[Ni(C3HoN2)2(C1oHgN2)1(ClO4),
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Data collection

Siemens R3m diffractometer  Rin = 0.021

w scans Omax = 27.54°

Absorption correction: h=0— 18
1 scan (North et al., k=0-—14
1968) I=—-18 - 17

Tmin = 0.52, Tmax = 0.64
2722 measured reflections
2628 independent reflections
2236 reflections with

I>20()

Refinement:

Refinement on F2

R[F? > 20(F)] = 0.035
wR(F?) = 0.091
§=1.07

2625 reflections

152 parameters

H atoms riding

2 standard reflections
every 120 reflections
intensity decay: 1.0%

(A/0)max < 0.001

Apmax =033 e AT’

Apin = —042 e A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

w = 1[c*(F2) + (0.0416P)*
+ 2.9507P]
where P = (F? + 2F?)/3

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A*)

Ueq = (l/3)2,~2jU‘7a"a’a..aj.

X y Z Ueq
Nil 0 0.22794 (3) 1/4 0.02252 (12)
N1 0 0.4198(2) /4 0.0277 (5)
N2 0 1.0395 (2) 1/4 0.0292 (6)
Cl 0.0709 (2) 0.4813 (2) 0.2948 (2) 0.0292 (5)
2 0.0735 (2) 0.6016 (2) 0.2968 (2) 0.0298 (5)
C3 0 0.6650 (2) 1/4 0.0256 (6)
c4 0 0.7944 (2) 1/4 0.0267 (6)
cs —0.0828 (2) 0.8575(2) 0.2369 (2) 0.0313 (5)
c6 —0.0794 (2) 0.9782 (2) 0.2358 (2) 0.0321 (5)
N3 0.13429(14)  0.2369(2) 0.19467(14)  0.0319 (4)
N4 —0.06264 (14)  0.2286 (2) 0.10513(13)  0.0317 (4)
7 0.1539 (2) 0.1753(2) 0.1048 (2) 0.0422 (6)
c8 0.0814 (2) 0.2036 (3) 0.0214 (2) 0.0487 ()
9 —0.0168 (2) 0.1595 (2) 0.0323(2) 0.0432 (6)
cil 0.30158(4)  —0.05766 (5)  —0.06716 (4) 0.0389 (2)
0l 0.2729 (2) —0.1459 (2) —0.1360 (2) 0.0670 (6)
02 0.40058 (15)  —0.0623 (2) ~0.0436 (2) 0.0651 (6)
03 0.2552 (2) —0.0769 (3) 0.0175 (2) 0.0799 (8)
04 0.2762 (2) 0.0530 (2) —0.1075 (2) 0.0861 (9)
Table 2. Selected geometric parameters (A, °)
Nil—N4 2.131(2) Nil—N2' 2.165 (3)
Nil—N3 2.145(2) Nil—NI1 2.205 (3)
N4—Nil—N3 88.39(8)  CI—NI1—Nil 121.76 (13)
N4 _Nil—N3 91.59(8)  C6—N2—Nijl™ 121.78 (13)
N4—Nil—N1 89.79(5)  C7—N3—Nil 121.8(2)
N3—Nil—N1 87.24(5)  C9—N4—Nil 118.0 (2)

Symmetry codes: (i) x,y — 1,z (ii) —x,y, § — z (i) x, 1 + y, 2.

Data collection: SHELXTL-Plus (Sheldrick, 1990). Cell refine-
ment: SHELXTL-Plus. Data reduction: SHELXTL-Plus. Pro-
gram(s) used to solve structure: SHELXTL-Plus. Program(s)
used to refine structure: SHELXL93 (Sheldrick, 1993). Molec-
ular graphics: ORTEP-3 (Farrugia, 1997). Software used to
prepare material for publication: SHELX193.
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Abstract

The structures of chromium(0)-, molybdenum(0)- and
tungsten(Q)—tricarbonyl complexes containing the tripo-
dal tridentate phosphine ligand 1,1, 1-tris(dimethyl-
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phosphinomethyl)ethane (tdmme) (systematic name:
{2-[(dimethylphosphino)methyl]-2-methyl-1,3-propane-
diyl}bis(dimethylphosphine)), were determined by X-ray
diffraction studies. The M—C (M = Cr, Mo and W)
bond lengths in the complexes, [M(C;H7P3)(CO);],
are noticeably shorter than those in the corresponding
hexacarbonyl complexes owing to the trans influence of
tdmme being weaker than that of CO. The Mo—P bond
lengths in the tdmme complex are slightly shorter than
those in the analogous 1,1, 1-tris(diphenylphosphino-
methyl)ethane and 1,5,9-tris(isopropyl)-1,5,9-triphospha-
cyclododecane complexes, indicating the smaller steric
requirement of tdmme.

Comment

Although a large number of group 6 metal carbonyls
containing phosphine ligands have been characterized
by X-ray diffraction, a limited number of system-
atic studies are reported for direct comparison of the
structures with the triad metal carbonyls containing
the same phosphines. For example, only one series
of [M(CO)3(P)sl-type (M = Cr, Mo and W) com-
plexes has been reported for dinuclear hexacarbonyl
complexes with hexadentate phosphine, [{M(CO)3 }2{u-
(EtzPCH2CH2)2PCH2P(CH2CH2PEt2)2}] (Saum et al.,
1988). We report here the X-ray structure analyses of the
chromium(0), (I), molybdenum(0), (II), and tungsten(0),
(III), tricarbonyls containing MeC(CH;PMe;)3 (tdmme),
and make a comparison of their M—C and M—P bond
lengths with those of the related hexacarbonyl and tri-
carbonyl complexes.

~p~
~p. P
- ,,,,I\\\\ ~
oc/l

I M=Cr

(1) M = Mo

M =W

The chromium complex, (I), crystallizes in the mono-
clinic space group P2;/c with Z = 8; two crystallo-
graphically independent molecules (complex molecules
1 and 2) are present in the asymmetric unit. The struc-
tures of the two molecules are essentially similar to each
other, but the twist angles of the three arms of tripodal
phosphine are slightly different. The molybdenum, (1),
and the tungsten, (III), complexes are isomorphous and
crystallize in the monoclinic space group P2;/n with
Z = 4. The molecular structures of these three metal
carbonyls are comparable to each other, as shown in
Figs. 1, 2 and 3.

183

The average M—C bond lengths in complexes D,
(II) and (III) are 1.828, 1.976 and 1.975 A, respec-
tively. These bond lengths are comparable to those in
the above-mentioned dinuclear complexes, [{M(CO)3}2-
{p- (EtZPCHZCHz)2PCH2P(CH2CH2PEt2)2}] but are
noticeably shorter than those in the corresponding hexa-
carbonyl complexes: 1910A in [Cr(CO)s] (Whitaker
& Jeffery, 1967), 2059A in [Mo(CO)s] (Mak, 1984)
and 2.027 A in [W(CO)G] (Heinemann et al., 1992).
These differences in M—C bond lengths result from
the weaker trans influence of tdmme compared with
CO. Interestingly, the extent of M—C bond shortening
in the triad metal series is not in a periodical order:
0.082 for Cr, 0.083 for Mo and 0.052 A for W. A simi-
lar non-periodical order of trans influence among the d®
triad metal ions is observed for fac-[M'(NH,CH,CH,P-
Me,);]** (M = Co'"', Rh'"" and Ir'") complexes (Suzuki
et al., 1994). Since the Mo—C and W—C bond lengths
in complexes (II) and (III) are almost equal to each
other, this non-periodical order of the trans influence
of CO is mainly caused by [W(CO)] having weaker 7
back donation than [Mo(CO)g].

Comparison of Mo—P bond lengths in complex
(II) (average 2483(1)A) with those in the related

022

C62

Fig. 1. The molecular structures of the two crystallographically
independent chromium complex molecules, (I), showing 50%
probability displacement ellipsoids. H atoms have been omitted for
clarity.
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Jac-[Mo(CO)3(P);]-type complexes reveals the steric
effect of phosphines on the elongation of Mo—P
bonds. The corresponding molybdenum tricarbonyls of
MeC(CH;PPh;);, which is the diphenylphosphino ana-
logue of tdmme (Walter et al., 1993), and of 1,5,9-
tris(isopropyl)-1,5,9-triphosphacyclododecane (Coles et
al., 1995) give slightly longer Mo—P bonds (2.516 and
2.527 A, respectively), while that of 1,5,9-triphospha-
cyclododecane (Diel et al., 1989) shows slightly
shorter Mo—P bonds (2.476 A). These differences
in bond lengths are rather small, but clearly illus-
trate the steric requirement of the tridentate phos-
phines: cyclo-(PHCH,CH,CH,); < MeC(CH,PMe,); <
MeC(CH,PPhy); < cyclo-(P'PrCH,CH,CH5);.

Fig. 2. The molecular structure of the molybdenum complex, (II),
showing 50% probability displacement ellipsoids. H atoms have
been omitted for clarity.

Fig. 3. The molecular structure of the tungsten complex, (III), showing
50% probability displacement ellipsoids. H atoms have been omitted
for clarity.

[Cr(Cy1H27P3)(CO)3], [Mo(Cy1Hz7P3)(CO)3] AND [W(Cy Hp7P3)(CO)s]

Experimental

The title complexes were prepared by reaction of [M(CO)s]
(M = Cr, Mo, W) and tdmme (molar ratio 1:1) in mesitylene at
413K for 24 h, and recrystallized from a mixture of CH,Cl,

and MeOH.

Compound (I)
Crystal data

[Cr(C11HyP3)(CO)5]
M, = 388.28
Monoclinic

P21/C
a=15.684(3) A
b=16170(3) A
c=17.222(3) A
116.75 (1)°°
3900 (1) A3
8

B
\%
z
D, =132Mgm™*
D,, not measured

Data collection

Rigaku AFC-7R diffractom-
eter

w—-26 scans

Absorption correction:

1 scan (North et al.,

1968)

Thin = 0.780, Trmax = 0.846
11 758 measured reflections
11 384 independent

reflections

Refinement

Refinement on F
R = 0.057
wR = 0.060
$=153
6367 reflections
379 parameters
H atoms not refined
w = U[cX(F,)
+ 0.00010|F,|*]

Mo K« radiation

A=07107 A

Cell parameters from 25
reflections

0 = 10.19-14.02°

u = 0838 mm™'
T=296.2K
Prism

0.30 x 0.20 x 0.20 mm
Colorless

6367 reflections with
I>20()

R = 0.026

max = 30°

h=0—- 22

k=0-—> 22

l=-24 - 21

3 standard reflections
every 150 reflections
intensity decay: 0.12%

(A/0)max = 0.001

Apmax = 046 € A7°

Apmin = —041 ¢ A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (/i, °) for (1)

Crl—P11 2.333(1)
Crl—P21 2.328 (1)
Crl—P31 2.345(1)
Crl—C211 1.821 (4)
Crl—C221 1.818(5)
Crl—C231 1.829 (5)
Cr2—P12 2.336 (1)
Cr2—p22 2.335(1)
Cr2—P32 2.335(1)
Pl11—Cr1—P21 86.23 (4)
P11—Crl1—P31 84.51 (4)
P11—Cr1—C211 176.2 (2)
P21—Cr1—P31 85.24 (4)
P21—Cr1—C221 175.8(2)
P31—Cr1—C231 176.3 (2)
C211—Cr1—C221 89.9(2)
C211—Cr1—C231 90.4(2)
C221—Cr1—C231 90.0 (2)

Cr2—C212 1.839(5)
Cr2—C222 1.833 (4)
Cr2—C232 1.825(5)
o1n—C211 1.166 (5)
012—C212 1.156 (5)
021—C221 1.165 (5)
022—C222 1.162 (5)
031—C231 1.157 (5)
032—C232 1.168 (5)
P22—Cr2—P32 85.18 (4)
P22—Cr2—C222 176.6 (2)
P32—Cr2—C232 177.1 (1)
C212—Cr2—C222 91.7(2)
C212—Cr2—C232 90.2 (2)
C222—Cr2—C232 89.3(2)
Crl—C211—011 177.8 (4)
Cr2—C212—012 178.4 (4)
Cr1—C221—021 178.4 (5)



P12—Cr2—P22 84.95 (4)
P12—Cr2—P32 85.45 (5)
P12—Cr2—C212 175.3(1)
Crl—P11—C31—C21  —16.9(4)
Crl—P21—C41—C21 —15.3(5)
Cr1—P31—-C51—C21 —13.6(4)
Cr2—P12—C32—C22 23.3(4)
Cr2—P22—C42—C22 25.2(4)
Cr2—P32—C52—C22  23.1(4)
Compound (IT)

Crystal data
[Mo(C,H,7P3)(CO):]

M, = 432.23

Monoclinic

P21 /n

a=8601(2) A
b=16324 (4) A
c=14422 2) A

B =96.59 (2)° _
V=120114(7) A®
Z=4

D, =1427Mgm™*
D,, not measured

Data collection
Rigaku AFC-5R diffractom-
eter
w-20 scans
Absorption correction:
1 scan (North et al.,
1968)
Tmin = 0.662, Thax = 0.712
6204 measured reflections
5854 independent reflections

Refinement

Refinement on F
R = 0.041
wR = 0.050
§S=175
4492 reflections
190 parameters
H atoms not refined
w = U[o*(F,)
+ 0.00010|F,|*]

TAKAYOSHI SUZUKI et al.

Cr2—C222—-022 178.5 (4)
Cr1—C231—031 178.3(5)
Cr2—C232—032 177.7(4)
P11—C31—C21—C11 —171.0(3)
P21—C41—C21—C11 —170.9 (4)
P31—C51—C21—CI1 —171.1(3)
P12—C32—C22—CI12  166.5 (3)
P22—C42—C22—C12 1646 (3)
P32—C52—C22—Cl12  167.0(3)

Mo Ko radiation

A=0.7107 A

Cell parameters from 25
reflections

0 = 14.76-15.03°

u = 0.895 mm™’
T=2962K
Prism

0.40 x 040 x 0.38 mm
Colorless

4492 reflections with
I>20()
Ry = 0.012

I=-20-20

3 standard reflections
every 150 reflections
intensity decay: 0.39%

(A/0)max = 0.001

Apmax = 044 e A7?

Apmin = —0.63 ¢ A7?

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 2. Selected geometric parameters (A, °) for (II)

Mo—P1 2.494 (1)
Mo—P2 2.4747 (9)
Mo—P3 2.480(1)
Mo—C21 1.981 (4)
Mo—C22 1.973 (4)
P1—Mo—P2 82.82 (3)
PlI—Mo—P3 83.02 (3)
P1—Mo—C21 173.2 (1)
P2—Mo—P3 83.60 (3)
P2—Mo—C22 173.1 (1)
P3—Mo—C23 175.1(1)
Mo—P1—C3—C2 —~193(3)
Mo—P2—C4—C2 —224(4)
Mo—P3—C5—C2 ~222(4)

Mo—C23 1.973 (4)
Ool1—C21 1.144 (5)
02—C22 1.149 (5)
03—C23 1.160 (4)
C21—Mo—C22 90.1(2)
C21—Mo—C23 91.6(2)
C22—Mo—C23 91.4(2)
Mo—C21—01 178.5 (4)
Mo—C22—02 176.0 (5)
Mo—C23—03 179.0 (3)
P1—C3—C2—C1 —168.8 (3)
P2—C4—C2—Cl1 —166.6 (3)
P3—C5—C2—Cl1 —165.7 (3)

Compound (I1T)
Crystal data

[W(Ci1H27P3)(CO);:]
M, = 520.14
Monoclinic

P2 /n

a=8566 (1) A
b=16281(2) A
c=14410(2) A

B =96.77(1)°
V =1995.5 (4) A’
Z=4

D, =1.731 Mg m~?
D,» not measured

Data collection

Rigaku AFC-5R diffractom-
eter
w-20 scans
Absorption correction:
by integration (Coppens
et al., 1965)
Trin = 0.155, Trax = 0.326
6158 measured refiections
5808 independent reflections

Refinement

Refinement on F
R =0.027
wR = 0.035
S$=1.38
4703 reflections
190 parameters
H atoms not refined
w = Vo (F,)
+ 0.000225|F,|*)
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Mo Ko radiation

A=0.7107 A

Cell parameters from 25
reflections

0 = 14.9-15.0°
p=6.041 mm™'
T=29.2K
Prismatic

0.48 x 0.36 x 0.22 mm
Colorless

4703 reflections with

1> 20(])
Riny = 0.032
Omax = 30°
h=0— 12
k=-22-0
I=-20—20

3 standard reflections
every 150 reflections
intensity decay: —0.24%

(A/0)max = 0.003

Apmax = 084 € A:3

Apmin = —0.94 e A3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 3. Selected geometric parameters (/i, °) for (III)

W—P1 2.475(1)
W—P2 2477 (1)
W—P3 2.490 (1)
w—C21 1.977 (5)
w—C22 1.979 (4)
P1—W—P2 83.53(4)
P1—W—P3 82.88 (4)
P1I—W—C21 172.6 (1)
P2—wW—P3 83.01 4)
P2—W—C22 175.4 (1)
P3—W—C23 173.1 (2)
W—P1—C3—C2 —23.6 (4)
W—P2—C4—C2 —24.0(4)
W—P3—C5—C2 —20.5(4)

w—C23 1.969 (5)
01—C21 1.153 (6)
02—C22 1.151 (5)
03—C23 1.153 (6)
C21—W—C22 92.0(2)
C21—wW—C23 90.0 (2)
C22—wW—C23 91.5(2)
wW—C21—01 1769 (5)
W—C22—02 178.5 (4)
W—C23—03 178.2(5)
P1—C3—C2—ClI —166.6 (3)
P2—C4—C2—Cl —164.3 (3)
P3—C5—C2—ClI —167.7 (3)

For all compounds, data collection: Rigaku/AFC Diffractome-
ter Control Software (Rigaku Co. Ltd, 1985); cell refinement:
RigakulAFC Diffractometer Control Software; data reduction:
TEXSAN (Molecular Structure Corporation, 1995); program(s)
used to solve structures: SHELXS86 (Sheldrick, 1985); pro-
gram(s) used to refine structures: TEXSAN; molecular graph-
ics: ORTEP (Johnson, 1970) in TEXSAN, software used to
prepare material for publication: TEXSAN.
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Abstract

The crystal structure of the title compound, [Mn(ClO,)-
(C10HgN2)L(H,0)IC104, contains monomeric [Mn(bipy),-
(C104)(H,0)]" cations (bipy is 2,2'-bipyridine) in which

© 1999 International Union of Crystallography
Printed in Great Britain — all rights reserved

[CF(C11H27P3)(C0)3], [Mo(C11H27P3)(CO);] AND [W(C;Hy7P3)(CO)3]

the Mn" ion is surrounded by a pair of chelating bipy
ligands [Mn—N 2.222 (5)-2.228 (5) A] an aqua ligand
[Mn—O 2. 142 ) A] and a perchlorate ligand [Mn—
0 2.289(5) A] in a distorted octahedral arrangement.
Adjacent cations are linked into dimers by pairs of
O- - -0 hydrogen bonds [O---O 2.795 (7) Al

Comment

Manganese complexes have attracted considerable inter-
est recently because of the frequent occurrence of such
metal centres in biological systems (Wieghardt, 1989).
The complexation behaviour of 2,2’-bipyridine (bipy)
or bipy-related ligands with Mn ions gives rise to a
wide variety of coordination complexes, depending on
the nature of the bipy ligand, the oxidation state of the
Mn ion and the nature of the other coordinating ligands.
Mn" complexes with bipy-type ligands are well known:
there are over 100 structures of this type in the Cam-
bridge Structural Database (Allen & Kennard, 1993).
The crystal structure of the title compound, (I), con-
sists of discrete [Mn(bipy).(ClO4)(H,0)]* cations and
perchlorate anions. As illustrated in Fig. 1, the Mn"
in each cation is in a distorted octahedral environment,
coordinated by a pair of cis-related chelating bipy lig-
ands, one aqua ligand and one O atom of the ClO4
ligand.

Mn CIO;

M

The bipyridine groups exhibit their usual acute
N---N bite distance [N1---N2 2.670(7) and N3---N4
2.652(7)A] and N—Mn—N angles [N1—Mn1—N2
73.75(18) and N3—Mnl1—N4 73.16 (17)°]. The val-
ues are very close to those found in [Mn(bipy),Cl,]
(Lumme & Lindell, 1988), [Mn(bipy),(NCS),] (Veidis
et al., 1981) and [MnCl(bipy),(H,0)] (Chen et al.,
1995), in which pairs of bipy ligands are also cis re-
lated, but are markedly different from those of some
other [M(bipy),L,]"* species, in which the two bipy lig-
ands are trans related.

Both bipy molecules are nearly planar; the largest
deviation from either mean plane is 0.131 (7)A The
mean planes of the two bipy molecules are inclined at
97.77 (11)° with respect to one another. The aromatic
bond distances of both bipy molecules are normal,
within the range 1.324(8)-1. 353(6)A for aromatic
N—C bonds and 1.343 (9)- 1389(7)A for aromatic
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