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PROTOTROPIC TAUTOMERISM IN PHOSPHORYL-HYDROXY~
YLIDE AND THIOPHOSPHORYL~MERCAPTOYLIDE SYSTEMS

M.I. KABACHNIK, T.A. MASTRYUKOVA, I.M. ALADZHEVA
A.N.Nesmeyanov Institute of Organo-Element
Compounds, USSR Academy of Sciences, Moscow

Abgtract Two new types of tautomerism are dis-
cussed: phosphoryl-hydroxyylide and thiophospho-
ryl-mercaptoylide tautomerism.

The possibility of phosphoryl-hydroxyylide tautomerism
SP(0)=CH =—= >P(0H)=C
phosphorus analogue of keto-enol tautomerlsm was first
discussed by A.Ye., Arbuzov and A,.I.Razumov in 1929.1
The position of equilibrium in prototropic tau-
tomeric systems is known to be determined by the re-
lationship between the acid properties of the forms
and to be always shifted towards the less acid form.
In all the previously known alkylphosphoryl compounds
- R2P(O)GHR'R", R(RO)P(O)CHR'R" or (RO)ZP(O)CHR'R” -
the acidities of CH forms are so small that CH forms
are not observed at all., For the appearance of hydro-
xyylide structures it was, therefore, necessary to in-
troduce into the CH group strongly acidifying elect-
ron-acceptor groups R' and R", Indeed, the introduc-
tion of two SozPh groups made it possible for 0.I.Ko-
lodiazhnyi2 to observe, along with a stable CH form,
the formation of an unstable hydroxyylide., We observ-
ed3 in solution only the hydroxyylide form after pro-
tonating dimethylphosphoryl-substituted phosphoran-
phosphonium salt by means of HSOBF

Me,?(0)C(=PPhy)*PPhy. X~ ——= Me,P(OH)=C(*PPh,),.2X"
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To estimate the electron effect of different
groups on CH aclidity by means of an equation of Ham-
mett'as type we developed a system of og constants
having the same meaning as Hammett's ¢~ constants but
differing for each X group depending on whether it was
attached to & primary, secondary or tertiary carbon

atom (constants 6EH3, GEHZ and dEH, reapectively).4
Good results were obtained when using these constants

to correlate the pK, of CH acids with Xoj. Applica-
tion of these constants to the above examples showed
that for R2P(O)CHXY structures the region of phospho-
ryl-hydroxyylide tautomery should be sought within the
interval of X6y values for two phenylsulphonyl and
two triphenylphosphonium groups, i.e. from 1.42 to
2.16.

Logically, the first compound investigated in
this interval at oGy = 1.78 was Ph,yP(0)CH(Ts) PPh,.
Br . This erystalline substance proved to have an un-
doubtedly hydroxyylide structure. To identify an ylide
OH structure or a phosphoryl CH structure we worked out
(partially based on literature data) a system of crite-
ria in 3'P NMR, PMR, IR and other spectra. The struc-
ture of the above crystalline salt was studied by X-
ray analysis. For the central carbon atom a planar
trigonal configuration was found with the angles sum
of 358,6°, which unambigously confirms the OH struc-
ture., A strong OH...Br hydrogen bond (1 = 3.078 R) is
obgserved. In solution this salt also has OH structure.
Only in CFBCOOH the structure of the salt changes into
a CH structure, and in CH2012 solution in the presence
of one or two mol CFBCOOH both forms are observed.5
The 2165 interval to deteot among the Ph,P(0)CHXY
structures has thus been narrowed to 1.42 - 1.78. And,
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indeed, we found a system with pronounced tautomeric
equilibrium
Ph,P(0)CH(COOEt) *PPh,C1™=—= Ph,P(OH) =C (COOE%) +pph3c1‘
with the corresponding SZOEH = 1,68, In orystalline
state this salt is an hydroxyylide. In solution the
equilibrium of CH and OH forms of this salt depends on
temperature. With an increase in temperature the con-
tent of the CH form increases; and the OH form is thus
more stable (-aH = 1,66 kcal/mol). The tautomeric equ-
ilibrium constant also depends on the nature of sol-
vent., By their "enolyzing" ability the solvents can be
arranged in a series: EtOH > CH2012 > (CH2012+MeCN,
4:1) > MeNo2 > MeOH > CH013'> CFBCOOH.
A large excess of HC1l or HBr converts both tauto-
mers into dication
Ph2+P(0H)-CH(COOEt)+PPh3
Thiophosphoryl-mercaptoylide tautomerism
R2P(S)-CHXY _ R2P(SH) =CXY
has previously been completely unknown. Basicity of
the P=S=-group is essentially lower than that of P=0
and acidity of the P-SH fragment, accordingly, - high-
er than that of P-OH. The region of thiophosphoryl-
mercaptoylide tautomerism could be expected to shift
in the ZZGEH scale towards higher values which corres-
ponds to a higher CH acidity of the thiophosphoryl
form. The first mercaptoylide observed by ue3 has the
structure of Me,P(SH)=C(*PPh;),.250,F" and was obtain-
ed by protonating the conjugated base, MezP(S)C(sPPhB)-
*PPh3.x', with fluorosulphonic acid.
We synthesized a number of Jd-substituted thio-
phosphorylphosphinomethylenes
R2P-C(=PPh3)Y + S — R2P(S)-C(=PPh3)Y
R = Me, Bu, Ph, Et0, PhO; Y = COOEt, 'l‘s,"'PPhBXT
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and investigated their protonation in different condi-
tions’

. S RZP(S)CH(""PPhB)Y.X'

R2P(S)-C(=PPh3)Y —

| HSO,F_ R,P(SH)=C (*PPh,)Y.X™

Protonation of all the ylides with Y = CQOEt or Ts,
irrespective of the nature of R, yields CH forms. But
ylides with two triphenylphosphonium groups are bases
so weak that in usuel conditions they are not proto-
nated at all. However, at a low temperature under the
action of the excess of acid or under the action of
HSOBF they are protonated on sulphur with the forme-
tion of SH ylide. Not in a single case did we observe
the formation of a mixture of tautomeric forms. The
region of thiophosphoryl-mercaptoylide tautomerism
may well lie within the interval of ZZOEH values
between 1.78 and 2,16 that has not been studied yet.
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