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Figure 1. Molecular structure of; fluorines are shown as spheres

Activation of normally inert carbonfluorine bonds in ;" jarity. A full ORTEP appears in the Supporting Information.
saturated fluorocarbons is a topic of considerable recent inferest. sejected bond distances (A) and angles (deg)—@h2.164(7); Rk-

The methodology of choice usually involves strongly reducing p, 2 338(2); Rk-C(17), 2.113(9); C(LAF(7), 1.388(10); C(LAF(6),
conditions; the fate of the fluorine is usually fluoride ion, 1.412(10): F(73-C(17)-F(6), 101.8(6); C(1ARh—0O, 89.5(3); C-Rh—
stabilized as an alkali metal salt. An alternative method for p, 90.4(2); C(17Rh—P, 88.1(2).
activation of CF; groups is hydrolysis, with strong+HF and
C=0 bonds providing driving force for the reaction. However,
conditions necessary to hydrolyze a Cgroup in saturated
fluorocarbons often require a combination of strong bases or
acids, heat, and long reaction times, depending on the position
of the hydrolyzable group in the molecieHydrolysis of Ck
or CF; groups bound to transition metal centers is sometimes
more facile, but initial activation of an-C—F bond still requires
a strong Lewis acid, such as BFSbR,* or SiMe;™, although
there are some indications that a proton can act as the initial
fluoride acceptof. We have reported remarkably facile hy-
drolysis of a RR-CF,; group in a coordinatively unsaturated
perfluorometallacyclobutene complex by traces of moisture
present on glassware surfaces; a coordinatively saturated
analogue was inert, leading to the hypothesis that the vacantrigure 2. Molecular structure o#; fluorines are shown as spheres
coordination site on the metal could bind and activate water in for clarity. A full ORTEP appears in the Supporting Information.
the hydrolysis mechanisf.Here, we describe the synthesis Selected bond distances (A) and angles (deg)-@®h2.219(5); Rk
and structures of two cationic complexes containing adjacent P, 2.319(2); Rr-C(11), 2.086(7); C(11yF(1), 1.396(8); C(11yF(2),
fluoroalkyl and water ligands, both of which undergo hydrolysis 1.389(8); F(1}-C(11)-F(2), 102.1(6); C(11yRh—0, 85.2(3); O-Rh—
of a CR, group, the facility of which depends strongly on the P, 85.8(2); C(11}Rh—P, 92.8(2).
hydrogen-bonding ability of the counterion.
Addition of perfluorobenzyl comples® or perfluoropropyl water molecule with the tetrafluoroborate counterion, with
analogue2® to AgBF, in moist CHCIl, affords BR~ salts of O—F(9A) and G-F(11) distances of 2.640 and 2.855 A3n
the cationic aqua complex@and4,° the structures of which ~ and 2.723 and 2.636 A im}; such interactions are well
were confirmed by X-ray crystallographic studi€s ORTEP precedented Close approaches of-€F(1) [2.749 A]in3and
diagrams for the two ion pairs, with selected bond distances O—F(2) [2.767 A] in4 are also well within potential hydrogen-
and angles, are presented in Figures 1 and 2. Each moleculéonding distance.
exhibits close hydrogen-bonding interactions of coordinated  Solution spectra of3 are consistent with the solid state
(1) For leading recent references, see: Kiplinger, J. L.; Richmond, T. structure. Asymmetric and symmetric stretches of coordinated
G.J. Am. Chem. So@996 118 1805. Burdeniuc, J.; Chupka, W.; Crabtree,

F(10A)

R. H. J. Am. Chem. Socl996 118 2525. Burdeniuc, J.; Jedlicka, B.; (10) Crystal data foB: CpoH26BF110PRNh, red block, triclinicP1, a =
Crabtree, R. HChem. Ber. (Recueill997 130, 145. Saunders, G. C. 8.682(3),b = 11.033(2), anat = 14.376(3) A,o. = 74.50(1),8 = 76.11-
Angew. Chem., Int. Ed. Engl996 35, 2615. (3), andy = 73.02(3), V= 1249.4(7) B, Z=2,Dx = 1.691 g cm3, T

(2) See: Chemistry of Organic Fluorine Compounds Hudlicky, M., =298 K, R(F) = 6.74%,RWF?) = 19.49%. Crystal data fot. CigHze

Pavlath, A. E., Eds.; ACS Monograph 187; American Chemical Society: BF;;0PRh, orange block, monoclini®2,/n, a = 10.115(1),b = 16.270-
Washington, DC, 1995; Chapter 4hemistry of Organic Fluorine (2), andc = 14.070(2) A,p = 92.74(1}, V = 2312.7(7) B, Z = 4,Dy =
Compounds2nd ed.; Hudlicky, M., Ed.; John Wiley & Sons: New York, 1.689 g cmi3, T = 298 K, R(F) = 4.81%,RWF?) = 8.41%. Details of the

NY, 1976; Chapter SChemistry of Organic Fluorine Compoundsudlicky, crystallographic determinations are provided in the Supporting Information.
M., Ed.; Macmillan; New York, 1962. (11) For a compilation of some crystallographically characterized orga-
(3) Richmond, T. G.; Crespi, A. M.; Shriver, D. Brganometallics.984 nometallic complexes containing water ligands and a discussion of hydrogen-
3, 314. bonding to counterions, see: Kubas, G. J.; Burns, C. J.; Khalsa, G. R. K.;
(4) Reger, D. L.; Dukes, M. DJ. Organomet. Cheni978 153 67. Van Der Sluys, L. S.; Kess, G.; Hoff, C. IDrganometallics1992 11,
(5) Koola, J. D.; Roddick, D. MOrganometallics1981, 10, 591. 3390. For other more recent references, see: Veltheer, J. E.; Burger, P.;
(6) Clark, B. R.; Hoskins, S. V.; Roper, W. R. Organomet. Chem. Bergman, R. GJ. Am. Chem. S0d995 117, 12478. Canty, A. J.; Jin, H,;
1982 234, C9. Appleton, T. G.; Berry, R. D.; Hall, J. R.; Neale, D. W. Skelton, B. W.; White, A. HJ. Organomet. Cheni995 503 C16. Bodige,
Organomet. Cheml989 364, 249. Burrell, A. K.; Clark, G. R.; Rickard, S.; Porter, L. CJ. Organomet. Chenl995 487, 1. Dadci, L.; Elias, H.;
C. E. F.; Roper, W. RJ. Organomet. Chen1994 482 261. Frey, U.; Hanig, A.; Koelle, U.; Merbach, A. E.; Paulus, H.; Schneider, J.
(7) Hughes, R. P.; Rose, P. R.; Rheingold, AQrganometallics1993 S.Inorg. Chem1995 34, 306. Carmona, D.; Cativiela, C.; GameCorreas,
12, 3109. R.; Lahoz, F. J.; Lamata, M. P.;"pez, J. A.; Lpez-Ram de \u, M. P.;
(8) Hughes, R. P.; Lindner, D. C.; Rheingold, A. L.; Yap, G. P. A. Oro, L. A,; San JoseE.; Viguri, F.J. Chem. Soc., Chem. Commd896
Organometallics1996 15, 5678. 1247. Fries, A.; Green, M.; Mahon, M. F.; McGrath, T. D.; Nation, C. B.

(9) Experimental details and spectroscopic data for this compound are M.; Walker, A. P.; Woolhouse, C. Ml. Chem. Soc., Dalton Tran$996
provided in the Supporting Information. 451
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water are observed in the IR spectrum at 3630 and 3370.Em
19 NMR resonances for the diastereotopic fluorines of the CF

group are broad at room temperature, but sharpen when cooled

to —50 °C to give a typical AX pattern. This temperature
dependence may reflect dissociation of wierith inversion

at rhodium, thereby equilibrating the €Environmentsi®Rh
coupling to3'P is retained indicating that phosphine dissociation
is not responsible for this phenomenon. In contrast, perfluo-
ropropyl analogue® shows a sharp AX pattern for theCF,

resonances at room temperature indicating that the molecule is

not fluxional on the NMR time scale.

While perfluoropropyl complex appears to be indefinitely
stable on standing in solution at room temperature, perfluo-
robenzyl analogu8 is cleanly transformed on standing over-
night in CDCE solution into pentafluorophenyl carbonyl
complex5;® the CO stretch is observed in the IR spectrum at
2074 cntl, and the pentafluorophenyl ligand exhibits five
resonances in th€F NMR spectrum due to restricted rotation,
as previously observed for other pentafluorophenyl rhodium
complexes? HF can be observed in the volatiles, after vacuum
transfer, as previously notédA suggested mechanism is shown
in Scheme 1; hydrolysis of the Glgroup affords a coordina-
tively unsaturated pentafluorobenzoyl complex, which undergoes
pentafluorophenyl migration into the vacant coordination site
to afford 5. The initial step is suggested to involve a proton
from coordinated water acting as a fluoride acceptor with loss
of fluoride enhanced by resonance stabilization from Rh;
presumably the difference in reactivity of the Qffoups toward
hydrolysis in perfluorobenzyl comple® compared to per-
fluoropropyl analogud rests in additional enhancement of the
leaving group ability of the benzylic fluoride.

This transformation does not take place in acetdgevhich
displaces water from the coordination spher8,6f suggesting
that it is a reaction of coordinated water with the adjacent CF
group which is important; addition of more water to an acetone
solution failed to accomplish hydrolysis. In addition, reaction
of 1 with silver triflate affords the triflate comple&?® the sharp
AX pattern observed for the GRyroup at room temperature
indicates the triflate ligand is not labile. The triflate ligand is
not displaced by water alone, and no hydrolysis of the @6&up
is observed. Bergman has shown that addition of the sodium
salt of weakly coordinating anion tetra{@&5-bis(trifluoromethyl)-
pheny}borate (B Arg}4) will displace triflate from iridium as
sodium triflatel® however, attempts to prepare thé B¢} 4~

(12) Nakamoto, K.Infrared and Raman Spectra of Inorganic and
Coordination Compoundstth ed.; Wiley: New York, NY, 1986.

(13) The water ligands in [Rh@®es)(OH)z>T][OTf ], are labile to
exchange and substitution: Eisen, M. S.; Haskel, A.; Chen, H.; Olmstead,
M. M.; Smith, D. P.; Maestre, M. F.; Fish, R. KDrganometallics1995
14, 2806.

(14) Jones, W. D.; Partridge, M. G.; Perutz, RINChem. Soc., Chem.
Commun.199], 264. Belt, S. T.; Helliwell, M.; Jones, W. D.; Partridge,
M. G.; Perutz, R. NJ. Am. Chem. S0d.993 115, 1429.

(15) Arndtsen, B. A.; Bergman, R. Gciencel995 270, 1970.
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salt of cation3 from 6 using this method in the presence of
water afforded very rapid hydrolysis to give th¢ B¢} 4~ salt

7° with no signs of any intermediate water complex analogous
to 3.

The inability to isolate the perfluorobenzyl aqua cation using
the B{Arg}4~ counterion suggests that an anion incapable of
either displacing water, or of hydrogen-bonding to it, might
strongly enhance the ability of coordinated water to hydrolyze
the adjacent CFgroup. Loss of hydrogen bonding to the
counterion will allow the proton of coordinated water a stronger
interaction with the adjacent Ggroup. In agreement with this
hypothesis, the perfluoropropyl compl@xreacts with silver
triflate to afford 8;° treatment of8 with NaB{Arg}4 in the
presence of water results in rapid hydrolysis to give the
perfluoroethyl carbonyl compleX® The BF,~ analoguelOwas
prepared unambiguously by the reaction of [FACsMes)-
(CoFs)I(PMe3)] with AgBF4 in the presence of CO.
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In summary, we provide evidence that the hydrolysis reaction
of CF, groups in perfluoroalkyl aqua complexes is a reaction
of coordinated water, which can be extremely facile if the
counterion is incapable of hydrogen bonding. This represents
an unusually mild activation of saturated—€ bonds and
suggests that other reactions of water in the coordination sphere
of transition metals, particularly those in which it acts as a protic
acid, might also benefit from the presence of a non-hydrogen-
bonding counterion.
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