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Abstract

The reactions of Re,(CO);o with chelated diphosphines, P-P, where P-P are 1,3-bis(diphenylphosphino)propane (dppp), 1,4-
bis(diphenylphosphino)butane (dppb), and 1,1’-bis(diphenylphosphino)ferrocene (dppfe), in refluxed 1-pentanol or 1-hexanol afford
the corresponding hydrides 1-3 fac-(CO);(P-P)ReH, (for 1, P-P is dppp, for 2, P-P is dppb, and for 3, P-P is dppfe) in high yield.
The hydrides 1-3 have been characterized spectroscopically and by X-ray crystal structure determinations.
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Rhenium(I) tricarbonyl-diphosphine hydrides, fac-
(CO);3(P-P)ReH, (L-L = diphosphine) are of interest be-
cause they serve as starting materials for the synthesis of
a wide variety of organometallic compounds [1-7]. It is,
therefore, important to find out an easy method of syn-
thesis of rhenium(I) tricarbonyl-diphosphine hydrides,
fac-(CO)3(P-P)ReH. A general method of synthesis of
rhenium(I) tricarbonyl-diphosphine hydrides is to treat
rhenium pentacarbonyl hydride with the corresponding
diphosphines, P-P, as shown in Eq. (1) [8,9]:

(CO);ReH + P-P — (CO),(P-P)ReH + 2CO (1)

However, the synthesis of (CO)sReH is a long and te-
dious process, involves special glassware or equipment,
requires extensive vacuum-line manipulations, and is a
two-step process as shown in Egs. (2) and (3) [10,11]:
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Re,(CO),, + 2Na — 2[(CO);Re|Na (2)

[(CO)SRe]Na + H1P04 — (CO)SRCH + [H2P04]Na
3)

(CO)sReH was also prepared from the reaction of
zinc and acetic acid with Re(CO)sBr [12]. The later
was obtained from the reaction of Re,(CO);( with liquid
bromine [13]. Here, we report a relatively easy one-pot
synthesis and X-ray structures of the rhenium(I) tricar-
bonyl-diphosphine hydrides, fac-(CO);(dppp)ReH (1),
fac-(CO)3(dppb)ReH (2), and fac-(CO);s;(dppfe)ReH
(3), where, dppp is 1,3-bis(diphenylphosphino)propane,
dppb is 1,4-bis(diphenylphosphino)butane, dppfe is
1,1’-bis(diphenylphosphino)ferrocene.

Reaction of Re,(CO);, with diphosphines, P-P in 1-
pentanol produces the hydrides, 1-3 in high yield [14].
Similar reaction of Re,(CO);o with triphenylphosphine
for several days yielded an unidentified compound,
rather than the expected hydride, cis-(CO)4(PPhs)ReH
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[9]. We did not attempt to identify this unknown com-
pound at this time. Therefore, the present method of
synthesis of the diphosphine hydrides 1-3 cannot be ap-
plied for the synthesis of analogous monophosphine hy-
drides, cis-(CO)4(PPh3)ReH. The diphosphine hydrides,
1-3 have been characterized spectroscopically. The IR

116.00(12); C(11)—P(1)—Re(1), 115.31(13).

15

spectrum of each exhibits three strong v(C=O0)’s in the
region 2015-1915 cm ™', characteristic of facial geometry
[9]. Similar v(C=0)’s were also observed in the IR spec-
trum of fac-(CO)s(dppe)ReH [9]. The 'H NMR spec-
trum of each shows a very high field resonance as
triplet in the region 6 —4.0 to —5.0, due to the hydride
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Fig. 1. The X-ray crystal structure of fac-(CO)s;(dppp)ReH (1). Selected bond lengths (A): Re(1)—C(1), 1.949(5); Re(1)—C(2), 1.941(4); Re(1)—P(1),
2.4497(9); Re(1)—H(1), 1.70(4). Selected bond angles (°): O(1)—C(1)—Re(1), 178.4(5); O(2)—C(2)—Re(1), 179.1(3); C(1)—Re(1)—H(1), 171 (2);
C(2Q#—Re(1)—P(1), 171.75(11); P(1)—Re(1)—H(1l), 78.0(10); C(2)—Re(1)—H(l), 94.1(11); C(3)—P(1)—Re(1), 116.10(11); C(5)—P(1)—Re(1),

Fig. 2. The X-ray crystal structure of fac-(CO);(dppb)ReH (2). Selected bond lengths (A): Re(1)—C(1), 1.948(5); Re(1)—C(2), 1.921(5); Re(1)—C(3),

1.946(5); Re(1)—P(1), 2.4603(12); Re(1)—P(2), 2.4268(11); Re(1)—H(1),

1.75(4). Selected bond angles (°): O(1)—C(1)—Re(1), 176.1(.4);

0(2)—C(2)—Re(1), 178.9(5); O(3)—C(3)—Re(1), 176.7(4); C(1)—Re(1)—H(1), 173.6(14); C(2)—Re(1)—P(1), 172.02); C(3)—Re(1)—P(2), 168.6(2);

P(1)—Re(1)—H(1), 78.7(14); P(2)—Re(1)—H(1), 77.6(14).
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Fig. 3. The X-ray crystal structure of fac-(CO);(dppfe)ReH (3). Selected bond lengths (A): Re(1)—C(1), 1.961(3); Re(1)—C(2), 1.925(4); Re(1)—C(3),
1.942(3); Re(1)—P(1), 2.4466(8); Re(1)—P(2), 2.4723(7); Re(1)—H(1), 1.78(3); Fe(1)- - -Re(1), 4.446(1); Fe(1)- - -H(1), 4.04(3). Selected bond angles (°):
O(1)—C(1)—Re(1), 177.8(3); O(2)—C(2)—Re(1), 176.4(3); O(3)—C(3)—Re(1), 175.1(4); C(1)—Re(1)—H(1), 174.7(11); C(2)—Re(1)—P(1), 166.34(10);
C(3)—Re(1)—P(2), 172.31(13); P(1)—Re(1)—H(1), 75.6(11); P(2)—Re(1)—H(1), 86.0(10).

coupled to the two phosphorus atoms. Similar high-field
triplets were observed in related hydrido complexes [9].
The >C NMR spectrum of each exhibits three low field
resonances in the region é 198-195 as three triplets due
to three terminal CO’s coupled to two phosphorus
atoms. Finally, the three hydrides 1-3 were character-
ized through X-ray crystal structure determinations
[15]. The molecular plots of 1-3 are shown in Figs. 1-
3, respectively. As expected, the central rhenium atom
of each is octahedrally coordinated to three terminal
CO’s in a facial arrangement, two phosphorus atoms
of the chelated diphosphine, P-P, and the hydride li-
gand. Due to the expected low precision of the Re—H
bond distance based on X-irradiation, the observed
Re—H values in 1-3 tabulated below are all the same
within three standard uncertainties, and are comparable
to the value of 1.70(6) observed in mer-Re(CO);(PPh,0O-
Me)H [16]. The displacement of the Re atom off of the
equatorial plane is also comparable to the previous val-
ues observed in other octahedral Re(CO);(PR3),H com-
pounds [17]:

Distance (A) 1 2 3
Re-H 1.70(4) 1.75(4) 1.78(3)
Re- - -(P2C2) 0.154(2) 0.177(2) 0.165(1)

Appendix A. Supplementary material

Crystallographic data (excluding structure factors)
for the structures reported in this paper have been

deposited with the Cambridge Crystallographic Data
Centre and allocated the deposition numbers CCDC
178949 for compound 1, CCDC 178950 for compound
2, and CCDC 178951 for compound 3. Copies of this
information may be obtained free of charge from The
Director, CCDC, 12 Union Road, Cambridge CB2
1EZ, UK (Fax: +44 1223 336033; e-mail: deposit@
ccde.cam.ac.uk or www: http://www.ccdc.cam.ac.uk)
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