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Crystals of the title compound, [Rh(C8H12)(H2O)2](CF3SO3),

undergo a reversible phase transition at 215 (2) K. The high-

temperature structure is disordered in space group P21/m with

Z0 = 1
2, while the twinned low-temperature structure is ordered

in space group P1 with Z0 = 2.

Comment

The rhodium(I)-catalysed enantioselective enyne cyclization

has recently attracted some attention (Lei et al., 2002). Usually

the RhI precursors for the catalyst contain chloride counter-

ions which have to be removed by AgSbF6 or AgBF4, a

problematic procedure with these highly hygroscopic silver

salts. Now we have developed (I) as a pre-catalyst with easily

exchangeable ligands only, which avoids the problematic silver

salts and also gives active catalysts that lead to a high enan-

tiomeric excess of the product (Hashmi et al., 2003).

Crystals of (I) undergo a reversible phase transition at

215 (2) K. The high-temperature structure is monoclinic,

space group P21/m with Z = 2. The cell constants at 224 K are

a = 6.3570 (7), b = 10.2477 (10), c = 10.5893 (14) AÊ and � =

91.236 (8)� (this study). Both the cation and anion have

crystallographic m symmetry. The tri¯uoromethanesulfonate

group is disordered over two orientations, while the cation

shows large displacements of the ethylene C atoms in direc-

tions perpendicular to the eight-membered ring. Thus, this

ring is found to be disordered over two symmetry-related

conformations.

Below the phase transition temperature additional re¯ec-

tions occur, resulting in a doubling of the unit-cell volume. The

low-temperature structure is triclinic, space group P1 with Z =

4. The low-temperature cell is related to the high-temperature

cell by the transformation: alow = ahigh + bhigh, blow =

ahigh ÿ bhigh and clow =ÿahigh ÿ chigh. The structure of the low-

temperature modi®cation of (I) has been determined at

152 (2) K. Splitting of the re¯ection pro®les below the phase

transition temperature showed the crystal to be twinned. The

twinned cell is related to the high-temperature cell by the

transformation: atwin = ÿahigh + bhigh, btwin = ÿahigh ÿ bhigh

and ctwin = ahigh + chigh.

The structure contains two independent cation±anion pairs

(Fig. 1). The dimensions of both cations and both anions are

similar. The cyclooctadiene rings have twisted boat confor-
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mations. The Rh atoms have square-planar con®gurations and

are coordinated by two C C double bonds and two water

molecules. The RhÐC bond lengths range from 2.082 (5) to

2.108 (5) AÊ . The RhÐO bond lengths range from 2.125 (4) to

2.135 (4) AÊ . Similar dimensions have been reported for the

corresponding 1,5-cyclooctadiene-aqua-p-tosyloxyrhodium(I)

complex (KoÈ lle et al., 1995) and a (1,5-cyclooctadiene)bis(di-

methylsulfoxide-O)rhodium(I) cation (Dorta et al., 2002). The

C C double bonds have lengths between 1.385 (9) and

1.396 (9) AÊ and thus are considerably longer than the standard

C C double bond length of 1.33 AÊ . The cations and anions

are connected by intermolecular OÐH� � �O hydrogen bonds

(Table 1), forming chains parallel to the [110] direction (Fig. 2).

Each cation donates hydrogen bonds to three different anions

and each anion accepts hydrogen bonds from three different

cations. Neighboring chains are connected by weak inter-

molecular CÐH� � �O interactions. The crystal packing reveals

seven different intermolecular CÐH� � �O interactions, with

H� � �O distances between 2.58 and 2.72 AÊ . The crystal packing

shows only one weak intermolecular CÐH� � �F contact, with

an H� � �F distance of 2.72 AÊ , showing this type of interaction

to be of minor importance compared to the CÐH� � �O inter-

actions.

In the high-temperature phase (Fig. 3), the tri¯uoro-

methanesulfonate group is statistically distributed over two

orientations, which are related by a 60� rotation about the SÐ

C axis. The hydrogen-bonding system of the high-temperature

phase is a superposition of two possible patterns. Below the

phase transition temperature the tri¯uoromethanesulfonate

groups are ordered, resulting in an ordered hydrogen-bonding

system.

Experimental

Compound (I) was prepared as described in a patent (Rivas Nass,

2003). Orange blocks were obtained by crystallization from chloro-

form.

Crystal data

[Rh(C8H12)(H2O)2](CF3O3S)
Mr = 396.19
Triclinic, P1
a = 11.9569 (11) AÊ

b = 12.0716 (17) AÊ

c = 12.1417 (17) AÊ

� = 104.944 (12)�

� = 105.414 (10)�


 = 116.683 (10)�

V = 1357.1 (4) AÊ 3

Z = 4
Dx = 1.939 Mg mÿ3

Mo K� radiation
Cell parameters from 177

re¯ections
� = 3±23�

� = 1.46 mmÿ1

T = 152 (2) K
Block, orange
0.50 � 0.48 � 0.12 mm

Data collection

Siemens SMART 1K CCD
diffractometer

! scans
Absorption correction: numerical

(SHELXTL; Sheldrick, 1996)
Tmin = 0.414, Tmax = 0.872

17620 measured re¯ections

7851 independent re¯ections
7426 re¯ections with I > 2�(I)
Rint = 0.089
�max = 30.2�

h = ÿ14! 17
k = ÿ14! 17
l = ÿ18! 17

Figure 2
Crystal packing of (I) at 152 K, viewed down the [110] direction. The
ellipsoids are as in Fig. 1.

Figure 3
The crystal packing of (I) at 224 K, viewed down a. The ellipsoids are as in
Fig. 1.

Figure 1
The structures of the two independent cations and two independent
anions of (I) at 152 K, shown with 50% probability displacement
ellipsoids. The H atoms are drawn as small spheres of arbitrary radius.



Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.055
wR(F 2) = 0.140
S = 1.08
7851 re¯ections
369 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.07P)2

+ 5P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 3.79 e AÊ ÿ3

��min = ÿ3.26 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.0052 (7)

Table 1
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O1ÐH01A� � �O7i 0.89 (7) 1.92 (9) 2.749 (8) 153 (13)
O1ÐH01B� � �O5ii 0.88 (10) 1.84 (10) 2.710 (10) 168 (8)
O2ÐH02A� � �O7i 0.90 (7) 1.90 (10) 2.743 (9) 155 (11)
O2ÐH02B� � �O10iii 0.90 (13) 1.93 (12) 2.766 (10) 155 (8)
O3ÐH03A� � �O9 0.88 (8) 1.96 (7) 2.774 (7) 154 (8)
O3ÐH03B� � �O9ii 0.90 (11) 1.89 (11) 2.773 (10) 167 (8)
O4ÐH04A� � �O10 0.88 (4) 1.92 (6) 2.748 (7) 154 (9)
O4ÐH04B� � �O6iv 0.89 (12) 1.86 (12) 2.732 (11) 165 (11)

Symmetry codes: (i) 1� x; 1� y; z; (ii) 1ÿ x;ÿy; 1ÿ z; (iii) 1ÿ x; 1ÿ y; 1ÿ z; (iv)
ÿx;ÿy; 1ÿ z.

H atoms on the cyclooctadiene rings were geometrically posi-

tioned and re®ned as riding, using ®xed distances; Csp2ÐH = 0.95 AÊ

and Csp3ÐH = 0.99 AÊ and Uiso(H) = 1.2Ueq(C). The positions of the

H atoms of the water molecules were calculated to produce linear

hydrogen bonds, and were re®ned using an OÐH distance restraint

of 0.90 (3) AÊ , an H� � �H distance restraint of 1.45 (3) AÊ within each

water molecule and a ®xed isotropic displacement parameter, Uiso(H)

= 0.045 AÊ 2. The crystal was twinned. Each re¯ection hkl approxi-

mately coincides with a re¯ection khl of the second domain. A large

peak width was used for the integration of the re¯ection pro®les to

account for both the main and the twin peak. The twin fraction

re®ned to 0.3753 (15). The largest residual density was found within

0.9 AÊ of the Rh atoms.

Data collection: SMART (Siemens, 1995); cell re®nement:

SMART; data reduction: SAINT (Siemens, 1995); program(s) used to

solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

XP in SHELXTL (Sheldrick, 1996); software used to prepare

material for publication: SHELXL97 (Sheldrick, 1997).

References

Dorta, R., Rozenberg, H. & Milstein, D. (2002). Chem. Commun. pp. 710±
711.

Hashmi, A. S. K., Haufe, P. & Rivas Nass, A. (2003). Adv. Synth. Catal. 345,
1237±1241.

KoÈ lle, U., GoÈ rissen, R. & Wagner, T. (1995). Chem. Ber. 128, 911±917.
Lei, A., He, M., Wu, S. & Zhang, X. (2002). Angew. Chem. Int. Ed. 41, 3457±

3460.
Rivas Nass, A. (2003). German Patent DE 103 39 790.6.
Sheldrick, G. M. (1996). SHELXTL. Siemens Analytical X-ray Instruments

Inc., Madison, Wisconsin, USA.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

GoÈ ttingen, Germany.
Siemens (1995). SMART (Version 4.05) and SAINT (Version 4.05). Siemens

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA.

Acta Cryst. (2004). E60, m85±m87 Bats, Rivas Nass and Hashmi � [Rh(C8H12)(H2O)2](CF3O3S) m87

metal-organic papers


	mk1

