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Facile, Near-Quantitative, Aqueous Routes to Nearly Any
[Cp*Ru(n®-arene)]Cl Compound

Robert M. Fairchild and K. Travis Holman*
Department of Chemistry, Georgetown Waisity, Washington, DC, 20057

Receied February 24, 2007

Summary: Facile syntheses of water-soluble [Cp*Ru(arene)]Cl
compounds exploiting the extraordinary properties of [Cp*Ru-
(u3-Cl)]4 in aqueous media are described. These methods
produce no byproducts, iolve little to no workup, and are
applicable to almost any simple arene.

Introduction

[CPpRM(n%-arene)lt (M = Fe!, RU', I, RA") compounds
are generally air-, water-, and heat-stable organometallic

sandwich compounds that have been extensively studied by

chemists of all discipline:2 The positive charge and electron-
withdrawing nature of the [CiM]™" moieties enhances the
electrophilicity of arenes and activates them toward a variety
of synthetically useful organic transformations, most notably
nucleophilic additions and substitutions, benzylic deprotonation,
and Pd-catalyzed cross-coupling reactidrfsRecently, much
attention has focused on [CpRarene)] and [Cp*RU (arene)f
compounds due to their (i) broad accessibility relative to their
Fe analogues, (ii) low cost relative to theit'IRh" analogues,
and (iii) ease of arene recovery (typically via UV irradiatién).
Indeed, [CfRu(arene)} compounds have shown promise in
natural product synthestsn radioisotopic labeling of biomol-
ecules] in crystal engineerin§,as charge-transfer materidls,
and as supramolecular anion recept8koreover, [CFRu-
(arene)] compounds can serve as precursors toRRIG"
species that are known to catalyze a variety of organic
transformations, many of which are<@© bond forming reac-
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Scheme 1. Reaction Routes to [Cp*RyG-arenes)]X
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tions1! It is therefore important to optimize protocols for the
synthesis of [CBRu(arenes)].1?

The arenophilic nature of the [Cp*Ru]fragment is well
documented, and thus several procedures exist for the synthesis
of simple [Cp*Ru(arene)] compounds. The most popular
procedures (Scheme 1) employ putative or well-defined [Cp*Ru-
(solvent}]™ species, available via UV irradiation of [Cp*Ru-
(benzene)j (routeA),>12halide abstraction from [Cp*Rius-

CN]4 (1) (routeB),® or zinc reduction of [Cp*RU Cly], (route
C)415in the appropriate solvents. An alternative route involves
the two-step synthesis of the alkoxy-coordinated [Cp*Ru(@R)]
(routeD),*8:1"which, in the presence of a proton donor, metalates
arenes. Also reported is a one-pot synthesis of [Cp*Ru(arene)]
compounds via direct reaction of RuGlith Cp*H and Zn in
ethanol (Scheme 1, routg).’®1° Though these methods are
generally quite useful, each has its relative shortcomings and
there remains room for improvement. Some of these shortcom-
ings include the use of toxic or expensive Sn or Ag reagents
(routesA and B, respectively), subquantitative (rout&s-D)
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Scheme 2. Three Methods to [Cp*Rug®-arenes)]Cl Table 1. Microwave-Assisted Metalation of Arenes with 1
\ in H,02
| ScessiR Cp*Ru-  Yield Cp*Ru-  Yield
microwave arene  (nS.arene)Cl (%) Arene (n®-arene)Cl (%)
H0
/%R /_c':l(-3—|;R|\ux IL stoich. (2R ﬁ © 2 05" \©\SOH 13 o4®!
_P:?/Rlul—Cl microwave é > 99% ’
CRR({ H,O:THF (2:1) R &
}?// L. er ©v 3 >99 oH ()14 o
room temp. Nz ¢
H,0:CH;CN (16:1) ©\F 4 >99 OH  (£)-15 94
[¢]
or even low (routée) yields, and the need for organic solvents b (+)-16a .
(routesA—D), revealing an incompatibility with many biomol- 5 >99 Nz (+)16b o8
ecules (e.g., proteins). As with any reaction, the ideal protocol ¢ s
would employ simple or mild reaction conditions, proceed in
aqueous solution, give quantitative yields, produce no byprod- ©\ 6 >99 17 87"
ucts, involve little to no workup, and be widely applicable. We Nz
report herein three general methods for [Cp*Ru(arehe)] X .
synthesis that embody, as much as possible, the aforementioned on 7 >99 @ @18 78
principles (Scheme 2). These methods are not grossly different
from the approaches described above (roBte®) but, rather, OCHy
exploit the extraordinary properties bf or thechloride salt of @[ 8 >99 ©\ 1 &4
[Cp*Ru(solvent)] ™, in aqueous (or mostly aqueous) media, octs o
affording water-soluble [Cp*Ruyf-arene)]Cl compounds in 0 o7 ©\ 20 86
near-quantitative yields. To our knowledge, the only other report Z |
of aqueous [CRRu(arene)} synthesis exploits a water solubi-
lizing, amino-derivatized Cp ligand that necessitates an extensive ©\fo 10 >09 QYO 21 529
synthesig? !
Results and Discussion ©\f X
o 1 >99 | 22 0
Method I. With the goal of optimizing protocols for the OH N
synthesis of [Cp*Ru(arenes)]we discovered that the readily
availablé! 1 reacts directly with arenes in pure, anaerobic water ©\C\ 12a 33466 ©\fo 12b
at elevated temperatures, without the need for chloride abstrac- SN {n
tion. The procedure is fast, extremely convenient, and essentially :
quantitative, giving water-soluble [Cp*Ruf-arene)]Cl com aReaction mixtures were heated at 13D (0—50 W) for 10-30 min

; ; ; with 8:1 arene-Ru in degassed 4#®. ° The product also contained 5%
pounds-even for arenes that are insoluble in water. The typical [Cp*OrRu(benzene)]CE The product also contained 19% [CBHRu

reaction (method ) involves combination bfand the chosen  (,omobenzene)]Cl and 179%. ¢ The product also contained 14%
arene (8:1 arereRu) in degassed #D, followed by microwave [Cp*©HRu(iodobenzene)]CE Isolated as a zwitterior.Reactions resulted
irradiation in a sealed vessel{60 W to maintain ca. 130C) in >99% spectroscopic yield, remaining product lost in workiiphe
for ca. 10 min. The dark, brick red color dfserves as a con- ~ Product a'sr? dcomai”eﬁ I40;A’ [?P*Rﬁ(Ph?”éﬁﬁtha”egio')]ﬁ' and 8%
venient indicator of reaction progress, affording near-colorless E;ﬁ e'zug(:/lo ([é’pg?.)gl:?rf;pﬁﬁaﬁer;]);g]rg?tcﬁgfdﬂl tion cf’crgurusaa? P
solutions by completion. For most arengéseacts cleanly and  pocyclic ring.i The product also contained 66%2b.
completely, resulting in solutions that contain only the desired
product, excess unreacted arene, and water. Typically, the excess . .
arene can be removed under reduced pressure or by trituratiorfuthenium complex on ziné* and have abandoned the proce-
of the crude salt in organic solvent, yielding pure product in dure for the synthesis of some [Cp*Ru(arenésfjdditionally,
near-quantitative yields. It is important to point out that this direct reaction ofl with neat arene solvents (e.g., tolu€hand
protocol is an aqueous relative of the method used by ChaudrethexamethylbenzeR® has also been reported previously, but
and co-workers (rout€),**®wherein “Zn-reduced solutions”  the reaction rates are known to be extremely slow, give low
of [Cp*RuU'Cly], in ethanol, acetone, THF, or toluenehich yields, and are not amenable to a wide variety of arenes.
are, in effect, solutions of residual ZnCind 1 (or [Cp*Ru- .
(solventy]Cl)—were used to metalate arenes, with the resulting 1 © €xplore the breadth of method |, a variety of arenes were
[Cp*Ru(arenes)] compounds typically being isolated as their subjected to this protocol_and _the outcomes are highlighted in
[PFe]~ salts. Notably, these researchers have expressed concerdable 1. All compounds in this paper were isolated as their
about the scalability of their reaction due to “deposition of the chloride salts, with the exception of the zwitteriorii8, and
were characterized b\H and*3C NMR, IR, ESI-MS, and, for
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8 and12b, single-crystal X-ray diffractio?f (see the Supporting Table 2. Microwave-Assisted Metalation of Arenes by 1 at

Information). The cations o8, 12b, 20, and &)-24 have not 1:1 Arene—Ru Ratios®

been previously reported. arene Cp*Ru(arene)Cl yield (%)
Generally, method | tolerates most functional groups, includ- benzene 2 >95

i i i ethylbenzene 3 >99

ing alkyl, fluoro, chloro, hydroxyl, amino, meth_oxy, vinyl, hiropanon® : o9

acetyl, carboxyl, and sulfonate. The three aryl amino acigs ( phenol 7 >99

phenylalanine,£)-tyrosine, and £)-tryptophan reacted quan- l(:)e;lzoic aciﬁ £h)11 X >99

itati i +)-tryptophan -16a, >99

titatively according to'H NMR spectroscopy, though removal (&)-cryptophane-£ [(2)-23 THFICks 97

of the excess unreacted arenes required a Sephadex column and o o

lowered the isolated yields slightly. Notably, reaction witk){ 28a ';%?gtf"i”anméxéu{ismv‘é?éfof;zé;teer?e6211_1i3gr(gﬂ—§5lg Yr\l/)sz:ngf rlllg V;/gg

tryptophan g.ave a roughly equal mixture of the possible 1.5 mL of THF.P With an additional 5% [Cp®"Ru(benzene)]Cl impurity.

d|aStereome”C'prOdUCtSﬂ']-Gaand {)-16b. Product2—186, ¢Heated at 135°C (0—100 W) for 30 min with 10.7umol of (£)-

19, and20are air, water, and heat stable, thodgahydrolyzes cryptophane E and 18mol of 1 (6:7 arene-Ru) in 2 mL of HO and 1

to 12b at elevated temperatures in water. Unsurprisifgiye mL of THF, giving exclusively hexametalated [(Cp*R((}t)-cryptophane-

[Cp*Ru(arene)} compounds of the fused aromaticdand &)- E)CTHFICe.

18 decompose slowly in warm solutions exposed to air, the Table 3. Room-Temperature Metalation of Arenes

former being qualitatively more stable. Indeed, even as a solid,

. : Cp*R cl ield (%

(£)-18decomposes slowly in air, marked by a gradual darkening p— arene P u;arene) }:9 S
of the material. As expected, quinoline is metalated exclusively [0 . 19 99
at the carbocylic ring, and we were unable to synthesize [Cp*Ru-  (&)-tryptophan #)-16ab 98
(#6-pyridine)]Cl (22) by method I (an alternative methodology ~ (£)-Quinoline &)-18 >99
. . . benzonitrile 12a >99
proved successfubide infra). The more sensitive bromo- and pyridine 22 97
iodo-substituted arenes gave moderate yield$0f64%) and (1R,29-(—)-N-methylephedrine «)-24 >99

20 (86%) along with significant amounts of their respective  aeactions were performed by dissolving 2810l of 1 in 500 uL of
Cp*OH-substituted impurity® Reaction with bromobenzene  CH,CN (heated and then cooled to. @ °C), followed by the addition of
additionally resulted ir2 (17%), an apparent product of dispro-  a solution of 0.11 mmol of arene in 8 mL o8 (ca 25 °C); this mixture
portionation. Reaction with benzonitrile gave primarily the Was sealed under nitrogen and reacted overnlgisblated as a zwitterion.
hydrolysis produci2b (66%) and only 33% of2a Metalation o ) ]
of benzaldehyde gav2d (52%) along with two additional com- ~ generally proceed quantitatively in +30 min (Table 2).
plexes that we tentatively assign as [Cp*Ru(phenylmethanediol)]- Workup involves merely the removal of the solvent. Thus, the
Cl (40%) and [Cp*Ru((4-(hydroxymethyl)phenyl)methanol)jCl  diastereomeric mixtureX{)-16ab is isolated in quantitative
(8%) by ESI-MS andH NMR (see the Supporting Information). ~ Yield, without the need to remove excess nonmetalated (
We note that method | can also be performed thermally, tryptophan.. To assess the utility of method Il for metalating
without the need for microwave irradiation. Indeed, similar Polyaromatics, the supramolecular has)-{cryptophane-E was
results were obtained when identical reactions were carried outSuPiectéd to a similar protocol with only a slight excess (6:7
in a sealed flask that was heated in an oil bath at 1@5  &réne-Ru) of 1. (+)-Cryptophane-E is a molecular “container”
Reactions times, however, ranged from 1 to 3 days and the yields"ith Six alkoxy-substituted aryl moieties per molecule, and its
tended to be slightly lower due to slow degradatiorieinder hexamgtaleitéon has previously been reported by us via Bute
these conditions (see the Supporting Information). (8% yield).® Under conditions of method Il #)-cryptophane-
Method Il. Although method | is efficient at high arene:Ru E is hexametalated cleanly, giving [(Ci)p*Fg(()t)-cryptophane-
ratios, 1:1 stoichiometric reactions proceed very slowly or do ECTHF)]Clg ([(£)-23CTHFICIe) in 97% yield. Conveniently,

not proceed at all. The reaction bfwith (£)-phenylalanine at excess unreacted/ qecompoéedr_ecipitates from t_he s_olution

a 1:1 ratio of arene to Ru went to less than 20% completion after exposure to air and_ Is easily remqved by fl!tratlon.

after microwave irradiation at 130C for 1 h. To facilitate _Method . Though microwave reactions provide a conve-
reactions at stoichiometric arene to Ru ratios, method Il employs nient method to rapidly metalate most simple arenes, the meta-
2:1 water-THF as the reaction solvent, thus increasing the lation O.f water-sqluple, hqat-sengltlve arenes (biomolecules etc.)
solubility of both1 and the arenes in the reaction solvent. The necessitates stoichiometric reaction at or near room temperature.

ability to conduct stoichiometric metalations is advantageous Tpichzéane achieveglj tf)y fir_st diﬁsolviﬂg'n n}inl;TnaICaTF? untls_|
for arenes that (i) are valuable (e.g., the products of multistep 0 5CN, presumably forming the water-soluble [Cp*Ru(&

- : .~ CN)3]Cl, followed by addition of an aqueous solution of the
syntheses), (ii) are to be multiply metalated (e.g., polyaromatic . : .
hydrocarbons), or (i) are difficult to separate from their 2r€Ne such that the ratio ofz8 to CHCN is roughly 16:1

resulting [Cp*Ru(arene)]Cl products (e.g., amino acids). (me*thod 6”')' As with metho_ds | and I, .‘h‘? formation of
Method Il reactions-identical to method I, but employing [Cp*Ruly®-arene)]Cl products is near-quantitative, though reac-
1:1 ratios of arene to Ru and 2:LO&THF a’s the solvent tion times are considerably longer (ca=30 h) under stoichio-
) ’ metric conditions (Table 3). Again, reaction progress can be
(24) CCDC 634128 and 634129 contain supplementary crystallographic ?Onvemﬁntl}; followed ?y la graiual. Ch?ngeﬂ?f the T(OIUI.Ion (I:olor
data for8 and 12b. These data can be obtained online free of charge (or TOM Y€IIOW 10 near-coloriess. Again also, the workup Involves
from the Cambridge Crystallographic Data Centre, 12 Union Road, Cam- only the removal of solvent. Notably, under the mild conditions

bfi((’gg)CNEl‘leEz'pl\J-sﬂ fax$ 44) 1223-336-033, or Cligg%sgg@%‘fégfgza?c-uk)- of method IlI, reaction with benzonitrile affords put@awith
CNalr, A. M.; Mann, K. R.Inorg. em ) . . . .
(26) The impurities, [Cp®HRu(;®-arene)|Cl (Cp®H = y5-1-(hydroxym- no trace of hydrolysis produd?2b (appears in 66% yield by

ethyl)-2,3,4,5-tetramethylcyclopentadienyl anion), found in the synthesis Method I). This result clearly demonstrates the effectiveness of
of 2,17, 19, and20 are analogous to the “Cg*e" impurity described by this procedure for the mild, near-quantitative [Cp*Rd{inc-

Lindel and coworkerSin their one-step methanolic synthesis of [Cp*Ru- o alization of water-soluble arenes of questionable thermal
(arene)} compounds (Scheme 1, rouny. Lindel's proposed explanation tability. R kabl thod Il al d highl ful f
for the occurrence of “CMe’ can similarly explain the observation of ~ StaDIlity. Rémarkably, metho also provea highly usetul for

Cp*©H species here. the#® metalation of heterocyclics such as quinoline and pyridine,
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giving both @&)-18 and22 in near-quantitative yield. The im-
provement afforded by this protocol in the synthesi2®fs a

Notes

Spectrum One FT-IR spectrometer fitted with a Pike Technologies
MIRacle Single Reflection ATR adapter for solid sample analysis.

striking example of the power of this aqueous methodology that ESI-MS data was obtained on a JEOL AccuTOF instrument at the

merits additional comment. Chaudettal. have previously syn-
thesized22 by routeC, but it was impure and was obtained in
only ~46% yield!® The metalation of pyridine is dependent
on the interconversion between and 7® coordination to the
[Cp*Ru]™ moiety. Notably,'H NMR of the aqueous reaction
mixture (16:1 HO—CHzCN, method IIl) of [Cp*Ru(CHCN);]-
Cl and a stoichiometric amount of pyridine aftear. 8 h revealed
no trace of22 but significant formation of the;! complex,
presumably [Cp*Ruf!-pyridine)(CHCN),]CI. Interestingly, the
formation of22 requires removal of CECN from the reaction
mixture, resulting in quantitative formation in the complete ab-
sence of CHCN. The failure of method | (8:1 arendRu) to
produce?2?2 is likely due to the excess of pyridine, which
presumably drives the equilibrium exclusively to thg-
coordinated species.

Finally, it should be noted that a logical extension of the
methods presented herein requires a protocol for the mild,
stoichiometric metalation of water-insoluble arenes (e.g., bro-

University of Maryland. Elemental analyses were carried out on a
Perkin-Elmer PE2400 microanalyzer at Georgetown University.

Synthetic Methods.Complete synthetic and spectroscopic details
for all compounds can be found in the Supporting Information.
Reported herein are the general protocols for methedls, lalong
with one specific example for each method.

Method I: Microwave Reaction of 1 with Arenes (8:1 Arene—
Ru). Arene (0.88 mmol, 8 equiv)l (30 mg, 28umol, 1 equiv of
Ru), and 8 mL of HO were combined in a 10 mL glass microwave
reaction vessel fitted with a stir bar. The vessel was sealed and
reacted at 50 W until the desired temperature was reached and was
thereafter maintained automatically via wattage regulation (usually
ca 130°C and 10 min). The resulting solution was evaporated under
reduced pressure, extracted/triturated with toluene or appropriate
solvent, and subsequently dried to give the desired [CpiRu(
arene)]ClI product.

[Cp*Ru( n5-ethylbenzene)]Cl (3) Ethylbenzene (110,6L, 0.896
mmol, 8 equiv) andlL (30.4 mg, 28.umol, 1 equiv of Ru) were
reacted according to method I. The colorless, clear solution was

mobenzene, which was not quantitatively metalated by method gy aporated under reduced pressure. The oily solid was then triturated

). It seems clear that direct reactionbwith arenes in weakly
coordinating organic solvents (e.g., THF) would work well for
the mild preparation of many such [Cp*Ru(arene)]Cl com-

with hexane, yieldin@ as a white powder (42.1 mg, 99% yield).
IR (ATR, cmY): 3422, 2952, 1615, 1523, 1450, 1038, 821, 503.
IH NMR (D20, 300 MHz): 6 1.21 (3H, triplet, J 7.6y5-C,CCH),

pounds. Indeed, Chaudret and co-workers have successfully1 93 (15H, singlet;5-CCHg), 2.40 (2H, quartet, J 7.G5-CoCHy),

employed their “Zn-reduced solutions” for the high-yield
synthesis of [Cp*Ru(benzene)]Cl and [Cp*Ru(benzenel[PF
Direct reaction of arenes witd, however, should greatly
facilitate workup by providing clean solutions with no possibility
for Zn"'-containing byproducts.

Conclusion

In conclusion, we have described three facile, near-quantita-
tive, aqueous (or near-aqueous) routes to nearly any [Cp*Ru-

5.74 (5H, multiplet,75-CHg). 3C NMR (D,O, CH:OH, 75.5

MHz): ¢ 107.12, 97.32, 88.48, 88.25, 87.55, 27.21, 15.68, 10.54.

ESI-MS (°Ru, m/2): 343.101 (GgHsRu requires 343.100).
Thermal Reaction of 1 with Arenes (8:1 Arene-Ru). Arene

(0.88 mmol, 8 equiv)1 (30 mg, 28«mol, 1 equiv of Ru), and 10

mL of H,O and were combined in a Schlenk tube fitted with a stir

bar under nitrogen. The heterogeneous solution was subsequently

heated in an oil bath (c415 °C) with intermittent sonication for

1-3 days (reaction completion determined by change from red to

colorless, correlating with the consumptionidfWarning! Contents

(arene)]Cl. Though several reasonable methods are currentlyynder pressureThe reaction vessel was cooled (&% °C), and

available for the synthesis of [Cp*Ru(arenejjompounds, the
clear facility, universality, and near-quantitative nature of the

the resulting [Cp*Rug®-arene)]Cl compounds were isolated using
the procedures outlined in method I.

aqueous methods reported here significantly expands the scope pethod 1I: General Microwave Reaction of 1 with Arenes

of [Cp*Ru(arene)f chemistry. In particular, this chemistry

(1:1 Arene—Ru). Arene (0.11 mmol, 1 equiv}, (30 mg, 28«mol,

opens the door to aqueous applications of the water-soluble1 equiv of Ru), 3 mL of HO, and 1.5 mL THF were combined,
chloride salts, compounds which have not been widely available reacted ¢a. 15 min), and isolated using the procedures outlined in

previously.

Experimental Section

General Procedures.THF and CHCN were obtained from

Fisher (Pittsburgh, PA), degassed with nitrogen, and used without

further purification. All arenes were obtained from Acros (Pitts-
burgh, PA) or Aldrich (Milwaukee, WI) and were used without
further purification. HO was deionized, distilled, and degassed in
house.18 and cryptophane4 were prepared according to previ-

ously reported literature procedures. All reactions were carried out
under a nitrogen atmosphere using standard Schlenk and/or glove

box techniques. All microwave reactions were performed in a CEM

Discover microwave reactor using a 10 mL sealed glass microwave

reaction vessel fitted with a stir bar.

Instrumentation. *H (300.1 MHz) and'*C (75.5 MHz) NMR
were carried out on a Varian Unity Inova spectrometer. All NMR
spectra were collected at 2& unless otherwise noted and were

indirectly referenced using residual solvent signals as internal stan-

dards (referencestH NMR, D,O, ¢ 4.79;13C NMR, CHOH in

D,0, 6 49.5). IR measurements were performed on a Perkin-Elmer

(27) Canceill, J.; Collet, AJ. Chem. Soc., Chem. CommA88 582—
584.

method I.

[Cp*Ru(58-benzoic acid)]Cl (11).Benzoic acid (12.9 mg, 0.106
mmol, 1 equiv) andL (28.7 mg, 26.5«mol, 1 equiv of Ru) were
reacted according to method Il. The clear solution was cooled to
room temperature, and the solvent was removed under reduced
pressure. The resulting solid was triturated with toluene to yield
11 as a pale green powder (41.3 mg, 99% yield). IR (ATR; m
3377, 3074, 2571, 1718, 1632, 1381, 1220, 1039, BAINMR
(D20, 300 MHz): 6 1.90 (15H, singlet5-CCHs), 6.00 (3H,
multiplet, 7%-CHyy), 6.32 (2H, multiplet;®-CHgy). 13C NMR (D0,
CH3OH, 75.5 MHz): 6 126.14, 100.21, 98.18, 88.78, 88.35, 87.82,

9.85. ESI-MS P°Ru,m/2): 359.066 (GH»:0-RU requires 359.059).
Method Ill: General Room-Temperature Reaction of 1 with
Arenes (1:1).A solution of1 (30 mg, 0.11 mmol, 1 equiv) in 500

uL of CH3CN was heated until transparent and subsequently cooled

to ca 25 °C. To this, a solution of arene (0.11 mmol, 1 equiv) in
8 mL of H,O was added and reacted overnight. (25 °C). The
resulting [Cp*Ruf8-arene)]Cl compounds were isolated using the
procedures outlined in method |I.

[Cp*Ru(#®-phenol)]CI (7). Phenol (10.4 mg, 0.110 mmol, 1
equiv) andl (30.0 mg, 27.5«mol, 1 equiv of Ru) were reacted
according to method Ill, above. The solvent was removed under
reduced pressure, givingas an off-white powder (40.0 mg, 99%
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yield). IR (ATR, cnrl): 3387, 1651, 1437, 1260, 1240, 1040, 530. Santacroce, Noel Whitaker, and the University of Maryland for
IH NMR (D,0, 300 MHz): 6 1.93 (15H, singlety;>-CCHj), 5.53 assistance and access to their ESI-mass spectrometer.

(1H, triplet,J = 5.7 Hz,,5-CHa,), 5.61 (2H, doublet) = 5.7 Hz,
175-CHay), 5.70 (2H, triplet, J 5.7;8-CHjy). 13C NMR (DO, CH;OH,
75.5 MHz): 6 129.62, 96.21, 86.33, 84.57, 77.39, 10.13. ESI-MS
(1°2Ru, m/2): 331.059 (GeH21:ORuU requires 331.064).

Supporting Information Available: Text, figures, and tables
giving complete experimental details, including individual synthe-
ses, spectroscopic data, and crystallographic data, and CIF files
giving crystallographic data far2b-H,0 and8-H,0. This material
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