2278 [Inorganic Chemistry, Vol. 16, No. 9, 1977

and H. A. O. Hill, Chem. Commun., 34 (1970); (c¢) T. Sakurai, J. P.
Fox, and L. L. Ingraham, Inorg. Chem., 10, 1105 (1971); (d) G. Tauzher,
R. Dreos, G. Costa, and M. Green, J. Chem. Soc., Chem. Commun.,
413 (1973); (e) J. H. Espenson and R. Russell, Inorg. Chem., 13,7 (1974).
(4) W.C. Trogler, R. C. Stewart, and L. G. Marzilli, J. Am. Chem. Soc.,
96, 3697 (1974).
(5) (a) L. M. Ludwick and T. L. Brown, J. Am. Chem. Soc., 91, 5188 (1969);
(b) T. L. Brown, L. M. Ludwick, and R. S. Stewart, ibid., 94, 384 (1972);
(c) R.J. Guschi and T. L. Brown, Inorg. Chem., 12, 2815 (1973); (d)
R. J. Guschl, R. S. Stewart, and T. L. Brown, ibid., 13, 417 (1974); (e)
R. J. Guschl and T. L. Brown, ibid., 13, 959 (1974).
(6) T. W. Swaddle, Coord. Chem. Rev., 14, 217 (1974).
(7) D.J. McLennan, Acc. Chem. Res., 9, 281 (1976).
(8) D.D. Perrin, W. L. F. Armarego, and D. R, Perrin, “Purification of
Laboratory Chemicals”, Pergamon Press, London, 1966.
(9) (a) G. N. Schrauzer and R. J. Windgassen, J. 4m. Chem. Soc., 88, 3738
(1966); (b) G. N. Schrauzer, Inorg. Synth., 11, 61 (1968).
(10) R.N. Moore and R. K. Ziegler, Report No. LA-2367, plus Addenda,
Los Alamos Scientific Laboratory, Los Alamos, N.Mex., 1959.
(11) F.J. Kezdy, J. Jaz, and A. Bruylants, Bull. Soc. Chim. Belg., 67, 687
(1958).
(12) N. Yamazaki and Y. Hohokabe, Bull. Chem. Soc. Jpn., 44, 63 (1971),
and references therein.
(13) G.J. Palenik, D. A. Sullivan, and D. V. Naik, J. Am. Chem. Soc., 98,
1177 (1976), and references therein.
(14) L. Seibles, Ph.D. Thesis, University of Cincinnati, 1976.
(15) C.J. Weschler and E. Deutsch, Inorg. Chem., 12, 2682 (1973).
(16) (a) D. E. C. Corbridge, Top. Phosphorus Chem., 6, 235 (1969); (b)
Ww. C.)Trogler, L. A. Epps, and L. G. Marzilli, Inorg. Chem., 14, 2748
(1975).
(17) (a) H. A. O. Hill and K. G. Morallee, J. Chem. Soc. 4, 554 (1969);
(b) H. A. O. Hill, K. G. Morallee, and G. Pellizer, J. Am. Chem. Soc.,
94, 276 (1972).
(18) W. C. Trogler, R. C. Stewart, L. A, Epps, and L. G. Marzilli, Inorg.
Chem., 13, 1564 (1974).

Poulin, Demay, and Riess

(19) J.P. Fox, R. Banninger, R. T. Proffitt, and L. L. Ingraham, Inorg. Chem.,
11, 2379 (1972).

(20) (a) For a compilation of relevant references see T. G. Appleton, H. C.
Clark, and L. E. Mauzer, Coord. Chem. Rev., 10, 335 (1973); (b) G.
Pellizer, G. R. Tauszik, and G. Costa, J. Chem. Soc., Dalton Trans.,
317 (1973).

(21) Supplementary material.

(22) (a) F. Basolo and R. G. Pearson, “Mechanisms of Inorganic Reactions®,
2nd ed, Wiley, New York, N.Y., 1967; (b) R. G. Wilkins, “The Study
of Kinetics and Mechanisms of Reactions of Transition Metal Complexes”,
Allyn and Bacon, Boston, 1972.

(23) (a) J. H. Espenson and R, G. Russell, Inorg. Chem., 13,7 (1974); (b)
G, Tauzher, R. Dreos, and G. Costa, J. Chem. Soc., Chem., Commun.,
413 (1973).

(24) (a) A. A. Frost and R. G. Pearson, “Kinetics and Mechanism”, 2nd ed,
Wiley, New York, N.Y., 1966, pp 123-159. (b) S. W. Benson, “The
Foundations of Chemical Kinetics”, McGraw-Hill, New York, N.Y.,
1960, pp 493-547. (c) From ref 22b, pp 181184, using the relationship
Ko = [47Na/3000] exp(~Ula)/kT), where U(a) is given by (-|Zejy’
cos f)Da?, with 6 generally taken to be 180° and a = 4 A.

(25) A. L. McClellan, “Tables of Experimental Dipole Moments”, W. H.
Freeman and Co., San Francisco, Calif., 1963.

(26) W. L. Jolly, “The Synthesis and Characterization of Inorganic
Compounds”, Prentice-Hall, Englewood Cliffs, N.J., 1970, p 99.

(27) Reference 22b, p 183.

(28) J. M. Pratt and R. G. Thorp, Adv. Inorg. Chem. Radiochem., 12, 375
(1969).

(29) (a) D. H. McDaniel and H. C, Brown, J. Org. Chem., 23, 420 (1958);
(b) J. March, “Advances in Organic Chemistry. Reactions, Mechanisms
and Structure”, McGraw-Hill, New York, N.Y., 1968, pp 238-245; (c)
J. Hine, “Physical Organic Chemistry”, 2nd ed, McGraw-Hill, New York,
N.Y.,, 1962, pp 85-93; (d) J. Miller, “Aromatic Nucleophilic
Substitution”, Elsevier, London, 1968, pp 78—-88; (e) J. E. Leffler and
E. Grunwald, “Rates and Equilibria of Organic Reactions”, Wiley, New
York, N.Y., 1963, p 172,

Contribution from the Laboratoire de Chimie Minérale Moléculaire,

Equipe de Recherche Associée au CNRS, Institut de Mathématiques et Sciences Physiques, Parc Valrose, 06034, Nice Cedex, France

Alkoxyfluorophosphoranes. 3. Synthesis and Characterization of Some Di-, Tri-, and

Tetraalkoxyfluorophosphoranes

DANIEL D. POULIN, CLAIRE DEMAY, and JEAN G. RIESS*

Received November 23, 1976

AIC608410

Several dialkoxyfluorophosphoranes PhPF,(OR), (R = CH,CCl;, CH,CHCl,, CH(CH;)}(CN), CH,CF;) and MePF,-
(OCH,CF;), have been isolated and characterized by NMR, IR, and mass spectrometry and elemental analysis. Their
formation can be facilitated by the disproportionation reaction 2R’PF3;(OR) — R’PF,(OR), + R’PF,. These compounds
are stable with respect to both further disproportionation and decomposition into phosphonates. The tetraalkoxyphosphorane
PhP(OCH,CF;), has also been isolated. Trialkoxyfluorophosphoranes PhPF(OR); (R = CH,CCl;, CH,CHCl,,
CH(CH;)(CN), CH,CF;) and MePF(OCH,CF,), have been identified in mixtures but could not be separated from the

other members of the R’PF,_,(OR), series.

Introduction

Phosphoranes containing simultaneously fluorine atoms and
alkoxy groups were generally found to be unstable with respect
to their decomposition into phosphory! compounds according
to!?

R'PF,(OR) » R'P(O)F, + RF 1)

We have shown? that they could be stabilized by introducing
electron-withdrawing substituents in the alkoxy moiety, and
we have recently reported the preparation of a series of stable
monoalkoxyfluorophosphoranes* through the general reaction®

R'PF, + (CH,);SiOR — R'PF,(OR) + (CH,),SiF @

We now wish to report the preparation and isolation of
several stable dialkoxydifluorophosphoranes of type R’PF,-
(OR), and of the tetraalkoxyphosphorane PhP(OCH,CF;),
as well as the identification of several trialkoxyfluoro-
phosphoranes of type R’PF(OR); which, although they could

not be isolated in a pure form, were unambiguously char-
acterized both by spectral determinations and by their
transformation into the corresponding dialkoxydifluoro-
phosphoranes.

Previous studies in the literature which produced nonionic
multialkoxyfluorophosphoranes stable at room temperature
appear to be limited to%’

PF3Cly + 27-C4Fg0Cl —= (#-C4Fg0),PF3 + 2Cl,

A FX

+ P(OEt)z —

F F F
Pt F

On the other hand, the related aryloxyfluorophosphoranes were
found to be more stable than their alkoxy analogues.®®

PF(OEt)s

Experimental Section
All manipulations of fluorophosphoranes were carried out under
a dry nitrogen atmosphere. Reactions involving CH;PF, were carried
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Table . NMR Parameters for Di-, Tri-, and Tetraalkoxyphosphoranes of Types R'PF,(OR), (I), R'PF(OR), (11}, and R'P(OR), (IlI)¢

Type R R scu’ 6cu, &cu Sr@) 8 *ucch “mcop uccr uce ucer ‘Jrp
1 CH,CCL C.H, 4.62 380 591 75 824
I CH.CCLH C.H, 434 578 419 580 54 105 822
I CH(CH,)(CN) C.H, 1.95 5.55 39.8 58.8 7.0 7.0 826
1 CH,CF, C.H, 427 432 585 103 83 808
I CH,CF, C.H, 4.19 405 572 84 = 83 820
ol CH,CF, C.H, 4.01 58.7 50 8.3
I CH,CF, CH, 1.55  4.11 301 454 105 79 212 127 819
I CH,CF, CH, 1.52 4.00 34.0 8.3 7.9 19.5 14.2 813
I  CH.CF, CH, 147 396 56 19 171

@ 1Y, 1°F chemical shifts in ppm relative to internal Me,Si and CFCl,, 3'P relative to external H,PO,; coupling constants in Hz. P Chemical

shift relative to external CFCl,.

out using standard vacuum techniques in a system constructed with
Pyrex glass with stopcocks lubricated with Apiezon N grease.
C¢H;sPF,, CH;PF,, and the alkoxysilyl ethers were prepared as
previously reported.*

The 'H and °F spectra were routinely recorded with a JEOL C-60
HL instrument of samples containing an approximate 10% solution
of the compound in CDCl;. The 3P spectra were measured on neat
liquids. Infrared spectra were recorded on films between KBr plates
with a Perkin-Elmer 577 spectrometer. Mass spectra were measured
with a CEC 21-130 instrument. The purity of all compounds has been
checked by elemental analysis and by their spectrochemical properties
which are given in Tables I and II.

Preparation of Bis(2,2-dichloroethoxy)difluorophenylphosphorane,
CsH;PF,(OCH,CCLH),. (CH,);SiOCH,CCl,H (4.29 g, 22.9 mmol)
was added dropwise to C4HsPF, (2.07 g, 11.2 mmol) at =30 °C. The
reaction mixture was allowed to warm slowly to room temperature
and was then heated to 70 °C for 30 min. (CHj,);SiF (2.06 g, 21.6
mmol) was trapped at —75 °C. C¢HsPF,(OCH,CCl,H), (3.61 g, 86%)
was recovered as a colorless liquid by distillation (70 °C (102 mmHg)).

Anal, Caled for CoH;,C,F,0,P: C, 32.11; H, 2.97; F, 10.16;
Cl, 37.92; P, 8.28. Found: C, 32.15; H, 3.02; F, 10.42; Cl, 38.02;
P, 8.23.

Under more drastic conditions (90 °C, 6 h) and with 3 equiv of
the silyl ether, the formation of 80% C¢HsPF(OCH,CCIl,H); (6F 36.1
ppm, Jep = 821 Hz) was observed with 20% C,H;PF,(OCH,CCL,H),.

Preparation of Bis(1-cyanoethoxy)difluorophenylphosphorane,
CsH;PF,[OCH(CH;)(CN)],. (CH;);SiOCH(CH;)(CN) (3.07 g, 25.9
mmol) was added dropwise to C4HsPF, (2.29 g, 12.2 mmol) at ~30
°C. The reaction mixture was allowed to warm slowly to room
temperature and was then heated to 85 °C for 30 min. (CH;);SiF
(2.13 g, 23.3 mmol) was trapped at =75 °C. C.H;PF,[OCH(C-
H;3)(CN)]; (3.18 g, 91%) was recovered from the reaction vessel as
a yellow viscous nonvolatile liquid.

Anal. Calcd for C,H;F,N,0,P: C, 50.35; H, 4.58; F, 13.28; N,
9.79; P, 10.82. Found: C, 50.74; H, 4.58; F, 13.01; N, 9.91; P, 10.77.

Under more drastic reaction conditions (100 °C, 1 h) the formation
was observed together with 95% C¢HsPF,[OCH(CH;)(CN)],.

Preparation of Bis(2,2,2-trifluoroethoxy)difluorophenylphosphorane,
C6H5PF2(OCH2CF3)2. (CH3)3Si0CH2CF3 (208 g, 12.1 mmol) was
added dropwise to C{HPF,4 (1.07 g, 5.82 mmol) at 0 °C. The reaction
mixture was allowed to warm slowly to room temperature and to react
for 30 h at this temperature. The (CH;),;SiF produced was allowed
to escape from the reaction and was not collected. C¢HsPF,(OC-
H,CF;), (1.81 g, 90%), a colorless liquid, was purified by removing
the last traces of (CH;),SiF and (CH,);SiOCH,CF; under vacuum
5 X 107*mm (20 °C).

Anal, Caled for C\gHgFgO,P: C, 34.90; H, 2.63; F, 44.17; P, 9.00.
Found: C, 35.03; H, 2.61; F, 43.25; P, 9.16.

Preparation of Bis(2,2,2-trifluoroethoxy)difluoromethylphosphorane,
CH,PF,(OCH,CF;),. (CH;);SiOCH,CF; (4.46 g, 25.9 mmol) and
CH;PF, (1.57 g, 13.0 mmol) were allowed to react in a sealed tube
at 45 °C for 65 h. Vacuum fractionation afforded CH;PF,(OC-
H,CF3), (2.81 g, 77%), as a stable colorless liquid collected at —45
°C, and (CHj;),SiF (2.66 g) which was trapped at —116 °C. A small
amount of nonvolatile and as yet unidentified white solid (0.18 g)
remained in the reaction tube.

Anal. Caled for CsH,F;0,P: C, 21.29; H, 2.50; F, 53.88; P, 10.98,
Found: C, 21.55; H, 2.51; F, 52.62; P, 10.99.

Preparation of Tetrakis(2,2,2-trifluoroethoxy)phenyiphosphorane,
CﬁHsP(OCH2CF3)4. (CH;);SiOCHzCF3 (268 g, 156 mmol) was

added dropwise to CsHsPF, (2.13 g, 11.6 mmol) and the mixture was

.allowed to react at 70 °C for 63 h. The (CH;);SiF produced was

2R'PF,(OR) 2 R'PF,(OR), + R'PF,

distilled out of the reaction system but not collected. The unreacted
(CH3;);SiOCH,CF; was pumped away (5 X 10 mmHg (22 °C))
and C4HsP(OCH,CFs), (3.19 g, 54%) was collected and purified by
distillation (64 °C, 5 X 10 mmHg). The compound is a white solid
at room temperature (mp 62 °C).

Anal. Caled for C4H;3F,04P: C, 33.35; H, 2.60; F, 45.22; P,
6.14. Found: C, 33.55; H, 2.53; F, 44.07; P, 6.33.

Preparation of Bis(2,2,2-trichloroethoxy)difluorophenylphosphorane,
C6H5PF2(0CH2CC13)2. (CH3)3SIOCH2CC13 (397 g, 17.9 mmol) was
allowed to react with C¢HsPF, (0.77 g, 4.2 mmol) in a sealed tube
(~25 cm?) for 40 h at 100 °C. Vacuum fractionation of the volatile
products afforded (CH3);SiOCH,CCl; (2.81 g, 12.7 mmol) which
was collected at —45 °C and (CH3),SiF (0.51 g, 5.5 mmol) which
was trapped at =116 °C. Thus only 1.2 equiv of silyl ether had been
consumed; previous work® has shown that the monoalkoxy compound
is formed under these conditions. In a second step, the colorless
nonvolatile liquid which remained in the reaction tube and consisted
mainly of CsH;PF;(OCH,CCl;) was pumped in for 12 h at 60 °C
and C4H,PF, (0.28 g, 1.5 mmol) was recovered as the volatile product.
CsHsPF,(OCH,CCls), (1.01 g, 93%) was isolated from the reaction
flask as a colorless liquid.

Anal. Caled for C;oH,ClF,0,P: C, 27.12; H, 2.03; Cl, 48.04;
P, 6.99. Found: C, 27.24; H, 2.13; Cl, 48.23; P, 7.08.

Under more drastic reaction conditions (150 °C, 40 h) the formation
of 5% CsHsPF(OCHzCClg)g (5]:‘ 3355, Jpp = 806 HZ) was observed
along with 95% C6H5PF2(OCH2CC13)2

Preparation of Mixtures of the Tri- and Tetraalkoxyphosphoranes
CH,PF(OCH;CF;); and CH;P(OCH,CF;),. Attempts to prepare
CH;PF(OCH,CF;);and CH;P(OCH,CF,), always resulted in
mixtures of the two products. A typical example using a 6:1 molar
ratio of (CH,);SiOCH,CF; and CH,PF, afforded, after 75 h at 75
°C, a mixture containing ca. 90% CH,PF(OCH,CF;); and 10%
CH;P(OCH,CF;), (by NMR; no dialkoxydifluorophosphorane
detected). An 8:1 molar ratio of the reagents resulted, after 154 h
at 100 °C, in a ca. 1:1 mixture of the tri- and tetrasubstituted products.

Results and Discussion

Dialkoxydifluorophosphoranes of type R’PF,(OR), (I) (R’
= Ph or Me, R = CH,CCl;, CH,CHCIl,, CH(CH,)(CN),
CH,CF;) were isolated in good yields through reaction 2 and
their thermal stability was found to be good (no changes were
observed in any of these compounds after 6 months at room
temperature, and they could be heated for 2 h at 100 °C
without noticeable change). This further illustrates the
stabilizing effect of electron-attracting substituents in the
alkoxy groups which thus opposes the tendency of compounds
of type I to decompose into phosphonates, according to eq 1.

These dialkoxydifluorophosphoranes were also found to be
stable with respect to their disproportionation according to

3

i.e., eq 3 lies to the left and the mono- and trialkoxy compounds
were not detectable by NMR. This contrasts with the be-
haviour of the monoalkoxyfluorophosphoranes, which were
found to undergo such reactions easily>*

2R'PF,(OR), & R'PF,(OR) + R'PF(OR),

@
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There, the use of the electron-attracting substituents allows

the retenticn of the five-coordinate character of the phosphorus

atom, i.e., their decomposition into phosphonates can be

5 avoided, but does not oppose the scrambling reaction 4. That
J228En T~ ~ e such a phenomenon is not observed for the dialkoxyfluoro-

S I N N o R o e N phosphoranes, I, can be attributed to the reluctance of the

S R Y-V -¥ aeaq-o 28 . i

Clooe saiifa oCaz T2 alkoxy group to assume an apical position and reflects the

o~ mamooooooﬁdmo N T . . . oy s .

§ B B B ol T e e O Ln.'"% el difference in apicophilicity between fluorine atoms and alkoxy

=) m‘m‘m‘m’mﬁ ~ 0 & = o mﬁ-\m w . grouPS.

L I T -3 Om m m : : : : m mu“ . . 0 .

E OO st Profit can even be gained from reaction 4 in the preparation
LR NS FAeRFRasS of the dialkoxyfluorophosphoranes, I. Thus a sample of pure
FITNNADAN e~ — PhPF,(OCH,CCl;), was obtained by first preparing the

monoalkoxyfluorophosphorane and then shifting equilibrium
4 to the left by continuously pumping off the more volatile
~ o~ PhPF,.
NS4 . .

“lece=3Ssa When the substitution series R’PF, ,(OR), is examined, one
e S S . - 4-n n Aatdd

5 g n-":;N é’ é’ g o~ g @ as observes a marked increase in the difficulty of the substitution

= 0QCCCl2 s S5~ between n = 2 and n = 3; i.e., the reaction conditions have

) s 7

8 el ;g*«;«u-%:QQON < to become much more drastic if one wants to add an alkoxy

o I O e L M e Yk group in the apical position. Thus, for example, the dialkoxy

K r o o ot i O 00 el O compound PhPF,(OCH,CCl,H), was formed quantitatively

SIVL N0 ORRRLO OO . . .
AR - —-—— from a 2:1 molar ratio of reactants after 30 min at 70 °C while

the trialkoxy compound PhPF(OCH,CCl,); was formed only

in 20% yield from a 3:1 ratio after 10 h at 75 °C. The dialkoxy

- compound MePF,(OCH,CF;), was obtained in 90% yield
— A~ LN~ o~ .

=B _8%%sa -~ from a 2:1 molar ratio of reactants after 47 h at room tem-

L "‘«E oo E Sce 8 g o perature while the trialkoxy compound MePF(OCH,CF3); was

=088 5588 PN obtained in 50% yield after heating a 6:1 molar ratio of the

Sl amew e Z OO T A ® reactants for 72 h at 74 °C. Similarly the dialkoxy compound

s e PhPF,(OCH,CF;), was formed in a 90% yield from a 2:1

E VCULUWLUUUULUUUUCUULE molar ratio of reactants after 48 h at room temperature while

ElFESSEREEEERBrREEnR it took 40 days at the same temperature to obtain a 33% yield

of the trialkoxy compound from a 3:1 molar ratio of the
reactants.

It appears difficult to stop the substitution process at the
=|=|8] a trialkoxy compounds, R’'PF(OR);, 11, the conditions for tetra
.«g‘ a3 ® substitution being too similar, We were thus unable to obtain
§|5%=8 %‘ =) Coee G&a them in a pure form, but only in mixtures with the tetraalkoxy
55 1Z220 ST A TCS derivatives, although these mixtures were free of phosphonates.

VIl "2 Z Oy ~ == s A

SIE | 90209008 a0l Z o2 o They were characterized by NMR and, in the case of
2 c ot ZZLEZZZOSZ0ZLY I .
B R o A T PhPF(OCH,CF;),, by the addition to the mixture of the
A S S I S Tt IS~ amount of R'PF, which is needed to convert all the constituents
g A R R P S C AP St of the mixture into the dialkoxydifluoro compound according
E ﬁ NN e e e to
% {xPhPF(OCH,CF,), + yPhP(OCH,CF;), }
< ~ + (x/2 + y)PhPF, - PhPF,(OCH,CF,), (5
| sl A0S
NI =N
§ g ;«%;.Nn.. TALE A~ The completely substituted tetraalkoxy derivative R’P-
5§15, 530(2«“015: bt E PN (OCH,CF;), was identified in a mixture (with the trialkoxy
gl= A AT N —“3§ N a compound), for R’ = Me, and isolated in the case of R’ = Ph,
%‘ Sl :«: ;w :e :«»§ :«;x:« ot Caz No evidence for the formation of ionic species either directly
S FFoTO O Oo oS & or upon aging was encountered in these series. All the
P o~ MmN =D~ D compounds were soluble in pentane, benzene, CHCl,, CH,Cl,,
3E noRgedrSoaaa~LonG and CH:CN
— - 3 N
E} The NMR parameters are reported in Table I. The °F
8 and 3'P chemical shifts and Jpp coupling constants are in
= —~ agreement with those found previously for monoalkoxy-
§ Iy E« QE« S~5 fluorophosphoranes.* It is noteworthy that although Jycop
Bllfefaresss o is quite large (5-10 Hz) further Jycopr coupling is not re-
&) e B — —~ . A

B |C, gﬂg 2,, S5 E MO z = o solved. For the trifluoroethoxyphosphoranes, for which we now
gE 5‘55%5%%_&;__«3 o have two complete substitution series R’PF,(OCH,CH,),_,
g 8 e Nl A A g ) (R’ = Ph and Me; n = 0-3), one observes a systematic increase
R P e R e R R R A Rl in Jycop With n and at the same time a gradual downfield shift
FRE"RESNSRSESHSESESASN- KON SAS) =12 h
é Elomnnymeaononad—o for the methylene proton s1gpals. T}le four alkoxy groups of

ISR venn PhP(OCH,CF;), remain equivalent in the 'H NMR and give
= a well-resolved doublet of quadruplets down to —50 °C; these
=2 lines coalesce in one broad symmetric hump at ca. =70 °C
& suggesting that the alkoxy groups become nonequivalent at
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lower temperatures and that their exchange between the apical
and equatorial sites of a trigonal bipyramid is rapid above this
temperature.

The mass spectra (Table II) show a weak or nondetectable
molecular ion. The fragments corresponding to the loss of F
and OR are important. It is noteworthy that the loss of OR
is generally extensive, while the loss of R is not detected; this
is the opposite to what has been observed previously in the case
of the analogous monoalkoxyfluorophenyl(or methyl)-
phosphoranes, for which the breaking of the OR bond was an
important feature.*

The infrared spectra show the expected »,,(P-F) bands in
the range of 920-800 cm™'. These relatively low values are
consistent with apical fluorines in a trigonal-bipyramidal
structure!® and comparable to those found in series of com-
pounds R;PF, having strongly electroattracting R groups.!!
The P-O-C linkage gives rise to three absorption bands near
1130, 1020, and 780-cm™ '2, The Ph—P linkage produces a
characteristic vibration near 1450 cm™.1> No vibrations
assignable to »(P=0) stretching vibrations were detected.
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The reaction of [Re(CO),(diphos)]ClO, with Ph;SiLi yields the acylsilane complex fac-Re(CO),(diphos)[C(O)SiPh,] (1).
A stereospecific synthesis of the 1*CO-enriched precursor [fac-Re(CO);(**CO)(diphos)]CIO, is given. When 1 is prepared
from this material, the majority of the enrichment remains mutually cis to phosphorus, although there is some scambling
to positions trans to phosphorus. Treatment of 1 and the unisolated SiMePh, analogue with Et;OPF; yields the cationic
carbene species [fac-Re(CO);(diphos){C(OEt)SiPhyj]* and [fac-Re(CO)3(diphos){C(OEt)SiMePh,j]*, respectively. The
thermal decarbonylation of 1 yields mer-Re(CO);(diphos)SiPh;, with loss of CO mutually cis to phosphorus. The crystal
and molecular structure of 1 has been determined from three-dimensional x-ray data collected by counter techniques. The
material crystallizes in the space group P2,/n of the monoclinic system with a = 20.675 (4) A, b = 11372 (2) A, ¢ =
18.271 (2) A, and 8 = 108.04 (9)°. The observed density 1.54 (1) g cm™ may be compared with 1.554 g cm™ calculated
for Z = 4. The structure was refined by a full-matrix least-squares procedure to an R value of 0.0401 for 3604 observations
having I/¢(I) > 3.0. The structure consists of discrete monomers of slightly distorted octahedral geometry having facial
substitution. The Ph,SiC(O) ligand is bonded to rhenium through the acyl carbon and contains a planar SiC(O)Re group.
This plane roughly bisects the P-Re~P angle and is such that the SiPh; group is remote from the diphos ligand. Bond
distances in the acyl group are Si-C = 1.969 (10) &, Re-C = 2.199 (9) A, and O-C = 1.23 (1) A. Bond angles are Re-C-Si
= 127.9 (5)°, Re-C-O = 124.4 (6)°, and Si-C-O = 107.7 (6)°.

Introduction plexes of the heavier group 4 elements. The carbonyl insertion

Transition metal-acyl complexes are important organo-
metallic intermediates that have deservedly received much
study.>® Related carbamoyl,* alkoxycarbonyl,* and formyl®
complexes are also known, in which the metal-bonded carbonyl
carbon is attached not to carbon but to N, O, or H, respec-
tively. However, little attention has apparently been directed
toward. the study of transition metal-acyl derivatives of the
heavier group 4 elements, although acylsilanes, acylgermanes,
and acylstannanes are well-known.$

Transition metal-acyl complexes are most commonly
prepared as shown in eq 1 and 2; however, it has not been

L,M(CO)R) + L' - L,L'M[C(O)R] Ie))
L,M(CO),;,;” + RC(O)X = L,,M(CO),,,[C(O)R] + X~ @)
feasible to extend these routes to the synthesis of acyl com-

reaction (eq 1) has not been observed to occur in bonds be-
tween metals and heavier group 4 elements. The appropriate
acyl halides and anhydrides for eq 2 are unknown for heavier
group 4 elements, and our attempts to prepare such materials
have proved unsuccessful.

Accordingly, we adopted the route (eq 3) where a transition

[Lp,M(CO),]X + RyM'Li = L,M(CO)ppe_, [C(OM'R,] + LiX  (3)

metal—carbonyl cation is treated with the appropriate lithium
reagent, R;M'Li. We reported recently the synthesis of
Jfac-Re(CO);(diphos)[C(O)SiPh;] (1) by this route and noted
its remarkable spectroscopic properties.” The cation [Re-
(CO),(diphos)]* had been chosen for this work because (i)
rhenium acyls are known to have good thermal and photolytic
stability,? (ii) the related cation [trans-Re(CO)(PPh,),}* is



