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Abstract

The title complex crystallizes in two different crys-
tal systems: one form in the monoclinic system,
as [PtBr(C,;H,)(C sH,sP),]BF,.CD,Cl,.C,D;0, and the
other in the orthorhombic crystal system, as [PtBr-
(C,H¢)(CgH,sP),]BF,.C,HO. The crystal structure
determination of the complex bromo(cycloheptatrienyl-
idene)bis(triphenylphosphine)platinum(Il), [PtBr(C;Hpg)-
(CysH;sP),], revealed that the Pt'' cation is coordinated
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to a Br atom, two triphenylphosphine donors and cyclo-
heptatrienylidene. The complex has square-planar ge-
ometry around Pt with the triphenylphosphine ligands
being trans to each another. The plane of the cyclo-
heptatrienylidene ligand is almost perpendicular to the
coordination plane.

Comment

It has been shown that when monocyclic C;He is
attached to a transition metal it can exist in two different
forms, an allene or a carbene. The preference for one
form over the other depends on the transition metal and
its oxidation state (Winchester, 1985).

M
M
Carbene form Allene form

Several carbene complexes containing monocyclic
C;Hg have been synthesized and two of them have
been structurally characterized (Riley, Davis, Allison
& Jones, 1980). The only transition metal for which
both forms have been observed is platinum. The PtY
complex was found to be exclusively in the allene form
both in solution (Winchester & Jones, 1985) and in the
crystal (Abboud, Lu & Jones, 1992). Recently, a Pt
complex containing monocyclic C;Hes was synthesized
and was shown spectroscopically to exist in carbene
form in solution (Lu, Jones & Winchester, 1993).
This study confirms that the carbene form is also
preferred in the crystalline state. Suitable light-yellow
crystals of (I) were obtained from a solution mixture
of deuterized methylene chloride and thf-d®. Initial
attempts at crystallizing the Pt'' complex yielded light-
yellow crystals from a mixture of methylene chloride
and thf. After several recrystallizations to obtain better
crystals, data were collected on a small crystal and the
structure, (II), was found to be in the orthorhombic
system. The change in the solvent mixture from methyl-
ene chloride and thf to deuterized methylene chloride
and thf-d® caused a change in the crystal system from
orthorhombic (P2;2,2) to monoclinic (P2;/n).

BF4_ .CD,Cl,.C4DgO (1)
BF; .C4HgO (I

Acia Crystallographica Section C
ISSN 0108-2701 1996



1102

A displacement ellipsoid drawing (SHELXTL-Plus;
Sheldrick, 1991) of the Pt!' complex in (I) with
the atom-labelling scheme is given in Fig. 1. The
coordination geometry around Pt" in (I) is square-planar
with a maximum deviation from the mean plane of
Br, P1, P2, Pt and C1 of 0.02(1) A for the P atoms.
This deviation is substantially larger in (II) and is equal
to 0.19A for Cl (average deviation is 0.03 A). The
difference between the Br—Pt—C1 angles in (I) and
(D) [179.7(5) and 169.8 (5)°, respectively] also indi-
cates larger distortions in (II). Another significant dif-
ference between (I) and (II) is the position of the plane
of the seven-membered ring relative to the plane of
Br, P1, P2, Pt and Cl. In (I) the dihedral angle be-
tween these planes is equal to 103.5(3)°, whereas in
(ID) it is 94.6(5)°. These angles agree with observed
values in several other Pt''—carbene complexes (Shu-
bert, 1983; Michelin, Zanotto, Braga, Sabatino & An-
gelici, 1988; Garlaschelli, Malatesta, Panzeri, Albinati &
Ganazzoli, 1987). The remaining geometrical features
of both complexes are the same or very similar. The
seven-membered ring is planar in both compounds. The
Pt—Cl1 (carbene) bond lengths of 1.99 (1) and 2.03 (2) A
in (I) and (II), respectively, are in good agreement with
each other and with corresponding distances in other
square-planar Pt''—carbene complexes (Shubert, 1983;

Michelin er al., 1988; Garlaschglli et al., 1987). The
Pt—Br bond length of 2.513 (1) A is slightly lengthened
compared with those of other Pt!!-carbene complexes
with the Pt—Br bond trans to the carbene (Michelin et
al., 1988).

Fig. 1. Molecular structure of the Pt!! complex of compound (I),
with 50% probability ellipsoids and showing the atom-numbering
scheme.

Experimental

The title compounds were prepared according to a published
procedure (Lu et al., 1993).

Compound (I)

Crystal data
[PBr(C,H¢}(C\gH,sP).]-
BF,.CD,Cl,.C,D;O

M, = 1143.5
Monoclinic
P21/n
a=11360(2) A
b=35845(5 A

c=11495(2) A
B=90.95(2)°
V= 4680(1) A’
Z=4

D, =1.623 Mg m™*

Data collection

Seimens P3m/V diffractom-
eter

w scans

Absorption correction:
analytical
Trin = 0253, Toux =
0.409

8618 measured reflections

8034 independent reflections

5090 observed reflections
[F > 4o(F)]

Refinement

Refinement on F

R = 0.0509

wR = 0.0578

S=157

5090 reflections

482 parameters

H-atom parameters not
refined

w = 1/[o(F) + 0.0004F]

Compound (II)
Crystal data

[PBr(C,Hg)(C1sH 5P), -
BF,.C,H;0

M, = 1048.57

Orthorhombic

P2,2,2, .

a=10.943 (3) A

b=15.861 (4) A

c=27.756 (1) A

V = 4817 (2) A?

Z=4

D, = 1.446 Mg m™*

Data collection

Seimens P3m/V diffractom-
eter

[PtBr(C,H)(C,sH,sP),]BF,.CD,Cl,.C,Ds0 AND [PtBr(C;Hg)(CsH,5P),]BF,.C,H;O

Mo Ko radiation

A=0.71073 A

Cell parameters from 32
reflections

6=10-11°

p =409 mm™'
T=293K
Block

0.57 x 0.48 x 0.28 mm
Yellow

R = 0.0146

gmax =25°

h=0—13

k=0— 42

I=-13 - 13

4 standard reflections
monitored every 100

reflections

intensity decay: 4%

(A/U')max = 00!

Apma = 1.1 e A7?

Apmin = =09 e A™7

Extinction correction: none

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Mo Ko radiation

A=071073 A

Cell parameters from 32
reflections

6 =10-11°
p = 3.86 mm™'
T=293K
Block

0.72 x 0.23 x 0.2 mm
Yellow

Rin = 0.0577
Gmax = 250
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w scans h=0—13
Absorption correction: k=0— 18
analytical 1=-32 32
Tmin = 0451, Thux = 4 standard reflections
0.512 monitored every 100

5877 measured reflections

4731 independent reflections

3111 observed reflections
[F > 60(F)]

Refinement

Refinement on F

reflections
intensity decay: 4%

(A0 )max = 2.794

R = 0.0646 Apmax = 1.5e A
wR = 0.0736 Apmin = ~1 e A3
§=205 Extinction correction: none

3111 reflections

261 parameters

H-atom parameters not
refined

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V)

C71
C72
C73
C74
C75
C76
C80
[all}
CI2
Cl't
Cc2' t
Cc3't
Cc4' t
Ccs' t
B

Fl
F2
F3
F4

0.3341 (12)
0.4336(14)
0.533(2)
0.531(2)
0.438(2)
0.339(2)
0.731 (2)
0.8511(7)
0.6186 (6)
0.758 (2)
0.791 (4)
0.667 (3)
0.629 (3)
0.648 (3)
0.7293 (8)
0.7143(8)
0.7327(8)
0.8306 (8)
0.6395 (8)

0.2164 (3)
0.2046 (4)
0.2259 (6)
0.2614(7)
0.2737(5)
0.2512(4)
0.1075 (6)
0.1336 (3)
0.1159(2)
0.1613(7)
0.1871 (12)
0.2089 (8)
0.1698 (11)
0.1889 (11)
0.0376 (2)
0.0324 (2)
0.0742 (2)
0.0217 (2)
0.0219(2)

0.1569 (11)
0.1002 (12)
0.092 (2)
0.136(2)
0.194 (2)
0.209 (2)
0.132(2)
0.1082(7)
0.0398 (7)
0.500 (2)
0.394 (4)
0.362(2)
0.362 (3)
0.502 (3)
0.3804 (8)
0.2645 (8)
0.4035 (8)
0.4156 (8)
0.4368 (8)

1103

0.058(5)
0.082(6)
0.119(9)
0.139(12)
0.127 (11)
0.101 (8)
0.175(13)
0.227(5)
0.198 (4)
0.155 (8)1
0324
0.179 (10)1
027 ()1
0.27(2)1
0.27 )1
0.228 (1)t
0.258 (8)1
0.245 (1)t
0.322 (101

t thf sites, refined isotropically as a cyclopentane molecule (see below).
1 Uiyo (see below).

w = 1/[o*(F) + 0.0004F]?

Table 1. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A?) for (1)

Ueq = (1/3)%;Ujja; a*a;.a;.

X ¥ z Uiso/Ueq
Pt 0.22119(4) 0.135860 (10) 0.04144 (4) 0.04120 (14)
Br 0.20729 (12) 0.18101 (3) —0.12543 (10) 0.0596 (5)
Pi 0.2376 (3) 0.08695 (8) —0.0914 (3) 0.0435 (10)
P2 0.2095 (3) 0.18529 (8) 0.1718 (3) 0.0480(11)
Cl 0.2313(13) 0.1000(3) 0.1734 (10) 0.057 (5)
C2 0.129 (2) 0.0779 (4) 0.1960 (12) 0.085(7)
C3 0.118(2) 0.0517(5) 0.282 (2) 0.121(9)
C4 0.183(3) 0.0375(5) 0.363 (2) 0.16 (2)
Cs5 0.303 (3) 0.0475 (6) 0.385(2) 0.17(2)
C6 0.371(2) 0.0727 (5) 0.327(2) 0.131(10)
Cc7 0.3391 (15) 0.0963 (4) 0.2353 (11) 0.085 (7)
C21 0.2536 (11 0.0416 (3) —0.0246 (10) 0.053 (5)
C22 0.1628 (13) 0.0161 (4) —0.0188 (13) 0.080 (6)
C23 0.179 (2) —0.0163 (4) 0.0430 (14) 0.101 (8)
C24 0.281 (2) —0.0247 (4) 0.0977 (14) 0.0974 (7)
C25 0.3730 (14) 0.0007 (4) 0.0932(12) 0.081 (6)
C26 0.3565 (12) 0.0326 (3) 0.0334 (11) 0.062 (5)
C31 0.3663 (10) 0.0891 (3) —0.1858 (10) 0.049 (4)
C32 0.3965 (11) 0.0582 (4) —0.2505 (11) 0.064 (5)
C33 0.4886 (15) 0.0591 (5) —0.3260 (13) 0.087 (7)
C34 0.5547 (14) 0.0923 (6) —0.3322 (14) 0.095 (8)
C35 0.5276 (12) 0.1212 (5) —0.2655 (14) 0.088 (7)
C36 0.4360(12) 0.1206 (4) —0.1892 (12) 0.071 (6)
C4a1 0.1066 (10) 0.0830(3) —0.1843 (9) 0.047 (4)
Ca2 0.1011 (12) 0.0590 (4) —0.2790 (12) 0.079 (6)
C43 0.002 (2) 0.0571 (5) —0.3455(13) 0.094 (8)
C44 —0.0935 (15) 0.0783 (5) —0.3211 (14) 0.094 (8)
C45 —0.0885 (14) 0.1019 (4) —0.225(2) 0.086 (7)
C46 0.0109 (12) 0.1050 (3) —0.1602 (12) 0.068 (5)
Cs1 0.2158 (13) 0.1705 (3) 0.3230 (10) 0.058 (5)
C52 0.116 (2) 0.1545 (4) 0.3697 (12) 0.090 (7)
CSs3 0.119 (2) 0.1398 (5) 0.4835(14) 0.109 (9)
C54 0.216 (2) 0.1423 (6) 0.549 (2) 0.128 (11)
C55 0.313(2) 0.1576 (5) 0.5059 (15) 0.114 (10)
CS56 0.315(2) 0.1723 (4) 0.3889 (12) 0.088 (7)
C61 0.0807 (12) 0.2137 (3) 0.1657 (11) 0.060 (5)
C62 0.0064 (12) 0.2158 (4) 0.0707 (13) 0.080 (6)
C63 —0.092(2) 0.2379 (6) 0.0682 (15) 0.124 (9)
Co64 -0.115(2) 0.2609 (5) 0.163 (2) 0.109 (9)
C65 —0.045 (2) 0.2602 (4) 0.260 (2) 0.098 (8)
C66 0.051 (2) 0.2359 4) 0.2625 (13) 0.096 (7)

Table 2. Fractional atomic coordinates and isotropic or
equivalent isotropic displacement parameters (A?) for (1)

Ueq = (1/3)2,’21‘(],7617{1;3,‘.3]’.

X ¥y < UI\O/Ueq
Pt 1.53790 (8) 0.74033 (5) 0.40212 (3) 0.0397 (2)%
Br 1.7432 (2) 0.7448 (2) 0.44304 (8) 0.0549 (8)t
Pl 1.5402 (8) 0.8856 (3) 0.3916 (2) 0.045 (2)t
P2 1.5449 (7) 0.5954 (3) 0.4041 (3) 0.042 (2)t
Cl 1.361 (2) 0.737(2) 0.3813(7) 0.044 (6)
C2 1.330(2) 0.733(2) 0.3316(8) 0.057(6)
C3 1.219(2) 0.735(2) 0.3097 (9) 0.069(7)
C4 1.100 (3) 0.749 (2) 0.3290 (10) 0.089(8)
C5 1.073 (3) 0.758 (2) 0.3787 (1) 0.095(9)
C6 1.149(2) 0.762 (2) 0.4196 (9) 0.077(8)
Cc7 1.276 (2) 0.754 (2) 0.4183(7) 0.055 (6)
C21 1.523(2) 0.9437 (13) 0.4507 (8) 0.049 (6)
C22 1.522(3) 0.898 (2) 0.4905 (10) 0.075(8)
C23 1.503 (3) 0.946 (2) 0.5349(12) 0.097 (11)
C24 1.474 (3) 1.034 (2) 0.5349 (11 0.094 (10)
C25 1.463 (3) 1.076 (2) 0.4916 (11) 0.089 (9)
C26 1.485 (3) 1.033(2) 0.4449 (10) 0.080(9)
C31 1.684 (2) 0.921(2) 0.3608 (9) 0.048(7)
C32 1.710(3) 1.008 (2) 0.3617 (1) 0.077(9)
C33 1.804 (3) 1.036 (2) 0.3374(11) 0.0739)
C34 1.874 (3) 0.967 (2) 0.3103 (13) 0.097 (11)
C35 1.850(3) 0.892 (2) 0.3046 (11) 0.086 (10)
C36 1.745(3) 0.866 (2) 0.3337(1)) 0.082(9)
C41 1.427(2) 0.9248 (15) 0.3535(9) 0.050(7)
C42 1.315(3) 0.947(2) 0.3689 (10) 0.078 (9)
C43 1.219(4) 0.983 (3) 0.334(2) 0.121(14)
C44 1.245 (4) 0.986 (2) 0.2897 (14) 0.113(13)
Ca5 1.357(3) 0.952(2) 0.2727(12) 0.094 (10)
C46 1.447 (2) 0.9232 (14) 0.3039 (9) 0.054 (6)
C51 1.544 (3) 0.5621 (15) 0.4668 (9) 0.064 (7)
C52 1.630(3) 0.503(2) 0.4836 (9) 0.063(7)
C53 1.623 (3) 0.478 (2) 0.5311 (10) 0.077(9)
C54 1.519(3) 0.506 (2) 0.5591 (10) 0.078 (9)
C5s 1.443 (3) 0.561 (2) 0.5438 (10) 0.077(9)
Cs56 1.450(3) 0.590 (2) 0.4951 (10) 0.073(8)
cel 1.416 (2) 0.5405 (14) 0.3725 (8) 0.040 (6)
C62 1423 (2) 0.546 (2) 0.3243 (10) 0.061 (8)
C63 1.337(3) 0.509(2) 0.2987 (9) 0.062(7)
Co4 1.240 (3) 0.463 (2) 0.3176 (13) 0.094 (11)
C65 1.235(4) 0.456 (2) 0.3705 (14) 0.110(12)
C66 1.324 (4) 0.502(2) 0.3943 (13) 0.109(11)
C71 1.675 (3) 0.543(2) 0.3744 (10) 0.057(8)
C72 1.768 (3) 0.593(2) 0.3530 (10) 0.064 (8)
C73 1.873(3) 0.549(2) 0.3301 (10) 0.071(9)
C74 1.871(2) 0.464 (2) 0.3319(9) 0.053(7)
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C75 1.791 (3) 0.420(2) 0.3507 (9) 0.060 (7)
C76 1,693 (2) 0.462 (2) 0.3733 (O 0.055(8)
080% 0.526 (4) 0.716 (2) 0.2373 (14 0.087 (13)
C81% 0.635 (6) 0.707 (3) 0.225(2) 0.06 (2)
C82t 0.622 (8) 0.756 (6) 0.171(3) 0133
C83% 0.507 (5) 0.723 (b 0.155(2) 0.08 (2)
C84%t 0479 (11) 0.693 (1 0.193 (4) 0.11(5)
090§ 0.245 (6) 0.750 (4) 0.045(2) 0.18(2)
Col§ 0.142 (9) 0.705 (6) 0.044 (3) 0.17h
92§ 0.165(9 0.661 (6) —0.005 (3) 0.15(3)
C93§ 0.245 (6) 0.714 (4) —0.028 (2) 0.10 ()
C94§ 0.305 (6) 0.768 () 0.015(3) 0.11(2)

B 1.0000 (12) 0.7225 (9 0.1973 () 0437
F1 1.1212(12) 0.7330(9) 0.1941 (5) 0.138(7)
F2 0.9464 (12) 0.7972(9) 0.2049 (5) 0.209 (12)
F3 0.9747 (12) 0.6706 (9) 0.2341(S) 0.31(2)
F4 0.9578 (12) 0.6890 (9) 0.1563(5) 0.207 (12)
t Ueq (see below). 1 Occupancy = 0.48 (1) (see below).  § Occu-

pancy = 0.52 (1) (see below).

Table 3. Selected geometric parameters (A, °) for (I)

and (1)
(D (1D
Pt—Br 2513 (1) 2518(2)
PPl 2.334(3) 2.323(6)
P—P2 2326 (3) 2.300(5)
P—C1 1.99(1) 203(2)
PI—C21 1.80 (1) 1.89(2)
P1—C31 1.84 (1) 1.88(3)
P1—C41 1.82 (1) 1.74(3)
P2—C51 1.82(1) 1.82(3)
P2—C61 1.78 (1) 187 (2)
P2—C71 1.81 (1) 1.84(3)
Cci—C2 1.43(2) 142(3)
c1—C7 1.41(2) 141 (3)
c2—C3 1.37(2) 1.36 (3)
C3—C4 1.28(3) 1424
C4—C5 1.43 (4) 142(H
C5—C6 1.37(3) 141 ()
C6—C7 1.40 (2) 139 (3)
Br—Pt—PI 89.4 (1) 91.1 (2)
Br—P1—P2 89.9(1) 89.3(2)
Pl—P—P2 178.4 (1) 173.6(2)
P1—Pi—CI 90.5(3) 89.9 (7)
P2—PLCl 90.3 (3) 90.9(7)
Cl—Pt—Br 179.7(5) 169.8 (5)
C2—C1—C7 124 (1) 124 (2)
C2—Cl1—Pt 17 (1) 120 (1)
C7—Cl—Pt 119 (1) 15
C3—C2—Cl 126 (2) 130 (2)
C4—C3—C2 137 (2) 131 (2)
C5—C4—C3 124 (2) 125 (3)
C6—C5—C4 129 (2) 132(3)
C7—C6—C5 128 (2) 124 (2)
C1—C7—C6 131 (2) 134(2)

Crystals of both compounds lose transparency in the open
air; thus data crystals were mounted in thin-walled glass
capillaries to preserve them from solvent loss. Both structures
were solved by the heavy-atom method and refined using
full-matrix least-squares methods. In (I), all non-H atoms of
the complex and the methylene Cl atoms were refined with
anisotropic displacement parameters. The thf molecule was
disordered, but could not be resolved. The position of the
O atom in thf is indistinguishable because of the disorder;
thus thf was refined as a cyclopentane molecule (its H atoms
not included) with isotropic displacement parameters. The BF,
molecule had all B—F bonds idealized and was refined as a
rigid group with isotropic displacement parameters. All of the

[PtBr(C,H,)(C,gH,5P),]BF;.CD,Cl,.C,D;O AND [PtBr(C;Hg)(C1gH,sP);1BF,.CoH;O

H atoms of (I) were placed in calculated idealized positions
and their displacement parameters fixed. In (II), only Pt, Br, Pl
and P2 were refined with anisotropic displacement parameters.
Refinement of the remaining non-H atoms with anisotropic
displacement parameters did not offer any improvement, and
thus was not adopted. The two partial thf molecules were
found in general positions. Their site-occupation factors were
refined to 0.48(1) for molecule O80-C84 and therefore
molecule 090-C94 has a site-occupation factor of 0.52(1).
The thf molecules were refined with isotropic displacement
parameters. BF; was treated in the same manner as in (I). The
H atoms of (II) were not located from a difference Fourier
map and were not placed in calculated idealized positions.
They were not included in the refinement because all of the
C atoms were refined only isotropically. The high (A/0)max
value during the last cycle of refinement of (II) belongs to thf.
No significant (A/o)max value was observed for any of the
parameters of the Pt"' complex.

The w-scan width was symmetrically over 1.2° about the
Ko » maximum and the background was offset 1.0 and —1.0
in w from the Ka, » maximum. The scan speed was a variable
3-6° min~' (depending upon intensity). The linear absorption
coefficient was calculated using values from International
Tables for X-ray Crystallography (1974). Programs used:
SHELXTL-Plus (Sheldrick, 1991) for cell refinement, data
collection, data reduction, structure solution (direct methods),
and molecular graphics; SHELX76 (Sheldrick, 1976) for
structure refinement (full-matrix least-squares).
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Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: SZ1018). Copies may be obtained through The
Managing Editor. International Union of Crystallography. 5 Abbey
Square, Chesier CHI 2HU. England.

References

Abboud, K. A., Lu, Z. & Jones, W. M. (1992). Acta Cryst. C48,
909-913.

Garlaschelli, L.. Malatesta, M. C., Panzeri. S.. Albinati. A. &
Ganazzoli, F. (1987). Organometallics, 6, 63-72.

Lu. Z.. Jones, W. M. & Winchester. W. R. (1993). Organometallics.
12, 1344-1350.

Michelin. R. A.. Zanotto, L.. Braga, D.. Sabatino. P. & Angelici.
R. J. (1988). Inorg. Chem. 27, 85-92: 27. 93-99.

Riley. P. E.. Davis. R. E.. Allison. N. T. & Jones. W. M. (1980). J.
Am. Chem. Soc. 102, 2458-2460.

Schubert. U. (1983). Transition Metal Carbene Complexes. p. 73.
Weinheim: Verlag Chemic.

Sheldrick. G. M. (1976). SHELX76. Program for Crystal Structure
Determination. University of Cambridge. England.

Sheldrick. G. M. (1991). SHELXTL-Plus. Release 4.1. Siemens
Analytical X-ray Instruments Inc.. Madison. Wisconsin. USA.

Winchester. W. R. (1985). PhD dissertation. University of Florida.
USA.

Winchesier. W. R. & Jones. W. M. (1985). Organometallics. 4. 2228~
2230.



