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Abstract

The isothiocyanate-, isocyanate- and azide-dinitrogen complexes trans-{ReX(N,Xdppe),] (1a, X = NCS; 1b, X = NCO; 1¢, X = N3;
dppe = Ph,PCH,CH,PPh,) have been prepared by reactions of NaX with trans-[ReClN,Xdppe),]. The crystal structures for 1a
and 1c are reported; 1a is the first dinitrogen-isothiocyanate complex to be structurally characterized.

1. Introduction

In spite of the large number of dinitrogen complexes
known with an anionic stabilizing co-ligand in the trans
position (mainly hydride or chloride, and, to a lesser
extent, including bromide, alkyldithiocarbamate or
alkoxide) [1], there are very few examples of dinitrogen
complexes with a pseudo-halide co-ligand, such as azide
[2], cyanide [3] or thiocyanate [3], in particular
[Ru(N;)XN,XNH,CH,CH,NH,),][PF,] [2] and
[NBu,IIMoY(N, Xdppe),] (Y =N;, CN or SCN; the
binding modes have not been ascertained) [3]. How-
ever, such types of N, complex would be of particular
interest in the field of nitrogen fixation, because, for
example, of the significance in this field of such
pseudo-halides. In fact, azide and cyanide are recog-
nized substrates of nitrogenase [4], and thiocyanate is
known [5] to interact with isolated FeMoco. Moreover,
the investigation of the mode of binding of the latter
ligand (through the N or the S atom) [6] to a N,-bind-
ing metal site might also provide an insight into the
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relative affinity of the site for such atoms. Further-
more, possible effects on the stabilization of the metal-
N, bond might also be recognized.

2. Results and discussion

In extension of our studies [7] of the activation of
nitrogenase substrates or other interacting species, we
have now synthesized dinitrogen complexes with an
isothiocyanate, isocyanate or azide co-ligand trans-
[ReX(N,Xdppe),] (1a, X =NCS; 1b, X =NCO; Ic,
X =N;). To our knowledge 1a is the first and ic the
second example of a dinitrogen complex with such
co-ligands to be structurally characterized by X-ray
studies.

Complexes 1 were prepared by reacting frans-
[ReCIl(N, Xdppe),] with the appropriate NaX salt (X =
SCN, NCO or Nj, respectively), used in a ca. tenfold
molar excess, in refluxing THF /MeOH (eqn. 1) for 3
(1a or 1¢) or 6 (1b) days. They were isolated (ca. 85%
yields) as pink (1a) and yellow (Ib and 1¢) crystalline
solids, respectively (Table 1). Their trans geometry is
consistent with the singlet resonances observed in the
3P NMR spectra [6 — 106.13 (1a), —107.49 (1b) or
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TABLE 1. Analytical® and physical data for complexes trans-
[ReX(N, Xdppe), 1 IX = NCS (1a), NCO (1b) or N, (1¢)]

Complex X Colour  Analyses IR"
(Found (calc.) (%))
C N H v(NS) (XD

la NCS  Pink 59.69 4.21 1.68 1983 2090
(59.59) (3.93) (4.53)

1b NCO Yellow 35918 3.41 5.08 1952 2235
(58.63) (3.72) (5.18)

1c N, Yellow 5974 6.36 4.99 1965 2060

(59.34)  (6.65) (4.60)

* Calculated values in parentheses; " strong bands (em ') in KBr
discs; © for the cyanate isomer. 1(N,) = 1972 and »{X}= 2225 cm " .

—104.04 (1c) ppm relative to P(OMe),, in CD,Cl,
(Table 2)].

trans-[ReCH(N, ) (dppe),] + NaX ——
trans-[ReX(N,)(dppe),] + NaCl (1)

In their IR spectra (Table 1), »(N,) band is ob-
served at 1985, 1952 and 1965 cm ™', respectively; other
strong (and sharp) bands at 2090, 2235 and 2060 ¢m ™!
are assigned to »(NCS), v(NCO) and v(N;), respec-
tively. The band at 2090 cm ! observed for 1a would
fit the empirical criterion for either a N-bonded or a
S-bonded NCS ligand since the relevant v(CN) ranges
have been reported [8] as 2100-2050 or 2130-2085
cm !, respectively. The distinction between these types
of binding modes could also not be based on the
expected [8] different ranges for v(CS) (870-820 or
760-700 cm ™' for a N- or a S-bonded ligand, respec-
tively) or 8(NCS) (485-475 or 470-430 ¢m ' for the N-
or S-coordination, respectively), because of interfer-
ence by dppe bands in these frequency ranges.

However (see below), the X-ray diffraction study of
la revealed that thc NCS ligand binds through the
N-atom (i.e. the “hard” rather than the “soft” end)
and, therefore, it must be regarded as a metal isothio-

TABLE 2. 'H and VP 'H NMR data® for complexes rrans-
[ReX(N,Xdppe),] [X = NCS (1a), NCO (1b) or N, (1¢)]

Complex X 'H p

8 (ppm)® Integration Assignment & {(ppm) ©

1a NCS 7.1-68m 40 CH, - 106.13 s
24-23m 8§ CH,

1b NCO 7.3-69m 40 CoHs ~107.49 5 ¢
25-23m 8 CH,

1c Ny,  7.1-66m 40 CoHs ~104.04 s
25-22m 8 CH,

“In CDCly; s-singlet; m-complex multiplet: U relative to internal
SiMe,, assigned to dppe; ¢ relative to P(OMe),. assigned to
4P(dppe); ¢ —105.36 ppm (s) for the cyanate isomer.
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Fig. 1. View of the structure of the complex rrans-|[Re(NCS)-
(N, Xdppe?-1 (1a) with the atomic labelling scheme.

cyanate (M-NCS) rather than a thiocyanate species
(M-SCN).

In complex Ib, the NCO ligand is also believed to
bind the metal through the N atom in view of the
observed IR band (Table 1), with medium intensity, at
1330 ¢m ', which lies within the expected range
(1370-1300 cm 1) [9] for the v (NCO) vibration of an
isocyanate ligand.

Q
cae)
N(6)

N(3)

Fig. 2. View of the structure of the complex frans-
[Re(N; XN, )dppe),] (L) with the atomic labelling scheme. The two
N; and N, ligands are disordered between the two apical positions:
one of the two forms is represented in the Figure.
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However, the analogous cyanate complex (with the
O-bonded NCO ligand) also appears to be formed in
reaction 1, (X = NCO); it was isolated when shorter
refluxing periods were used (such as 3 days), but was
always contaminated by the isocyanate. A weak IR
band at 1265 cm™' is assigned [9] to v (NCO) of the
O-bonded ligand, whereas », (NCO) is observed as a
strong band at 2225 cm ™', »(N,) is detected as a strong
band at a wavenumber (1972 cm ™) slightly above that
observed (1952 cm™') for the isocyanate complex 1b,
suggesting that cyanate behaves as a somewhat weaker
electron donor than isocyanate ligand. In the >'P NMR
spectrum of the cyanate complex, the expected singlet
resonance is observed at § — 105.36 ppm (Table 2).

The structures of the complexes 1a and 1c, deter-
mined by X-ray diffraction study methods, are shown
in Figs. 1 and 2, respectively. The relevant bond dis-
tances and angles are given in Tables 3 and 4, respec-
tively. In each complex, the Re atom displays an octa-
hedral coordination, involving four P atoms from the

two chelating dppe ligands in the equatorial positions,
and two N atoms (one from N, and the other from the
pseudo-halide ligand) in the apical positions. The com-
plex 1c has a crystallographic imposed C; symmetry, so
that the two apical ligands are disordered between two
positions with equal occupancy factor. Because of this
feature the N(1) and N(1’) atoms are not well resolved
and the structural parameters involving these atoms
must be regarded as not very precise.

The isothiocyanate ligand in 1a is linearly coordi-
nated through the N atom [Re-N-C bond angle of
178.8(6)°], but in 1c the Re-N-N bond angle is
150.3(5)°. In 1a the Re—N, bond length is rather short
[1.951(6) 10\], indicative of considerable degree of dou-
ble bond character; it is even slightly shorter than that
reported for the related complex trans-[ReCI(N,)
(PMe,Ph),], 1.97(2) A [10].

The N-C bond length in the isothiocyanate ligand,
1.136(10) 10\, is very close to that found for the N=C
bond of the acetonitrile ligand in trans-[ReCI(NCMe)-

TABLE 3. Selected bond distances (A) and angles (°) with esd’s in parentheses for complex [Re(NCS)(N, Xdppe),]- CH,Cl, (1a)

Re-N(1) 1.951(6)
Re-N(3) 2.104(6)
Re—P(1) 2.414(2)
Re-P(2) 2.411(2)
Re-P(3) 2.411(2)
Re—P(4) 2.408(2)
N(D-N(2) 1.119(10)
N(3)-C(53) 1.136(10)
S-C(53) 1.642(9)
aAD-C2) 1.514(12)
C(27)-C(28) 1.537(10)
P(1)-C(1) 1.857(8)
N(1)-Re-N(3) 176.2(3)
N(1)-Re-P(1) 92.1(2)
N(1)-Re-P(2) 87.8(2)
N(1)-Re-P(3) 92.4(2)
N(1)-Re—-P(4) 91.9(2)
N(3)-Re-P(1) 90.2(2)
N(@3)-Re-P(2) 89.6(2)
N(3)-Re-P(3) 90.3(2)
N(3)-Re-P(4) 85.9(2)
P(1)-Re-P(2) 81.2(1)
P(1)-Re-P(3) 98.0(1)
P(1)-Re-P(4) 176.0(1)
P(2)-Re-P(3) 179.2(1)
P(2)-Re-P(4) 99.5(1)
P(3)-Re-P(4) 81.3(1)
Re-N(1)-N(2) 177.7(6)
Re-N(3)-C(53) 178.8(6)
S-C(53)-N(3) 177.4(7)
P(1)-C(1)-C(2) 107.6(5)
P(2)-C(2)-C(1) 106.7(5)
P(3)-C(27)-C(28) 108.2(5)
P(4)-C(28)-C(27) 106.9(5)
Re—P(1)-C(1) 107.9(3)

P(1)-C(3) 1.845(8)
P(1)-C(9) 1.851(7)
P(2)-C(2) 1.845(7)
P(2)-CX15) 1.820(7)
P(2)-C(21) 1.835(7)
P(3)-C(27) 1.849(7)
P(3)-C(29) 1.848(7)
P(3)-C(35) 1.833(7)
P(4)-C(28) 1.831(7)
P(4)-C(41) 1.830(6)
P(4)-C(47) 1.840(7)
Re-P(1)-C(3) 120.6(2)
Re-P(1)-C(9) 121.8(3)
C(1-P(1)-C(3) 100.8(3)
C(1)-P(1)-C(9) 101.0(4)
C(3)-P(1)-C(9) 101.3(3)
Re-P(2)-C(2) 106.4(3)
Re-P(2)-C(15) 118.8(2)
Re-P(2)-C(21) 121.4(3)
C(Q)-P(2)-C(15) 102.6(3)
C(2)-P(2)-C(21) 102.8(3)
C(15)-P(2)-C(21) 102.4(3)
Re-P(3)-C(27) 108.3(3)
Re-P(3)-C(29) 122.9(2)
Re-P(3)-C(35) 118.8(3)
CQ27)-P(3)-C(29) 99.3(3)
C27)-P(3)-C(35) 101.4(3)
C(29)-P(3)-C(35) 102.5(3)
Re-P(4)-C(28) 107.0(3)
Re-P(4)-C(41) 121.9(2)
Re-P(4)-C(47) 118.7(2)
C(28)-P(4)-C(41) 101.2(3)
C(28)-P(4)-C(47) 102.8(3)
C(41)-P(4)-C(47) 102.3(3)
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TABLE 4. Selected bond distances (A) and angles (9 with esd’s in
parentheses for complex [Re(N;}N,Xdppe),] (1c)

Re-N(1) 2.058(3) P(D-C(H) 1.843(3)
Re-P(1) 2.397(1) P(1)-C(3) 1.835(2)
Re-P(2) 241001 PCD)-C(9) 1.839(3)
N(1)-N(2) 0.969(11) P(2)-((2) 1.865(3)
N(1")-N(3) 1.199C1H) P2)-C(15) [.845(3)
N(3)-N(4) 1.200013) P(2)-C21 1842(2)
CH-C) 152164

N(1)-Re-P(1) 86.2(1) Re-P(1}-C(9) 1244
N(1)-Re-P(2) 86.4(1) C(H-P(H-C(3) 103.3(23

P(1)-Re-P(2) 80.6(1) CUN=-POD-C9) 98.8(2)

Re—N(1)-N(2) 176.8(7) CEG-PH-CAD 103.000)
Re-N(1)-N(3)  150.3(5) Re-P(2)-C(2) HHLOCH
N(1")-N3)-N(4) 175.1010) Re-P(2)-C(15) 121.3¢1)
P(D-COH-C(2)  109.1(2) Re-P(2)-C21) (7300
P(2)-C(2)-C(1)  111.K2) C(2)-P(2)-C(15) 98 12)
Re-P(13-C(1) 106.2(D) C(2)-PC)-C21) 103.202)
Re-P{D)-C(3) L17.600) CAS-P2)-CR21 104000

The primed atom is related to the unprimed one by the translorma-
tion —x, —y, - =

(dppe),], 1.141(9) A [11], and comparable with that
found in [Mo(NCS)Cl(dppe).), 1.172(10) A [12]. The
azide group is symmetrical, i.e. it has identical N(1")—
N(3) and N(3)-N(4) distances, 1.199(10) and 1.200(13)
A, as observed for [Ru(N; (N, XNHL,CH,CH,NH ), -
[PF,] laverage 1.162(23) A} [2] or in the itonic azide,
1.154(15) A [13); however, in our complex le, the
Re-N-N bond angle, 150.3(5)°. i1s much larger than
that in the Ru complex, 116.7(7)°, [2]. suggesting a
stronger involvement of the azide ligand in 7-bonding
to the rhenium than in that to the ruthenium centre. in
these species.

This study also clearly shows that NCS™, NCO ™ and
N; can act as good Re-N, bond-stabilizing ligands
and the corresponding dinitrogen compounds can read-
ily be prepared by simple displacement of Cl7 from a
chloro / dinitrogen complex. The potential significance
of these findings for the cxtension of the available
range of N, complexes and for the study of the activa-
tion of such substrates by N,-binding centres is being
explored.

3. Experimental section

The reactions were carried out under dinitrogen by
use of standard gas-flow or high-vacuum tcchniques.
The complex trans-[ReCUN,Ndppe),] was prepared by
a published method [14] and the pseudo-halide salts
were used as purchased (Aldrich). The solvents were
dried by standard methods and distilled under dinitro-
gen prior to use. Infrared spectra were recorded with a
Perkin-Elmer 683 spectrophotometer and the NMR

spectra with a Varian Unity 300 spectrometer. Micro-
analyses were by Mr. Luis Vieira (Complexo D).

3.1. Preparation of complexes trans-[ReX(N. ) dppe), |
(la. X = NCS, 1b, X = NCO, I¢, X = N;)

After addition of NaX [1.9 mmol. i.c.. 155 mg (X =
NCS) or 124 mg (X = NCO or N,)} to a suspension of
trans-[ReCUN- Xdppe), ] (0.19 mmol. 200 mg) i
THF/MeOH (70 ¢em” of a 1: 1.3 volume mixture) the
mixture was refluxed under dinitrogen for 3 days (X =
NCS or N} or 6 days (X = NCO). The solution was
then filtered and concentrated under reduced pressure
to ca. 5 em’. Addition of McOH led to precipitation of
complexes 1 as a pink (1a) or a vellow (1b or 1e¢) sohid.
which was filtered off. washed with MeOH, and dried
in racuo. Crystalline products were obtained by crystal-
Jization from CH,Cl./Et O (ca. S0% vield).

In the case of X = NCQ, shorter periods of reflux
led to the isolation of mixtures of 1b with the corre-
sponding cyanate isomer.

3.2, Deternunation of the crystal structures of trans-
[ReX(N-Ndppe)-f(Ha. X = NCS: Ie, X =N;)

Crystal data for ta-CH,Cl,. C 1, NP,ReS-
CH,Cl,. M = 115407, triclinic, space group Pl a=
12.383(6), b = 13.073(3), ¢ = 15.659(9) A= 82.36(2),
B =86.41(2). y=8243020, 1"= 24882 A" Z = 2. D,
= 1541 ¢ em LOFOO0) = 1160, p(Mo K )= 2780
em

Crystal data for te. CooH GNP Re, M = 1053.08.
triclinic. space group P1, a = 10.317(3). h = 10.331(3),
¢o= 1200540 AL = 712000, B = 87.202) y =
62.37(2°, 1= 1140. U7 A', Z = | D =153 gem™?
FO00) = 530, wtMo Kat= 2879 ¢cm

The intensity data were collected at room tempera-
ture (22°C) on Siemens AED (1a) and Philips PW 1100
(1¢) diffractometers. using niobium-filtered (1a) and
graphite-monochromated (1¢) Mo Kea radiation (A =
0.71073 A) and the 6-28 scan technique. 12087 (1a)
and 4996 (1c} unique reflections were measured. with 8
in the range 3-28° {1a) and 3-27° (1¢), 8108 (1a) and
4954 (1c¢). reflections with /= 2a([) were used in the
refinement. One standard reflection was monitored
every 50 measurements; no significant decay was no-
ticed over the time of data collection. The individual
profiles were analvzed following Lehmann and Larsen
[15]. Intensities were corrected for Lorentz and polar-
ization effects, a correction for absorption effects [16]
was applied to the data of Ta (maximum and minimum
values for the transmission factors were 1312 and
(.852 respectively).

The structures were solved by Patterson and Fourier
methods and refined by blocked full-matrix (1a) and
full-matrix (1¢) least-squares. with anisotropic thermal
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TABLE 5. Fractional atomicocoordinates (x10%) and equivalent
isotropic thermal parameters (A? X 10*) with esd’s in parentheses for
the non-hydrogen atoms of complex [Re(NCSXN, Xdppe),]-CH,Cl,
(1a)

Atom X y z U?

Re 1864(1) 2660(1) 2580(1) 282(1)
S 2380(3) 295(2) 384(2) 878(11)
P(1) 510(1) 3795(1) 1744(1) 360(5)
P(2) 3048(1) 3779(1) 1745(1) 346(5)
P(3) 660(1) 1553(1) 3403(1) 360(5)
P(4) 3210(1) 1442(1) 3345(1) 326(5)
N(D) 1762(4) 3589(4) 3467(4) 394(18)
N(2) 1739(6) 4125(6) 3971(4) 617(26)
N(3) 2087(4) 1662(4) 1618(3) 37317
c 1236(6) 4640(6) 914(5) 486(25)
C@) 2174(7) 4977(6) 1340(5) 488(26)
C(3) —388(6) 3259(5) 1066(4) 40521)
C(4) —1483(7) 3272(6) 1259(5) 529(27)
C(5) —2135(8) 2819(7) 768(7) 683(34)
C(6) -1697(9) 2332(7) 93(6) 711(38)
cn —598(9) 2292(7) —107(5) 629(33)
C(8) 6717 2773(6) 373(5) 498(25)
c9) —466(6) 4777(5) 2232(5) 449(23)
C(10) — 646(6) 4738(7) 3109(5) 568(29)
can —1368(8) 5512(8) 3454(7) 751(39)
C(12) —1916(7) 6286(7) 2923(9) 775(45)
C(13) —1749(8) 6316(7) 2047(8) 768(40)
C(14) —1047(7) 5580(6) 1704(6) 595(30)
C(15) 4085(5) 4276(4) 2293(4) 370(20)
C(16) 5171(6) 3843(6) 2268(5) 482(25)
caa7n 5934(7) 4165(8) 2745(6) 626(33)
C(18) 5626(7) 4950(7) 3259(6) 652(34)
c(19 4582(7) 5378(7) 3296(6) 637(33)
C(20) 3807(7) 5055(6) 2809(5) 515(26)
cQ2D 3797(5) 3402(5) 764(4) 415(22)
C22) 3889(9) 4100(7) 15(6) 760(37)
C(23) 4505(13) 378((9) — 690(6) 1093(58)
C24) 5029(10) 2799(9) ~ 674(6) 824(45)
C(25) 4948(8) 2094(8) 49(6) 652(33)
C(26) 4314(7) 2408(6) 753(4) 506(26)
c@n 1477(6) 615(6) 4174(4) 440(23)
CQ8) 2572(6) 265(5) 3717(4) 396(21)
C(29) —57(5) 637(5) 2915(4) 391(20)
C(30) —539(7) - 1477 3432(5) 625(31)
@3 -1032(7) —860(7) 3076(7) 722(35)
C(32) —1081(6) —801(6) 2196(6) 568(29)
C(33) —631(6) ~16(6) 1682(5) 521026)
C(34) —~143(6) 709(5) 2035(4) 411(22)
C@35) —404(6) 2131(6) 4124(4) 479(24)
C(36) —107(8) 2602(7) 4807(5) 654(33)
@37 —885(11) 3118(10) 5312(6) 932(48)
C(38) —1960(11) 3162(12) 5156(8) 1077(58)
C(39) —-2271(10) 2715(11) 4494(8) 1062(54)
C(40) —1503(7) 2208(8) 3969(6) 678(34)
@) 4467(5) 896(5) 2806(4) 367(19)
C(42) 4421(6) 171(6) 2237(4) 470(24)
C(43) 5345(7) —170(7) 1762(5) 601(31)
C(44) 6313(7) 206(8) 1830(6) 658(33)
C(45) 6382(7) 881(7) 2405(6) 625(32)
C(46) 5464(6) 1244(6) 2887(5) 459(24)
cin 3707(5) 1771(5) 4345(4) 357(19)
C(48) 4006(6) 2762(6) 4354(4) 462(24)
C(49) 4404(7) 3027(7) 5092(5) 571(29)
C(50) 4469(7) 2342(7) 5826(5) 632(32)

TABLE 5. (continued)

Atom x y z U?®

c(s1 4175(8) 1366(7) 5835(5) 656(33)
C(52) 3795(7) 1074(6) 5097(5) 527(26)
C(53) 2225(6) 1114(6) 1105(5) 502(25)
C1(1) 951(3) 7119(3) 2394(2) 1118(15)
C1(2) 2999(3) 7836(3) 2610(3) 1404(20)
C(54) 1696(13) 8179(9) 2396(12) 1176(73)

¢ Equivalent isotropic U defined as one-third of the trace of the
orthogonalized U;; tensor.

parameters in the last cycles of refinement for all the
non-hydrogen atoms. In 1c¢ the two N, and N; ligands
were found to be disordered, and distributed between
the two apical positions with equal occupancy factor in
order to justify the crystallographically imposed C;
symmetry of the complex. Because of the overlapping
of the two peaks, the N(1) and N(1') atoms are not well

TABLE 6. Fractional atomicccoordinates (x10*) and equivalent
isotropic thermal parameters (A% X 10*) with esd’s in parentheses for
the non-hydrogen atoms of complex [Re(N;)}N,Xdppe),] (1¢)

Atom x y z U?

Re 0 0 0 251D
P(1) 344(1) 1869(1) —1496(1) 275(2)
P(2) 751(1) 1089(1) 1104(D 295(2)
N(1) 2211(3) -1424(3) 47(2) 414011
N(2) 3263(13) -2071(11) 98(8) 543(41)
N(3) —3432(9) 1607(9) 102(7) 449(31)
N(4) —4626(7) 1694(9) 232(8) 953(43)
) 1801(3) 2096(3) -918(2) 324(10)
cQ2) 1399(3) 2409(3) 181(2) 346(11)
C(3) ~1198(3) 3815(3) ~2001(2) 307(9)
c4 —1054(3) 5092(3) ~2073(2) 346(10)
() -2264(3) 6526(3) —2400(2) 414(11)
C(6) —3635(3) 6721(3) ~2672(3) 558(14)
(7 —3783(4) 5474(4) —2633(4) 628(16)
C(8) -2591(3) 4033(3) —2290(3) 467(13)
(9 1091(3) 1589(3) —2804(2) 319(10)
cam 1893(3) 127(3) ~2836(2) 373(11)
can 2534(3) -122(4) —3796(3) 460(13)
C(12) 2407(4) 1088(4) —4716(2) 509(14)
C(13) 1632(4) 2541(4) —4691(2) 564(15)
(14 969(3) 2809(3) -3743(2) 456(12)
C(15) —-596(3) 2407(3) 1767(2) 372(11)
C(16) —1848(3) 3630(3) 1070(3) 486(13)
can ~-2880(4) 4739(4) 1461(4) 637(18)
C(18) —2675(5) 4633(5) 2566(4) 709(23)
c(19) ~1448(4) 3422(5) 3269(3) 636(22)
Q(20) —412(4) 2307(4) 2884(3) 473(15)
@2y 2310(3) -230(3) 2227(2) 354(10)
C(22) 2108(3) —1134(3) 3234(2) 447(13)
C(23) 3271(4) -2137(4) 4083(3) 540(15)
C(24) 4652(4) —2275(4) 3941(3) 560(15)
C(25) 4881(4) —1423(4) 2943(3) 577(15)
C(26) 3725(3) —414(4) 2085(3) 463(13)

¢ Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.
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resolved. A refinement of the structure in the non-
centrosymmetric space group P1 with each of two
ligands occupying an apical position gave worse results.
The hydrogen atoms were clearly localized in the final
AF map and refined isotropically. A weighting scheme
w=K[o>(F)+gF]"' was used in the last cycles of
refinement with K= 0.400 and g =0.0029 (1a) and
K=10 and g=0.0008 (1c). The final R and R,
values were (.0437 and 0.0530 (1a) and 0.0220 and
0.0276 (Ic¢). The SHELX-76 and SHELXS-8¢ computer
programs were used [17]. Atomic scattering factors,
corrected for anomalous dispersion, werc taken from
ref. 18. Final atomic coordinates for the non-hydrogen
atoms of la and lc¢ arc given in Tables 5 and 6
respectively. All calculations were carried out with the
Gould Powernode 6040 and Encorc 91 computers of
the Centro di Studio per la Strutturistica Diffrattomet-
rica del C.N.R., Parma. Additional data are available
from the authors.

Acknowledgements

This work was supported in part by the Orient
Foundation, JNICT, INIC (Portugal) and Ministero
dell'Universita e della Ricerca Scientifica e Tecnolog-
ica (Italy).

References

I See tor example J. Chatt, L.M. Camara Pina and R.L. Richards
(Eds.), New Trends in the Chemistry of Nitrogen Fixation, Aca-
demic Press, London, 1980; J. Chatt. J.LR. Dilworth and R.L.
Richards, Chem. Rer., 78 (1978) 589. G.J. Leigh, Sci. Prog., Oxf.
73 (1989) 389.

T

o

o

10

18

B.R. Davis and J.A. Ibers. Tnorg. Chem. 9 (1970) 2768.

J. Chatt, G.J. Leigh, H. Neukomm, C.J. Pickett and D.R. Stanley.
J. Chem. Soc.. Dafton Trans. (1980) 121.

B.K. Burgess, in T.G. Spiro (Eds.), Mofvbdenuwm Enzymes, John
Wiley, New York, 1955, p. 161-219.

B.E. Smith. D.J. Lowe and R.1.. Richards, personal communica-
tion.

R.A. Bailey, S.L. Kozak, T.W. Michelsen and W.N. Mills, Coord
Chem. Ree., 6 (1971) 407,

AJ.L. Pombeiro, in U. Schubert (Ed.). NATO ASI Series, Kluwer
Academic Publ.. Dordrecht, The Netherlands, 1989, p. 79-99;
A.JL. Pombeiro. J. Organomet. Chem.. 358 (1983) 273: AJ.L.
Pombeirc, Polvhedron, 8 (1989) 1595 ALL. Pombeiro and R.L.
Richards. Coord. Cheni. Rer.. 104 {1990) 13: AL, Pombeiro,
Inorg. Chim. Acta, 198200 (1992} 179; Y. Wang. J.I.R. Frausto
da Silva, AJ.L. Pombeiro. M.AL Pellinghell and AL Tiripicchio, /.
Organomet. Chem., 430 (1992) C56.

S. Kawaguchi, Fariety in Coordination Modes i Ligands in Metal
Complexes., Springer-Verlag, Berlin, 1988, p. 65 and refs. cited
therein.

J. Kohout, M. Hvastypova and J. Gazo, Coord. Chem. Rec.. 27
(1978) 141,

B.R. Davis and J.A. Ibers. fnore. Chem., 10 (1971) 378.

AL L Pombeiro. MF.C.G. Silva, D.1.. Hughes and R 1. Richards.
Polyhedron, 8 (1989) 1R72: unpublished results.

A. Hills, D.L. Hughes. C.J. Mcdonald. MY, Mohammed and C.J.
Pickett, J. Chem. Soc., Dalton Trans,, (1991) 121,

B.L. Evans, A.D. Yoffe and P. Gray., Chem. Rec., 59 (1959) 515,
J. Chatt, LR, Dilworth and G.J. Leigh. /. Chem. Soc.. Dalton
Trans., {1973} 612,

M.S. Lehmann, and FK. Larsen. Acra Crvstallogr., Sect. A, 30
(1974) 580,

N. Walker and D. Stuart, Acra Crstallogr. Sect. 4, 39 (1983) 15K;
F. Ugozzoh, Compur, Chem.. 11 (1987) 109,

G.M. Sheldrick. SHELX 76 Program for crysial structure determina-
tion, University of Cambridge. England, 1976, SHE1XS-S0 Pro-
gram for the solution of crvseal strucnures, University of Gottingen,
1986.

International Tables for X-Ray Crystalfography. Kynoch Press.
Birmingham. UK, 1974 Vol 1V,



