions with, for example, peroxides, thioperoxides, dithiaperoxides, etc.; as in the above- 
examined reactions with alcohols, phenols, and mercaptans, the corresponding heterophosphor- 
anes are initially formed. If the heterophosphoranes are stable, these reactions can serve 
as convenient methods for their synthesis. Quite stable oxaphosphoranes that are stabilized 
by a dioxaphospholane ring are obtained via this method [35, 36]: 

+'O~PcC2H5 CH~ C H 3 _ . ~ \ F  (CC2H5) J CH3 + (C2HsO) 2 ~ 
CH3-~ 0 / CH 3----~ 0 "'" 

CH 3 CH 3 

(.____A_y . 0 \  (SCN)2 f ~ .  0 [(C2Hs0)2P(O)S]2 . / ~ 0 \  

~"/"/L"'O O[CsH,~ t"~'~O e,H, ~"~"'x:'J"'O/IoCeH , .... 

Unsymmetrical oxathiaphosphoranes are stable for a short time at low temperature and are 
readily converted to more stable pentaoxaphosphoranes [37, 38]: 

o k 
/POE + C2HsSSC2H 5 

0 

O O O i\ 
P--(SC;~H~,) z HOCH2COOH ( \p/ "~ 

\ o / i  ~ ~.o/I \ o ~ o  
oR 0~. 

Symmetrical pentathiaphosphoranes are stable when electron-acceptor trifluoromethyl groups 
are introduced into at least one ring [39, 40]: 

S\ /CF~ ( S  S~CF~ 
\p /  

/P--SC,H, + S IL  --- i , , , -  S/] \S CF3 
S CF3 SCcH s 

The tendency for the formation of a P-O bond rather than a P-S bond can be demonstrated 
distinctly in the case of the widely used method for the synthesis of pentaoxaphosphoranes 
from thioperoxides [17, 41, 42]: 

o . - / ~  
/ - - - ~  __ ~ N  CF CHOI #- -N'/'x')I-2+ , _ 2 ( ~ 0 / #  ~:)),_" ~ - ~ 0  "~ 2 'CF3)xCHO'C,H5 ~ '( 3'2 2 - - ~  =-=='- " ~ )  C'HsSSC'H5 

O K  I-2 

The well-known oxidative cycloaddition reaction has been widely used in recent years for 
the synthesis of new types of oxaphosphoranes. These processes may take place either in two 
steps or synchronously via a diene condensation mechanism (for example, see [39, 43, 44]). 
The most diverse compounds of the XV type have been introduced into this reaction as oxidizing 
agents [45-58]: 

R /R 
CH~. ~ cH~ 

I --P Ii + RCOCOR _~ ___~_ CH 3 0., .0 CH~ 
/ //~Y ",/ y ~. / N ". . .  / -N_I--y-~N~ 

x~ Q . / "  N .~ . / ?  
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CII3\ i; cH~ 

C2HsOCON=NCOOCaH 5 + I N---~-CH3 
N N 

C2H50 \ 
o-~o ~,  
I 0 N--C00C2H 5 

XVI + ] 0 i o_~P~o 

C2HsO-,~N 

CH O \  ,N--COOC2H 5 

i N ! CH~ 
N~ I N 

/P(OR)3  
HO--N 0 / /NOH 

~, = R2PC1 

0 XVII o ~ p ~  0 

N C6H 5 

% i ~ CeHs 

It has been demonstrated that a dioxaphosphorane is an intermediate in the reaction of 

triphenylphosphine with diethyl azodicarboxylate in the presence of hydrogen peroxide [59]: 

-~ (Cw + ~'~r "'2"2 (CoHs)3p + [ C2HsOC(0)NH ]Z 

Tetraoxaphosphoranes of a previously unknown type with two dioxaphospholene rings can 
be obtained from cyclic vinyl esters of amidophosphorous acid via the same scheme [60]: 

R () 

R~ 0 ';P N(C2Hs) 2 + C6HsCOCOCsH 5 

R 0 0 ~ C6H 5 

- -  

R 0 / Cell ~ 
N(CzH~) 2 

These structures were later obtained from an intermediate generated phosphinidene [61]: 

CsH 5 0 0.~ CsH 5 
C~ H"COCOC61I~ "If: "\ / ~ ArPII 2 ~ Ar~: ....... 

/ \ /~\ 
Cell ~ 0 ] 0 CSH 5 

Ar 

At= 2,4,b-tri-tert-butylphenyl 

A reaction involving cyclization to spiro structures also proceeds with compounds with a sys- 
tem of conjugated O-----C-C~C bonds [62]: 

CII 3 (CH3)-N CH 3 
C II / 0  ~ 0 ~H --~/'0" CjIsCOCH=CIICOCeH'- ~  ,,I/"-~cH= 

3~ 'PN(CII3) 2 
ClI3---~O .... q.~Cl:~i P \0/-~- CH, 

CH~ I CH 3 
cOC6H~ 

The reaction of phosvhites with alcohols in the presence of a hydrogen acceptor essen- 
tially modelsthe reaction with diketones [63]: 

0 0 0 

i ' .... : i,.- p 
! p l'~ll s + HO 01[ "i" .0/J 
"0 "0 

Coil 5 

967 



The oxidation of amidophosphites to tetraoxaphosphoranes [63] or the reaction of dimethyl 
acetylenedicarboxylate with trialkyl phosphites [64] can be regarded as formally similar to 
it: 

/OC6H 5 

Y~OCaH 5 
N 

(R0)3P + CH3OCOC--CCOOCH 3 

-lOOC 

03 

CH302C. C02CH 3 

CH~0 C / "P~ ~'CO CH- 
:2 RO / I OR 2 

OR 

CsHsO /0 

C6H5011 0 

-50~ -.- (RO)3P~C__ ~ 

"C02CH 3 

CH30~C ~ C02CH3 
>-10~ =- " / ~ 0 R  

CH302C RO/p "OR C02CH3 

In the case of triketones only two keto groups participate in the reaction [65]: 

0 COC6H 5 

(C6H,)~P + CsHsCOCOCOC6H , = (C6H5) -px/ ]~ 

0 CsH 5 

It is known that compounds of tricoordinated phosphorus are readily oxidized by halo- 
gens; in the case of organophosphorus compounds that contain at least one P-0A.Ik bond this 
is followed by an Arbuzov rearrangement. Phosphoranes XVIT which contain a P-0 group and a 
halogen atom attached to the phosphorus atom, are, as a rule, unstable and readily dissociate 
at the P-Hal bond to give phosphonium salts and then undergo rearrangement [66]: 

if,\ o oR]" .~)!]. o o \  % - -  Fi ?l , . . . . .  ., /P--OR -- * RCI 
-100~ k-~--'~ k- "1 LC~-~L. / t O/P\Cl 

v 0 ~ / \ 0 '  CI " ~  "0 CI jCI- "~ 
XVll 

An intermediate of the XVII type can be obtained via a different pathway - by oxidative 
additive to chlorophosphites [67]: 

o ] c,13..o .O O 
�9 , (cI%co)20 

0 C )I 0 CH3/'~0 / 2" 2 0 H 3 

It is known that the Arbuzov rearrangment is not realized for P-alkenylthiophosphoranes; 
this is confirmed by the stability of phosphorane XVlII [68]: 

[•0 
~ 0  CI 

c12 \ I 
p - - s - - c = c ( c H 3 )  2 - - - - - . -  . , p - - S - - C = C ( C H ~ )  2 

I / I  I 
0 S R  v "0  C1 S R  

X ~ I I  

Phosphoranes with an alkoxy group and a chlorine atom can be detected at low temperatures; 
in addition, at low temperatures one can carry out their reaction with various nucleophiles 
with retention, of the phosphorane structure; in a number of cases this proved to be a prepar- 
ative method for the synthesis of new oxaphosphoranes [69-73]: 

F- .-~i ~ 9 ~ / ~ v ~  c~ 
| 

[ ~ / .  0 / ~ ~.\~-'i ,'~ ~ ~ i L " ~ /  ""0 CI \ 0  SCN 
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0 CF3 

ClO I 
CF~ 

Cl 0.\ CF 3 
I/ ," 

R2N--P~ . 

CI 0 ~/[ "CF~ 

(CH~)~S~ 
CF~ 

0 I 
(cli~).p ./ ~--- CF3 

" IN ~I--CF= 
N ~ 0  I 

CF~ 

Li0C(CF~)2C(CF3)20Li i,.- 

f _  CF~ m 
t) t i 

[- CF 3 ~ 2 

CF 3 O\ 

Y ~PCI~ 
N~N/ 

H 

I. C ~14 ~ ( 0 ~  

�9 . .I. C 

CF 3 .0  0 ~ - \  

N- . .N/  ' \ 0 / A ~ . ~ / J  

0C6II4CH3- ~ 

0 0 ~CF~ 

N , /  "\ N 
~N N w 
H H 

0C6]14CH5- $ 

If amidophosphites, in which the nucleophilic center is located at the phosphorus atom, 
or the ambident diethyl phosphonite anion acts as the nucleophile, phosphoranes of a new type 
with a P-P bond between the 4- and 5-coordinated phosphorus atoms are formed [74, 75]: 

/- O \  O . .  / ~. 0 O. ~ .  

Lt j' .V, I,  / j  + (C2H:O)IPNItC~, I I ,R-  p ------ i ,-- I( ) ,  'p ', ) I 
" '~-~ 'A"o/ [  "o ""  \ ~ "  " ~ "  "o r o"  v 

C1 (C21150)2P ~ N C 6 H c R  

O O 

CH3 N ~N CH3 fl -../ , .. CH3..N/X-~ N ~CH 2 
(C2H50)2PONa + ) P f - - C I  ~ * ; P~/--~'i P(O)(OCoHs) ,  

N "N N" N "" " 
CH3 "'~'" "CH 3 CH3~ "7i . . . . .  CH~ 

0 O 

O O 

CH~ -'" CII 5 CHx '2. CH 3 
N~ N" " N" "N < 
5p~ RNHCONHP. ~ ip~-~Cl 

CI ~ "CI N" ";N 
CI R ~ ~ R 

0 

S / " \ ~ . . ~ . .  / ] \ 
CI 

The hydrolysis of chlorotetraoxaphosphoranes can occur without cleavage of the P-O bonds 
when strong electron-acceptor substituents are present at the oxygen atom [76]. The hydroly- 
sis proceeds in a neutral or alkaline medium, and the resulting hydroxyphosphoranes are resis- 
tant to hydrolysis and are not decomposed even by concentrated sulfuric acid~ 

Thus one can obtain phosphoranes of a new type with P-OH groups. These phosphoranes have 
an additional reaction center (the OH group); as will be demonstrated below, this gives addi- 
tional possibilities for organophosphorus synthesis. Such phosphoranes can also be obtained 
by oxidation of PH-phosphoranes with dimethyl sulfoxide at 20~ [77]. 

CF~ CF] CF 3 CF, 

E/O O"~--CF~ H0H CF~--~/0', 0 '~CF~ 
CF3---~ ~\p/ i ~ I P 1 

CF 3 ~l CF~ CF3 O~ CF~ 

XIX 

CF~ CF, 
__~ ~O 0 I -  

D M S O  CF 3 i "\ / ~_CF 3 
. . , , - - - -  ] P ! 

C F , " - - J ~  , / [ ' ,  . ,J---CF 3 
, 0 I 0 1 
CF3 H CF3 

The production of phosphoranes with an SH group attached to the phosphorus atom is evi- 
dently also possible; this is confirmed by the following transformations [78]: 
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0~,. 0 0 .0 0 ~  0 0 ~ 0  

cH_ I p i . c l I  3 + ~ CH-"~ P .CH~ 
CH~ ~ L \  0/ I "0/~"CH3 S + (C2Hs)3N Cii].>L~.O/l., 0/~CH~ 

H S-(C2IIs)3N++H 

The formation of hydroxyphosphoranes models the reactions that are used for the synthe- 
sis of PH-phosphoranes, such as the following processes [79, 80]: 

MgBr\ 

OMgBr 
POCI3 ----" CH3 x' " p / .~i ~ICH3 

CH3" O':: OI{ " O/ CH3 

0 -- (HOOCCsII4)zP(O)OH + 5OCIz 

-%.---,U0J 

Ring-chain tautomerism between isomers with tetra- and pentacoordinated phosphorus atoms 
in series of imino compounds was first detected in [81]: 

�9 -.. . OH 

tI 

In this connection the reaction of phosphites with the corresponding azides can be used 
to obtain oxazaphosphoranes (the Cadogan reaction) [82, 83]: 

(RO)3p II R 
N'-,~_ N 

+ . . . .  ,.- (RO)~P=NCR2CR2IOH) .-------i-- (RO)~P 

N~CR2CR2(0H) 0 -j~---R 
R 

This method for the synthesis of phosphoranes is particularly attractive in that the pro, 
cess is stereoselective [84]: 

Ph 

�9 N , . \ i O~ .-. 

Fh ~Ph  R" 
I 

Ph Ph 

The introduction of an oxaphospholane ring stabilizes pV isomer XX, for which the exis- 
tence of a valence tautomer with a tricoordinated phosphorus atom has not been detected [85, 
86]: 

o 

'o "L'L--S" ~" o "  
I I  OR 

XX 

Tautomeric equilibrium also cannot be detected for phosphorane XXI and for its analogs 
obtained on the basis of phenylenediamine and aminophenol [39]: 

p. 0 0 f:~-::%, ~:---~y ",p/ "--~"~,, 
I C } |  P :NS02CsH5 + C6114(OH) 2-  0 

"- "0 i 
Cl NHS02CBH ~ 

XXI 
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The reaction of mercurated oxa compounds with readily accessible tetraoxahydrospirophos- 
phoranes is a preparative method for the synthesis of alkenyloxytetraoxaspirophosphoranes (in 
~70% yields): 

/0\ /0. r/O\ /0. 

. . . .  "to+o.+" 
H R = H, CH 3, C2H 5 OC|~ =CH 2 

The reaction with mercurated ketones takes place in the presence of tert-butyl peroxide 
and upon [IV irradiation; this, in conjunction with other data, makes it possible to assume 
that this process takes place through phosphoranyl radicals [87, 88]. 

Oxaphosphoranes can be synthesized starting from compounds of not only tri- and penta- 
coordinated phosphorus but also from tetracoordinated phosphorus; the type of reaction may be 
the very same. Thus the general principle of the easy removal of trimethylsilyl halides can 
be extended to halophosphoranyl compounds [88-92]: 

CH~ 0 17 \ F 
(CH3)3SiOC(CH3)=C(CH3)OSi(CH3)3 + CII30P{O)F2 ~ II .P[OSi(CII~)3]2 

CiI - /~ '~0  / 

O CFa CF3 
(CH3)3SiO, ,/ "~-~CF~ CF ---] /0 

CII~- -P  ~ + (CH~)_P(O)CI -----~ ~ " 
C{13 / \ , O / ~ _ C F  5 _ .  CF 3 ~ ,P(CH3) 2 ~ 0 

3--" i ~ . 0 /  
CF~ CF 3 Z 

Examples in which phosphoryl compounds undergo complete rearrangement to oxaphosphoranes 
[93] or the tautomeric equilibrium is shifted to favor the oxaphosphorane structure [94] are 
also known: 

/COOH "P(O)(CsHJz !~o~C --CI p ~  o 
v -~- ! " 

s _i %n~ I " c l  
Csll s 

CH~.~./0 ~:0 CII3 CI{3. 0 0 C/l 
i \ / [ 

CII 3 0 ) o "CII  3 
CH 3 OIt 

REACTIVITIES 

As we have already mentioned above, the principal factor that determines the stabilities 
of pentacoordinated phosphorus compounds is the presence in-the phosphorane molecule of a di- 
oxaphospholane fragment [94]. This was demonstrated convincingly in the case of oxahalophos- 
phoranes [95], pentaoxaphosphoranes [94], and phosphoranes that contain P-C, P-S, and P-N bonds 
[96-98]. A series of studies by Markovskii and co-workers, in which the stabilizing effect of 
a substituent with a bicyclooctane structure on, for example, the pentacoordination state of 
the phosphorus atom, have been published in recent years [99, i00]. 

In the general case an increase in the number of P-O bonds in the oxaphosphorane structure 
stabilizes the compound: this is well illustrated by a rearrangement in which the stabilizing 
effect of the five-membered ring becomes less significant as compared with the formation of 

P-0 bond Fr~ 
a new LOJJ: 

CsH 5 0 0~., CsH 5 .0 ,0 I - 

%o-2 >q, 
Cell C" i O" " c j I ~  ~(clh) ~ ~'li N(C%). 

0 o 
ELXa ~ " : b  

C6H 5 

CHCI~ ~--~ X/X a - - - - w -  /" \'p/ 

/t'O'/I "'0___~_ 
~{ci13)" Call5 
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Examples of the facile rearrangement of an oxaphosphorane with one P-P bond to an oxa- 
phosphorane with a P-N bond are known [74]: 

~.;:.i\..." o,\ /'c "-/5% 

I 
(C2H50)2 P : :  NCsH ,X 

X= It, CH~ 

/." O O F. 

! o " '~ o "L(~ -"9 . f-" " "' / "CS- 

(C,,IIs0):p --N--C JinX 

When X = NO 2, the starting phosphorane is completely stable, since electron-acceptor sub- 
stituents stabilize imino oxides of tricoordinated phosphorus compounds. 

Numerous examples of tautomeric equilibria between compounds with a phosphorane structure 
and phosphoryl and phosphonium, compounds and tricoordinated phosphorus compounds are known; 
there are, of course, cases in which the equilibrium is shifted completely to one or the 
other side, which is determined by the character of the substituent attached to the phosphorus 
atom and the conditions under which the rearrangement:is carried out. Thus in the example pre- 
sented below the structure with a phosphoryl group is energetically more favorable [i01] 

C~l] 5 /0 0, /C6H 5 

Call 5 "0 ~ 0 / "CJi5 

0Si(ClI3) ~ 

70-,80~ 
C6H5-. i,~O \ ~6H5 

D-- t l  P--0--C----C-- 0Si(CH3)~ 
-<. /II i 

CjI 5 "0 0 C~H 5 

The presence of a dioxaphospholane ring in the phosphorane structure is not always a 
guarantee of its stability; phosphorane XXII exists in equilibrium with phosphonium structure 
XXIII, which is logically explained by the requirements of apicophilicity; the apicophilicity 
of the isocyanato group is equal to the apicophilicity of the chlorine atom, and three oxygen 
atoms in two rings also tend to occupy an apical orientation [102]: 

CH 3 

CH3--@/0N P_NC 0 + CH~CH=C(COCH3) 2 

CH3---~0/ 
CHa 

CH 3 

CH 3 NCO 

X~:II 

CIt~ 0- 
l.o NC0 I 

..l.__.~" CII3--~ \,lJ,+ /C--CH 3/__ 

CI13---~.O,/ \,C~i C COCII3 

CH 3 [ 
CH 3 

XX'III 

Examples of tautomeric equilibria in the R~P=A = - -  %P_~'A system are known [103]: 

R ~ , j0C2H 5 

(C6Hs)~p= C(RI)C=C(R2)CO(R ~ ) - -  - ' '~ _R 2 

OC2H 5 6 ~ CicH r . R3 

The pathways of the decomposition of oxaphosphoranes are also extremely different. If 
the structure of the phosphorane permits the formation of a phosphoryl group, the decomposi- 
tion proceeds precisely via the. following pathway [104-110]: 

R R2C~CR 2 
R.~O\~ 200~ I : (C2HsO)zP=O + O 

I / P(0c2115)3 , I R=CF~ 
(C.HsO).p ~o / + CF3C =CF 2 R/[\O" 

R " ~ "F , 
0C2H 5 

0CHR 2 
j R 

R2i-- I" 120~ 

0 t 
R 

R=CF 3 

R2P(O)OCHR 2 + RHC=CHR 
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Cll,  CH. 
0 ' ~ 0 ' 

�9 ' ""U--COOR 20~  0 ~  ' "~---C00R 
[(CH~)3Si0L - - P  i ~ "" [ \ .~--COOR II ' ' P ' .  .~---C00R 

H 0 i O" 
CH 3 CH~ 

H tt 
. / .  N H N 

"df-,'y/ \\| 20~ ~ : ~  ",, ~ 0  
�9 .- i( ~ P". + C2H 5 

" 0/OCOR "~-~'JY " ' 0 ' /  C2Its 

H t i  

[(/-5 

/0\ /O~j ' 0 
"P' [ .,o~c -.1 -- . o 

.0/[ \.0m /+.0 / CH(OH)R 

RCHOH 

+ ~V--~ * RCIIO 
O 

. . I . ~  o @ .  , o 
j p- + . . 

f f , , o / l  ., " c l l ,  "o" 
" 0  / "~ " q'~O 

4Ox /o~.. L h~' .~. 0 

, P\ i ----'- * N 
" H 

0 0 
f \ p  SC2H5]  ' \\pC S 

[ / " OC2H 5 

The thermodynamic stabilities of phosphoranes sometimes prove to be lower than the stabil 
ities of tricoordinated phosphorus compounds. A decomposition process with the formation of 
the latter most often proceeds in cases in which the starting phosphorane does not contain 
P-O bonds, i.e., fragmentation with the formation of a phosphoryl group is impossible [iii]: 

S C F  3 S CF 3 

'~p/ "~ ----~ c~:cH~ + c.H~-P / 
, S" "CF 3 
C6H 5 

In some cases the stabilities of compounds with a pentacoordinated phosphorus atom and 
the stabilities of compounds with a phosphorus atom with a different coordination become com- 
parable or very close; in these cases an equilibrium is established, as is often observed 
for the reactions of phosphonites with dienes. Tautomeric equilibrium has long been known 
for hydrospirotetraoxaphosphoranes and the corresponding hydroxyphosphites [112]. 

The P-H bond in tetraoxaspirophosphoranes is readily metallated with the formation of 
anion XXIV. The production of such anions is of fundamental significance for understanding 
the little-investigated bimolecular nucleophilic substitution reactions at tricoordinated 
phosphorus atom [113-115], since anion XXIV has the structure of the proposed intermediate 
of these processes: 

R3P + Y- - - ~  [ R~P-Y-]  --4,.- R2PY + R -  

C]]~ CH~ 

CH3-- l~ 0 ,, P, 0 I -CH.~ + I{~NIA_ {N~sH.NaNH?) 

CH3 [" 0 [ ~0 , CII~ 

CH 3 H CII 3 

CH~ 

t ~ 
-- ~ CH~-'" -p__oc(cH3)243 CH312 0- 
"---- CH3 .... 0 

Cli~ XXV 

CI13 CH 3 

,i" ~ I - -  ~ CII 3 - - - C | [  3 

- . , D - - -  C]I3 .i P, _ CH3 ~ -  
[ 0 "O 
CH 3 CH z 

XXIV 
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According to alp NMR data, a fast equilibrium is established between anions XXIV and XXV. 
Alkylation with methyl iodide and silylation with trimethylchlorosilane take place at the oxy- 
gen atom, but the reaction with methyl bromide, ethyl iodide, butyl iodide, and allyl bromide, 
as well as with aromatic aldehydes, proceeds at the phosphorus atom with retention of the 
phosphorane structure. 

An anion of the XXIV type can be obtained from hydroxyspirophosphoranes (XXVI, for exam- 
ple), which react with trifluoromethanesulfonic acid to give a stable spirobicyclic dioxa- 
phosphonium triflate; the latter is reduced by lithium aluminum hydride to the corresponding 
conjugate base of the PH-phosphorane [114]: 

P - - 0 1 t  ~ / P \[CF3CJ03I 

CH 3 CN 3 

XXVI 

_2§ + 2!_ + ~ ~~ 

XX~I 

Hydroxydioxaphosphoranes of the XXVI type are not oxidized by oxidizingagents suchas 
hydrogen peroxide in chloroform; this indicates the absence in these compounds of a tautomer 
with a tricoordinated phosphorus atom [114]. Hydroxydioxaphosphorane XXVI is formed via the 
scheme presented below [114] and is also readily metallated wtih the formation of sodium tri- 
oxaphosphorane oxide XXVII [115, 116]: 

CH3~/CH3 CH 3 CH 3 

/%* 0 OH" , /O ['k~-.'~/'l~ //O NaH ~]- I.CH MKBr,Z.Mg "/" \ / "P-/-O-Na+ 3 �9 P--OH - ~  P-~O ----~- '/" ~ 0  

~C%-VI Clt~" "CII 3 XXVII 

Anions of the XXVII type can also be further used in organophosphorus synthesis [117] 
and serve as models for the investigation of nucleophilic substitution reactions at the tetra- 
coordinated phosphorus atom [40]. 

The synthesis of phosphoranes with P-P bonds between two pentacoordinated phosphorus atoms 
was accomplished through phosphoranide anions [118]. 

Nucleophilic substitution reactions at the pentacoordinated phosphorus atom (alcoholysis, 
for example) proceed with retention Of the phosphorane structure through octahedral interme- 
diates or through a transition state with a hexacoordinated phosphoruus atom. This reaction 
is reversible - the liberated alcohol again undergoes re-esterification [119]. Vinyloxy- 
spirophosphoranes undergo irreversible alcoholysis under exceptionally mild conditions (30- 
40~ basic or acidic catalysis); this transformation is a preparative method for the synthe- 
sis (in quantitative yields) of 5-alkoxytetraoxaspirophosphoranes [120]. Electrophilic addi- 
tion to vinyloxyspirophosphoranes proceeds as concerted 1,6 addition with the formation of 
the corresponding phosphates [87]: 

CII 3 0 O C I I ~  CtI 3 0 O Cl |  3 
i , " ROt] " 

c~, " o " [  "o ~ c.~ c H ~  o ' " l ' ' o " "  ell, 
O C H = C I t 2  OR 

+ CH3CIIO 

R = alkyl, allyl, propargyl, 8-hydroxyalkyl 

CH 3 0 CH 3 0 
p /  

(HCI) / "'OCH(CH~ )CH{CH3)C| 
CH 3 0 C H j  0 [ 0 CH u CHa  ~ 0 

OCH=CH 2 

Radical reactions have been studied to the greatest extent in series of hydrotetraoxa- 
spirophosphoranes. Homolysis of the P-H bond in these compounds is possible under the influ- 
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ence of light in the absence of specially added sources of radicals; however, photolysis in 
the presence of di-tert-butyl peroxide or an alkyl nitrite is usually employed [121]; the 
formation of spirophosphoranyl radicals that do not undergo 8 fragmentation was detected by 
EPR spectroscopy. At the same time, it is known that phosphoranyl radical [(CHs)~CO]4~, 
which contains dioxaphospholane rings, undergoes extremely fast p-cleavage at low temperatures 
[122]. However, it was shown in recent years that a S-cleavage process is also realized for 
spirophosphoranyl radicals under more severe conditions (in the presence of tert-butyl perox- 
ide at 130~ Thus hydrospirophosphorane XXVIII is isomerized under these conditions to 
dioxaphospholane XXIX [123]: 

Ctt 3 : 0 CH3~.~/O,\ /o',.r/cH3 ~ \p.:O 

cH " } o / '"o "!'c~I~ ---'- : : " cm~(cuyu:H~ Cllf O" 
H 

.',L~?;II I XIX 

The reaction has general character and is realized for both unsubstituted~ and substitut- 
ed hydrospirophosphoranes [124, 125], proceeding via a chain mechanism, and the rate of the 
process is determined by the number and nature of substituents in the dioxaphospholane rings. 

Thus at the present time the chemistry of oxaphosphoranes is no less a vast area,of the 
chemistry of organophosphorus compounds than the chemistry of, for example, phosphites. The 
high reactivities of oxaphosphoranes are responsible for their extensive use as reagents in 
fine organic synthesis and in various branches of the national economy. 

LITERATURE CITED 

i. N. A. Polezhaeva and R. A. Cherkasov, Usp. Khim., 54, 1899 (1985). 
2. H. Y. Khorana, Y. M. Tener, R. S. Wright, and J. Y. Morffatt, J. Am. Chem. Soc., 79, 430 

(1957). 
3. V. Dakess, D. F. W. Gross, and T. Taylor, British Patent No. 1180398; Chem. Abstr., 72, 

101644 (1970). 
4. M. Yoshizawa, T. Mikami, M. Kobayashi, and A. Yido, US Patent No. 3760037; Chem. Abstr. 

80, 71534 (1974)." 
5. Ch. Lassanniere and E. L. Pierre, West German Patent No. 2359245; Chem. Abstr., 81, 204 

(1974). 
6. P. Borrewang, E. Yuddal, H. B. Peterson, P. Farrup, and J0 I. Nielsen, West German Patent 

No. 2364749; Chem. Abstr., 81, 105547 (1974). 
7. S. Seki and T. Yashiaru, West German Patent No. 24180898; Chem. Abstr., 82, 57711 (1975). 
8. S. Stournas, R. F. Bridger, and E. A. Hella, US Patent No. 3795612; Chem. Abstr., 81, 

15559 (1974). 
9. F. Komaz and F. Erben, Czechoslovakian Patent No. 157898; Chem. Abstr, 83, 194595 (1975). 

i0. T. Mitsuda, S. Kobayashi, and P. Hasimoto, Japanese Patent No. 7927566; Chem. Abstr., 
9_00, 203681 (1979) .  

11. F. H. Osman, Y. M. M. Abdel ,  and M. Ab lash i ,  J. Chem. Soc.,  Perk in  I ,  No. 6, 1189 (1984).  
12. M. A. Pudovik, S. A. Terent'eva, and A. N. Pudovik, Izv. Akad. Nauk SSSR, Ser. Khim., 

No. 6, 1408 (1982)o 
13. Yo H. L. Cragg, B. Dawidowitch, Y. U. Fazakerley, L. R. Nasssimbebin, and R. J. Hains, 

Chem. Commun., ND. 12, 510 (1978). 
14. R. S. Mukhametov and E. E. Korshin, Izv. Akad. Nauk SSSR, Ser. Khim., No. 2, 493 (1985). 
15. W. J. Richter, Phosph. Sulfur, iO, 395 (1981). 
16. I. F. Lutsenko and M. V. Proskurnina, Usp. Khim., 47, 1648 (1978). 
17. M. A. Pudovik, Yu. B. Mikhailov, and T. A. Malykh, Zh. Obshch. Khim., 50, 1677 (1980). 
18. A. A. Prishchenko, A. V. Gromov, and I. F. Lutsenko, Zh. Obshch. Khim., 54, 712 (1984). 
19. M. Sanchez, J. F. Bazier, D. Houallo, and K. Wolf, Bull. Soc. Chim. France, No. 10, 3930 

(1967).  
20. M. A. Pudovik, Yu. B. Mikhailov, and A. N. Pudovik, Zh. Obshch. Khim., 55, 1184 (1985). 
21. Chang Cong, A. Munoz, M. Koenig, and K. Wolf, Tetrahedron Lett., No. 26, 2297 (1977). 
22. M. T. Boisdon, B. Malavand, and J. Barrans, Phosph. Sulfur, 8, 305 (1980). 
23. R. Burgada, Y. El. Leroux, and Y. O. Khoshinich, Tetrahedron Lett., No. i0, 925 (1980). 
24. S. A. Terent'eva, M. A. Pudovik, and A. N. Pudovik, Izv. Akad. Nauk SSSR, Ser. Khim., 

No. 8, 1897 (1976). 

975 



25. M. A. Pudovik, V. V. Ovchinnikov, R. A. Cherkasov, and A. N. Pudovik, Usp. Khim., 52, 
646 (1983). 

26. M. T. Boisdon, C. Malavand, F. Mathis, and S. Barans, Tetrahedron Lett., No. 39, 3501 
(1977). 

27. M. A. Pudovik, S. A. Terent'eva, and A. N. Pudovik, Dokl. Akad. Nauk SSSR, 228, 363 (1976). 
28. M. A. Pudovik, S. A. Terent'eva, Yu. B. Mikhailov, and A. N. Pudovik, Zh. Obshch. Khim., 

52, 1302 (1982). 
29. R. Fuks, M. Strebelle, and A. Wenders, Synthesis, No. 4, 788 (1977). 
30. M. A. Pudovik, S. A. Terent'eva, and A. N. Pudovik, Zh. Obshch. Khim., 52, 491 (1982). 
31. I. F. Lutsenko, M. V. Proskurnina, and A. A. Borisenko, Dokl. Akad. Nauk SSSR, 194, 828 

(1970). 
32. D. Houalla, H. Ramdone, and R. Wolf, New J. Chem., 9, 198 (1985). 
33. F. Ramirez, Bull. Soc. Chim. France, No. i0, 3419 (1970). 
34. D. B. Denney, D. Z. Denney, P. Y. Hommond, and Yu.-Piu Wang, J. Am. Chem. Soc., 103, 

1785 (1981). 
35. D. B. Denney and D. H. Jones, J. Am. Chem. Soc., 91, 5821 (1969). 
36. E. Kraweczyk, J. Micholski, and A. Skowronska, Tetrahedron Lett., No. 23, 2019 (1977). 
37. Zin dun-Zu and Liu-Li-Huansye, Acta Chim., 43, 298 (1985). 
38. D. B. Denney, D. Z. Denney, and Li-Tsu Liu, Phosph. Sulfur,_~, 243 (1982). 
39. V. P. Kukhar', E. V. Grishkun, V. P. Rudavskii, and V. A. Gilyarov, Zh. Obshch. 

Khim., 50, 1477 (1980). 
40. D. B. Denney, D. Z. Denney, and J. J. Gigantino, J. Org. Chem., 49, 2831 (1984). 
41. L. N. Markovskii, N. P. Kolesnik, and Yu. G. Shermolovich, Zh. Obshch. Khim., 50, 826 

(1980). 
42. D. D. Denney, Z. D. Denney, P. J. Hammond, C. Huang, Dun-Tsu-Diu, and Kuo-Shi-Tseng, 

Phosph. Sulfur, 15, 281 (1983). 
43. L. Citerio, L. Pocar, and R. Stradi, J. Chem. Soc., Perkin I, No. 3, 309 (1978). 
44. B. J. Swanson, J. C. Crockett, and T. H. Koch, J. Org. Chem., 46, 1082 (1981). 
45. V. V. Ovchinnikov, Yu. G. Evstaf'eva, R. A. Cherkasov, and A. N. Pudovik, Zh. Obshch. 

Khim., 53, 1923 (1983). 
46. D. B. Denney, D. Z. Denney, D. M. Gabrilovic, et al., J. Am. Chem. Soc., 102, 7072 

(1980). 
47. A. Schnfdpeter and J. H. Weinnoier, Angew. Chem., 87, 517 (1975). 
48. S. D. Harper and A. Arduengo, J. Am. Chem. Soc., 104, 2497 (1982). 
49. J. Hoinicke and A. Fzschoeh, Tetrahedron Lett., No. 49, 5481 (1983). 
50. A. Mustofa, M. M. Sidky, and F. F. Soliman, Tetrahedron, 2_22, 393 (1966). 
51. Kh. I. Riisalu, V. V. Vasil'ev, and B. I. Ionin, Zh. Obshch. Khim., 54, 563 (1984). 
52. W. Stonser, Y. V. Roschenthaler, R. Schutzler, and W. S. Cheldrick, Chem. Ber., 114, 

3609 (1981). 
53. R. Franeke, R. Di, Jiacomo, D. Daktermieks, and Y. V. Roschenthaler, Z. Anorg. Allg. Chem., 

519, No. 12, 141 (1984). 
54. I. V. Konovalova, L. A. Burnaeva, N. M. Konstantinova, and A. N. Pudovik, Zh: Obshch. 

Khim., 52, 1965 (1982). 
55. M. Benhamunon, R. Kraemer, H. Germa, J. P. Majoral, and J. Narech, Phosph. Sulfur, 14, 

105 (1981); Ref. Zh. Khim., 19Zh351 (1983). 
56. H. Fauduet and R. Burgada, Compt. Rend., C, 291, 81 (1980). 
57. M. M. Sidky, M. F. Zayed, A. A. Ei-Katel, and P. Hennway, Phosph. Sulfur, 9, 343 (1981). 
58. K. C. Caster and L. D. Quin, Tetrahedron Lett., No. 52, 5831 (1983). 
59. M. Instein and J. D. Jenkins, Chem. Commun., No. 2, 164 (1983). 
60. T. N. Kudryavtseva, M. V. Proskurnina, and I. F. Lutsenko, Zh. Obshch. Khim., 51, 1664 

(1981). 
61. J. Navech, Tetrahedron Lett., No. 25, 2863 (1986). 
62. J. Leroux, D. El. Manoui, and R. Burgada, Tetrahedron Lett., No. 35, 3393 (1981). 
63. J. Kimura, M. Migamoto, and T. Saedusa, J. Org. Chem., 47, 916 (1982). 
64. J. C. Caesar, D. Griffits, J. C. Febby, and S. E. Eilletts, J. Chem. Soc., Dalton, No. 

7, 1627 (1984). 
65. M. R. Mahran and W. M. Abdo, Egypt. J. Chem., 21, 469 (1978); Ref. Zh. Khim., 14Zh311 

(1981). 
66. J. Gloede, H. Gross, J. Miehalski, M. Pakulsko, and A. Shourouska, Phosph. Sulfur, 13, 

157 (1983). 
67. H. Meggendorter, R. Schwarts, and I .  Ugi,  Tetrahedron L e t t . ,  No. 26, 2493 (1980). 
68. M. N. Danchenko and A. D. S i n i t s a ,  Zh. Obshch. Khim., 54, 473 (1984). 

976 



69. J. Burski, J. Kieszkowski, J. Michalski, H. Pakulski, and A. Skowrowska, Tetrahedron 
Lett., No. 24, 4175 (1983). 

70. J. Gloede, Z. Chem., 26, 247 (1986). 
71. W. Storzer, D. Schomburg, and G. V. Roschenthaler, Z. Naturforsch., 36, 1091 (1981). 
72. K. Tanaka, T. Ygarashi, and K. Mitsuhashi, Heterocycles, 20, 157 (1983). 
73. A. Baceinedo, G. Bertrand, J. P. Majoral, U. Wermuth, and R. Schmitzlen, J. Am. Chem. 

Soc., 106, 7065 (L984). 
74. S. K. Tupchienko, T. N. Dudchenko, and A. D. Sinitsa, Zh. 0bshch. Khim., 55, Ii (1985). 
75. H. W. Rolsky and H. Djarroh, Inorg. Chem., 21, 844 (1982). 
76. G. V. Roschenthaler and W. Storzer, Angew. Chem., 94, 212 (1982). 
77. G. V. Roschenthaler, E. Bohlen, W. Storzer, A. E. Sopchik, and W. G. Bentrude, Z. Anorgo 

Allg. Chem., 507, No. 12, 93 (1983). 
78~ L. Lamande, A. Muenoz, and D. Boyer, Chem. Commun., No. 4, 225 (1984). 
79. J. Granoth and J. C. Martin, J. Am. Chem. Soc., i01, 4618 (1979). 
80. J. Sigall and I. Granoth, J. Am. Chem. Soc., I01, 3687 (1979). 
81. A. Munoz, M. Galligher, A. Klaebe, and R. Wolf, Tetrahedron Lett~, No. 9, 673 (1976). 
82. J. Cadogan, I. Gosney, E. Henry, T. Naisby, B. Nay, N. J. Steevart, and N. J. Tweddle, 

Chem. Commun., No. 4, 189 (L979). 
83. A. Willeit, E. P. Muller, and B. Reringer, Helv. Chim. Acta, 66, 2467 (1983). 
84. G. Baccolini, P. Spagnolo, and P. E. Todesco, Phosph. Sulfur, 8, 127 (1970). 
85. V. P. Kukhar', E. V. Grishkun, and V. P. Rudavskii, Zh. Obshch. Khim., 50, 1017 (1980). 
86. M. V. Proskurnina, T. N. Kudryavtseva, N. B. Karlstadt, T. G. Shestakova, and I. F. Lut- 

senko, Zh. Obshch. Khim., 50, 947 (1980). 
87. T. N. Kudryavtseva, Master's Dissertation, Msocow State University, Moscow (1982). 
88. T. N. Kudryavtseva, N. B. Karlstadt, T. G. Shestakova, M. V. Proskurnina, and I. F. Lut- 

senko, The Chemistry and Practical Applicationof Organosilicon and Organophosphorus Com- 
pounds [in Russian], Nauka, Leningrad (1980), p. 96. 

89. H. W. Rocksy, K. Ambrosins, M. Bonek, and W. S. Sheldrick, Chem. Ber., 113, 1847 (1980). 
90. F. Ugi and R. Schwars, Angew. Chem., 93, 836 (1981). 
91. W. S. Sheldriek, N. Weferling, and R. Schmutzler, Annalen, No. 6, 1035 (1981). 
92. I. Granoth, R. Alkoberts, and I. Sagall, Chem. Commun., No. 12, 622 (1981). 
93. F. Ramirez, Acc. Chem. Res., i, 168 (1968). 
94. H, Gross and I. Gloede, Chem. Ber., 96, 1387 (1960). 
95. B. A. Arbuzov and N. A. Polezhaeva, Usp. Khim., 43, 933 (1974). 
96. V. V. Ragulin, A. A. Petrov, V. I. Zakharov, and N. A. Razumovich~ Zh. Obshch. Khim., 

52, 239 (1982). 
97. R. O. Day, A. C. Sau, and R. R. Holmes, J. Am. Chem. Soc., I01, 3790 (1979). 
98. A. F. Grapov, L. V. Rakhvodovskaya, and N. N. Mel'nikov, Usp. Khim., 50, 606 (1981). 
99. L. N. Markovskii, A. V. Solov'ev, M. I. Povolotskii, and Yu. G. Shermolovich, Zh. Obshch. 

Khim., 53, 1549 (1983). 
i00. L. N~ Markovskii, A. V. Solov'ev, V. V. Pirozhenko, and Yu. G. Shermolovich, Zh. Obshch. 

Khim., 51, 1950 (1981). 
i01. V. V. Ovchinnikov, Yu. G. Evstaf'eva, R. A. Cherkasov, and A. N. Pudovik, Zh. Obshch. 

Khim., 53, 1923 (1983). 
102. I. V. Konovalova, N. V. Mikhailova, L. A. Burnaeva, and A. N. Pudovik, Zh. Obshch. Khim., 

52, 1290 (1982). 
103. H. J. Bestmann and K. Roth, Angew. Chem., 93, 584 (1981). 
104. E. M. Rokhmin, Yu. B. Zeifman, Yu. A. Cheburkov, Yu. A. Gambaryan, and I. L. Knunyants, 

Dokl. Akad. Nauk SSSR, 161, 1356 (1965). 
105. F. Ramirez, C. P. Smith, and J. F. Piloy, J. Am. Chem. Soc., 90, 6724 (1968). 
106. M. A. Pudovik, G. V. Romanov, and R. L. Nazmutdinov, Zh. Obshch. Khim., 495 257 (1979). 
107. M. A. Pudovik, S. A. Terent'eva, Yu. Yu. Samitov, and A. N. Pudovik, Zh. Obshch. Khim., 

45, 226 (1975). 
108. M. A. Pudovik, A. N. Pudovik, S. A. Terent'eva, A. A. Karelov, and E. I. Gol'dfarb, Zh. 

Obshch. Khim., 50, 740 (1980). 
109. H. Concoloves and I. Majoral, Phosph. Sulfur, i, 357 (1978). 
ii0. H. Concoloves and I. Majoral, Phosph. Sulfur, ~, 372 (1978). 
iii. D. B. Dennay and Li Shang Shin, J. Am. Chem. Soc., 96, 317 (1974). 
112. R. Burgada, The Chemistry and Application of Organophosphorus Compounds [Russian transla- 

tion], Nauka, Moscow (1974), p. 232. 
113. Ph. Jarignac, B. Richard, Y. Leroux, and R. Burgada, J. Organomet. Chem., 93, 331 (1975). 
114. I. Granoth and I. C. Martin, J. Am. Chem. Soc., i01, 4623 (1979). 

977 



115. J. Nielsen and O. Dahl, J. Chem. Soc., Perkin 2, NO. 3, 553 (1984). 
116. I. E. Richman, R. O. Day, and R. R. Holmes, Inorg. Chem., 20, 3378 (1981). 
117. R. Khegen and G. R; J. Thatcher, J. Org. Chem,, 51, 207 (1986). 
118. I. Granoth and J. C. Martin, J. Am. Chem. Soc., i00, 5229 (1978). 
119. S. Kobayashi, Y. Narukawa, T. Hashimoto, and T. Saegusa, Chem. Lett.,No. 7, 1599 (1980). 
120. N. S. Zefirov, N. V. Zyk, and M. V. Proskurnina, Sixth International Conference on Organic 

Synthesis: Program and Abstracts of Papers, D.032, Moscow (1986). 
121. Ya. A. Levin and E. I. Vorkunova, The Homolytic Chemistry of Phosphorus [in Russian], 

Nauka, Moscow (1978), p. 270. 
122. H. Kiefer and T. G. Traylor, Tetrahedron Lett., No. 49, 6163 (1966). 
123. L. Z. Rol'nik, M. V. Proskurnina, T. N. Kudryavtseva, E. V. Pastushenko, S. S. Zlotskii, 

D. L. Rakhmankulov and I. F. Lutsenko, Zh. Obshch. Khim., 52, 1067 (1982). 
124. F. M. Akhmetkhanova, L. Z. Rol'nik, M. V. Proskurnina, E. V. Pastushenko, S. S. Zlotskii, 

and D. L. Rakhmankulov, Zh. Obshch. Khim., 55, 2039 (1985). 
125. F. M. Akhmetkhanova, L. Z. Rol'nik, M. V~ Proskurnina, E. V. Pastushenko, S. S. Zlotskii, 

and D. L. Rakhmankulov, Zh. Obshch. Khim., 55, 2800 (1985). 

REACTION OF =,8,'~',8'-DIEPOXYKETONES WITH METHANOL IN 

THE PRESENCE OF BORON TRIFLUORIDE ETHERATE 

A. M. Zvonok, N. M. Kuz'menok, 
and L. S. Stanishevskii 
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The reaction of trans-diepoxyketones with methanol in the presence of boron trifluor- 
ide etherate leads to tetrahydropyran-4-ones and/or tetrahydrofuran-3-ones. The size 
of the heterocycle forming depends on the direction in which the alkylsubstituted .... 
epoxide ring opens and is determined by the relative configuration of the chiral cen- 
ters of the epoxide rings. 

It is known that the reaction of keto-epoxides with alcohols in an acidic medium occurs 
ambiguously and, depending on the structure of the substrate, leads to products of alcoholysis 
or isomerization [1-4]. Alcoholysis takes place primarily with the 8-opening of the hydroxy- 
pyrane ring [1-4]. Moreover, we have shown previously that the generation of a-or $-hydroxy- 
propionyl groups in the sidechain of a small ring (aziridine or oxirane) leads to intramolecu- 
lar cyclization with formation of five or six-membered, oxygen-containing heterocycles [5, 6]. 
In order tostudy the stereochemical laws of the heterocyclization of diepoxyketones and the 
synthesis of functionally substituted compounds in the tetrahydropyran-4-one and tetrahydro- 
furan-3-one series, we have recently studied the reaction of arylaliphatic diepoxyketones with 
methanol in the presence of boron trifluoride etherate. 

As objects of study, we chose ~,~,~',~'-diepoxyketones Ia,b-IIIa,b, IVa, Vb, and VIb, 
prepared by the alkaline epoxidation of the 8,arylacryloyloxiranes [5]. The a-group compounds 
differ from the b-group diastereometers in the relative configuration of the a-carbon atom 
of the alkylsubstituted epoxide ring in relation to the chiral centers of the trans-aryl- 
substituted ring.* 

The reaction of diepoxyketones I-IVa with methanol in the presence of an equimolar amount 
of boron trifluoride etherate leads to a mixture of 3-hydroxy-5-methoxy-2-aryltetrahydropyran- 

*Comparison of the results obtained with the data in [5, 6] assigns the diastereomers of the 
diepoxides andazirinylepoxyketones with the relative configurations RRR(SSS) to the a-group 
and the diastereometers with the relative Configuration SRR(RSS), to the b-group. 
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