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[RhCI(COD)L (COD = 1,5-cyclooctadiene) reacts with(diphenylphosphino)benzaldehyde (RPh
(0-CeH4CHO)) (Rh/P= 1:1) in the presence of pyridine to give an acyl hydrido species, [RhHC}¥{PPh
(0-CeH4CO))(py)] (1). In chlorinated solvents exchange of hydride by chloride gives [RR€h(o-
CeH4CO))(py)] (2). The reactions ofl with PPk and of 2 with biacetyl dihydrazone (bdh) gives the
pyridine substitution products [RhHCI(PRbo-CsH,CO))(PPR)(py)] (4) and [RhC}(PPh(0-CsH4CO))-

(bdh)] 3), respectively. By using a 1:2 ratio of Rh to BRRCsH,CHO) [RhHCI(PPB(0-CsH4CO)) (k-
PPh(0-C¢H,CHO))(py)] () with trans phosphorus atoms is formed. The aldehyde group may undergo
two different reactions. In benzereaffords the acyl hydroxyalkyl species [RhCI(RRRCsH4CO))-
(PPh(0-CsH4CHOH))(py)] (6) with cis phosphorus atoms, via a pyridine dissociation pagtmdergoes
dehydrogenation, with Hevolution, to afford the diacyl derivative [RhCI(PR&CsH,CO)X:(py)] (8),

which shows fluxional behavior in solution, with the valugbl* = 8.8 & 0.4 kcal moi! and AS =
—16.7+ 1 eu. Opening of the acylphosphine chelate appears to be responsible for the fluxionality. In
methanob undergoes displacement of chloride by the aldehyde to afford the cationic acyl hydrido aldehyde
[RhH(PPh(0-CeH4CO))(k*>-PPh(0-CsH4CHO))(py)]" (10), which can be isolated if precipitated im-
mediately with an appropriate counterion. Longer reaction periodsinfmethanol solution lead to a
mixture of the diacyl8 and the cationic acyl hydrido alcohol [RhH(PRRCsH4CO))(>-PPh(0-CeH,-
CH,OH))(py)I" (11). The spectroscopic characterization of some intermediates in this reaction evidence
a bimolecular ionic mechanism as being responsible for the hydrogenation of the aldehyde with the
hydroxyalkyl 6 being the source of both proton and hydride. Comdlé&xcan also be obtained by the
reaction of5 with NaBH, in methanol solution.

Introduction to be involved in the H-transfer reduction of ketones or
. . ) aldehydes with secondary alcohols promoted by rhodium
_Organometallic rhodium complexes play an important role ey ativess though when the catalyst contains chiral diamine
in the. transformatlpn of many organic compouﬁés‘.l’he __ligands recent theoretical studiesuggest that the enantiose-
catalytic hydrogenation of aldehydes or ketones is a key reaction g yjyjity of the reaction is related to an outer-sphere hydrogen
in chemical syntheses. In their reduction to alcohols, and also yansfer mechanism similar to that operating in ketone hydro-
in the conversion of syngas to methanol or ethylene glycol, genations catalyzed by ruthenium diamine compotndet-

alkoxy or hydroxyalkyl intermediates are believed to be ;oh P
¢ ydroxyalkyl complexes are generally prepared as kinetic
involved? Both alkoxy and hydroxyalkyl compounds are well- o4y cts from the reaction of metallocarbonyl or metalloacyl

known for late transition metafsThe hydrogenation of alde- species with reducing agents, and when they are unstable, a

hydes with molecular hydrogen in protic solvents and with go4,ent decomposition path involves their dissociation into
rhodium complexes as catalysts has been reported to proceed

via hydroxyalkyl intermediatezThe alkoxy species are believed (4) (a) Creutz, C.; Chou, M. H.: Fujita, E.; Szalda, DCbord. Chem.

Rev. 2005 249 375. (b) Hubert Pfalzgraf, L. G.Coord. Chem. Re 1998
*To whom correspondence should be addressed. E-mail: 178-180, 967. (c) Sisak, A.; Sapa-Szerencsg E.; Galamb, V.; Nmeth,

mariaangeles.garralda@ehu.es. L.; Ungvay, F.; Pdyi, G. Organometallics1989 8, 1096. (d) Bryndza, H.
T Universidad del PalVasco. E.; Tam, W.Chem. Re. 1988 88, 1163.
* Universidad Complutense. (5) (a) Simpson, M. C.; Cole-Hamilton, D. @Goord. Chem. Re 1996
(1) (a) Abel, E. W., Stone, F. G. A., Wilkinson, G., E€@omprehensie 155 163. (b) MacDougall, J. K.; Simpson, M. C.; Green, M. J.; Cole-

Organometallic Chemistry jIPergamon: Oxford, U.K., 1995; Vol. 12. (b) Hamilton, D. J.J. Chem. Soc., Dalton Tran4996 1161. (c) SolaM.;
Cornils, B., Herrmann, W. A., Ed#\pplied Homogeneous Catalysis with  Ziegler, T.Organometallics1996 15, 2611.

Organometallic Compounds. A CompreheresHandbook Wiley-VCH: (6) Samec, J. S. M.; B&vall, J. E.; Andersson, P. G.; Brandt,Ghem.
Weinheim, Germany, 2000. Soc. Re. 2006 35, 237.

(2) (a) Ritleng, V.; Sirlin, C.; Pfeffer, MChem. Re. 2002 102 1731. (7) (a) Bernard, M.; Delbecq, F.; Sautet, P.; Fache, F.; Lemaire, M.
(b) Fagnou, K.; Lautens, MChem. Re. 2003 103 169. (c) Eilbracht, P.; Organometallics200Q 19, 5715. (b) Guiral, V.; Delbecq, F.; Sautet, P.
Béarfacker, L.; Buss, C.; Hollmann, C.; Kitsos-Rzychon, B. E.; Kranemann, Organometallics2001, 20, 2207.

C. L.; Rische, T.; Roggenbuck, R.; Schmidt, Ghem. Re. 1999 99, 3329. (8) (&) Noyori, R.; Yamakawa, M.; Hashiguchi, $.0rg. Chem2001,
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metal hydride and aldehyde un#tS.herefore, the insertion of Scheme 1

an aldehyde into an MH bond to afford hydroxyalkyls is rarely

observed¢19Rhodium hydride complexes containing porphy-

rins, RhH(N:), and showing some acidic character react with 1/2 [RhCI(COD)]; + PhZFl’ [
RCHO to give the hydroxyalkyl derivatives Rh(CH(OH)R)- o, b C";Rh';‘\
(N4).911 Also, chelate assistance has been used to stabilize the ) @ . @ 2( _cop @ ’L H
hydroxyalkyl derivative Mn(CQ)PPh(o-C¢HsCHOH)), formed N -0 X s

by insertion of o-(diphenylphosphine)benzaldehyde (R@h & A

CsH4CHO)) into the M-H bond of HMn(CO}.22 The course
of the reaction between PRb-CsH,CHO) and metal hydride

CH,Cly \ ts;ha
derivatives depends markedly on the metal and also on the

coligands present in the complex undergoing the reaction. Thus,

PtH(PPRO)(PPROH), gives the cyclic platinum alkoxide Pt- PhyP
(PPRO)(PPhOH)(PPh(0-CsH4CH,0)) 12 Neutral complexes |\
such as [ITHCI(PP4{o-CsH4CO))(CO)k-PPh(0-CsHsCHO))], = N/‘Th\H o
containing a P-coordinated PitrCsH,CHO) ligand, or [RhHCI- N/ PPhy
(PPh(0-CsH4CO))(k-PPh(0-CeH4CHO))], containing a chelat- 4

ing P-aldehyde PRfo-CsH,CHO) ligand, have not been
repo_rted to _un(_iergo any i_nsertion reac_tiénand cationic ppm, consistent with a hydride cis to phosphord(®(H) = 18
rhodium derivatives containing a P-coordinated RE&4CsH.- Hz) and trans to chlorid& Complex1 shows low stability in
CHO) ligand and chelating diimines (NN) such as [RhH(RPh  cpjorinated solvents, and in chloroform exchange of hydride
(0-CeH4CO))(*-PPhy(0-CeH,CHO))(NN)I™ undergo the inser- by choride occurs to afford the complex [RREPh(0-CoHa-
tion reaction to afford the hydroxyalkyl derivatives [Rh(B@h CO))(py}] (2), as shown by the appearance of a resonance at
C6H4CQ))(PP|3(°‘CGH4CHOH))(NN)]+-.15 ) 5.30 ppm due to formation of dichloromethane when the reaction
In this work we report the reactions of the rhodium(l) s performed in CDG Such a reaction has several precedéhts.
compound [RhCI(COD}] (COD = 1,5-cyclooctadiene) with  complex2 reacts with the chelating diimine biacety! dihydra-
PPh(0-C¢H4CHO) in the presence of pyridine to yield different  ,qne (BRNN=C(CHs)C(CHs)=NNH,, bdh), which displaces
products that include acyl hydrido complexes formed by pyridine to afford [RhCI(PPh(0-CsH4CO))(bdh)] @). The31P-
oxidative addition of aldehyde, acyl hydroxyalkyl species {*H} NMR spectra of2 and 3 are very similar; therefore, we
formed by insertion of aldehyde into the RKl bond, a diacyl believe that in2 both pyridine ligands are mutually cis.
deriv_ative formed by dehyd(ogenation of the acyl hydroxyalkyl Complex 1 reacts also with triphenylphosphine, which
species, and an acyl hydrido aldehyde complex that can begjsplaces one pyridine ligand to afford the complex [RhHCI-
hydrogenated to the corresponding acyl hydrido alcohol com- (PPh(0-CsH4CO))(py)(PPB)] (4), as shown in Scheme 1. The
pound. _Experimental ev_idenc_e for an ionic hyo!rogenation hydride chemical shift-{14.55 ppm) and thé(P,P) coupling
mechanism of aldehyde involving proton and hydride transfer constant (375 Hz) are characteristic of hydride trans to chloride
furnished by the acyl hydroxyalkyl species is also provided. gnd of two mutually trans phosphorus atoms. In accordance with
this observation, the reaction of [RhCI(COR)yith PPh(o-
Results and Discussion CsH4CHO) (Rh:P= 1:2) in the presence of pyridine leads to

. . the chelate-assisted oxidative addition of one phosphine
The reaction of [RhCI(COD}with PPh(0-CsH4sCHO) (Rh:P : o i -
— 1:1) in the presence of pyridine (py) leads to the acyl hydrido aldehyde ligand, with displacement of 1,5-cyclooctadiene, and

S . . to the coordination of the second phosphirédehyde ligand
?n(z:]\g[f'vf 5[Fé;‘g(%((;a?;(eor;gﬁggiﬁg\),\(l%f]s(clgevr\g;h ld[?ﬁil:?;ctionas a P-monodentate ligand to afford the neutral derivative
N R : . [RhHCI(PPh(0-CgH4CO))(k*-PPh(0-CsH4sCHO))(py)] (), simi-
is in line with the well-known ability of the aldehyeghosphine . ; :
ligand to promote the chelate-assisted oxidative addition of the lar to 4 and with a dangling aldehyde group, as shown in eq 1.

aldehyde to late-transition-metal compleXg€omplex1 shows
the expected spectroscopic features. #REH} NMR spectrum
contains only one doublet at the characteristic low field due to 1/2[RhCI(COD)], + PhoP
the five-membered-ring effeét,and the'H NMR spectrum oPh toluene-dg Clu,,,'_l(h.n‘\o
shows a doublet of doublets in the high-field region;-45.93 @ ‘2 I —coo [ N7 | H ()]
Sn -0 M PhP
(9) Van Voorhees, S. L.; Wayland, B. BrganometallicsL985 4, 1887. ~0
(10) Vaughn, G. D.; Gladysz, J. A. Am. Chem. S0d.981, 103 5608.
(11) (a) Fu, X.; Basickes, L.; Wayland, B. BEhem. Commun2003 5
520. (b) Fu, X.; Wayland, B. BJ. Am. Chem. SoQ005 127, 16460.

(12) (a) Vaughn, G. D.; Strouse, C. E.; Gladysz, J.JJAAmM. Chem. i i i ifi i
S06.1986 108, 1462. (b) Viaughn. G. D Giadysz, 3. . Am. Chem. Soc. Complex5 is extremely reactive and was identified only in

1986 108 1473. solution (see the Experimental Section). Its free aldehyde group
(13) Van Leeuwen, P. W. N. M.; Roobeek, C. F.; Orpen, A. G.

Organometallics199Q 9, 2179. (18) (a) Anderson, G. K.; Kumar, Rnorg. Chim. Actal988 146, 89.
(14) (a) Landvatter, E. F.; Rauchfuss, T. Brganometallics1982 1, (b) Garralda, M. A.; Herhradez, R.; Ibarlucea, L.; Pinilla, E.; Torres, M.

506. (b) El Mail, R.; Garralda, M. A.; Hefmalez, R.; Ibarlucea, LJ. R.; Zarandona, MInorg. Chim. Acta2004 357, 2818.

Organomet. Chen2002 648 149. (19) (a) Tejel, C.; Ciriano, M. A.; Millaruelo, M.; Lpez, J. A.; Lahoz,
(15) (a) El Mall, R.; Garralda, M. A.; Hefmalez, R.; Ibarlucea, L.; Pinilla, F. J.; Oro, L. A.Inorg. Chem2003 42, 4750. (b) Rourke, J. P.; Stringer,

E.; Torres, M. R.Organometallics200Q 19, 5310. (b) Brockaart, G.; G.; Chow, P.; Deeth, R. J.; Yufit, D. S.; Howard, J. A. K.; Marder, T. B.

Garralda, M. A.; Herhadez, R.; Ibarlucea, L.; Santos, J.horg. Chim. Organometallics2002 21, 429. (c) Gutierez-Puebla, E.; Monge, A,

Acta 2002 338 249. Nicasio, M. C.; Peez, P. J.; Poveda, M. L.; Rey, L.; Ruiz, C.; Carmona, E.
(16) Garralda, M. AC. R. Chim.2005 8, 1413. Inorg. Chem1998 37, 4538. (d) Green, M. L. H.; Jones, D.Adv. Inorg.

(17) Garrou, P. EChem. Re. 1981, 81, 229. Radiochem1965 7, 115.
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Scheme 2
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undergoes different reactions, including hydrogenation and
dehydrogenation, depending on the reaction conditions.
Hydroxyalkyl Formation from Complex 5 and Its Sub-
sequent Dehydrogenation.In benzene solution comple&
reacts readily to afford the hydroxyalkyl derivative [RhCI(RPh
(0-CgH4CO))(PPh(0-CeH4CHOH))(py)] 6) (see Scheme 2),
which is a mixture of the two isomeBaand6b in a 3:1 ratio.
In line with previous observatiori81this behavior suggests a
certain acidic character of the hydride in compléx The
transformation of this acyl hydrido complex, also containing a

Organometallics, Vol. 26, No. 4, 200033
Scheme 3
P

PhZPJ(LD
CoH CI, :
L R _Lee .

0
or MeOH
Ph2P
Ly = [Cl(py) (PPhy(0-C¢H,CO)] iE

Phy

6 H OH

.
X'
- ~

. ,/'+ X
- N - X =py orCl
: Ph, '
_P :
Ly —X)Rh '
: —5 I E
Lot H o 9

of the hydroxyalkyl groups bonded to rhodidi®!trans to the
phosphorus atom of the aeyphosphine chelate. Th&C
resonances appear in the-9%7 ppm range as doublets of
doublets due to coupling with rhodiurd(Rh,C)= 22 Hz) and

with a trans phosphorus atori(P,C) = 98 Hz). In the HSQC
experiment, correlation of the resonance due to the major species
with a resonance at 6.75 HOH) ppm is observed and this
signal makes COSY with a resonance at 8.48 ppm (EIlH@

the 'TH NMR spectra the alkyl resonance is obscured by the
phenyl rings and the hydroxy signal is clearly observed. The
latter disappears upon addition of a few drops of;OD, and

its low-field appearance suggests some extent of hydrogen bond
formation, most likely with the cis chloride ligand. TR&P-

dangling aldehyde group and two mutually trans phosphorus {1H} NMR spectrum shows two doublets of doublets for each

atoms, into acyl hydroxyalkyl derivatives with two mutually

cis phosphorus atoms requires two different steps to occur,

namely isomerization and insertion of the aldehyde into the
Rh—H bond. By following the reaction in s by NMR, we

isomer with mutually cis phosphine3(P,P)= 20 Hz). Isomers

6a and 6b differ in the groups, chlorine or pyridine, trans to
acyl and to phosphorus of the hydroxyalkylhosphine chelate.
When the electronic effects are taken into account, higher

observed that the presence of an excess of pyridine made thestability for a species where the besdonor is trans to the

overall reaction slower. Thus, after 15 min, the raticodb 5
was 2:1 when using a Rh to py ratio of 1:1 while, when using
a Rh to py ratio of 1:2, the ratio & to 5 was only 1:2, as
concluded from the’’P{1H} NMR spectra. Longer reaction
periods led to the complete transformationsahto 6. Former
studies have shown that the formation of rhodium(lll) acyl
hydroxyalkyl derivatives from rhodium(lIl) acyl hydrido species
is favored when the phosphorus atoms are mutually'%éis;

poorero-donor can be expectéd According to this, the major
isomer6ashould contain the lowest trans effect ligand, chlorine,
trans to the acyl group, whose trans effect is almost as high as
that of hydride?® The 3P resonances of the hydroxyalkyl
phosphine chelate appear around 54 ppm, and the coupling
constant)(Rh,P), lower for the major isoméa (155 Hz) than

for the minor isome6b (160 Hz), is in line with the phosphorus
being trans to the pyridine nitrogen with higher trans effect in

therefore, our proposal is that the isomerization reaction occursgg,24

first, through a pyridine dissociation step, to afford a species
with two mutually cis phosphorus atoms. Protonation of the
aldehyde group by an acidic R#td can then afford the final
product6. As shown in Scheme 2, compou6@dan be obtained,
also as a 3:1 mixture dda and6b, by the reaction of pyridine
with an acyl hydrido complex containing a phosphitaédehyde
chelating ligand, [RhHCI(PRfo-CeH4CO))(2-PPh(0-CgHs-
CHO))] (7),*rin which the hydroxyalkyl formation reaction is
not observed. Inspection of the in situ reaction performed in
CsDs by NMR indicates that the coordinated aldehyde group
in 7 is displaced by pyridine to afford compléx which then
gives6. As has been previously obsen®g¢?N-donor ligands
favor the hydroxyalkyl formation in rhodium hydrido complexes
by migration of the hydride to the more nucleophilic oxygen
atom of the aldehyde.

Compounds has been fully characterized by NMR, including
2D experiments. The obtained spectra confirm the formation

(20) (a) Wei, M.; Wayland, B. BOrganometallics1996 15, 4681. (b)
Del Rossi, K. J.; Zhang, X.; Wayland, B. B. Organomet. Chenl995
504, 47.

Compound6 has low stability in benzene or in chloroform
solution, so that after 24 h it is completely transformed into the
diacyl derivative [RhCI(PPifo-CsH4CO))(py)] (8) (see Scheme
3) with hydrogen loss, as evidenced by the appearance of a small
resonance at 4.63 ppm in tHel NMR spectra of a CDGI
solution of 6.25 In methanol the reaction is faster aidis
completely transformed int®in ca. 45 min. Comple® shows
lower stability than the related compound [Rh(R@HCsH-
CO))(PPh(0-CeH4CHOH))(bdh)]BPh,152 containing a better
donor ligand such as the bidentate diimine instead of pyridine
and chloride. This is not surprisifébut the usual decomposi-
tion paths reported for hydroxyalkyl complexes include regen-
eration of the M-H bond and free aldehyde or, if an acid is

(21) Thorn, D. L.; Tulip, T. H.Organometallics1982 1, 1580.

(22) Blum, O.; Carmielli, R.; Martin, J. M. L.; Milstein, DOrganome-
tallics 200Q 19, 4608.

(23) Coe, B. J.; Glenwright, S. Loord. Chem. Re 200Q 203 5.

(24) Appleton, T. G.; Clark, H. C.; Manzer, L. Coord. Chem. Re
1973 10, 335.

(25) Sellmann, D.; Prakash, R.; Heinemann, F.Vdlton Trans.2004
3991.
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added, disproportionation with hydride transfer to yield an acyl
and an alkyl comple*?21 No presence ob was observed in

the NMR spectra recorded during the transformatiol ofto

8, thus excluding the reversal éfinto 5. 253 KJL

We were unable to detect any intermediate during the
dehydrogenation reaction, but as an unusual mechanism appears
to operate in this reaction, we considered the possibility of a L U 263K |

ligand dissociation step, which would decrease the electronic
density on the metal and the stability of the hydroxyaikghnd
would allow transfer ofx-hydrogen from carbon to rhodium to 273 KJM

give an intermediate such as the hydrido hydroxycarb@ne

depicted in Scheme 3. Although not frequent for late-transition-
metal complexesa-H elimination to give hydridocarbene 283K

species is know?f Iridium hydroxycarbene complexes obtained

from the reaction of iridium compounds with aldehy#esr
hydrido hydroxycarbene derivatives formed by protonation of 203 K
iridium hydrido formyl derivative® have been reported. Also,

hydrido hydroxycarbene formation has been shown to operate

in the decarbonylation of aldehydes by [RuH(CIRB),]»?° and

in the hydrocarbonylation of olefins, leading to alcolblsr, 303K

in the reaction of CO with ethene, to give pentan-3%msing

rhodium trialkylphosphine complexes in protic solvents. The

interaction of the hydride, behaving as a proton accefStér, WMWMMM?’ K/\/\
with the alcoholic proton in intermedia@would give complex

8 with hydrogen loss. This mechanism would also explain the

overall reaction being faster in methanol, where chloride

dissociation is easy. The described hydroxyalkyl formation and MMMMWW 323 K/\/\
its dehydrogenation would involve rhodium(lll) hydrido deriva-

tives that behave as proton donors (com@#or as hydride

donors (specie®). Both modes of reactivity are now well

established for transition-metal hydrides, and recently the ability WWMMWMW 328 K/v\

of the palladium hydride [PdH(dpp#) to transfer a hydride
or a proton to carbocations or carboanions, respectively, has 45 ppm 45 ppm
been reporte@® We believe that other evidence reported later
in this work point to the formation of hydrido hydroxycarbene
species fron®b.
Complex8 is prepared in better yield by reaction of [RhCl-  and coalescence occurs near 330 K (see Figure 1). From line-
(COD)L. with PP(0-CsH4CHO) in the presence of pyridine  shape analyst$ of the variable-temperaturg'P{H} NMR
in methanol (see the Experimental Section) and has been fully spectra of comple®, the activation parametersH* = 8.8 +
characterized by NMR. At 253 K it8'P{*H} NMR spectrum 0.4 kcal mot? andASF = —16.7+ 1 cal K-2 mol~* have been
shows an ABX spin pattern witd(P,P)= 336 Hz, indicating  determined. The entropy of activation is indicative of an
the trans disposition of both phosphorus atoms, while'#ge intramolecular rearrangement responsible for the exchange of
{*H} NMR spectrum shows in the low-field region, at ca. 230 pyridine and chlorid€® We believe that opening of the aeyl
ppm, two doublets due to two inequivalent acyl groups trans to phosphine chelate can account for the observed fluxional
chloride and pyridine, respectively. Compl8xs fluxional in behavior.
solution, as shown by inspection of tA#®{'H} NMR spectra. An X-ray diffraction study of8 confirms the structure
Due to8 being insoluble in toluends, the spectra were obtained  depicted in Scheme 3. Selected bond distances and angles are
from CDCk solutions in the 253328 K range. When the listed in Table 1, and Figure 2 gives a molecular drawing. The
temperature is raised, the signals due to the ABX pattern broadengeometry about the metal atom is distorted octahedral; the
maximum deviation of 104corresponds to the angle C20
o200, SR BT ¥ Shen, 5 W i B, Rh- . Four posions are occupid by he phosphorus and
Paneque, M.; Poveda, M. L.; Salazar, V.; Santos, L. L.;. Carmond,, E. Cart_)c_m atoms of the two blden_tate ligands, and the Qt_her two
Am. Chem. SoQ00§ 128, 3512. positions are occupied by the nitrogen atom of the pyridine and
(27) Gutierez-Puebla, E.; Monge, A.; Paneque, M.; Poveda, M. L.; by chloride. Both phosphorus atoms are mutually trans, and the
Salazar, V.; Carmona, H. Am. Chem. 504999 121 248. acyl groups are mutually cis. The distances comprising the

(28) Lilga, M. A.; Ibers, J. M.Organometallics1985 4, 590. . . .
(29) Coalter, J. N., IIl; Huffman, J. C.; Caulton, K. Grganometallics ~ chelate ligands are in the expected rari§é%and we find some

Figure 1. Varlable-temperaturélP{1H} NMR spectra of8 in
CDCls: (left) experimental; (right) calculated.

200Q 19, 3569. ' ' differences in the features of the acylphosphine ligands. The
20(()?&0)32;5ellat5|d0u, P.; White, D. F. S.; Cole-Hamilton, DDalton Trans. best least-squares plane for the Rh1, C20, C21, C22, and P2

(31) Robertson, R. A. M.; Poole, A. D.; Payne, M. J.; Cole-Hamilton, atoms and the C21, C22, C24, C25, C26 plane are almost
D. J. Dalton Trans.200Q 1817.

(32) (&) Yao, W.; Crabtree, R. Hnorg. Chem.1996 35, 3007. (b) (34) Budzelaar, P. H. M. gNMR Software version 5.0; Adept Scientific
Epstein, L. M.; Shubina, E. £oord. Chem. Re 2002 231, 165. (c) Cugny, plc: Letchworth, U.K., 2004.
J.; Schmalle, H. W.; Fox, T.; Blacque, O.; Alfonso, M.; Berke,Eur. J. (35) Buisman, G. J. H.; Van der Veen, L. A.; Kamer, P. C. J.; Van
Inorg. Chem.2006 540. Leeuwen, P. W. N. MOrganometallics1997, 16, 5681.

(33) Aresta, M.; Dibenedetto, A.; Pai, |.; Schubert, G.; Macchioni, (36) Pattanayak, S.; Chattopadhyay, S.; Ghosh, K.; Ganguly, S.; Ghosh,

A.; Zuccaccia, DChem. Eur. J2004 10, 3708. P.; Chakravorty, AOrganometallics1999 18, 1486.
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Table 1. Selected Bond Lengths (&) and Angles (deg) for
Complex 8, Including the Hydrogen-Bond Geometry

Rh1-P2 2.300(1) RhP1 2.367 (1)
Rh1-N1 2.261(4) Rh%CI1 2.521(1)
Rh1-C20 1.994(5) Rh+C(1) 2.002(5)
02-C20 1.217(5) 0%C1 1.206(5)
03-H3 0.840 H3:-01 2.590
0301 3.289(9)
C20-Rh1-C1 88.6(2) C26-Rh1-N1 90.6(2)
C1-Rh1-N1 174.3(2) C26-Rh1-P2 84.8(1)
C1-Rh1-P2 90.4(1) N+Rh1-P2 95.1(1)
C20-Rh1-P1 100.6(1) C+Rh1-P1 81.3(1) c41
N1-Rh1-P1 93.4(1) P2Rh1-P1 170.0(4) H3
C20-Rh1-Cl1 174.3(1) CtRhi1-Cl1 92.0(1)
N1—-Rh1-Cl1 89.3(1) P2-Rh1-Cl1 89.5(4) 03
P1-Rh1-CI1 85.1(4) 03-H3---01 141.9
coplanar, with a dihedral angle of 5.0{l)vhereas the best least- o
squares plane for the Rh1, C1, C2, C3, and P1 atoms forms a
dihedral angle of 20.8(1)with the corresponding phenyl ring.
Also, the Rh-P2 and Rk-P1 distances, 2.300(1) and 2.367(1)
A, respectively, are significantly different. These different
features are probably due to the expected distortion of having
two five-membered chelate rings. The presence of a solvent
molecule, methanol, bonded to the oxygen atom O1 of an acyl
group, can also have some influence in the observed features.
Hydroxyalkyl as Source of Proton and Hydride for the Figure 2. PLUTO view of complex8 showing the atomic
Hydrogenation of Coordinated Aldehyde.In methanol solu- numbering and the intermolecular hydrogen bond. All but one of

tion complex 5 reacts readily to undergo displacement of the hydrogen atoms and the labels of some C atoms have been

chloride by the aldehyde, affording the cationic acyl hydrido ©mitted for clarity.

complex [RhH(PPH0-CsH4CO))(k2-PPh(0-CeH4CHO)) (py)I™

(10), containing a phosphirealdehyde chelate (see Scheme 4),

as confirmed by following the in situ reaction in @DD by

NMR (vide infra). The isolation ofLO requires the immediate thp thp

addition of a bulky anion salt such as NaBPL0|BPh, can Cl.,, "Ny CH:OH C ,,,,, N

thus be obtained in up to 80% yield. CN/ h\H o \H
N\

The spectroscopic data allow its unambiguous characteriza- Ph,P PPh,
tion. As observed in other rhodium(lll) aldehyde compleXes, @
10

Scheme 4

~0
the aldehyde coordination of PRb-CsH4,CHO) in 10 is the 5
o-aldehyde mode. The IR spectrum shay€=0) absorptions

at lower wavenumber than for the free ligand, and in @
{H} NMR spectrum a resonance at slightly lower field than
Ph2P
“Ng

NaBH4

for the free aldehyde is observed. Tie&NMR spectrum shows
a sharp singlet at slightly higher field than for the free aldehyde,

and the appearance of a resonance E3.88 ppm indicates the / | \H
presence of a hydride trans to nitrogen. A shift of #{1H} PPh,
resonance of the phosphinaldehyde ligand is toward higher @

field upon formation ofL0is in accordance with the presence "

of a six-membered rin§, and theJ(P,P) coupling constant of
346 Hz agrees with a trans arrangement of the phosphorus atomghe J(P,P) coupling constant of 336 Hz agrees with a trans
Comp|ex 10, prepared in situ in methanol So|uti0n, reacts arrangement of the phOSphorUS atoms. The chemical shift of
with NaBH;, to undergo the aldehyde hydrogenation, leading the hydride—14.25 ppm, indicates it being trans to the nitrogen
to the complex [RhH(PBko-CsH4CO))(>-PPh(0-CsH4CH,- atom of the pyridine ligand.
OH))(py)]* (11), which contains a phosphir@lcohol chelate. If longer reaction periods are allowed, up to 2 h, comg@ex
Complex11 was isolated as the perchlorate saltl]CIO., by reacts in methanol to give a mixture of the diacyl derivaye
addition of NaClQ and was characterized by spectroscopic the acyl hydrido alcohol specidd, and a small amount of the
means, including 2D experiments. THe and 13C{1H} NMR acyl hydrido aldehyde comple20. Complex 8 could be
spectra confirm the formation of the alcoholic group bonded to Separated by filtration with a maximum yield of ca. 40% with
rhodium. Its13C resonance appears at 67.6 ppm as a doublet, respect to the starting rhodium material. The remaining solution
most ||ke|y due to Coup”ng with the P atom of the alcohol contained comple)11 that was always contaminated with at
phosphine chelateJ(P,C) = 7 Hz), and the'H resonances least 10% ofl0. Attempts to obtairi1 as the main product by
appear at 5.12 and 4.44 ppm as doublets of doublets for theperforming the reaction with bubbling of hydrogen gas proved
methylene group and at 6.4} ppm for the hydroxy group, unsuccessful and led to the same product distribution as that
which disappears upon addition of a few drops of:OD. The obtained in the absence ofH

31p{1H} NMR spectrum shows two doublets of doublets, and By following the reaction ob in CDsOD by NMR, we have
observed at 253 K the initial formation of the cationic complex

(37) Joubert, J.; Delbecq, B. Organomet. Chen2006 691, 1030. 10. When the temperature is raised up to 293 K, a mixture
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Scheme 5 drides containing OH groug$. The hydrogenation of polar
bonds involving outer-sphere mechanisms do not require
coordination of the substrate to the transition métal. the

CIthFl’ \ Phy @Ph2T+ present case an outer-sphere mechanism appears to be involved
epn Yo C2890. | g 77" mh N0 but O-coordination of the aldehyde to the rhodium atom of
N H t~15mi | H i ' i
\, min o” | another molecule is required to effectively undergo hydrogena-

PheP 6 H OH {__FPh2 10 tion.
@AC Ly = [Cl(py)(PPh(0-CgH4CO)]

3 ‘ Conclusions

This report has demonstrated that rhodium acyl hydrido
complexes containing N-donor ligands show some acidic
o ! character of the RhRH bond and are able to form acyl
S BN N - ; N .
Q F|,PhH ; hydr_oxyalkyl derivatives by their reaction W|_th aldehydes._ In
LncyRh—H __~* 2o protic solvents, where the formation of rhodium acyl hydrido
: 9 10 ! aldehyde complexes is also possible, hydrogenation to the
" - rhodium acyl hydrido alcohol complexes can occur. According
‘ to the experimental observations, a bimolecular bifunctional

-1
'
'
'

+
O— RhL,

ionic mechanism, involving formation of a transient hydrido
hydroxycarbene as a source of proton and hydride and interact-

PhyP =\ Ph,P ing with a coordinated aldehyde, appears feasible. The same
Cl.., | wSq O P RN transient species can explain the dehydrogenation of the acyl
CN/ Th o * HO/T ~H ° hydroxyalkyl species to afford a diacyl derivative.
X/ PhyP.
8 6 Experimental Section

PPh,
5
NM General Procedures.The preparation of the metal complexes
4

was carried out at room temperature under nitrogen by standard

. ) Schlenk techniques. [RhCI(COR3Y] and complex 714 were
containing almost equimolar amounts of complex8s6, and prepared as previously reported. Microanalysis were carried out
11is observed along with the appearance of a precipitate thatyyith a Leco CHNS-932 microanalyser. Conductivities were mea-
corresponds to the diacyl derivatiB(see Scheme 5). Most  sured in acetone solution with a Metrohm 712 conductimeter. IR
likely, dissociation of the aldehyde group in the initially formed spectra were recorded with a Nicolet FTIR 510 spectrophotometer
10 allows partial formation ob. After 2 h the resonances due in the range 4000400 cnt? using KBr pellets. NMR spectra were
to complexes$ and10 decrease while the amount 1 in the recorded with a Bruker Avance DPX 300 or Bruker Avance 500
solution and also the amount of precipitat€increases  spectrometeriH and *3C{1H} (TMS internal standard}P{*H}
markedly. No incorporation of deuterium in the hydrogenated (HsPO; external standard), and 2D spectra were measured from
aldehyde is observed, thus excluding a mechanism involving CDCl, CeDs, toluenees, or CD;OD solution. Mass spectra were
H-transfer from methanol to aldehyde. The resonances due tofécorded on a VG Autospec instrument, by liquid secondary ion
the methylene group of the hydrogenated compilé&appear (LSI_) MS_ using nitrobenzyl alcohol as matrix and a cesium gun
as two sharp doublets, at 4.83 and 4.30 pga(= 12.8 Hz), ~ (Universidad de Zaragoza).

o . - . H ' . _
respectively. The coupling with the hydroxy proton is lost, due Warning! Perchlorate s_alts and transition metal perchlorate
o its exchange with the deuterated solvent complexes may bg explosive. Preparatlons on a scale larger than

) that reported herein should be avoided.

These observations point to a bimolecular bifunctional ionic  [RhHCI(PPh(0-CsH4CO))(py)s] (1). To a benzene solution of
mechanism as being responsible for the hydrogenation of the[RhCI(COD)} (30 mg, 0.06 mmol) was added pyridine (19 mg,
cationic phosphinealdehyde complexlO to give the phos-  0.24 mmol), whereupon a yellow solid was formed. Addition of
phine—alcohol derivativel 1, with the hydroxyalkyl comple% PPh(0-CsH4,CHO) (35 mg, 0.12 mmol) and stirringf@ h gave a
being the source of both proton and hydride, as shown in yellow solid that was filtered off, washed with benzene, and
Scheme 5. The transient hydrido hydroxycarb@rfermed from vacuum-dried. Yield: 76%. IR (KBr, cri): 2061 (m),»(RhH);

6 by a-hydrogen transfer, contains a hydride and a hydroxy 1620 (s)»(C=0).*H NMR (CDCl): 6 —15.93 (dd, 1H,J(Rh,H)
group that can interact with the O-coordinateg-@ bond in = 23.8 Hz,J(P,H) = 18.3 Hz, Ri). 3'P{*H} NMR (CDCl): 6
complex10. The experimental evidence for this mechanism can /8-2 (d,J(Rh,P)= 165 Hz). Anal. Calcd for &H2:CINOPRh:

be summarized as follows. (i) The coordinated aldehydin ~ ©+ 59-35 H, 4.29/ N, 4.77. Found: C, 59.01; H, 4.62; N, 4.66.
requires the presence of proton and hydride to undergo the _ [RNC12PP(0-CeHaCO))(py)o] (2). A chioroform solution of

hydrogenation. It reacts with a hydride source, borohydride, in [RhHCI(PPR(0-CeH.CO))(py)] (1; 46 mg, 0.078 mmol) was stirred

; . . . for 24 h. Addition of methanol to the solution gave a yellow solid
a protic solvent, methanol, but fails to react with. i) In the that was filtered off, washed with methanol, and vacuum-dried.

absence of NaBH the reaction product8 and11 are always Yield: 13%. IR (KBr, cnml): 1649 (s),/(C=0). 31P{1H} NMR
contaminated with the aldehyde derivatid® because the (CDCly): 6 59.4 (d,J(Rh,P)= 134 Hz).23C{1H} NMR (CDCL):
intermediated can lose H (see Scheme 3), thus preventing the 5 229.2 (dd,J(Rh,C) = 28 Hz, J(P,C)= 3 Hz, RICO). FAB MS
complete reduction of the aldehyde. (iii) In a separate experiment (nyz): calcd for GoH,.Cl.N,OPRh, 620; observed, 585 [M CI]*.
we have observed that compl8Xails to react with NaBH in
methanol, and therefor@ is not a source fofll under these (38) (a) Casey, C. P.; Singer, S. W.; Powell, D. R.; Hayashi, R. K;

reaction conditions. This mechanism is similar to the hydroge- Kavana, M.J. Am. Chem. So00], 123 1090. (b) Bullock, R. MChem.
. d b L f h y Ig' Eur. J.2004 10, 2366. (c) Casey, C. P.; Strotman, N. A.; Beetner, S. E;
nation process reported by Casey et al. for the catalytic jonnson, J.B.; Priebe, D. C.: Guzei, |. @rganometallic2006 25, 1236.

hydrogenation of ketones and aldehydes with ruthenium hy-  (39) Chatt, J.; Venanzi, L. MJ. Chem. Soc. A957, 4735.




Rhodium(lll) Acyl Complexes

Anal. Calcd for GgH4CILN,OPRRh0.75CHCE: C, 50.27; H, 3.51;
N, 3.94. Found: C, 49.98; H, 3.70; N, 3.97.
[RhCIy(PPhy(0-CeH4CO))(bdh)] (3). To a dichloromethane
solution of [RhCH(PPh(0-CsH4CO))(py)] (2; 31 mg, 0.05 mmol)
was added biacetyl dihydrazone (9 mg, 0.075 mmol). Stirring for
2 h followed by addition of diethyl ether gave a yellow solid that
was filtered off, washed with diethyl ether, and vacuum-dried.
Yield: 46%. IR (KBr, cnT?): 3386 (s), 3340 (s), 3295 (3)(NHy);
1655(s)¥(C=0). H NMR (CDCl3): 6 2.50 (s, 3H, El3); 2.19 (s,
3H, CH3). 3"P{*H} NMR (CDCl): ¢ 60.1 (d,J(Rh,P)= 134 Hz).
Anal. Calcd for GsH»4CIb.N,OPRhO: C, 47.86; H, 4.19; N, 9.71.
Found: C, 48.03; H, 4.36; N, 10.39.

[RhHCI(PPhy(0-CeH4CO))(PPhs)(py)] (4). To a dichloromethane
solution of1 (46 mg, 0.078 mmol) was added triphenylphosphine
(21 mg, 0.078 mmol). Stirring fol h followed by addition of
diethyl ether gave a yellow solid that was filtered off, washed with
diethyl ether, and vacuum-dried. Yield: 42%. IR (KBr, Tthh 2044
(m), v(RhH); 1623 (s)»(C=0).*H NMR (CDCl): 6 —14.55 (ddd,
1H, J(Rh,H) = 18.3 Hz,J(PPh,H) = 11.9 Hz, J(PPh(0-CsH4-
CO),H) = 4.6 Hz, RiH). 3P{H} NMR (CDCly): ¢ 63.72 (dd,
J(Rh,P)= 140 Hz,J(P,P)= 375 Hz,PPhy(0-CsH,CO)); 42.7 (dd,
J(Rh,P)= 124 Hz,PPhs). Anal. Calcd for G,H3sCINOP,Rh: C,
65.51; H, 4.58; N, 1.82. Found: C, 64.98; H, 4.65; N, 1.87.

Formation and Characterization of [RhHCI(PPh(0-C¢H4CO))-
(x*-PPhy(0-CeH4CHO))(py)] (5). To a toluenedg solution of [RhCI-
(COD)]> (15 mg, 0.03 mmol) at 253 K was added pyridine (10
mg, 0.12 mmol), whereupon a yellow solid was formed. Addition
of PPh(0-CsH4sCHO) (35 mg, 0.12 mmol) led to a solution for
which the NMR spectra were obtained at 253 K. Data5are as
follows. IH NMR (tolueneslg): ¢ 10.72 (s, 1H, PPifo-C¢H,CHO));
—13.85 (m, 1H, RH). 3P{IH} NMR (toluenedg): ¢ 67.9 (dd,
J(Rh,P)= 139 Hz,J(P,P)= 370 Hz,PPhy(0-CsH4CQ)); 42.9 (dd,
J(Rh,P)= 123 Hz, PPhy(0-CsH,CHO)).

[RhCI(PPhy(0-CeH4CO))(PPhy(0-CeH,CHOH))(py)] (6). Meth-
od a. To a benzene suspension of [RhHCI(R@FCsH4CO))(k?-
PPh(0-CsH4CHO))] (7; 43 mg, 0.06 mmol) was added pyridine
(5 mg, 0.06 mmol), whereupon dissolution of the solid occurred.
After the mixture was stirred for 4 h, the solvent was evaporated
and the solid residue was dissolved in dichloromethane. Addition
of diethyl ether gave a yellow solid that was filtered off, washed
with diethyl ether, and vacuum-dried. Yield: 62%.

Method b. To a benzene solution of [RhCI(COR)B0O mg, 0.06
mmol) was added pyridine (10 mg, 0.12 mmol), whereupon a
yellow solid was formed. Addition of PRfo-CsH,CHO) (70 mg,
0.24 mmol) and stirring for 90 min gave a cloudy solution that

Organometallics, Vol. 26, No. 4, 200037

0.24 mmol), whereupon a yellow solid was formed. Adding PPh
(0-CeH4CHO) (70 mg, 0.24 mmol) and stirring overnight gave a

yellow solid that was filtered off, washed with methanol, and
vacuum-dried. Yield: 36%. IR (KBr, cm): 1637 (s),»(C=0).

S1P{1H} NMR (253 K, CDCh): 6 61.8 (dd,J(Rh,P)= 152 Hz,
J(P,P)= 336 Hz,Pa); 51.6 (dd,J(Rh,P)= 138 Hz,Pg). :3C{H}
NMR (253 K, CDCh): 6 234.2 (d,J(Rh,C)= 36 Hz, RICO); 232.8
(d, J(Rh,C)= 33 Hz, RICO). Anal. Calcd for GzH33CINO,P,Rh
CH3OH: C, 63.82; H, 4.50; N, 1.69. Found: C, 63.46; H, 4.16; N,
1.95.

[RhH(PPh,(0-CgH 4CO))(x?-PPhy(0-CeH ,CHO))(py)]BPh, ([10]-
BPh,). To a benzene solution of [RhCI(COBR)B0 mg, 0.06 mmol)

was added pyridine (19 mg, 0.24 mmol), whereupon a yellow solid
was formed. Addition of PRJo-CsH4,CHO) (70 mg, 0.24 mmol)

led to a solution. Evaporation of the solvent, dissolution of the solid
residue in methanol, and addition of NaBRA1 mg, 0.12 mmol)
led to a yellow solid that was filtered off, washed with methanol,
and vacuum-dried. Yield: 80%. IR (KBr, c®): 2032 (m),v-
(RhH); 1655 (s), 1635 (s(C=0). An (7 cnm? mol™b): 63
(acetone)H NMR (CDCl): ¢ —13.88 (ddd, 1H,J(RhH) = 20.6
Hz, J(PPh(0-C¢H4CHO),H) = 14.1 Hz,J(PPh(0-CsH4CO),H) =

6.0 Hz, RiH); 8.61 (s, G10). 3P{*H} NMR (CDCls): ¢ 59.4 (dd,
J(Rh,P)= 134 Hz,J(P,P)= 346 Hz,PPhy(0-CsH,4C0Q)); 32.1 (dd,
J(Rh,P)= 128 Hz,PPhy(0-C¢H,CHO)). 13C{'H} NMR (CDCl):

0 228.4 (d,J(Rh,C)= 34 Hz, RICO); 201.3 (s,CHO). FAB MS
(m/2): caled for GgH3sNO,P.Rh, 762; observed, 762 [M] Anal.
Calcd for BC@7H55N02P2Rh'CH30H: C, 73.32; H, 5.34; N, 1.26.
Found: C, 73.18; H, 5.16; N, 1.43.

[RhH(PPh,(0-CeH 4CO))(x?>-PPhy(0-CsH4CH,0H))(py)]CIO 4
([11]CIOy). To a benzene solution of [RhCI(COR)30 mg, 0.06
mmol) was added pyridine (19 mg, 0.24 mmol), whereupon a
yellow solid was formed. Addition of PR¢o-CsH,CHO) (70 mg,
0.24 mmol) led to a solution. The solvent was evaporated, and the
solid residue was dissolved in methanol. Addition of NaBH
mg, 0.12 mmol) and NaCIl9(15 mg, 0.12 mmol) with vigorous
stirring gave a yellow solid that was filtered off, washed with
methanol, and vacuum-dried. Yield: 65%. IR (KBr, chh 3432
(m, br), v(OH); 2035 (w),»(RhH); 1634 (s)»(C=0). Ay (R
cn? mol™): 114 (acetone)H NMR (CDCh): 6 —14.25 (ddd,
1H, J(RhH) = 20.1 Hz, J(PPh(o-C¢H4CH,OH),H) = 13.2 Hz,
J(PPh(0-C¢H4CO),H) = 5.5 Hz, RIH); 5.12 (dd, 1H, ¢m= 12.8
Hz,J(H,H) = 4.6 Hz, GH,); 4.44 (dd, 1HJ(H,H) = 5.5 Hz, GH,);
6.19 (pseudotriplet, 1H, B). 31P{1H} NMR (CDCl): ¢ 62.3 (dd,
J(Rh,P)= 136 Hz,J(P,P)= 336 Hz,PPhy(0-CsH,CO); 29.3 (dd,
J(Rh,P)= 126 Hz,PPhy(0-CsH4CH,OH). 13C{*H} NMR (CDCly):

was filtered. The solvent was evaporated, and the solid residue was® 230.1 (d,J(Rh,C) = 32 Hz, RICO); 67.6 (d,J(P,C)= 7 Hz,

dissolved in dichloromethane. Addition of diethyl ether gave a
yellow solid that was filtered off, washed with diethyl ether, and
vacuum-dried. Yield: 22%. The solid obtained was suspended in
methanol, stirred for 5 min, filtered off, washed with methanol,
and vacuum-dried to obtain an analytically pure sample (yield 35%).
IR (KBr, cm™1): 3564 (m, br),»(OH); 1614 (s),»(C=0). Anal.
Calcd for G3H3sCINO,P,RN.0.75CHOH: C, 63.92; H, 4.66; N,
1.70. Found: C, 63.94; H, 4.56; N, 1.75. Data@arare as follows.
1H NMR (CDCly): ¢ 8.48 (s, 1H, PPifo-CsH4sCHOH)); 6.75 (from
HSQC correlation, PRto-CeH,CHOH)). 31P{*H} NMR (CDCl):
0 54.1 (dd,J(Rh,P)= 155 Hz, J(P,P)= 19 Hz, PPhy(0-C¢Hy-
CHOH)); 30.9 (ddJ(Rh,P)= 85 Hz, PPhy(0-CsH4CO)). 13C{H}
NMR (CDCl): 6 243.7 (dd,J(Rh,C)= 34 Hz,J(P,C)= 8 Hz,
RhCO); 93.1 (dd J(Rh,C)= 22 Hz,J(P,C)= 100 Hz, RICHOH).
Data for6b are as follows3'P{*H} NMR (CDCl): ¢ 53.3 (dd,
J(Rh,P)= 160 Hz,J(P,P)= 20 Hz, PPhy(0-C¢H,CHOH)); 33.6
(dd, J(Rh,P)= 88 Hz,PPhy(0-CeH4CO)). *3C{*H} NMR (CDCl):
0 234.8 (m, RI€O); 96.4 (dd J(Rh,C)= 22 Hz,J(P,C)= 96 Hz,
RhCHOH).

[RhCI(PPhy(0-CsH4CO))2(py)] (8). To a methanol suspension
of [RhCI(COD)} (30 mg, 0.06 mmol) was added pyridine (19 mg,

CH,OH). FAB MS (/2): calcd for GsH3/NO,P,Rh, 764; observed,
764 [M]*. Anal. Calcd for G3H3/CINOgP,Rh: C, 59.77; H, 4.32;
N, 1.62. Found: C, 59.25; H, 4.52; N, 1.66.

Reaction of [RhHCI(PPhy(0-CeH4CO))(x1-PPhy(0-CeH ,CHO))-

(py)] (5) in Methanol. To a benzene solution of [RhCI(COR)]
(50 mg, 0.10 mmol) was added pyridine (32 mg, 0.40 mmol),
whereupon a yellow solid was formed. Addition of BRRCsH4-
CHO) (118 mg, 0.40 mmol) led to a solution 6f The solvent
was evaporated, the solid residue was dissolved in methanol, and
stirring for 2 h gave a yellow precipitate that was filtered, washed
with methanol, and vacuum-dried. This solid was identified
spectroscopically as compleX (yield 40% with respect to the
rhodium starting material). The remaining solution was taken to
dryness. According to the NMR spectra, the solid residue contained
complex 11 with a 10% impurity of 10, on the basis of the
integration of the hydride resonances of both compounds.

X-ray Structure Determination of 8. Yellow prismatic single
crystals of comple, suitable for X-ray diffraction, were success-
fully grown from a solution of 9 mg of compleg in 1 mL of
methanol at room temperature. Data collection was carried out at
room temperature on a Bruker Smart CCD diffractometer using
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Table 2. Crystal and Refinement Data for
[RhCI(PPhy(0-CeH4CO))2(py)]-MeOH (8)

empirical formula
formula wt

temp (K)
wavelength (A)
cryst syst

space group

unit cell dimens
a(h)

b (A)

c(A)

o (deg)

/3 (deg)

7 (deg)

V (A3)

z

calcd density (g crm?)
abs coeff (mm?)
F(000)

cryst size (mr)

6 range for data collecn (deg)
index ranges

no. of rflns collected

no. of indep rfins
completeness td = 25.00 (%)
no. of data/restraints/params
goodness of fit orr2

final Rt indices ( > 20(l))

R.? indices (all data)

largest diff peak and hole (e &)

[G3H33CINO2P,Rh]-CH;OH
828.05

293(2)

0.71073

triclinic
P1

9.2621(6)
10.6197(7)
20.613(1)
89.520(1)
86.157(1)
69.962(1)
1900.3(2)
2

1.447

0.646

848

0.22x 0.13x 0.09
0.9925.00

—10<h=<11,-12<k=<12,

—19=<1=<24
9983
6603R(int) = 0.0341)
98.8
6603/1/229
1.019
0.0417 (4671 obsd rfins)
0.1113
0.510 and—0.902

a3 [IFol — IFoll/X|Fol. P {Z[W(Fo? — Fe?)?/ 3 [W(Fo?)?} 12

graphite-monochromated Mo oK radiation ¢ = 0.71073 A)

Garralda et al.

hemisphere of the reciprocal space by combination of three exposure
sets. Each exposure of 10 s covered 3. The first 100 frames
were re-collected at the end of the data collection to monitor crystal
decay after X-ray exposition, and no appreciable drop in the
intensities was observed. A summary of the fundamental crystal
data is given in Table 2. The structure was solved by direct methods
and conventional Fourier techniques. The refinement was made by
full-matrix least squares oR? (SHELX-97)4% Anisotropic param-
eters were used in the last cycles of refinement for all non-hydrogen
atoms, with some exceptions. After the last cycles of refinement
the Fourier difference map showed electronic density; this was
assigned to one solvent molecule of £HH. The carbon and
oxygen atoms were refined in three isotropical cycles, and in
subsequent cycles their thermal parameters were kept constant while
their coordinates were refined with geometric restraints and a
variable common €0 distance. All hydrogen atoms were calcu-
lated at geometrical positions and refined as riding on their
respective carbon atoms. These features ldRldodR,, factors of
0.0414 (4671 reflections observed) and 0.1127 (all reflections),
respectively. The largest residual peak in the final difference map
is 0.503 e A3,
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