CATALYTIC PHOSPHORYLATION OF
POLYFLUOROALKANOLS.

COMMUNICATION 9. PHOSPHORYLATION OF 1,1-DIHYDROPOLYFLUCROALKANOLS
IN THE PRESENCE OF GROUP 1 METAL CHLORIDES

I. Yu. Kudryavtsev, L. S. Zakharov, UDC 542.97 +547,1'118
and M. I, Kabachnik

We have already shown that salts of metals, in particular Group IT metals, are effective catalysts for the
phogphorylation of polyfluorinated alkanols by chlorides of oxygenated acids of pentavalent phosphorus [1-3].
For these reactions, salts of Group I metals have been little studied. The only representative studied, KC1, had
a relatively low activity [1]. Group Imetal chlorides are fairly effective as catalysts during phosphorylation of
phenols with phosphorus oxychloride [4]. Tt was therefore interesting to carry out a systematic study of the cat~
alytic activity of Group I metal chlorides and to clarify their possible use for the preparative synthesis of poly-
fluoroalkyl phosphates. At least in the case of LiCl, if we consider the known chemical similarity between lithi-
um and magnesium, one of the most effective catalysts of the phosphorylation of polyfluorinated alkanols, a fair-
ly high catalytic activity of lithium in the phosphorylation reaction could alsc be expected.

We first studied the catalytic activity of Group T metal chlorides in the phosphorylation of 1,1-dihydro-

perfluorobutanol by phosphorus oxychloride that we had previously chosen as a model reaction [1]. A mixture

of the reagents and the catalyst in the ratio required for the preparation of neutral phosphate was heated at a bath
temperature of 160°C, until no more hydrogen chloride was evolved. We found that all Group I metal chlorides

do not completely dissolve in the reaction mixture (n all cases the solubility apparently even decreased in the
course of the reaction), so that it was not possible to estimate their real catalytic activity. Therefore, the ef-
fectiveness of the overall process was judged from the yield and time required for the completion of the reac-
tion.

The results are shown in Table 1. For comparison, data are also listed on the use of metallic magnesium
as catalyst, which dissolves completely in the reaction mixture, and apparently converts into the corresponding
chioride.

It was found that the catalytic activity of Group I met chlorides in the reaction studied decreases in the
geries of LiCl > RbCl > CsCl > NaCl > KCl, The highest activity is exhibited by LiCl, which although not com-~
pletely soluble, is sufficiently soluble in the reaction mixture, and so in its effectiveness, LiCl is scarcely not
inferior to magnesium.

Noticeably lower is the catalytic activity of RbCl and CsCl, which have also a fairly high solubility, and in
the case of CsCl even complete dissolution of the catalyst is observed at the beginning of the reaction. The low
effectiveness of NaCl, and in particular KCI, is clearly explained by their low solubility, For comparison, it
should be noted that previously, in the course of a study on the kinetics of the preparation of pheny! dichlorophos-
phate during phosphorylation of phenol by excess of POCI; [4], an activity series of Group I metal chlorides was
obtained: LiCl > RbCl > CsCl > KCl > NaCl. This compares well with the series obtained by us, except for
the relative positions of KC1 and NaCl, apparently due to their different relative solubility in different reaction
media.

The results show that some Group I metal chlorides, in particular, LiCl, although somewhat inferior to the
better representatives of Group TI, can be successfully used for preparative purposes. I fact, if LiCl is used as
catalyst, different symmetric tris (polyfluoroalkyl) phosphates and alsc the corresponding mono- and dichloro-
phosphates (see Table 1) can be obtained. Thus, depending on the conditions, we can exclusively obtain full es-
ters (vield up to 95%) and mixtures of the latter with mono~ and dichlorophosphates with appreciable predomi-
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TABLE 1, Catalytic Phosphorylation of Polyfluorinated Alkanols
by Phosphorus Oxychloride

catalyst
RpCH;0H-+POCI; ——y——*RFCHZOPOCIﬁ- (RyCH,0) ,POCI1+ (RzCIH,0) ;PO
)] (I (1)
Molar amounts Bath tem Yield
R Catalyst perature, | Time, h
¥ ¥ RFCHzOH POCI; cataIYSt U'e (I (I (I11)

C;F; 1iCl 0,085 0,025 0,002 160 3.6 93,8
CsF7 NaCl 0,085 0,025 | 0,002 160 19-20 - 91--92
CsFy KCi 0,085 0,025 [ 0,002 160 31-34 9122
CsFy RbCI1 0,085 0,025 | 0,002 160 9 - — 87,5
CsFr CsCl 0,085 0,025 | 0,002 160 15 - - 85,5
CsFy Mg 0,085 0,025 [ 0,002 160 28 - - 89,4
HCF,CF, LiCl 0.1 0,03 0,001 160 2.5 - - .6
Uy Fy LiCl 0.4 0,03 0,001 170 2,0 - - 95,6.
H (CF3) 4 LiCl 0,15 0,05 0,001 190-200 4,5 = - 93,0
GsFq LiCl 0.2 0,425 | 0,002 150—-170 1.5 20,4 | 60,3 6.8
CiFo LiCl 0.2 0,425 | 0,002 150--155 1,5 20,3 | 60,4 74
CyFy LiCl 0,2 0.6 0,002 140 2.5 67.2 | 124 | 128

TABLE 2. Catalytic Phosphorylation of Polyfluorinated Alkanols

by Dichlorophosphates and Dichlorophosphonates

atalyst
RyCH,OH+RPOCl, — =" _ RPO(OCH;Rz),+RPO (C1) OCH;Ry
1w 4]
Catald Molar amounts Bath temyy; oo | Yield, %
Rp R yst perature, |, ’

RpCH:OH | RPOCL |catalyst [°C ) | )

CF3 CsF,CH,0| LiCl | 0,042 0,02 0,0002 |165—-185 [ 7,6 | 92,3 -

CF; PhO LiCl | 0,22 0,4 0,005 160—170 |} 8,0 | 952 ~

CiFy PhO | LiCl | 0,405 0,05 0,004 180 4 97,0 -
C.Fy PhO LiCl | 0,05 0,45 | 0,001 185—190 | 0,7 119 | 72,6

CF; Me LiCl | 0,22 0,1 0,005 160 4 85,0 | —~
HCF,CF, | Me LiCl | 0,41 0,2 0,004 150-175 | 2,5 | 89,8 -~
H(CFy), | Me LiCl | 0205 04 0,002 |170-195 | 25 | 968 | ~
H(CF:), | Me LiCl | 04 - 0,2 0,002 160—-170 | 1,5 26,7 | 64,1

TABLE 3. Catalytic Phosphorylation of Polyfluorinated Alkanols
by Diphenyl Chlorophosphate

talyst
ReCH,0H+ (Ph0);POCI — o Y°" _ R,CH,0PO(OPh),
) Molar amounts
R Catalyst Bath temm~ | Time h{Yield, %
F perature, °C
RpCH:0H | (PhO).POCL |catalyst
CFa |
HCF.CF, LiCl 0,11 0,1 0,005 150—-170 17,5 95,7
C.Fy LiCl 0,22 0,2 0,01 200 12,5 91,5
LiCl 0,0502 0,05 0,001 180200 19 95,4

nance of one of them (up to 60-67%) at an overall yield of 87-92%.

Lithium chloride can be successfully employed for the preparative synthesis of polyfluoroalkyl esters of
oxygenated acids of pentavalent phosphorus. Polyfluorinated alkanols are readily phosphorylated in the pres-
ence of LiCl by polyfluoroalkyl dichlorophosphates, aryl dichlorophosphates, and alkyl dichlorophosphonates
(Table 2), If an equivalent amount or a slight excess of the polyfluorinated alkanol is used, the corresponding
full esters, i.e., mixed phosphates and phosphonates, are obtained in good yields. If a 2-3-fold excess of the
phosphorylating agent is used, the corresponding ester-chlorides can be obtained: aryl polyfluoroalkyl chloro-
phosphates and O-polyfluoroalkyl alkyl chlorophosphonates. The yield of the ester-chlorides increases and
that of full esters decreases, if an excess of the phosphorylating agent is used.

It is known that catalytic phosphorylation of polyfluorinated alkanols by diaryl chlorophosphates usually
proceeds slowly, and the most widely used Group 1 metal salts are not sufficienfly active as catalysts [1]. We
found, however, that in this cage LiCl has a high catalytic activity, so that the corresponding diaryl polyfluoro-
alkyl phosphates can be obtained in good yields.
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EXPERIMENTAL

Phosphorylation of 1,1-Dihydropolyfluoroalkanols by Phosphorus Acid Chlorides. A mixture of a poly-
fluoroalkanol, a phosphorus acid chloride, and the catalyst (purified by recrystallization from water and dried
by calcination) was heated until no more hydrogen chloride was evolved. The products were isolated by dis-
tillation. The catalyst, molar amounts of the reagents and of the catalyst, the bath temperature, time required
up to the conclusion of the reaction, and the yields of the products are listed in Tables 1~3; the physical con-
stants and analyses of the new compounds are ligted in Table 4,

CONCLUSIONS

1. Tn the preparation of tris(1,1~dihydroperfluorobutyl) phosphate by phosphorylation of 1,1-dihydroper-
fluorobutanol with phosphorus oxychloride, the relative catalytic activity of Group I metal chlorides was studied,
and it was shown that the catalytic activity decreases in the series LiCl > RbCl > CsCl > NaCl > KCI.

2. The high effectiveness of LiCl as catalyst for the phosphorylation of polyfluorinated alkanols by phos-
phorus oxychloride, polyfluoroalkyl dichlorophosphates, aryl dichlorophosphates, diaryl chlorophosphates, and
alkyl dichlorophosphonates was shown. Lithium chloride catalyst can thus be used for the preparative synthe-
sis of polyfluoroalkyl esters and ester-chlorides of phosphoric and alkylphosphonic acids.
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INTERCONVERSIONS OF CLUSTERS IN THE
Pd(0), CO, P(n-Alk), SYSTEM

E. G, Mednikov and N. K, Eremenko UDC 542.91 :541.49:547,1'118 :546.98

In the first papers on the synthesis of carbonylphosphine clusters M, (CO)y (PPhS)y, Mp), M=Pd (0 =3),
Pt @ = 3, 4), the existence in solution of equilibria of the type 3M; = M, [1, 2] and of transition Pt; — Pt, [2]
wag observed. Carbonyltrialkylphosphine clusters Pd y(CO)5(PAlks), (T2, b), Pdy;(CO)14[Por~Bu)sl, (ID),
Pd,(CO;) (PALks), (TTa, b), (Pdyy, Pdy), Alk =n-Bu(Bu) @), Et (b) were obtained by reducing Pd (OAc), by carbon
monoxide [3-6]. The composition of the compounds depends on the acitidy of themedium and on the Pd%*"; PAlk,
ratio.

To search for the paths of formation of one compound from another inside the family of clusters, in the
present work, we studied the interconversions of compounds (T), (IT}, and (III), and proposed a simple, and ap-
parently general, method for increasing the polynuclearity of carbonylphosphine clusters by binding phosphine
into a protonated or another form.

DISCUSSION OF RESULTS

The transition (ITla) — (Ia) is possible not only as the result of the reaction (1)
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