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The reaction of Ruf®-cot)(dmfm} (1; cot = 1,3,5-cyclooctatriene, dmfmr dimethyl fumarate) with
water and dppe derivatives (dppel,2-bis(diphenylphosphino)ethane) having two or four methoxy groups
at the ortho positions of the phenyl ring§%9-DIPAMP or o-MeO-dppe, afforded the unique binuclear
Ru(ll) aqua complexedab, where two oxaruthenacycles are combined and hold a water molecule by
coordination and hydrogen bonding, as revealed by X-ray crystallography. Although codliptes a
binuclear form in the solid state, disintegration occurred in solution to give the mononuclear aqua complex
40'. Complex4b was further treated with ammonia, resulting in the formation of the mononuclear Ru(ll)
ammonia comple® via ligand displacement with water. The water oxygen atom and ammonia nitrogen
atom in these complexes can be regarded as chiral centers in the solid state, since they have four different
groups, distinguished by coordination to ruthenium and nonequivalent hydrogen bondings.

Introduction low-valent transition-metal aqua complexes, which can be
regarded as an early stage in the oxidative addition of water,
ehave also been reported. As for such Ru(0) complexes, Ru-
(methyl acrylate)PPh),(H.0) (Sustmann et df) and [Ru-
(CO)(NO)(PBuMe)(H20)][BAr4] (Ar = CgH3-3,5-(CR)z;
Caulton and co-worket§ have been described, as well as Ru-
rgdppe)(dmfm)(HZO) (2; dppe= 1,2-bis(diphenylphosphino)-
ethane, dmfm= dimethyl fumarate), which was prepared by
the reaction of Ruff-cot)(dmfm) (1; cot = 1,3,5-cyclooc-
tatriene}® with H,O and dppe, and RUg-QUINAP)(dmfm)-

*To whom correspondence should be addressed. E-mail: (H20) (3; QUINAP = 1-(2-diphenylphosphino-1-naphthyl)-
mitsudo@scl.kyoto-u.ac.jp. isoquinoline), which was reported by our group (eq®).
(1) For reviews, see: (a) Bryndza, H. E.; Tam, Ghem. Re. 1988
88, 1163. (b) Anastas, P. T.; Kirchhoff, M. Micc. Chem. Re2002 35, E
686. PP\
(2) Yoshida, T.; Matsuda, T.; Okano, T.; Kitani, T.; Otsuka JSAm.
Chem. Soc1979 101, 2027. ’
(3) Gotzig, J.; Werner, H.; Werner, H. Organomet. Cheni985 285 H,0, dppe 0//E

99. |MeO
(4) (a) Milstein, D.; Calabrese, J. C.; Williams, I. D. Am. Chem. Soc. / CICH,CH,CI 0H|Y/
Voo

The reactivity of low-valent transition-metal complexes
toward water has recently attracted considerable attention, sinc
this subject could lead to the development of novel, environ-
mentally benign transition-metal-catalyzed reactions using water
as a raw materid Some electron-rich, low-valent late-transition-
metal complexes such as Ru, Ir, and Pd complexes have bee
known to activate a water molecule to give the corresponding
hydrido—hydroxo oru-oxo complexed. 15 On the other hand,

OMe
PhyP—Ru.

1986 108 6387. (b) Blum, O.; Milstein, DAngew. Chem., Int. Ed. Engl.
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Chart 1. Facial Tridentate dppe-Based
Polymethoxy-Substituted Ligands

OMe MeO

~Ph

D Q00
MeO gy @/We MeO\i) { OMe
(

S,S)-DIPAMP 0-MeO-dppe

intramolecular hydrogen bonds firmly hold the water, and can
be synthesized on a gram scale.

In our ongoing study of aqua complexes and related reactions,
the formation of unique binuclear oxaruthenacycle aqua com-
plexes was observed using the facial tridentate polymethoxy-
substituted dppe ligand$,§)-DIPAMP ando-MeO-dppe (Chart ~ Figure 1. ORTEP drawing of4a. Hydrogen atoms, except for
1) instead of dppe in eq 1. In this paper, we report the formation water and oxaruthenacycle moieties, are omitted for clarity. Thermal
and structure of binuclear aqua complexes via an intriguing bond €!liPsoids are given at the 30% probability level. The dashed lines
cleavage of dimethyl fumarate, which originally coordinated to ©" H1**04 and H2--06 indicate hydrogen bonds.

the ruthenium in am? fashion, and the reactivity of the aqua  Table 1. Selected Bond Distances (A) and Angles (deg) in 4a
complex with ammonia, which gives a mononuclear Ru(ll)

. SR . . \ Rul-P1 2.211(3) Ruz2P3 2.242(4)
ammonia complex via disintegration of the binuclear constitu- ry1—p2 2.220(4) RU2P4 2.174(3)
tion. Rul-0O1 2.226(8) Ruz203 2.186(6)

Rul—02 2.151(8) Ruz 07 2.147(8)
. : Rul-05 2.260(7) Ruz2 08 2.298(9)
Results and Discussion Rul—-C1 2.153(11)  Ru2C4 2.129(11)
Formation and Structures of the Binuclear Ru(ll) Aqua g%:gg igg‘;ggg gggg i'gigﬁgg
Complexes 4a,b.The racemic form of complex in 1,2- C3-02 1.272(13) Cc607 1.262(17)
dichloroethane/pD was treated with the phosphorus ligand b RUI_P? 83.42(15) b3RUP_P4 81.66(13)
—RUl— . uz— .
(S9-DIPAMP or o-MeO-dppe at 60C for 6 h (eq 2). After P1_RUL-O1 101.3(2) P3RU2-O3 97.2(2)
P1-Rul-05 80.51(18) P3Ru2-08 94.0(2)
(3’3)"2'rPAMP P1-Rul-C1 103.9(2) P3Ru2-C4 102.4(3)
X / o-MeO-dppe P2-Rul-02 92.7(2) P4Ru2-07 100.6(2)
R c P2-Rul-05 95.4(2) P4Ru2-08 81.1(2)
P2-Rul-C1 91.3(4) P4Ru2-C4 98.1(2)
E\;\ \/ C'C';ZOCOHCZ% LHZo 01-Rul-02 82.5(3) 03-Ru2-07 79.7(2)
Eg ' 01-Rul-05 84.3(3) 03-Ru2-08 84.9(2)
1 01-Rul-C1 88.8(4) 03-Ru2-C4 95.9(3)
o COMe ) 02-Rul-05 94.6(2) O7Ru2-08 82.7(3)
(E = CO,Me) oP ; 02-Rul-C1 81.5(3) O7Ru2-C4 81.1(4)
( ‘—,Lu/o i C3-03-Ru2  129.2(7)
—_ 0\'
| Ru—rR . . .
MeO~ G h--0 o/ \o) is trans to O5. On the other hand, in the component on the right-
O-°H hand side, while$9-DIPAMP coordinates in the same manner,
4a:26% (5 ¥ 0 = (S,5)-DIPAMP) the position of the oxametallacycle relative to tB&s(-DIPAMP

ligand is different from that in the component on the left side;
i.e., in the right-hand component, the oxygen atom of the

purification by alumina column chromatography, the novel oxa_ruthenacycle O? is located trans to the phosphorus atom P3,
binuclear Ru(ll) aqua complexdswere obtained in 26% yield ~ having a noncoordinated methoxyphenyl group. The carbonyl
for 4a and 59% yield forrac-4b, the solid-state structures of ~0Xygen atom O3 binds to Ru2, and the coordinated water
which were confirmed by single-crystal X-ray analyses. molecule is co_nnected to the two carbonyl oxygen atoms O4
Complex4ais a binuclear Ru(ll) agua complex, whe®S)- and O6. The.dls.tan.ces 0104 and 01:-06 are 2.820(11) and

DIPAMP ligands coordinate to the ruthenium centers in a facial 2-701(11) A, indicating the existence of hydrogen bonds between
tridentate manner (Figure 1 and Table 1). Notably, the oxaru- H1:--04 and H2--O6, respectively. As a whole, the aggregation
thenacycle structures are formed via the apparent cleavage off the two P-P—Q ligated oxaruthenacycle moieties is stabilized
an O-CHs bond in dimethyl fumarate. In the componentiaf by coordination of the carbonyl oxygen and the hydrogen bond
shown on the left-hand side of Figure 1, the water oxygen atom H2:--O6. The oxygen atom of the water molecule O1 can be
O1is located at a trans position relative to the phosphorus atomr€garded as a chiral center in the solid state, since it has four

two protons with different hydrogen bonds, as was observed in
(17) Ogasawara, M.; Huang, D.; Streib, W. E.; Huffman, J. C.; Gallego- complexes2 and 3.19b

i’g‘)%f;aivlg‘-é'gﬂf;efa& F.; Eisenstein, O.; Caulton, KJ.GAm. Chem. Soc. In complex4b, the main motif of the structure is similar to
(18) Mitsudo, T.. Suzuki, T.; Zhang, S.-W.: Imai, D.: Fujita, K.; Manabe, that |n4a(F|gur(=T 2, Table 2). However, a remarkgble difference

T.; Shiotsuki, M.; Watanabe, Y.; Wada, K.; Kondo, X.Am. Chem. Soc. ~ Was observed in the mode of hydrogen bonding4ly the

19?9 )1%1,) 18h39. . ‘ § coordinated water can have hydrogen bonds with not only the
19) (a) Shiotsuki, M.; Miyai, H.; Ura, Y.; Suzuki, T.; Kondo, T.;

Mitsudo, T.Organometailic2002 21, 4960. (b) Ura, Y.. Teunawaki, F..  ca/Ponyl oxygen atoms O4 and O7 but also the methoxy oxygen

Wada, K.; Shiotsuki, M.; Kondo, T.; Yamaguchi, S.: Masuda, H.: Ohnishi, atom O5. The water molecule is disordered, and the positions

A.; Mitsudo, T.Organometallic2005 24, 5724. of the water protons H1, H2, and H3 were determined on the

rac-4b : 59% (PAPAO = 0-MeO-dppe)
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Scheme 1. Possible Formation Mechanism of 4
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Figure 2. ORTEP drawing ofth. Solvent molecules and hydrogen (O = vacant site) OP—
atoms, except for water and oxaruthenacycle moieties, are omitted S
for clarity. Thermal ellipsoids are given at the 30% probability level. b

The coordinated water molecule is described as disordered. The
dashed lines for H1-O4, H2--O5, and H3--O7 indicate hydrogen

bonds angles of Ru207—C6—06 in4a(159.9(10j) and Ru2-O8—

C6—07 in 4b (170.2(5)).
Table 2. Selected Bond Distances (A) and Angles (deg) in 4b The X-ray analysis revealed that complexXegb were both

Rul—P1 2.2046(15)  Ru2P3 2.2431(13) binuclear complexes in the solid state, as mentioned above. On
Rul—P2 2.2521(13) Ru2P4 2.1916(12) the other hand, in solution (GBI, or CDCB), although4a gave
Rul-01 2.213(4) Ruz 03 2.192(3) IH and’3C NMR spectra corresponding to a binuclear structure,
Eﬁ:gé g;ézgg Sﬂggg 5:1:1‘(1)8; the NMR spectra ofib showed only a single set of signals for
RUI-C1 2:151(4) RU2CA 2:131(4) a mononuclear species, indicating that a mononuclear aqua
C1-C2 1.532(8) C4C5 1.536(8) complex was cleanly formed via disintegration of the binuclear
C2-C3 1.532(6) C5C6 1.506(8) form. As shown in eq 3, capturing an external water molecule
C3-02 1.272(6) Cc6-08 1.270(7)
P1-Rul-P2 83.78(5) P3Ru2-P4 82.14(4) Mo TA@
P1-Rul-01 96.77(13) P3Ru2-03 96.49(10) p GOMe .. 1 0o
P1-Rul-06 80.83(11) P3Ru2-09 92.44(10) °l 5 ) H,0 @:P _“Ru
P1-Rul-C1 103.84(14) P3Ru2-C4 100.56(16) —Ru oL — | oM
I RU—p =—— fe} e

P2-Rul-02 97.34(10) P4Ru2—08 99.88(10) MeO._ ! A/ \ ) -H,0 H

_ - —H---O 2 A H---0 3)
P2-Rul-06 95.49(10) P4Ru2-09 80.90(9) O—H 0 D o
P2-Rul-C1 90.41(14) P4Ru2-C4 97.32(14) O--H Ve
01-Rul-02 81.75(16) 03Ru2-08 81.25(14) ~ e
O1-Rul-06  81.12(15) O3Ru2-09  85.97(12) rac-4b (P P O = 0-MeO-dppe) rac-4b" (Ar = 0-MeOCeHj)
Ol-Rul-C1 92.89(17) O3Ruz2-C4 95.92(16) binuclear form mononuclear form
02—Rul-06 93.21(13) 08Ru2-09 86.62(13) in the solid state in solution
02—Rul-C1 82.04(16) O8Ru2-C4 80.52(18)

C3-03-Ruz  134.9(3) such as lattice water gives the mononuclear comglegxin

solution, and the reaction reversibly proceeds by recrystalliza-

basis of the Fourier map. The distances @4, 0105, and i ‘Migration of the oxametallacycle moiety of the right-hand

O1:--O7 are 3.086(6), 3.020(7), and 3.023(8) A, respectively, component iMb is involved in the complete formation d@f’
which are longer than those #a by ca. 0.3 A. This can be  fom ap The disintegration ofib in solution can be attributed
explained by the low population of the water protons at each {4 ihe weakened intercomponent hydrogen bonding (g,
position:. H1, H2, and H3. Further refinement of the water Figure 2) compared with that i (H2---O86, Figure 1) and to
protons in4ab was unsuccessful, and thus they were treated j gight increase in steric hindrance between the intercomponent
using the riding model with the least-squares method. phosphorus ligand moieties.

When the structures efab were compared, although most  Since peak splitting of the coordinated water protons was
bond distances were similar, several bond angles were quiteobserved in théH NMR spectra of aqua complexé&sand 3
different. The angle of PARu1-01 in 4b is smaller by 4.5 upon cooling to—80°C,1*®VT 'H NMR measurements dfa,b
than that in4a, due to the existence of the hydrogen bond were also performed in GIGl,. Although slight upfield shifting
H2---O5 in 4b. P2-Rul-02 in 4b is larger by 4.6 for the and sharpening of the originally broad signal of the coordinated
same reason, and thus, the-0O ligand of the left component  water protons were observed with a decrease in temperature,
in 4b is revealed to incline slightly toward the aqua ligand clear peak splitting was not detected.

compared with that idla. On the other hand, G1Rul-C1 in Possible Formation Mechanism of 4.Although reaction
4b is larger by 4.1, which reflects that the hydrogen bond intermediates have not yet been isolated, a possible pathway to
H1---O4 in 4b is weakened. Similarly, the widened €83— 4 based on our previous investigation of the reactivitylaé

Ru2 angle in4b would be attributable to the lengthened proposed in Scheme 1. A bidentate phosphorus ligand, dppm
hydrogen bond H3-O7. The torsion angles of the oxaruthena- (bis(diphenylphosphino)methane), is known to react Witio
cycle moieties in the right-hand component (as shown in Figures give Ruf;*-cot)@z2-dmfm)@2-dppm)*9in the present binuclear

1 and 2) are also indicative of the weakening of the hydrogen complex formation, the reaction df with a P-P—0O ligand
bond H3--O7. There is a difference of 10.Between the torsion ~ would be expected to afford the similar complex Ruot)-
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(n?-dmfm)@2-P—P—0) at the initial stage. The oxygen atom
of the P-P—0 ligand then coordinates to ruthenium to form
Ru(@z?-cot)(?-dmfm)@3-P—P—0), where P-P—O occupies
three facial coordination sites. Ligand displacement between cot
and HO affords the Ru(0) aqua compleX, which has a
structure that is partially similar to that @fbut the ruthenium
center is more electron-rich, and thus oxidative addition of the
coordinated HO should proceed and subsequent insertion of
dimethyl fumarate into the formed RuH bond gives alkyl
hydroxo intermediat®. FromB, a nucleophilic attack of D
toward the carbonyl carbon with the assistance of ruthenium,
which works as a Lewis acid, and the loss of MeOH would
give the oxaruthenacycle aqua compl&x® corresponding to
the left-hand component ef. Liberation of HO from C and
migration of the oxaruthenacycle moiety gives the coordinatively
unsaturated 16e intermedide which finally combines with
C to afford4. The mechanism via the oxidative addition ofCH
as mentioned above seems to be likely, whereas protonation of
the carbonyl oxygen by the water proton and electron transfer
from ruthenium to dimethyl fumarate to form a RC ¢ bond
and subsequent encketo isomerization can also gi An
alternative pathway via $f£—H activation of dimethyl fumarate
where an alkyl alkenyl complex is formed fitsand successive ~ Figure 3. ORTEP drawing of5. The solvent molecule and
hydrolysis of the complex might affor can also not be ruled hydrogen atoms, except for ammonia and oxaruthenacycle moieties,
out. are omitted for clarity. Thermal ellipsoids are given at the 50%

Formation of Mononuclear Ammonia Complex 5.rac-4b _pro_bablllty level. The dashed lines for H102 and H2--0O3

. A indicate hydrogen bonds.

was further reacted with an excess amount of;\tHdioxane

to give the racemic mononuclear ammonia compieke solid- Table 3. Selected Bond Distances (A) and Angles (deg) in 5
state structure of which was confirmed by X-ray analysis (eq ~ry1—p1 2.2058(14) cic2 1.549(7)
4, Figure 3, Table 3). In the case 6f refinement of the Rul-P2 2.2646(16) c2C3 1.526(7)
PAr Rul-01 2.134(3) Cc301 1.291(5)
ve/ | 2 Rul-04 2.266(3) Ni-H1 0.90(7)
{0n 0. _0 Ru1l-N1 2.170(6) N-H2 0.79(6)
oy s @(P/|“ @ Rul-C1 2.115(4) N1 H3 0.86(6)
rac- —_—
1,4-dioxane NH o OMe P1-Rul-P2 83.32(5) O%Rul-N1 82.85(18)
rt.1h o’H H---O P1-Rul-04 80.88(9) O%+Rul-C1 81.88(16)
| P1-Rul-N1 97.88(15) 04Ru1-N1 84.16(15)
Me P1-Rul-C1 103.70(14) NERul-C1 88.5(2)
5 B89 (Ar = o P2-Rul-01 96.00(11) HEN1-H2 114(7)
rac-5 : 58% (Ar = 0-MeOCgHs) P2-Rul-04 96.50(10) HEN1—-H3 106(7)
ammonia protons was successful, and the obtained hydrogen- P2-Rul-C1 90.73(16) H2-N1-H3 96(5)
01-Rul-04 93.66(12)

bonding parameters are listed in Table 4. The hydrogen bonds
H1---O2 and H2:-O3 seem to be somewhat weak, according Table 4. Hydrogen Bonding Parameters (A, deg) in 5
to the values of H-A and D—H---A. The distances N1-0O2

(2.917(6) A) and N#:-03 (2.955(6) A) are shorter than those lel?i:]:nAOZ H'znlAA,Es)) D'anAlgi(\é ; DfH"lﬁrjg)eg)

in 4b. In 5, the structural features, such as bond distances and 1=~ """ : :

angles, are consistent with those in the left-hand component of N1=H2:-03 2380 2.955(6) 1316

4b. However, the angles G4Rul—N1 and N:-Rul—-C1in5 were synthesized and characterized. In these complexes, two

are shifted by ca.-34° compared with the corresponding angles mononuclear components cooperatively hold a water molecule
in 4b, suggesting that the coordinated ammonia is fairly close through coordination and hydrogen bonding in the solid state.
to O2. The yield ofs (58%) indicates that a certain amount of Complex4b was found to involve a unique hydrogen bonding
the right-hand component b isomerized and reacted with mode, where three proton acceptors are closely located around
NH3 to give 5. The overall signal patterns &f and'3C NMR the coordinated water and the water protons can interact with
spectra irb are consistent with those #b'. The nitrogen atom all of them. Disintegration of the binuclear form 4l occurred

of ammonia in5 is also a chiral center in the solid state, since when it was dissolved in CiZl, or CDCk, to give the

the three ammonia protons are differentiated from one anothermononuclear aqua compldk'. The coordinated water molecule

by the hydrogen bond4P in 4b was replaced by ammonia to afford the mononuclear Ru-
) (I1) ammonia comple), the structure of which was similar to
Conclusion that of4b'. In the solid state ofla and5, water and ammonia

The novel binuclear Ru(ll) aqua complexda,b, bearing are fixed in chiral coordination sites, respectively, generating a

P—P—O facial tridentate ligands and oxaruthenacycle moieties, Chiral center on each central heteroatom. Thus, the water and

ammonia protons could be distinguished from one another by
(20) A similar oxametallacycle formation step has been mentioned in being captured in chiral sites. We envisage that the results

the following paper: O’Connor, J. M.; Hiibner, K.; Merwin, R.; Gantzel, i i i ;

P. K.. Fong, B. SJ. Am. Chem. Sod997 119, 3631, obtal_n(_ed here could aid in the further understanding of the
(21) Shiotsuki, M.; Suzuki, T.. Kondo, T.; Wada, K.; Mitsudo, T. ~ reactivity of low-valent metal complexes toward water, and

Organometallic200Q 19, 5733. moreover, the chemistry of coordinated chiral water and
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ammonia could contribute to developments in novel research
areas concerning water and related chemistry.

Experimental Section

General Considerations NMR spectra were recorded on JEOL
EX-400 (FT, 400 MHz {H), 100 MHz (3C), 162 MHz §'P))
spectrometers. Chemical shift valueg) (for 'H and 3C are

Organometallics, Vol. 25, No. 10, 202651

a brown solution which was discarded, and subsequent elution with
chloroform/2-propanol (4/1 to 1/2) gave a yellow solution, from
which the solvent was evaporated. The orange residue was
recrystallized from chloroform/pentane to affetd (244 mg, 0.18
mmol, 59%).

Data for4b are as follows. Pale yellow solid. Mp: 15455°C
dec. IR (KBr disk): 2939, 2909, 1657, 1589, 1572, 1475, 1430,
1245 cntt. '*H NMR (400 MHz, CDC}): ¢ 8.72 (dd,J = 7.1,

referenced to internal solvent resonances and reported relative t012.9 Hz, 1H, H,), 7.56 (br t,J = 7.8 Hz, 1H, H), 7.45 (t,J =

SiMey. Chemical shifts foP'P are referenced to an external P(OMe)
resonance and reported relative tgPi@. IR spectra were recorded

7.6 Hz, 1H, Hy), 7.30 (t,J = 7.8 Hz, 1H, H), 7.24 (t,J = 7.8
Hz, 1H, Hy), 7.19 (t,J = 7.8 Hz, 1H, H), 7.11 (t,J = 7.1 Hz,

on a Nicolet Impact 410 FT-IR spectrometer. Melting points were 3H, Hy,), 7.03 (br t,J = 9.0 Hz, 1H, H,), 6.94-6.89 (m, 2H,
determined under argon on a Yanagimoto micro melting point Ha,), 6.85 (dd,J = 7.3, 12.2 Hz, 1H, W), 6.79 (dd,J = 3.7, 8.1
apparatus. HR-MS spectra were recorded on JEOL SX102A Hz, 1H, Hy), 6.65 (d,J = 6.8 Hz, 1H, H,), 4.52 (br s, 2H, KO),

spectrometers witn-nitrobenzyl alcohol if+NBA) as a matrix.

4.41 (s, 3H, OCH), 3.76 (s, 3H, OCH), 3.50-3.15 (m, 2H, PCh),

Elemental analyses were performed at the Microanalytical Center 3.43 (s, 3H, OCH), 3.33 (s, 3H, OCHh), 2.65-2.43 (m, 1H, PCH),

of Kyoto University.
Materials and Methods. All manipulations were performed

2.49 (s, 3H, OCH), 2.19 (br dJ = 11.6 Hz, 1H, RUCHE},), 1.57—
1.39 (m, 2H, RUCH and RuCH®), 1.16-1.00 (m, 1H, PCH).

under an atmosphere of argon. Reactions were performed by using'*C NMR (100 MHz, CDC}): ¢ 186.0 (2C, G=0), 163.6-109.9
standard Schlenk techniques. The reagents used in this study wer¢Ca,), 61.2 (OCH), 56.6 (OCH), 55.2 (OCH), 55.1 (OCH), 50.0
dried and purified before use by standard procedures. Unless(OCHs), 38.5 (RUCHCH,), 27.5 (d,Jcp = 31.5 Hz, PCH), 25.9
otherwise stated, all reagents were used as received from com<{d, Jcp= 30.7 Hz, PCH), 10.1 (RuCH)3P NMR (162 MHz, CDQ-

mercial suppliers. Ryf-cot)(;>-dmfm),!® ando-MeO-dppé? were
prepared as described in the literature.

Preparation of the Binuclear Aqua Complex 4a.A mixture
of complex1 (203 mg, 0.41 mmol) and(3-DIPAMP (199 mg,
0.43 mmol) in distilled 1,2-dichloroethane (12 mL}BI (15 mL)
was stirred at 60C for 6 h. After the solvent and water were

Cly): 684.8 (brs), 74.4. Anal. Calcd for/gH760:7PsR10.5CHCE:
H,O: C, 53.08; H, 5.09; Cl, 3.33. Found: C, 53.39; H, 5.05; ClI,
3.35.

Preparation of Ammonia Complex 5.To complex4b (100 mg,
0.072 mmol) was added 0.5 M N#h dioxane (2.0 mL, 1.0 mmol)
at room temperature. After the mixture was stirred for 1 h, the

evaporated, the residue was dissolved in distilled chloroform and obtained pale yellow precipitates were collected by filtration under
then chromatographed on alumina. Elution with 2-propanol gave a Ar, washed with dry dioxane (1.0 mL) and pentane (20 mL), and
yellow solution, from which the solvent was evaporated. The orange dried under vacuum to give the title comp&63 mg, 0.083 mmol,
residue was recrystallized from chloroform/pentane to giz€82 58%).
mg, 0.12 mmol, 29%). Data for5 are as follows. Pale yellow solid. Mp: 14142°C
Data for4a are as follows. Pale yellow solid. Mp: 12€ dec. dec. IR (KBr disk): 3067, 2944, 2903, 2836, 1663, 1585, 1574,
IR (KBr disk): 3054, 2947, 1707, 1686, 1647, 1434, 1315, 1166 1475, 1432, 1245, 752 cth 'H NMR (400 MHz, CDCly): 6 8.80
cm L IH NMR (400 MHz, CDCly): 6 8.96 (dd,J = 7.8, 14.2 (dd,J = 7.6, 13.2 Hz, 1H, i), 7.69 (t,J = 7.8 Hz, 1H, Hy),
Hz, 1H, Ha), 8.29 (t,J = 8.3 Hz, 2H, H), 7.72 (br s, 2H, H,), 7.44 (t,J=7.8 Hz, 1H, H), 7.33 (t,J = 7.6 Hz, 1H, H), 7.26
7.63 (brs, 2H, H,), 7.46-6.54 (m, 27H, H,), 6.39 (t,J = 7.1 Hz, (t, J=7.6 Hz, 1H, H\), 7.18-7.10 (m, 3H, H,), 7.05 (br t,J =
1H, Har), 6.24 (dd,J = 3.9, 8.3 Hz, 1H, H;), 4.30 (br s, 2H, KO), 8.8 Hz, 1H, Hy), 7.01 (t,J = 7.6 Hz, 1H, H), 6.87-6.78 (m,
4.20 (dd,J = 4.2, 12.0 Hz, 1H, RuCH), 4.07 (s, 3H, OQH3.75 5H, Ha), 6.70 (d,J = 7.6 Hz, 1H, H), 4.22 (s, 3H, OCH), 3.69
(s, 3H, OCH), 3.31 (s, 3H, OCH), 3.21 (s, 3H, OCH), 3.04 (s, 3H, OCH), 3.57-3.30 (m, 2H, PCh), 3.45 (s, 3H, OCh),
2.94 (m, 2H, PCh), 2.92-2.72 (m, 2H, PCH), 2.81 (s, 3H, OCH), 3.15 (s, 3H, OCH), 2.81 (br s, 3H, NH), 2.59-2.48 (m, 1H,
2.56 (dd,J = 6.8, 17.6 Hz, 1H, RuCHB,), 2.49-2.36 (m, 2H, PCH), 2.53 (s, 3H, OCH), 2.16 (dd,J = 9.4, 19.8 Hz, 1H,
PCH), 2.17 (s, 3H, OCH), 1.91 (d,J = 11.7 Hz, 1H, PCH), 1.87 RUCHGH,), 1.45-1.36 (m, 2H, RuCH and RuCHf;), 0.99-0.86
(d,J =12.2 Hz, 1H, RUCH@E,), 1.77 (dd,J = 8.5, 17.3 Hz, 1H, (m, 1H, PCH). **C NMR (100 MHz, CDCY): ¢ 188.8 (CG=0),
RUCHGCH,), 1.70 (br d,J = 12.2 Hz, 1H, RUCHEl,), 1.41 (dd,J 186.9 (C=0), 162.5-109.7 (G), 60.0 (OCH), 55.8 (OCH), 55.2
= 8.3, 16.1 Hz, 1H, RuCH), 1.10.99 (m, 1H, PCH). 13C NMR (OCHg), 55.1 (OCH), 49.9 (OCH), 39.7 (RUCKCH,), 29.4 (dd,
(100 MHz, CDCly): ¢ 192.4 (G=0), 188.9 (G=0), 188.7 (C= Jep=12.5, 32.5 Hz, PCh), 25.0 (ddJcp = 10.8, 33.4 Hz, PC}J,
0), 187.4 (G=0), 163.1-110.2 (Gy), 62.3 (OCH), 56.6 (OCH), 8.8 (RUCH).3'P NMR (162 MHz, CDCly): 6 73.6 (d,J = 18.4
55.8 (OCH), 55.4 (OCH), 49.6 (OCH), 48.4 (OCH), 44.9 Hz), 72.5 (br s). HR-MS (FABANBA): calcd for GsHaiNOgP»-
(RUCHCHy), 42.9 (RUCHKCHy), 28.0 (dd,Jcp = 12.1, 32.9 Hz, Runvz 767.1351, founanz 767.1372 (M); calcd for GsHagOgP,-
PCH), 26.0 (dd Jcp= 9.6, 34.6 Hz, PCh), 24.5 (dd Jcp = 13.3, Ru 'z 751.1164, foundwz 751.1198 ([M— NH]?).
35.0 Hz, PCH), 23.9 (dd,Jcp = 11.3, 32.9 Hz, PCh, 12.0 Crystallographic Study of Complexes 4a,b and 5The crystal
(RUCH), 11.8 (RUCH)3'P NMR (162 MHz, CBCly): 6 96.3 (d, data and experimental details féa,b and5 are summarized in
J=12.2 Hz), 90.7 (dJ = 12.2 Hz), 84.0 (br s), 79.8 (d,= 30.4 Table 5. Crystals that were stable for X-ray diffraction measure-
Hz). HR-MS (FABMNBA): calcd for GaHasOsP-RUNMVZ 691.0952, ments and were obtained by recrystallization as described above
found m/z 691.0964 (0.5(M — H,O) + H). Anal. Calcd for were mounted on glass fibers. All measurements were made on a
CseH70013P4RW+0.2CHCE: C, 54.71; H, 5.11; Cl, 1.38. Found: C, Rigaku Saturn 70 CCD area detector with graphite-monochromated
55.11; H, 5.04; CI, 1.09. Mo Ka radiation ¢ = 0.710 69 A) with the oscillation technique.
Preparation of the Binuclear Aqua Complex 4b.A mixture The structures were solved by direct methods using SiR@ad
of complex1 (298 mg, 0.60 mmol) and-MeO-dppe (310 mg, expanded using Fourier techniques (DIRDIF&%lydrogen atoms
0.60 mmol) in distilled 1,2-dichloroethane (12 mLY®I (9 mL) were refined using the riding model, except for the ammonia protons
was stirred at 60C for 6 h. After the solvent and water were
evaporated, the residue was dissolved in distilled chloroform and
then chromatographed on alumina. Elution with chloroform gave

(23) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
M.; Polidori, G.; Camalli, M.J. Appl. Crystallogr.1994 27, 435.

(24) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; de
Gelder, R.; Israel, R.; Smits, J. M. M. The DIRDIF-99 Program System;
Technical Report of the Crystallography Laboratory, University of Nijmegen,
Nijmegen, The Netherlands, 1999.

(22) Shultz, C. S.; DeSimone, J. M.; Brookhart, 81.Am. Chem. Soc.
2001, 123 9172.
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Table 5. Summary of Crystal Data, Collection Data, and Refinement Details of 4a,b and 5

4a 4b 5
formula C66H70013P4RU2 C70H78017P4RU2‘CHC|3'H20 C35H41N03P2RU'CHC|3
fw 1397.31 1654.80 886.11
cryst size, mm 0.26x 0.20x 0.20 0.20x 0.20x 0.20 0.40x 0.10x 0.10
cryst syst monoclinic triclinic monoclinic
space group C2 (No.5) P1 (No. 2) P2;/n (No. 14)

a, 22.045(6) 13.222(4) 16.3423(13)
b, A 18.270(5) 13.403(4) 11.7192(11)
c, A 20.120(5) 24.012(7) 21.574(3)
o, deg 90 103.559(4) 90

£, deg 107.6940(13) 90.982(4) 109.319(5)
y, deg 90 95.869(4) 90

vV, A3 7720(4) 4111(2) 3899.1(7)

z 4 2 4

D(calcd), g cm® 1.202 1.337 1.509

data collecn temg,C —100 —60 -110

u(Mo Ka), cmt 5.257 6.034 7.398

20max deg 55.0 55.0 55.0

no. of measd rflns 30 546 32 109 30 149

no. of unique rfins 13 774K = 0.065) 17 826Rint = 0.023) 8611 R = 0.080)
no. of obsd rfinsi(> 20(1)) 7280 14 834 5429

no. of variables 822 965 491

R22 (1 > 20(1)) 0.073 0.079 0.061
WR22 (1 > 20(l)) 0.139 0.228 0.096

GOF 0.955 1.030 1.152

AR1L= Y |Fo| — IFcll/Y|Fol; WR2 = [Y(W(Fo? — FA)2)/TW(Fo2)? V2.

in 5, which were refined isotropically. Neutral atom-scattering Engineering, Katsura-Int'tech Center, Graduate School of
factors were taken from Cromer and WafeAnomalous dispersion  Engineering, Kyoto University. This work was supported in part
effects were included irfF;26 the values forAf' and Af"" were by Grant-in-Aid for the 21st century COE program, COE for a
those of Creagh and McAuléy The values for the mass attenuation | jpited Approach to New Materials Science, and Grants-in-Aid
coefficients were those of Creagh and HubB&RIl calculations for Scientific Research (A), (B), and Scientific Research on
were performed using the CrystalStrucl® crystallographic Priority Areas from the Ja[,Jan éociety for the Promotion of

software package. . L . .
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