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Reaction of cis-[RuCly(dppm),] (dppm = his(diphenylphosphino)methane) with CS, and NaOH yields the first ruthenium
dithiocarbonate complex, [Ru(x?-S,C=0)(dppm),]. Protonation with tetrafluoroboric acid affords the xanthate complex
[Ru(«?-S,COH)(dppm),]BF; in a reversible manner, suggesting that this may be an intermediate in dithiocarbonate
formation. [Ru(x?-S,C=0)(dppm).] reacts with methy! iodide or [MesO]BF, to give [Ru(x*-S,COMe)(dppm).]*, also
obtained from the reaction of cis-[RuCly(dppm);] with CS, and NaOMe. Two modifications of [Ru(x?-S,C=0)-
(dppm),] were examined crystallographically and the structure of [Ru(«?-S,COMe)(dppm),]BF, and a new modification

of cis-[RuCly(dppm),] are also reported.

Introduction
Interest in mononuclear complexes with sulfur-containing

ligands has been sustained by their relevance as models fo

redox-active metalloproteifsCompared, for example, to
dithiocarbamate complexéslithiocarbonate complexes are

S,C=0)(triphos)] (triphos= MeC(CH,PPh)) by Bianchini
and co-workers, who found that this complex displays a
Fubstantial and diverse reactivity.

Existing synthetic routes to dithiocarbonate complexes
involve the use of xanthafe® carbon disulfidé€, or phos-

less well-known, although examples have been reported forPhoniodithiocarboxylaté compounds. For example, xan-

a number of metal$:'® The most-detailed study of the
reactivity of these species to date has been that ofiiRh(
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thates, [M(?-S,COR)] (M = Ni, Pd, Pt; R= alkyl), when
treated with phosphines or phosphites (L), liber&taikyl
O-alkyl dithiocarbonates ROGR to give dithiocarbonate
complexes [Mg?-S,C=0)L,].5*® Herein, we report the
synthesis and reactivity of the first ruthenium dithiocarbonate
complex, [Ruk?S,C=0)(dppmy}]. This is readily accessible

in one step from the reaction efs-[RuCl(dppm}]** with
NaOH and C§ a transformation proposed to involve a RuS
COH intermediate.

Results and Discussion

Addition of cis-[RuCl(dppm}] (1) to a solution of NaOH
and C$ led cleanly to the isolation of a single new product
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Scheme 12
PhyP Ph,P
Cl—__ PPh (i) S\@ PPh,
__—FFh = 2
Ru —— HO—<( R
— —
c > pp, S| ppn,
PhyP PhyP
1 2
(v) (iii)H(ii)
Ph,P PhyP
Me s @ PPh (iv) s | PPh
~ ~~_| _—FPh; ~_| —FFh;
o—C Rl S
— —
s ppn, S e
PhyP Ph,P
4 3

a(i) CS, NaOH; (i) NaOH or NE§ (iii) HBF,OEb; (iv) Mel,
[MesO]BF,; (v) CS,, NaOMe.

proceeds in a faster step. The free xanthate is unstable under

Figure 1. Structure of [Ru¢2-S,C=0)(dppmy}] (3) (only A enantiomer aCId.:C andtl?ozsf’ decct>rr]nposmg tOt Ilt:jeratezQthch V.V&S th

shown). Selected bond lengths (A) and angles (deg):-MR2l—P2A = easlly identned from the pungent odor upon opening the

97.40(5), P2Rul—-P1 = 102.16(3), P2A-Rul-P1 = 71.90(3), P2A- NMR tube.

Rul-S1= 96.67(4), P1A-Rul—S1=93.61(3), PLRul—S1=93.41(3). ;

Other bond lengths are collected in Table 1. It appears that no examples of this parent xanthate have
been reported previously.Fackler and Seidel have shown

_ _ _ - that treatment of [P¢-S,C=0)(PPhMe),] with HCl yields

in 94% yield that was identified as [RiFS,C=0)(dppm)] [PtCl(PPhMe),]; 3> however, the reaction with acids involv-

(3) |n|t|a| Characterization was made on the baSiS of |ng noncoordinating anions was not exp|0red.

spectroscop_ic data, V\l/ith key features being a resonance at ap aliernative reaction pathway for the formation f

218.6 ppm in the“C{*H} NMR spectrum and &(C=0) from 1 is the initial formation ofcis-[RuUCI(OH)(dppmy],

abs?r_ptlon at 1568 crﬁ in the solid-state IR spectrum (1572 \yhich could be followed by insertion of G&to the Ru-O

cm * in CHCI, solution). In the FAB mass spectrum, a pong and subsequent elimination of HCI. Although relatively

molecular ion was observed atz = 961, with the only 516 hydroxide complexes of ruthenium suctirass[RuH-

major fragmentation ion resulting from loss of SCO. To (OH)(dmpm}] (dmpm= bis(dimethylphosphino)methai)

confirm the formation of a dithiocarbonate ligand, we carried 54 [RUCI(OH)(OH)(PPh),]1* are known, but as far as

out crystallographic studies on two crystal modifications; the \ye are aware. the insertion of ¢iaito such species has not
results of one of thes&{2CH;OH) are shown in Figure 1. paen observed.

It is plausible that dithiocarbonat& results from the in The dithiocarbonate group i@ was found to react with
situ ge”efa“‘?” ,Of NajEOH] frqm NaOH and Cgin other electrophiles. Treatment with trimethyloxonium tet-
methanol. This, in turn, reacts W'g;[RUCIZ(dppm)Z] (P rafluoroborate resulted in the formation of [RES,COMe)-
to afford the xanthate complex, [RA{S;,COH)(dppm)]™,  {ypom}|BF, (4), which was also prepared from the direct
which is deprotonated under the prevailing basic conditions. reaction ofL with NaSCOMe (prepared in situ from NaOMe

To te_st this Eypothesis, we protonatewith HBF,-OEt to and C3) and NaBFE (Scheme 1). A singlet resonance in the
obtain [Ru*-S,COH)(dppmy|BF4 (2) (Scheme 1). In ad- 14 \MR spectrum at 3.80 ppm was assigned to the methy

i i i i 1
dition to the observed chemical shlf_t changes in¥img1H} _ group, and the overall composition was supported by a
NMR spectrum, na/(C=0) absorptions were observed in ,0cyjar ion atz = 977 in the FAB mass spectrum and

thg IR spectrum of the product; the presence of th‘?_BF elemental analysis. A crystallographic study was also un-
anion was noted as a broad band centered at 1049 icm dertaken (Figure 2).

the solid-state infrared spectrum. A singlet at 3.83 ppm in Alkylation of 3 with methyl iodide also led to the

1 . )
the *H NMR spectrum was tentatively assigned to the formation of4 (among other products), ultimately leading

xanthate proton, and the over_aII composition was fL_lrther to displacement of the xanthate ligand by iodide to give the
supported by elemental analysis. To probe the formation of

2 further, we used NMR spectroscopy to monitor the

(12) (a) Coucouvanis, CProg. Inorg. Chem.197Q 11, 233. (b) Coucou-

protonation of3 with trifluoroacetic acid. This led to a clean vanis, D.Prog. Inorg. Chem1979 26, 301. (c) Tiekink, E. R. T.;
i i _ Winter, G.Rev. Inorg. Chem1992 12, 183.

rezacuon but formed only the trlflqoroacetate c_omplex, [Ru (13) Boyar E. B.. Harding, P. A- Robinson. S. D Brock, CJPChem.

(k*-OCCRs)(dppm}][CF3CO;], which has previously been Soc., Dalton Trans1986 1771.

reported by Robinson and co-workéfslt seems that  (14) éa) Burn, é\{/l- GJJ-: AFiCk?:SH M. ch1 ;9%”{\,1% 53é7l;.;(tl)4)ogﬁndgr, tF.BJ.;
. e ergman, R. . AM. em. S0 . audret, b.
although protonation does occur under these conditions, N.: Cole-Hamilton, D. J.: Nohr, R. S.: Wilkinson, @. Chem. Soc..

displacement of the xanthate by the coordinating anion Dalton Trans.1977, 1546.
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Table 1. Selected Bond Lengths (A) and Angles (deg) 3o#, and Literature Complexes

complex Ru-Peg Ru—Pay Ru—-S s-C C-0 S-Ru-S S-C-S
[Ru(x?-S,C=0)(dppm}] (3-2CH;OH) 2.3152(10) 2.3319(10) 2.4198(10) 1.764(3) 1.215(7) 72.39(5) 108.2(3)
A-[Ru(x?-S,C=0)(dppm}] (3-3CHCk) 2.3140(9) 2.3308(10) 2.4011(8) 1.749(4) 1.226(4) 72.06(3) 108.21(19)

2.3286(8) 2.3477(9) 2.4364(10) 1.764(4)
A-[Ru(x?S,C=0)(dppm}] (3-3CHCk) 2.3138(9) 2.3280(9) 2.4157(9) 1.743(4) 1.213(5) 71.78(3) 108.4(2)
2.3323(9) 2.3429(10) 2.4353(9) 1.765(4)
[Ru(x?-S,COMe)(dppm)] ™ (4) 2.3124(6) 2.3342(6) 2.4347(6) 1.689(2) 1.320(3) 71.715(19) 115.26(13)
2.3200(6) 2.3721(6) 2.4398(6) 1.691(2)
[Ru(k>-S,CHz)(dppm)] 6 2.3171(11) 2.3079(12) 2.4245(11) 1.812(5) 72.96(4) 105.3(2)
2.3181(11) 2.3571(12) 2.4368(12) 1.824(5)
[Ni(x?-S,C=0)(dippe)-5° - - - 1.759(6) 1.235(6) 79.72(6) 106.3(3)
1.769(5)
[Pt(x*>-S,C=0) P(OMe)Ph} 2]® 1.765(7) 1.190(8) 75.2(1) 107.5(3)
1.767(7)
[Ru(75-CsMes)(k2-S,COPr)(PEE)] 18 2.393(2) 1.678(5) 1.315(6) 71.45(6) 113.0(3)
2.406(2) 1.682(5)

adippe= 1,2-bis(diisopropylphosphino)ethane.

Figure 2. Structure of [Ru¢?-S,COMe)(dppm)]BF4 (4) (only A enan-
tiomer shown). Selected bond lengths (A) and angles (deg):-Q2=
1.447(3), P2Rul-P4 = 95.58(2), P2Rul-P1= 71.74(2), P4Rul-
P1= 101.55(2), P2Rul-P3 = 102.64(2), P4Rul-P3 = 71.411(19),
P2-Rul-S1 = 96.31(2), P+Rul-S1 = 91.87(2), P3Rul-S1 =
95.98(2), P4Rul-S2=100.49(2), P+ Rul-S2= 87.72(2), P3Rul—
S2=99.19(2), C+S1-Rul= 86.28(8), C+01-C2 = 118.3(2), O+
C1-S2=126.01(18), O+ C1-S1= 118.72(17). Other bond lengths are
collected in Table 1.

known compoundis-[Rul,(dppm}].t® The dithiocarbonate
ligand is lost in a similar manner in the reaction of [k
S,C=0)(dppe)] with methyl iodide to yield [Ni{dppe)]2

Previous routes to dithiocarbonate complexes have fre-
quently involved the reactions of xanthate complexes with
bases such as phosphife$However, treatment of with
NaOH in water and tetrahydrofuran (1:2) gave no reaction,
suggesting tha# is not an intermediate in the observed
reaction betweenl and NaOH and CSin methanol.
Compound4 also showed no reaction under acidic conditions
(excess trifluoroacetic acid).

(15) Bickley, J. F.; La Perige A. A.; Higgins, S. J.; Stuart, C. A. Chem.
Soc., Dalton Trans2003 4663.
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Crystallographic Studies

During the course of this work, crystal structures were
determined for two crystal modifications 8f(3-2CH;OH
and3-3CHCE), 4-CH3OH, and1-PrOH, the results of which
are summarized in Figures 1 and 2 and Table 1. Figures
depicting the other structures are included in the Supporting
Information, along with a brief discussion of the structure
of 1-PrOH.

In 3-3CHC there are two independent molecules in the
asymmetric unit A and A enantiomers), where&2CH;-

OH contains a single dithiocarbonate complex. Gross struc-
tural features of all three are similar, each containing a
distorted octahedral geometry with cis-interligand angles
ranging between 71.90(3) and 102.18(3) 3-2CH;OH, the
dithiocarbonate is symmetrically bound to ruthenium, whereas
the same feature in both molecules3rfBCHCL shows a
slight asymmetry. The RuS bond lengths vary between
2.4364(10) and 2.4011(8) A, with both extremes being
observed in theA isomer in3-3CHCkL; C—S (1.765(4)
1.743(4) A) and GO (1.226(4)-1.213(5) A) bonds vary
within much smaller ranges. These bond lengths are com-
parable to those found in [Nit-S,C=0)(dippe)] (dippe=
1,2-bis(diisopropylphosphino)ethaffeand [Pt3-S,C=0)-
{P(OMe)Ph}];8 however, the ligand bite angles t(S—
Ru—S = 72.39(5)-1.78(3¥) are significantly smaller than
those found in related nickel or platinum complexes (Table
1). These observations indicate that the RSO unit is
softly bound to the ruthenium center, allowing for significant
distortions depending on the structure modification.

The closest structural analogue 3ds the isoelectronic
complex [Rug?-S,CH,)(dppm}] reported recently by Jagir-
dar and co-worker® The Ru-S lengths in the meth-
anedithiolate compound are at the longer end of those seen
in 3, whereas the €S bond distances are appreciably greater
than those found iB. This may be due to the partial double-
bond character resulting from the resonance forms shown
in Chart 1. In3, the C-O distance shows double-bond
character, which it has in common with all reported dithio-
carbonate complexé&si®and the bond length compares well
with the average of 1.210 A found in ketorigs.

(16) Gandhi, T.; Nethaji, M.; Jagirdar, B. Rhorg. Chem2003 42, 667.
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Chart 1. Resonance Forms for the Dithiocarbonate Ligand
S, S S
L ¢ \C—g - | 4 \C_O - | (3/ \C—O
KN N "N ©

The Ru-S bond lengths in [Ruf-S,COMe)(dppm)]BF,
(4) are slightly longer than those found 8 whereas the

H20]+. Anal. Calcd for GHssBF,OP,RUS: C, 58.4; H, 4.3.
Found: C, 58.7; H, 4.5.

[Ru(k?-S,C=0)(dppm)2] (3). (a) NaOH (32 mg, 0.800 mmol)
was dissolved in methanol (10 mL), and carbon disulfide (61 mg,
0.801 mmol) was added. The reaction mixture was stirred for 10
min. cis-[RuClL(dppm}] (1) (150 mg, 0.159 mmol) was dissolved
in dichloromethane (10 mL) and added to the mixture. The solution

C—S distances are considerably shorter, reflecting the partialwas stirred for 2 h. All solvent was removed under reduced pressure;

double-bond character present. The-@ bond length is
relatively short, although the multiple-bond character is not
as pronounced as that3The S-C—S angle of the xanthate
ligand in 4 is substantially larger than that found B)
whereas the SRu—S bite angle is only marginally smaller
than the corresponding feature3nApart from this slightly
larger S-Ru—S angle, the structural features of the methyl
xanthate ligand are similar to those found for the isopropyl
xanthate moiety in [Ruf-CsMes)(x*-S,COPr)(PE$)]*®
(Table 1).

Conclusions

The first dithiocarbonate compound of ruthenium, [Ru-
(x*-S,C=0)(dppm}] (3), has been prepared from the reaction
of carbon disulfide and hydroxide in methanol witis-
[RuCl(dppm}] (1). The reactivity of3 centers on the oxygen
of the dithiocarbonate ligand, which can be alkylated or
protonated to yield either alkyl or parent xanthate products,
respectively. The latter is a plausible intermediate in the
formation of3 and is the first such example of this ligand to
be reported, to the best of our knowledge.

Experimental Section

General Procedures All manipulations were carried out under
aerobic conditions using commercially available solvents and
reagents as received. Infrared and NMR spectroscopy were carrie
out at 25°C using Shimadzu FTIR 8700 (KBr plates with Nujol)
and Bruker AMX-300 {H, 299.87 MHz;3P, 121.39 MHz) or
AMX-400 (*H, 400.14 MHz;3P, 161.97 MHz) spectrometers,
respectively. Infrared spectroscopic features due to the bis-
(diphenylphosphino)methane ligands have been omitted to aid
clarity. FAB-MS spectra (nitrobenzyl alcohol matrixes) were
measured using a VG 70-SB magnetic sector mass spectromete
Elemental microanalyses were performed at UCL. Solvates were
determined byH NMR spectroscopycis-[RuCl(dppm}] (1) was
prepared according to a published proceddire.

[Ru(k2-S,COH)(dppm)2]BF4 (2). A diethyl ether (10 mL)
suspension of [Rug-S,C=0)(dppm}] (3) (33 mg, 0.034 mmol)
was treated with tetraflouroboric acid diethyl ether complex (3
drops, excess), and the reaction mixture was stirred for 5 min. The
precipitate was broken up by sonication in an ultrasound bath and
then filtered and washed with diethyl ether (10 mL) and hexane
(10 mL). Yield: 32 mg (90%). IR (KBr/Nujol): 1339, 1312, 1236,
1049 ¢(BF)), 885 cn1t. 31P NMR (CDCh): 0 —4.4,—16.7 (t x
2, Jpp= 35.7 Hz, dppm)*H NMR (CDClg): 6 3.83 (s, 1H, OH),
4.64, 5.03 (mx 2, 2 x 2H, PCHP), 6.54, 7.00, 7.06, 7.30, 7.64
(m x 5, PGHs, 40H). FAB-MSm/z (abundance): 979 (38) [M-

(17) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
G.; Taylor, R.J. Chem. Soc., Perkin Tran$987, S1.

(18) Coto, A.; Tenorio, M. J.; Puerta, M. C.; Valerga,Brganometallics
1998 17, 4392.

r.

the residue was taken up in a minimum quantity of dichloromethane
and filtered through diatomaceous earth. Ethanol (20 mL) was
added, and the solvent volume was concentrated under reduced
pressure until precipitation was complete. The pale green product
was filtered and washed with ethanol (10 mL) and hexane (10 mL).
Yield: 144 mg (94%). (b) Compleg (30 mg, 0.029 mmol) was
dissolved in dichloromethane (10 mL) and treated with triethylamine
(4 drops, excess) and the reaction mixture was stirred for 20 min.
Ethanol (20 mL) was added, and the solvent volume was concen-
trated under reduced pressure until precipitation was complete. The
pale green product was filtered and washed with ethanol (10 mL)
and hexane (10 mL). Yield: 23 mg (82%). IR (@E,): 1605,
1572 ¢(C=0)). IR (KBr/Nujol): 1685, 1568 %(C=0)), 1312,
1238, 972, 849 crt. 3P NMR (CDCE): 6 —4.3,—19.5 (t x 2,

Jpp= 32.6 Hz, dppm)*H NMR (CDCl): 4.26, 4.72 (mx 2, 2 x

2H, PCHP), 6.40, 6.85, 7.17, 7.26, 7.49, 7.24 {06, 40H, PGHs).

13C NMR (CDCly): ¢ 45.7 (m, CH), 129.6-134.2 (GHs), 218.6

(s, CO). FAB-MSm/z (abundance): 961 (53) [M] 902 (100) [M

— SCOJ'. Anal. Calcd for GiH44OP,RuS-2CH,Cl,: C, 56.2; H,

4.3. Found: C, 56.2; H, 4.4%.

[Ru(k2-S,COMe)(dppm),]BF4 (4). (a) NaOMe (17 mg, 0.325
mmol) was dissolved in methanol (10 mL), and carbon disulfide
(25 mg, 0.328 mmol) was added. The reaction mixture was stirred
for 20 min. cis-[RuCl(dppm}] (1) (100 mg, 0.106 mmol) was
dissolved in dichloromethane (10 mL) and added to give a colorless
precipitate. The solution was treated with an aqueous solution (0.5
mL) of NaBF,; (24 mg, 0.219 mmol), and the reaction mixture was
stirred for 1 h. All solvent was removed under reduced pressure;

(}he residue was taken up in a minimum quantity of dichloromethane

and filtered through diatomaceous earth. Methanol (20 mL) was
added, and the solvent volume was concentrated under reduced
pressure until precipitation was complete. The colorless product
was filtered and washed with ethanol (10 mL) and hexane (10 mL).
Yield: 81 mg (72%). (b) Complex (30 mg, 0.031 mmol) was
dissolved in dichloromethane (10 mL) and treated with trimethyl-
oxonium tetrafluoroborate (4 drops, excess); the reaction mixture
was stirred for 30 min. Ethanol (20 mL) was added, and the solvent
volume was concentrated under reduced pressure until precipitation
was complete. The product was filtered and washed with ethanol
(10 mL) and hexane (10 mL). Yield: 19 mg (58%). IR (KBr/
Nujol): 1335, 1312, 1248, 105w(BF)), 957 cntl 3P NMR
(CDCly): 6 —2.1,—14.5 (t x 2, Jpp = 35.8 Hz, dppm)H NMR
(CDCly): 0 3.80 (s, 3H, OCH), 4.45, 4.90 (mx 2, 2 x 2H,
PCHP), 6.42, 6.95, 7.05, 7.23, 7.36, 7.57 ¢m6, 40H, PGHs).
FAB-MS nvz (abundance): 977 (100) [M] Anal. Calcd for GoHy7-
BF,OP,RUS: C, 58.7; H, 4.5. Found: C, 58.5; H, 4.4.

X-ray Crystallography. Crystals ofl-PrOH were grown by slow
diffusion of ethanol into a dichloromethane solution of the complex
(containing small amounts of propanol), whereas crysteBsa Hs-

OH were obtained from slow diffusion of methanol into a
dichloromethane solution of the complex. Slow evaporation of a
concentrated chloroform solution 8fled to crystals o8:3CHCkL
being obtained. Although crystals 4fCH;OH were obtained by
layering a chloroform solution of the complex with hexane, a
molecule of methanol was retained. Single crystals were mounted

Inorganic Chemistry, Vol. 45, No. 13, 2006 5213



Table 2. Crystal Data for Compound3 (Two Modifications) and4

3-2CH;OH

3-3CHCk

4-CH;OH

Wilton-Ely et al.

atoms were refined anisotropically. Hydrogen atoms were placed
in calculated positions and their thermal parameters were linked to
those of the atoms to which they were attached (riding model).

chemical Cs2Ha403P4R Cs4H47ClgOPR Cs3Hs1BF4,0.P4R . . .
o sHOPRUS  CoHaClORRUS CoHaBROPRUS Structure solution and refinement used the SHELXTL PLUS version

fw 1017.95 1320.04 1095.82 6.10 program packadgé Selected crystal data are given in Table 2
cryst syst monoclinic monoclinic monoclinic (see the Supporting Information for crystal data fePrOH).

cryst color yellow yellow yellow

cryst size (mrf)

0.15x 0.08x 0.08

0.28x 0.28x 0.20 0.64x 0.64x 0.42

Crystallographic data for the structure of compleXeBrOH,

spzce group  C2lc P2/1 C2lc 3-2CH;0OH, 3-3CHCL, and 4-CH3;OH have been deposited with
g(A) 12-23‘2‘(3) 13-33122(17) 13?-;15;‘(()2; the Cambridge Crystallographic Data Centre as CCDC 278731,
o PN 2 o) 2 Ty CCDC 278732, CCDC 278733, and CCDC 283230, respecitively.
a (deg) 90 90 90 Copies of the data can be obtained free of charge on application to
B Egegg 95.004(4) 91.065(2) 109.9030(10) The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, U.K.

7 (deg 90 90 90 . i —mail for inatiirg: fi

V(AY 4626(2) 5755.4(11) 9832.5(10) (Fax: 44 (1223) 336-033. E-mail for inquiry: fileserv@ccdc.cam.
z 4 4 8 ac.uk.)

Deaca(glcn®)  1.462 1.523 1.481

T(|'<)d 150(2) 150(2) 150(2) Acknowledgment. J.D.E.T.W.-E. gratefully acknowl-
M(“é'r?qr*;g)) 0.612 0.912 0.591 edges Merton College for a Fitzjames Research Fellowship
F(000) 2120 2672 4496 and the Ramsay Memorial Trust for a Research Fellowship.
nO-C%fugtlgg 19290 50105 42408 We thank EPSRC for a studentship (D.S.); the UCL
no. of unique 5530 (0.0813) 26107 (0.0188) 11725 (0.0186) Department of Chemistry, the University of London Central
ereﬂ>nsé®|m) 00715 0.0369 00382 Research Fund, and the UCL Graduate School for funding
WR.(; (a”i,(a{)a) 0.1924 0.1002 0.1069 for consumables; and Johnson Matthey Ltd. for a generous

on glass fibers, and all geometric and intensity data were taken
from these samples on a Bruker SMART APEX CCD diffracto-

meter using graphite-monochromated Max Kadiation ¢ =

0.71073 A) at 150+ 2 K. Data reduction and integration were

loan of ruthenium salts and Cognis Ltd. for funding.

Supporting Information Available: Crystal data and structural
discussion forl-PrOH and figures depicting the crystal structures
of 1-PrOH and3-3CHCk. This material is available free of charge
via the Internet at http:/pubs.acs.org.

carried out with SAINF- and absorption corrections were applied
using the SADABS program. The structures were solved by direct 1C060223B
methods and developed using alternating cycles of least-squares
refinement and difference Fourier synthesis. All non-hydrogen (19) SHELXTL version 6.10; Bruker AXS: Madison, WI, 2000.
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