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Sumimary

Acetyl complexes of iron(I1) and ruthenium(1l) of the type (7-CsH;)(CO)-
LM(COCH;), where L = PPh;, P(OPh);, P(cyclohexyl);, PMe,Ph or CO for M =
Fe, and PPh; for M = Ru, are rapidly reduced to the corresponding ethyl com-
plexes by BHj - THF or B,H:/CsHs. In some cases hydrido complexes of the
type (7-CsH;)(CO)LMH are also formed. The reaction has been studied by use of
'H NMR and the spectrum of (7-CsHs)(CO)(PPh;)FeC,H;, which shows several
unusual features, is discussed in detail. It is suggested that the rate of reduction
increases with increasing electron density at the metal centre.

Acetyl complexes of other transition metals, i.e. Ir, Pt, Pd, Co and Mo, are
also reduced to the corresponding ethyl compounds by B,H,/CsH.

Introduction

The reduction of organic molecules by diborane and related compounds
has been extensively studied during the last thirty years [1] but diborane has re-
ceived little attention as a reducing agent in organometallic chemistry. LiAlH,
and NaBH, are probably the most commonly used reducing agents in transition-
metal chemistry, and it has been shown [2] that reductions by these Group 111
hydride anions tend, at least in organic chemistry, to involve the transfer of a
hydride ion from the anion to an electron-deficient centre of the functional
group. BH; on the other hand is a strong Lewis acid, and reduction by BH; ap-
pears to involve preferred attack at the centre of highest electron density [3].

We were interested in being able to reduce an acetyl group coordinated to a tran-
- sition metal, and since it might be expected that such a group would constltute
a centre of hlgh electron density, we chose BHj as reducing agent.

* To whom correspondence should be addressed.’



*ZH 6 = (H-~d ()l 7 ‘Wdd §Z°T 9 18 331ANOP ¥ 03 8512 2A[3 Yglopg o suojoad

AP ¢ '2H L = (H~H)¢ *wdd T4°T ¢ 79 391d[a3 9478 suojoad EHD twdd ¢*1 ¢ puw wdd £1°g ¢ 3¢ s3e[dpinut 03 951X 9Ad suotoad THO o ‘(0T ‘yox 228)
ueyyud £gly xaydwoD y "fPURINJOIPAYRIIOY UY PRNSVIY ,,, 1 JO suojoxd TAXaYDPAD SY) uroyy esiru spudis Jurddeiraso 9oUls pPaa1asqo JON 1 *JordpInw
paAjosazufy ¥ ‘ZH 6 = (H~dj¢ )y ‘wdd LT°T ¢ 38 J9[qnop tyglapd Jo suojoxd [Aylal 1.§3 938) *zH 6 = (H~H)¢ 'ZH Q'L = {(H~H)f¢ Po{dnod Affenjnur
oxe sTouBis 002 NV *2H g = (H—dj¢)ry, ‘Wdd 66*1 @ 90 Uoppdiospe uw 03 osjx 913 suojold €D oY, ‘ZH Z = (H—djp)fg ‘wdd g8°T 9 PU? 2H 3T = (H—dyc)f¢
) .,Enn 80'T ¢ 30 58UdIs 0Mm) 0) I5|1 2AY3 sUOjoad Nmo_ ‘8 p-urInjOIPAYUII} U] PANSEIP y *E10ao uy [6] pajtodax AtEnofaoad Gn..o:oaes_ Uf paImsual g

*ZH 6 = (H—d;¢)ry ‘wdd pT'g ¢10 121qn0p ¢ 03 asix 918 E(YSZHD)4 Jo suojoad TH) jhzuog ] 'Pe110d3x (H—d ) OU ginowy(e *[g ] Paquiosop Asnojasid
£10a0 uf wnnoads YN H; , '[L] Piodal A5notasid D) uj umuoads YAN Hip'2H 0T = (H—d¢)fz ‘widd 12T ¢ puezH 01 = (H—d¢)r; ‘wdd 09°'1 ¢
19 s321quop om3 SyJlond 1o suojoxd |AUIOIN 2 '[9] pMaodax Alsnojaoid wrnajsads YN H{ ZHW 09 q *S33IUS [UOTUIAYD 29731 SasIYIUand uf uaAll (H~de)ly

. (proaq) gt (pnox)z1'y - . EHDTADPA{ EYddX DO)( SHED-4)
(28)6'01— (z0>)\L'% 0 (2°0>)99'%  o€2'0>)08'2 2(2'0>)6L"Y fu4a ny
- - . - y 99'1L y L6°¥ 00 og
- - u u 08V Fasad 392y 00 o4
(19)8'g1— (0'T)86'e ry 91 (0'1)98"¢ JL'o)L'e JRORALTRA E(UdTHONM od
(os)e’eT—~ 1y 491 W @Dy (L'onez (2'1)90°% (1a®Ho)tudd od
(zR)1'ET— ‘4 %7 49’1’ (0'T)LO"Y (80)08°2 ey (4d0)luad o4
(88)2'e1— (0'DITY 4910 (0'1)90"¥ (0'1)89'2 (z'Datr'y Uygoludd o4
(v6)6'21— (6°0)LO'Y 491 (9'0)86°8 q (6'0)9L°2 q (6°0)80°"¥ £(4do)d. o
{oL)L'eT— (2'0>)89'% ! (T'0>)LE'Y 2(2°0>)81°C 2(20>)68°Y E(14xay01240)d X
g (BLIG'ET—~ d{@'NoT'y §9'1 0 tlo'ngoy - (2'0>)99'C 72 (2'T)80°¥ udLopd X
(9L)8'31— Lt AR TR A 4 ! (onary q(8'0)L9°2 q(T'D9CY fuad o4
pUPAY SHYO-L 14y SHSD-u 143000 SHSO-u
IPLPAY = , 1Ay = 4 143990 = Y
(zH) p SIUTIEUCD B[N0 puE (wdd)g *EIIS TWorwOYD ‘ n n

‘PaVPULYS [BUADIU] 5TV OUV[IS[AYouIus1e) urunuoo 990 ul ZHIW om. 18 paansBa

: , TANOSUYO YO ALIHASOHd-AUVILYAL ‘INIHISOHJ- AUV I UAL =1
QZ<@Q~MQ>E.&Oq?:ﬁm.ﬁ—?eﬂofwud.:ﬂdOchan_ﬁmZB .zEﬂ_@oxm:moév Mm>&m=&h0mﬂxmqmzoom20mGO&<B<Q¢EZI_

fcy AR
id .

216



247

Results and discussion

Reduction of acetyl complexes of iron arzd ruthenium
Addition of BH; - THF to an acetyl complex of type I resulted ina rapld
(ca. 2 min at 20°C) reduction of the coordinated acetyl to a coordinated ethyl:

(17-'05915)((:0)L1\/1(":<:H3 B3 - T (-CsH)(CO)LMCH,CH,
I an

(a) M = Fe; L. = PPh;, PMe,Ph, P(cyclohexyl);, P(OPh)3, PPh(OPh),, Pth(OPh),
P(CH,Ph);, or CO.
(b) M = Ru; L = PPh,.

We have followed this reaction using 'H NMR spectroscopy. The addition
of BH; (B,H,) to a solution of the acetyl complex I in CsD, (see Experimental
section) resulted in the disappearance of the signal(s) due to the methyl protons
of the acetyl group with the concurrent appearance of signals assigned to the
newly formed ethyl complex. The NMR data for the acetyl and ethyl complexes
are given in Table 1. In two cases, i.e. with M = Fe and L = PPh; or CO, we con-
firmed the presence of the iron—ethyl compound by independent synthesis of
the complex and comparison of the 'H NMR spectra.

. Using B,Hg/CsH, in place of BH; - THF resulted in a slower reduction, as
would be expected in view of lower Lewis acidity of B, Hy/CsHg relative to
BH; - THF. This was especially marked for the complexes with L = CO. Thus,
for complex I with M = Fe and L = CO no reduction was observed with B;Hg/
C¢H¢ even after several hours at room temperature. We suggest that this may be
ascribed to the lower electron density on the metal resulting from the replace-
ment of the tertiary-phosphine by a carbonyl ligand. Since reductions with BH;
or B,H, probably involve electrophilic attack at the centre of highest electron
density [3], decreasing the electron density in the acetyl group would be expec-
ted to lead to a decrease in the rate of reduction.

There have been two reports of the reduction of complexes containing
groups related to acetyl: the reduction of the salt [(7-CsHs)(CO)(PPh3)Fe {C-
(OEt)CHj; } IBF,; with NaBH, in ethanol gives [(7-CsH;s )(CO)(PPh;)Fe(C,Hs)] -
together with {(7-CsHs)(CO)(PPh;)Fe {CH(OEt)CH;}]1 [4]; and treatment of
compounds of the type RC(O)CCo3(CO)s with Et,SiH/CF;CO,H in tetrahydro-
furan (THF') results in a smooth reduction to the corresponding alkylidynetri-
cobalt nonacarbonyl RCH,CCo;(CO)s [5]. However, the reaction reported here
represents the first example of the direct reduction of a metal-coordinated
acetyl group. ,

In addition to the ethyl complexes II, BH; - THF reduction of I gives rise
to hydrido complexes of type I11, the NMR data for which are given in Table 1.

(m-CsH;)(CO)LMH
(I11)

The percentage of hydride formed relative to ethyl complex, is dependent on
the nature of L, being ca. 5% for L. = P(OPh); and ca. 25% for L= = PPh;. We sug-
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gest that IT1 is formed via BH; attack at the metal centre. An alternative route -
- to III would involve -hydrogen elimination from the ethyl group of II, giving
. ethylene and III. We have demonstrated that this does not play a major role by
carrying out the reduction of I (M = Fe, L. = PPh,) with B,D; in CsDs. The major
products obtained were (7-CsH;s((CO)(PPh;)FeCD,CH; and (7-CsHs)(CO)(PPhs)-
 FeD. Further, under the reaction conditions used (25°C in either benzene or
toluene) the ethyl complex II with L = PPh; and M = Fe is stable for several
hours. In order to effect §-elimination a temperature of ca. 100°C (45 min in
CsDsCD;) is required. Under these forcing conditions II is smoothly converted
into III with elimination of ethene.
We attempted to effect this reduction using: -
(i) Group IV metal hydrides, e.g. Etss&IICFscOOH Ph.GeH, Ph,SnH, or
Ph3an
(ii) NaBH, or LiAlH.;
(iii) Transition metal-hydride complexes, e.g. HCo(CO),, H,Fe(CO), or
H:Ir(PEt,Ph),;
(iv) Molecular hydrogen in the presence of a tran51t10n metal hydrogenatlon
catalyst.

TABLE 2
ATTEMPTED REDUCTION OF [(n-CsHs)(CO) {P(CYCLOHEXYL)3 } Fe(ACETYL)]

Conditions: 24 h at ambient temperature. Unless otherwise stated the starting material was recovered un-
reacted.

Complex (mM) Reductor @ Solvent b

Attempted reduction using metal-hydride complexes

0.1 IrHs(PEtsPh)2 (0.1)¢ CgDg (0.5)
0.5 NaFe(CO)4 - 15 dioxane (1.0), trifluoroacetic acid (2) n-hexane (5)
0.5 [Co(Dyr)1LCo(CO)Y31 2 (2.4), triflucroacetic acid {(5) n-heptane (20)
052 NaBH,4 (30) absolute ethanol
0.2°¢ LiAlH,4 (5) : Et20 (10)
0.1 Ph,SnH3 (0.1) CgDg (0.5)
Attempted reduction using H /H™ system
oif trifluoroacetic acid (0.4, isopropanol (0.2) CDCl3 (0.5)
0.1 trifluoroacetic acid (0.4), triphenylmethane (0.1) CDCl3 (0.5)
0.5 trifluoroacetic acid (0.7), hydrogen (1 atm) CgHg (D)
018 trifluoroacetic acid (0.4), Et3SiH (0.2) CDCl3 (0.5)

Attempted reduction with molecular hydrogen

0.5 H2 (1 atm) CH2Cl, (25)
0.5 H> (1 atm) . CgHg (5)
0.5 H3 (1 atm): P4/C, 10% (110 mg) CgHg (5)
0.5 - Ha (1 atm); Pt/C, 10% (110 mg) CgHg (5)
0.5 Hz (1 atm), [Rh(norbornadiene)(PMe,Ph)31PF ¢ (0.5) CH,Cl; (5)
0.5 H2 (1 atm), RhCi(PPh3)3 (0.1) CeHg (5)

% Concentration (M) of reductor given in parentheses. b Volume (ml) given in parentheses. € Iridium-
hydrido complex decomposed under reaction conditions; iron—acetyl complex remained unchanged. ¢ Ten
min under reflux followed by 3 h at 20°C. € Tricyciohexyiphosphine ligand of iron—acetyl complex re-
placed by dimethylphenylphosphine ligand. Reaction conditions (% h at 20°C) resulted in complete destruc-
tion of iron—acetyl complex. fisopropyi trifluoroacetate formed. & Et3SiC(O)CF3 formed together with a
small amount of paramagnetic material.
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However, our attempts met with no success; we observed either no reac-
tion or decomp051t10n of the acetyl complex (see Table 2)

Reduction of other transition metal—acetyl complexes

In order to investigate the generality of this reaction we have made a brief
study of BHj; reduction of other transition metal-—acetyl complexes.

(a) Action of B, on IV in benzene gave rise to the corresponding ethyl

co 2
PhMe,P /COCH3
L PMe,Ph
ct
()

derivative (NMR evidence). Decomposition of this complex with [PACl,(PhCN),]
produced a solution containing ethane and ethene. This is further evidence for the
formation of an iridium—ethyl complex [11].

(b) B,H¢/CsH¢ reduction of trans-[PtCl{COCH,)(PEt;);] gave trans-[PtCl-
(C.H;) (PEt;), 1. However, with trans-[ PtI(COCH;)(PMe.Ph),] we observed no re-
duction of the acetyl ligand.

(c) Addition of B,Hs/CsHg to trans-[PdBr(COCH;)(PMe,Ph),] resuited in
a rapid reaction. The '"H NMR spectrum of the resulting mixture contained no
resonances due to the original acetyl group. Although several new resonances
were present in this spectrum we were unable, owing to signal overlap and de-
composition, to assign one or more of these signals unambiguously to a palladi-
um—ethyl group. However, the addition of PACI1,(PhCN), to this mixture resulted
in the formation of ethane and ethene, indicating the presence of a palladium—
ethyl complex [11].

(d) Although the acetyl ligand of [Co(COCH,)(CO),(PPh;){P(OMe); ]] was
readily reduced by B,H¢/CsH,, that of {Co(COCH;)(CO),{P(OMe);}.] was not.
Substitution of a trimethylphosphite ligand for the triphenylphosphine ligand
would result in a decrease in electron density in the carbonyl ligand, possibly
decreasing its susceptibility to reduction.

(e) The 'H NMR spectrum of [(7-CsHs)(CO),(PPh;)Mo(COCH;)] in CeD¢
consists of, apart from the resonances due to the triphenylphosphine ligand, a
doublet at § 5.03 ppm, J(3!P—H) = 1.2 Hz, assigned to the cyclopentadienyl
protons, together with a singlet (i.e. no *'P—H coupling observed) at § 2.62 ppm,
assigned to the acetyl protons. Addition of B,H to this solution resulted in the
disappearance of these signals and the appearance of four new signals: a doublet
at § 4.51 ppm, J = 1.4 Hz, and a broad signal at 6 1.96 ppm, assigned to the
ethyl complex, [(71-CsHs)(CO).(PPh;)MoC,H;]; together with a singlet at § 4.75
ppm and a doublet at 6 —5.1 ppm, J = 49 Hz, assigned to the hydrido complex,
[(mw-CsHs)(CO),(PPh;)MoH]. Thus, in the presence of B,H;/CcHg the molybdenum
complex [(7-CsH;s)(CO),(PPh;)Mo(COCH,;)] undergoes smooth reduction to
the analogous ethyl complex with, as found for the iron and ruthenium com-
plexes, concurrent hydrido formation.
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The above resu.lts mdlcate that although B,H;/CcHg reductlon ofa coordm
o ated acetyl group is a fairly general reaction, its efficiency is strongly dependent
. on the nature of the other hgands present in the complex. o

Dzscusszon of the BH 3/B2H5 reductzon : : '
. In organic chemistry, in all but a few cases [12] reductxon of an acetyl -con-

- taining compound by BH; - THF yields, after hydrolysis, the expected alcohol.
" The reduction reported here is unusual in that (a) it involves no hydrolysis stage
~and (b) it results in the dn'ect reduction of an acetyl to an ethyl group. A possi-

- ble reaction scheme is shown in Scheme 1.

_SCHEME 1
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We suggest that the mltla.l mteractxon mvolves BH3 coordmatlon at’ the car-
bonyl oxygen followed by hydride migration to give V, a sequence analogous'to -
that proposed {3] for the BH; reduction of an aliphatic aldehyde or ketone. At
this stage we propose that a second BH; molecule becomes coordinated, either
at the BH,-substituted-oxygen atom (route A) or at the metal centre (route B).
The metal—ethyl complex could then be formed by decomposition of either VI
or VII, and the observed metal-hydrido complex could be produced from VIvia
a hydride shift to the metal centre. This behaviour contrasts with that observed.
[8] with an aliphatic aldehyde or ketone in that in the latter cases the labile
monoalkoxyborine (VIII) undergoes further reaction either to form a polymer
or, via interaction with a second carbonyl compound to produce the dialkoxy-
borine (IX): :

R\ /OBH2 2 C= \ /OBO\ /
e | SN,

(VT1I1) =x)

\/

'

R =alkyl; R, = alkyl or H

The presence of the metal centre, together with its associated ligands, in V
makes reaction with a second coordinated carbonyl to give a complex analogous
to IX extremely unlikely on steric grounds. Further, it creates new reaction pos-
sibilities by either providing an alternative site for BH; coordination (route B),
or increasing the electron density at the carbonyl oxygen to such an extent as to
enable it to coordinate a second BH; unit (route A). Although there are, as yet,
no reports of metal—acetyl—BH; complexes, it has been shown [13] that Group
VII metal-carbonyl anions of the type [M(CO)s]~, M = Re or Mn, and [Mn(CO),-
PPh;]™ interact with BH; to give monoborane complexes in which the BHj is co-
ordinated to the metal. Further, it has been found [11] that these monoborane
complexes are readily hydrolysed in water or dilute acid to give boric acid and
HM(CO);.

'H NMR spectra of complexes of the type (n-CsHs)(CO)LFeC,Hs, where L =
tertiary-phosphine or tertiary-phosphite

The 'H NMR spectra of the iron—ethyl complexes merit further comment
as striking differences in these spectra are observed as a function of the ligand L.
With the ligands L = PMe,Ph, P(OPh); or P(CH,Ph); the protons of the ethyl .
group appear as one unresolved multiplet at-about 1.5 ppm; whereas with L =
PPh; the spectrum of the ethyl group consists of three perfectly resolved multi-
plets arising from proton A, the CHj; group and proton B at 1.88, 1.59 and’ 1.08
ppm, respectively. (see Fig. 1). A difference between the chemical shifts of the -
methylene protons is to.be expected as they are adjacent to a chiral centre. How-
ever, the magnitude of the difference in coupling constant between the two °
methylene protons and the phosphorus nucleus of the PPh3 [3J(3‘P——H ) 2 Hz
and 3J(“P—hB) =12 Hz] is, at first sight, somewhat su_rpnsmg .
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Fig. 1. 220 MHz !H NMR spectrum of the ethyl protons of (7-C5Hs)(CO)(PPh3)FeCHpHRCH3 in CgDsg
together with the simulated spectrum obtained using the data given in Table 1.

By direct analogy with the extensive work of Baird et al. [14] on systems
of type (7-CsH;)(CO)LFeCH,R (L = phosphine donor; R = Ph, SiMe,, 1-
naphthyl) we suggest that these differences arise from hindered rotation about
the iron—carbon bond; and that of the three possible conformations (X, XI
- and XII) X is favoured, with Hy (#rans to PPh;) giving rise to the larger P—H
coupling constant (12 Hz for R = CH; and 10 Hz for R = Ph). We exclude
XT on steric grounds, and XII on the basis of the observed differences in P—H

coupling constants. -
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Cp Cp.
Ha Hg R H
- PPh, Cco PPh3 co
R H :
(X) (XT1) o xm

Cp = Ir-C.H:- ; R = CH3 or Ph

With the other complexes examined, i.e. with L = PMe,Ph, P(OPh); or
P(CH,Ph);, we suggest that as a consequence of the lower steric requirements of
these ligands compared to PPh; there is free rotation about the iron—ethyl bond
leading to an “averaged” ‘H NMR spectrum at ambient temperature. Our at-
tempts to “freeze out’ this rotation by decreasing the temperature proved un-,
successful; we observed no significant changes in the NMR spectrum within the
temperature range +25 to —50°C.

Experimental

The complexes used in this study were prepared by previously reported
methods [6,8,9,15-24]. B,H; and B,D¢ were prepared by the action of either
NaBH, or NaBD,, respectively, on BF; - Et,O in diglyme [25]. 'H NMR spectra
were recorded using either a Bruker WH 90 or a Varian 220 HR spectrometer.
Reduction of the acetyl complexes was carried out in an NMR tube either by
passing B,H, through a solution of the acetyl complex in tetrahydrofuran-dg or
benzene-d;, or by adding a BH; - THF solution to the acetyl complex. Details
are given below.

Reductions in benzene-d4 or tetrahydrofuran-ds

NaBH; (152 mg, 4 mmoles) in diglyme (4 ml) was added slowly to BF; . E{,O
(1 ml, 5 mmoles). The resulting gas was passed via a trap at —80°C through a so-
lution of the acetyl complex (0.1 mmole) in either benzene-d, or tetrahydrofuran-
dg (0.5 ml). The 'H NMR spectrum of the resulting mixture showed formation
of the ethyl complex with, in some cases, concurrent hydrido formation (see
above).

Reductions with THF - BH4

THF . BH; (0.5 ml, 0.1 M soln. in THF) was added to the acetyl complex
(0.1 mmole) in an NMR tube. The 'H NMR spectrum of the resulting mixture
showed the degree of acetyl reduction.
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