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A series of diruthenium phosphine carbonyl complexes containing bridging nitro and nitrato growg€QRu
(u-NO2)2L2] (1—4) and [Ry(COu(u-NOs)2L 2] (5—9), were cleanly prepared from the reactions of {O)-
(NCMe)uL7][BF4]2 (L = PPh, PPh(allyl), PPhMe, PPhMeg, or PMe) with excess NaN@or NaNQ; in MeOH.
Complexesl—4 are present in two isomeric form8, and B, with a head-to-head orientation of two bridging
7%-(N,0)-NO; groups for formA and a head-to-tail arrangement of the groups for f8nin an approximate 3:1
ratio, but complexe§—9 are present in only one isomeric form with a%(0,0)-NO; attachment. Crystal data:
1A, a = 12.452(2) A,b = 23.520(3) A,c = 13.441(2) A, = 98.280(1), monoclinicP2/n, Z = 4; 5, a =
11.737(3) A = 23.496(5) A.c = 14.629(3) A8 = 100.34(2), monoclinicP2y/n, Z = 4. The five-membered

metallacycle{Ru,(ONO)} in 5—9 is more reactive than the four-membered metallacyéte,(NO)} in 1—-4,
reflected by the different reactivity of [R(COu(u-NO2)2(PPh);] (1) and [Ry(COu(u-NOs)2(PPh),] (5) with
various reagents to give [RICON(u-1)2(PPh)2] (10), [Rux(CON(u-N3)2(PPh);] (11), and [Ru(CO)(1-NO3),-
(u-X)2(PPh),] (X = Br (12), | (13)). Crystal data ofl3: a = 31.394(3) Ab = 9.761(1) A,c = 18.200(2) A,
B = 118.420(1j, monoclinicC2/c, Z = 4. The intermolecular oxygen transfer from the ligated,N@ups in
1 to exogenous PMgs readily observed in MeCN at ambient temperature, apparently forming nitrosyl groups

and free OPMg

Introduction Results and Discussion

The low-valent metal metal-bonded transition-metal com-

The cation [Re(COU(NCMe)]2™ has recently been reported

plexes of nitro and nitrato groups, especially those containing to be very versatile, leading to various substitution products such
reducing phosphine and carbonyl ligands, are of fundamental as [R(CO}(NCMe)L]*" via replacement of two acetonitrile
importance, because the related chemistry can, in principle, helpligands at the axial sites of the complex by phosphines'qL).

to provide or design suitable metal reagents or catalytic systems

to destroy NQ (x = 1, 2)! which are produced in all high-
temperature combustion processes by the oxidation,cdrid
fuel-bound nitrogen. However, finding a suitable entry to the
complexes remains a great challenge to coordination chemists,
in view of the weak coordination ability of nitrétand the facile
oxygen transfer from the groups to phosphine and*ClErom

a serendipitous discovery, we offer here a convenient synthetic
approach, leading to a clean and high-yield preparation of a
series of such complexes without any accompanying oxygen-
transfer product. However, related studies on the transfer and
other chemical reactivity are reported. Importantly, the evidence
described below indicate that exogenous rather than coordinated
phosphines enable the removal of oxygen atoms from coordi-
nated nitro groups.
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Figure 1. CAMERONS plot of 1A. Selected bond lengths (A) and
angles (deg) and absolute values of torsional angles (deg): Ru(1)
Ru(2) 2.665(2), Ru(ByP(1) 2.436(4), Ru(HyN(1) 2.103(12), Ru(t
N(2) 2.111(10), Ru(1rC(1) 1.902(13), Ru(1yC(2) 1.860(15), Ru(2)
P(2) 2.416(4), Ru(2yO(5) 2.146(9), Ru(2y0O(7) 2.131(9), Ru(2y
C(3) 1.882(14), Ru(2yC(4) 1.851(18), N(1rO(5) 1.311(11), N(LF
0O(6) 1.226(12), N(2yO(7) 1.274(12), N(2rO(8) 1.196(12), Ru(ty
N(1)—0(5) 114.5(8), Ru(yN(1)—0(6) 131.9(9), O(5yN(1)—O(6)
113.2(11), Ru(2yN(2)—0(7) 113.4(8), Ru(:yN(2)—0(8) 129.6(9),
O(7)-N(2)—0(8) 116.8(10), Ru(2yO(5)—N(1) 103.0(7), Ru(2y
O(7)—N(2) 105.1(7), Ru(1}Ru(2)-P(2) 159.8(1), Ru(2)Ru(1)-P(1)
158.8(1), N(1)-Ru(1)-Ru(2)-0(5) 1.8(4), N(2y-Ru(1}-Ru(2)-0O(7)
1.2(4), C(2y-Ru(1}-Ru(2)-C(4) 2.5(6), C(1yRu(1)}-Ru(2)-C(3)
1.3(6).

With the seemingly firm attachment of the equatorial acetonitrile
ligands in [Ry(CO}u(NCMe)(PPh),]2", Hieberst or
Gladfelter's' approach was followed to prepare neutral nitrosyl
complexes [Rp(CO)(NO)(NCMe)(PPh);] with expected
formation of an oxygen-transfer product, gy heating a
reaction mixture of [Reg(COu(NCMe)(PPh),][BF 42 and an
excess amount of N&O,~ or PPN'NO,~ (PPN" = bis-
(triphenylphosphine)nitrogenl) in MeOH. To our surprise,
we did not obtain the nitrosyl complex, but something different.
There are twd>N NMR singlets at 108 and 113 ppm observed
for this product, which are not typical chemical shifts for the
presence of a linear NO grodpLater, a combination of the
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approximate ratio ofA:B = 3:1, as indicated by the four
carbonyl**C NMR singlets at) 205.64 (A or 1B), 205.61 (A

or 1B), 205.38 (A), and 205.00 1B), and the five31P{1H}
NMR signals with one AB quartet assigned to isordeand
one singlet assigned to isom@of 1—-4. Attempts to separate
the two isomers failed, probably due to the fact that the two
isomers of2—4 are also in equilibrium in solution. On the

elemental analyses, NMR, and crystal structure results revealedyontrary, each nitrato complex 69 is present as only one

that the product contains two bridging-(N,0)-NO, groups
and consists of two isomer8, andB, in either a head-to-head
geometry of the two group4.A, cf. Figure 1) or a head-to-tail
structure {B). Very similar NMR spectra were obtained by
dissolving either the product or the single crystalsléf in
acetoneds,” indicating that the two isomers are present in an
equilibrium mixture. The synthetic method fdr can be
employed generally to produce not only other nitro complexes
with different phosphines ligated [RCOu(u-NO2),L5] (L =
PPh(allyl) (2); PPhMe (3); PMe; (4)) but also the nitrato
complexes [R(COu(u-NO3).Lo] (L = PPh (5); PPh(allyl)

(6); PPhMe (7); PPhMe (8); PMe; (9)) in 85—93% yield
(Scheme 1). Probably, ligation of the bulkier and softer

isomeric form, displaying on&P{'H} NMR singlet and being
confirmed by the crystal structure &f(Figure 2). It contains
two 72-(0,0)-NO;s bridges.

The Ru-Ru distance of 2.665(2) A ilA is significantly
shorter than that of 2.695(2) A B but both distances are still
in the range 2.5582.873 A for other singly Ru(B-Ru(l)
bonded complexes with ligation of PPhgands?® The two
PPh groups are not collinear with the RéRu bond, but bent
away from the carbonyl groups toward nitro groupd. and
nitrato groups in5 with anglesD0Ru—Ru—P of 158.8(1) and
159.8(1y in 1A and those of 166.1(1) and 167.7{1p 5,
probably reflecting that CO is a strongeracid than a nitro or
nitrato group in the complexes. The two phosphorus atoms in

phosphines at the axial sites with the soft Ru(l) atoms may help gijther structure are not coplanar with tfBuw(NO)} planes in
to weaken the bonding interactions between the soft metal atoms) A or two { Ru(ONO)} planes in5, but are clipped by the two

and the hard equatorial MeCN ligands in [RQO)-
(NCMe)L ]2, facilitating replacement of these ligands even
with weak o-donors such as nitrate and formation5ef9. Of

course, we cannot exclude a thermodynamic boost from the

insolubility of 1-9 in the solvent we used. Lik&, the nitro
complexes2—4 are also a mixture of two isomers in an
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planes. The larger anglésRu—Ru—P found in5, relative to
those inlA, are attributed to the fact that the space occupied
by two nitrato groups is larger than that for the nitro groups.
It has been well established in the literature that a four-
membered ring such as cyclobutane and a five-membered ring
such as cyclopentane prefer to be puckered in order to reduce
the inherent torsional strain in planar forfhsThe five-
membered metallacyclgRu(ONO)} in 5 is indeed slightly
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Figure 2. CAMERON plot of5. Selected bond lengths (A) and angles
(deg), and absolute values of torsional angles (deg): RuRL)2)
2.695(2), Ru(1yP(1) 2.457(4), Ru(BO(1) 2.13(1), Ru(1>O(3)
2.14(1), Ru(1y}C(37) 1.78(2), Ru(xyC(38) 1.88(2), Ru(2yP(2)
2.437(4), Ru(2y0(2) 2.07(1), Ru(2yO(4) 2.13(1), Ru(2yC(39)
1.80(2), Ru(2)-C(40) 1.80(2), N(1)0O(1) 1.23(2), N(13-0O(2) 1.27(2),
N(1)—O(5) 1.26(2), N(2XO(3) 1.27(2), N(2-O(4) 1.28(2), N(2»
0O(6) 1.20(2), Ru(2rRu(1)-P(1) 166.1(1), Ru(tyRu(2)-P(2) 167.7(1),
Ru(1}-0O(1)—N(1) 121(1), Ru(2)-0(2)—N(1) 126(1), Ru(1}O(3)—
N(2) 125(1), Ru(2yO(4)-N(2) 122(1), O(1yN(1)—0(2) 121(1),
O(3)—N(2)—0(4) 120(1), O(3yRu(1y-Ru(2)-0(4) 15.8(5), O(1y
Ru(1}-Ru(2)-0(2) 17.7(6), C(38yRu(1)-Ru(2)-C(39) 17.1(8),
C(37)-Ru(1)y-Ru(2)-C(40) 16.1(8).

skewed with the twist anglec'° of 16.7 around the ReRu
bond, but the four-membered metallacyfRu(NO)} in 1A is
nearly planar, withc = 1.7°. Though the Ru-O distances in
1A and5 are very similar within the experimental errors and
the Ru-N distances of 2.103(12) and 2.111(10) AlA are
also within a reported range of 2.10(13.208(5) A between a
Ru(l) atom and an N(gpatom?!! the close planarity of the four-
membered metallacycleRu(NO)} in 1A can be ascribed to
the presence of back-donation from a filled antibonding orbtial,
a* or 0*, on the d—d” Ry, system? to a vacantr* orbital of
NO,~.13 Except for the apparently longerND distances found

in 1A (d(N(2)—O(7)) = 1.274(12) A andd(N(1)—0O(5)) =
1.311(11) A), compared with the value of 1.236(14) A found
in NaNGQ,,* the back-donation argument appears to gain other
support in the different chemical reactivity band5 toward a
strong nucleophile such as iodide. It convértato [Ru(COu-
(u-1)2(PPh)2] (10) nearly quantitatively at ambient temperature,

but this temperature cannot drive any reaction between iodide

anions andl. When the reaction mixture df and excess Nal
was heated under reflux at 8 in MeCN, 10 was formed
with many other products, as reflected ifl® NMR spectrum.
Synthesis ofl0, with one or two mononuclear products, was
reported previously from cluster fragmentation of pJREO),-
(u-Cl)o(u-Fe(COY)(PPh),] ™ and [Ru(COX(PPH)3]*° by react-
ing with I~ and b, respectively. Apparently the conversion from

Inorganic Chemistry, Vol. 35, No. 26, 1996847

any fragmentation approach. With the back-donation, the Ru
system gains some metahetal “multiple” bonding characté?,
explaining why the observed RuiRu bond length inlA is
significantly shorter than that if. Similar “multiple” metat
metal bonding is probably present as well in other Ru(l)
complexes such as [RICOu(NCMe)]?", reflecting as the
observed strongranslabilizing effect of the Re-Ru bond in
the easier replacement of axial- than equatorial-MeCN lig&hds.

One typical oxygen-transfer experiment from ligated NO
groups to exogenous phosphines has been carried ofit Asr
shown by the solution IR anP NMR spectra, compourttis
stable in MeCN at ambient temperature, but upon addition of
PMe;, a singlet atd 36.0 assigned to free OPMand seven
other singlets at 31.6, 26.0, 1.7, 1.64.5, —8.6, and—8.8
appeared readily within 2 h. The presence of OPMeas
further confirmed by comparison with the authentic sample and
checked with blank experiments. After the oxygen transfer, the
nitro groups seem to form nitrosyl groups, as indicated by the
appearance of a stretching band of medium intensity at 1682
cm~1 with other bands at 2062 w, 1985 m, 1970 m, 1935 w,
and 1883 s cmt in an IR spectrum. However, the assignment
is still tentative in the absence &N labeling data. If the
oxygen transfer is an orbital-controlled process, a basic orbital
consideratiof? would suggest that the exogenous phosphine
may attack the central nitrogen atom of the nitro group prior to
oxygen transfer to give OPMe

Analogous to the preparation 0 from 5, the azido complex
[Rux(CO(u-N3)2(PPh)2] (11) was also formed readily frorb
by reacting with an excess amount of Nafdt ambient
temperature. The typical strongnedium-strong pattern of the
carbonyl stretching bands in an IR spectrum and only BRe
singlet in an NMR spectrum observed fbt suggested that it
should have a structure similar to that 10, having a single
Ru(l)=Ru(l) bond, two bridging azides, two axial phosphines,
and four equatorial carbonyls in a sawhorse arrangement. Azide
can form either an end-to-end or an end-on bridge to connect
two different metal atoms in a dinuclear compodhd-owever,
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only the latter type of bridge is believed to be possibldin

5into 10represents a more economical synthetic pathway than for being compatible with the presence of a metalketal single
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bond withd(Ru—Ru) < 2.873 A4

Some reactions dd with electrophiles were carried out. It
was found that 1 equiv of Xcan convert5 into a yellow
compound with an empirical formula of [Ru(C£NO3)X-
(PPR)] (X = Br (12), | (13)), showing only two carbonyl
stretching bands in solution and in the solid state. The X-ray
structure of13 (Figure 3) then helped to assure the dimeric
nature with two bridging halides and two monodentate nitrates
7%-(0)-NOs, but without a metatmetal bonding interaction
(d(Ru—Ru)= 4.102(1) A) (Scheme 2). From Figures 2 and 3,
the nitrate donors appear to favor the positidrans to the
acceptor groups (carbonyl), probably reflecting that the suc-
cessful synthesis of any complex containing a ppdonor such

(17) Ribas, J.; Monfort, M.; Ghosh, B. K.; Cortes, R.; Solans, X.; Font-
Bardia, M.Inorg. Chem 1996 35, 864.
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benzophenone as indicator; halocarbons and acetonitrile from &aH
alcohols from the corresponding alkoxide) and were freshly distilled
under nitrogen immediately before use. All reactions and manipulations
were carried out in standard Schlenk ware, connected to a switchable
double manifold providing vacuum and nitrogen. Reagents and
phosphines were used as supplied by either Aldrich or Strétnand
3P NMR spectra were measured on a Bruker AM-264, 00 MHz)
or AMC-400 or a Varian Unity Plus-400H, 400 MHz;3P, 162 MHz)
NMR spectrometer!H chemical shiftsd§ in ppm,J in Hz) are defined
as positive downfield relative to internal Me$TMS) or the deuterated
solvent, while3!P chemical shifts are defined as positive downfield
relative to external 85% §P0,. The IR spectra were recorded on a
Hitachi Model 270-30 or Bio-Rad FTS 175 instrument. The following
Figure 3. CAMERON plot of13. Selected bond lengths (A) and angles  abbreviations were used: s, strong; m, medium; w, weak; s, singlet; d,
(deg): Ru(1)-1(1) 2.766(1), Ru(1)P(1) 2.372(3), Ru(1a)l(1) 2.761(1), doublet; t, triplet; br, broad unresolved signal. Microanalyses were
Ru(1)-0(3) 2.142(6), Ru(X)C(1) 1.861(9), Ru(tyC(2) 1.896(7), carried out by the staff of the Microanalytical Service of the Department
Ru(1)-O(3) 2.142(6), O(3yN(1) 1.233(9), N(1)-O(4) 1.211(12), of Chemistry, National Cheng Kung University.
N 0() 1223(11), C(17O(1) 1116(12), CHOE) LU0, g i of [Ru(CONgu™NOLA (L — PP (1), PPIall)
0(3) 170.8(3), O(3yN(1)—O(4) 117.6(8), O(3yN(1)—O(5) 123.9(8), (2), PPhMe (3), PM_@ (4)). The prepar:_atlons 01_—4 are similar to
O(4)-N(1)—O(5) 118.5(8), I(1}Ru(1)-C(1) 88.1(4), I(1yRu(1) each other. A typical procedure f@ is described below. The
C(2) 90.1(3). phosphine complex [R{CO}(NCMeu(PPhMe),][BF4. (0.127 g,
0.121 mmol® was dissolved in 20 mL of MeOH. N&lO,~ (0.059
Scheme 2 g, 0.86 mmol) was then added to the mixture. This mixture was heated
under reflux for 1 h, forming an orange-yellow precipitate. The solid
8 (o) was collected. Recrystallization from GEl, and MeOH afforded pure
l‘ product (0.089 g) in a yield of 91%. Fdr orange-yellow. Anal.
PPhs—RJy —— Ru —PPhy Calcd for GoH3zoN20sP,RW,: C, 51.62; H, 3.25; N, 3.01. Found: C,
FK\// 51.35; H, 3.37; N, 3.02. IR (C¥ly): vco 2048 s, 2008 m, 1986 s,
[ 1954 m cntl. 31P{'H} NMR (162 MHz, acetonak): 6 19.08 (d, 1
10 P,J =79 Hz), 17.42 (d, 1 R] = 79 Hz) for1A; 16.95 (s, 2 P) fodB.
15N NMR (40.5 MHz, CHCl,): ¢ 113 (s, 2 N) forlA; 108 (s, 2 N)
for 1B. For 2: orange-yellow. Anal. Calcd for £H3N2OsP:RW:
o C, 47.56; H, 3.52; N, 3.26. Found: C, 47.48; H, 3.57; N, 3.36. IR
L ¢° (CHCl,): wvco 2044 s, 2000 m, 1984 s, 1950 m thn 3*P{*H} NMR

ppn, 2Ma Is i (162 MHz, acetonek): 6 16.61 (d, 1 PJ = 79 Hz), 14.64 (d, 1 P)

/| Y PPhs — \\ = 79 Hz) for 2A; 14.87 (s, 2 P) fo2B. For 3. Anal. Calcd for
0,\N/° X N/,/ CaoH26N20sP:RW: C, 44.67; H, 3.25; N, 3.47. Found: C, 44.68; H,
oL |_N/0 2 i\; ,:\, 3.27; N, 3.42. IR (CHCL): vco 2044 s, 2000 m, 1982 s, 1952 m
N'N

%,

cm L. 3P{H} NMR (162 MHz, acetonek): 6 7.04 (d, 1 PJ =76
Hz), 4.74 (d, 1 PJ = 76 Hz) for 3A; 5.12 (s, 2 P) fol3B. For 4:
orange-red. Anal. Calcd forgH1sN,OsP.Ru: C, 20.38; H, 3.08;
oo S0x O C 1604 m, 1974 5. 1944 m ot #P(H} NMR (162 Mz, scetone
¢ & _~PPh , , , ) -
>}%/ \m< ) de): 0 —9.05 (d, 1 P = 71 Hz),—16.54 (d, 1 P = 71 Hz) for4A;
PPhy & \X/J Co —12.43 (s, 2 P) fodB.
Synthesis of [Ru(CO)a(u,n>-NOg3).L 5] (L = PPhs (5), PPhy(allyl)
(X = Br (12), 1(13)) (6), PPhMe (7), PPhMe (8), PMe; (9)) In a 100-mL Schlenk flask
were added 0.089 mmol of [RICOUNCMeu(PRs),][BF 42,4 0.032

as a nitrate anion relies on the presence of a metal fragmentg of Na'NOs~ (0.376 mmol), and 15 mL of MeOH at room temperature.

with an enhancedr-acidity. A net positive charge or the  The mixture was then heated at 66 for 1 h and cooled to room
presence ofr-acceptor ligands such as NO or CO in the temperature, forming orange precipitate, which was collected on a
fragment is essential. medium frit. Recrystallization from a mixture of GBI, and MeOH
: afforded pure products. Fds: orange-yellow. Anal. Calcd for
Conclusions cAngoNzoFioPZREz: C, 49.90; H, 3.14;gN,é.91. Found: C, 49.95; H,
This study has established that the cationic complex{Ru 3.13; N, 2.76.H NMR (25 °C, 200 MHz, acetonek): ¢ 7.48 (m, 30
(CO}(NCMe)L,]2" has weakly-coordinated equatorial MeCN  H). 31P{*H} NMR (25 °C, 162 MHz, acetones): 6 16.8 (s, 2 P). IR
ligands, which can be replaced by nitrite and nitrate anions to (CHxCly): vco 2044 s, 2000 m, 1976 s cth For 6: orange-yellow.
give nitro and nitrato complexed,—9, readily without any ~ Anal. Calcd for GiHsoN-OwPRw: C, 45.85; H, 3.39; N, 3.14.
accompanying oxygen-transfer products (Scheme 1). Structuregound: C, 45.69; H, 3.52; N, 3.04:H NMR (25 °C, 200 MHz,
and reactivity of both nitro and nitrato complexes are compared. CPCk): 0 3.31 (m, 4 H), 4.97 (m, 4 H), 5.58 (m, 2 H), 7.54 (m, 20

. . . H). 3P{'H} NMR (25 °C, 162 MHz, CDCJ): 6 13.9 (s, 2 P). IR
Facile oxygen transfer can occur intermolecularly from ligated (CH,CL): vco 2044 5, 2000 m, 1972 s cfh For7: orange-yellow.

nitro groups to exogenous PM; MeCN at ambient temper- 5 .\~ Gaicd for GoHodN2O1PsRY: C, 42.97: H, 3.12: N, 3.34.
ature, apparently giving nitrosyl groups and free OBM&he Found: C, 42.76; H, 3.16; N, 3.28'H NMR (25 °C, 200 MHz,
five-membered metallacycle, formed by two Ru atoms and the cpcl): ¢ 2.06 (t, 6 H,J = 2.0), 7.40 (m, 20 H).3!P{*H} NMR (25
bridging nitrato group in5—9, is fragile, as shown by the  °C, 162 MHz, CDCJ): 6 4.8 (s, 2 P). IR (CkCly): vco 2040 s, 1998
reactions of5 with nucleophilic and electrophilic reagents to m, 1972 s cm® For 8 orange-yellow. Anal. Calcd for

afford 10—13 (Scheme 2). CaoH22N2010PRW: C, 33.62; H, 3.10; N, 3.29. Found: C, 33.44; H,
. . 3.16; N, 3.27.*H NMR (25°C, 200 MHz, CDC}): 6 1.94 (m, 12 H),
Experimental Section 7.52 (m, 10 H). 31P{H} NMR (25°C, 162 MHz, CDC}): & —5.2 (s,

General Comments. All solvents were dried and purified by 2 P). IR (CHCL): vc02040 s, 1994 m, 1970 s cth For9: orange-
standard methods (ethers, paraffins, and arenes from potassium withyellow. Anal. Calcd for GoH1sN2O10P.RW: C, 20.35; H, 3.07; N,
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Table 1. Crystal Data forlA, 5, and13
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compd 1A 5 13
formula CioH30N208P.RW, CaoH30N2010P2R U, CaoHz6l2N2013PR Uz
fw 930.7 962.77 1270.6
space group monoclini®2,/n (No. 14) monoclinicP2,/n (No. 14) monoclinicC2/c (No. 15)
a, 12.452(2) 11.737(3) 31.394(3)

b, A 23.520(3) 23.496(5) 9.761(1)

c A 13.441(2) 14.629(3) 18.200(2)

S, deg 98.280(1) 100.34(2) 118.420(1)
v, A3 3895.3(13) 3968(1) 4904.7(9)

z 4 4 4

dearce g CNT3 1.587 1.611 1.721

A(Mo Ka), A 0.710 73 0.710 69 0.710 73
u(Mo Ka)), cmt 9.12 9.02 19.88

temp, K 298 296 298

R, R,? 0.063, 0.068 0.065, 0.082 0.042, 0.055

AR = 3 (IIFol — IFel)/2IFol. Ry = [XW(IFol — [Fe)Zw|Fo|7Y2

4.75. Found: C, 20.24; H, 3.09; N, 4.76H NMR (25°C, 200 MHz,
CDCly): ¢ 1.61 (t, 18 H,J = 4.0). 31P{1H} NMR (25 °C, 162 MHz,
CDCl): 6 —10.5(s, 2 P). IR (CECL): vco2040s, 1992 m, 1966 s
cm L,
Synthesis of [Ry(CO)a(u-I)2(PPhs);] (10). To a stirred solution
of 5(0.097 g, 0.101 mmol) dissolved in 15 mL of MeCN was added
0.039 g of Nal (0.26 mmol) at room temperature. An orange-red
precipitate gradually formed. After 1 h, the solvent was removed under
vacuum, giving a red solid. Recrystallization from £Hy/MeOH gave
0.105 g 0f10(96%). Anal. Calcd for GHsol:04P:RW;: C, 43.97; H,
2.77. Found: C, 43.77; H, 2.79H NMR (25°C, 200 MHz, acetone-
ds): 0 7.58 (m, 30 H). 3P{H} NMR (25 °C, 162 MHz, acetonek):
0 30.6 (s, 2 P). IR (CECly): wvco 2032 s, 1992 m, 1962 s crh
Synthesis of [Ry(CO)4(u-N3)2(PPhs),] (11). This yellow com-

pound was prepared in 95% vyield by a procedure analogous to that of

10, from 5 and NaN. Anal. Calcd for GoH3zoNeOsP.Ru: C, 51.86;
H, 3.20; N, 8.92. Found: C, 52.06; H, 3.28; N, 9.1'H NMR (25
°C, 200 MHz, acetonek): ¢ 7.54 (m, 30 H). 31P{1H} NMR (25 °C,
162 MHz, acetonek): 6 26.4 (s, 2 P). IR (CECly): wco 2020 s,
1990 m, 1950 s crt.

Synthesis of [Ru(CO)a(*-NOs)a(u-X)2(PPhs),] (X = Br (12), |
(13)). To a stirred solution ofl (0.107 g, 0.114 mmol) dissolved in
15 mL of CH.Cl, was added dropwise amdolution containing 0.029
g of I (0.114 mmol) and 10 mL of C}Cl, at room temperature. After
10 min, the solvent was removed under vacuum. Recrystallization from
CH.Cl/hexane gave 0.131 g of orange-yellow soli@)((94%). Anal.
Calcd for GoHsol2N2010P:RW: C, 39.49; H, 2.49; N, 2.30. Found:
C, 39.37; H, 2.53; N, 2.313P{1H} NMR (162 MHz, acetonel): o
39.6 (s, 2 P). IR:uco 2072 s, 2020 s in C¥Ll, and 2068 s, 2012 s
cmtin a KBr disk. Compound.2 was obtained similarly in a yield
of 90%. Anal. Calcd for GeHzoBroN2O10P.Rw: C, 42.80; H, 2.69;

N, 2.50. Found: C, 42.82; H, 2.71; N, 2.58P{*H} NMR (162 MHz,
acetoneds): 0 33.7 (s, 2 P). IR:vco 2076 s, 2024 s in CKLI, and
2068 s, 2016 s cnt in a KBr disk.

Single-Crystal X-ray Diffraction Studies of 1A, 5, and 13.
Suitable single crystals were grown from @y,/hexane or CHCIy/
Et,O at room temperature and chosen for the single-crystal structure
determination. The X-ray diffraction data were measured on a four-
circle diffractometer. Intensities of three standard reflections were
monitored every hour or every 50 reflections throughout the data
measurement. The variation was less than 2%.

For 1 and 13, the structures were solved by direct methods and
refined by a full-matrix least-squares procedure using SHELXTL-

PLUS!® For5, the structure was solved by direct methods and refined
by a full-matrix least-squares procedure using TEXSAN.

Both C2/c and Cc space groups were tried fdi3. The index of
averaging equivalents Ry = 0.0251 forC2/c andR,; = 0.0000 for
Cc. The reasons for choosir@/c as the final model are as follows:
(1) the mean value ofE? — 1] is 0.936, which suggests that the
centrosymmetric space group is a better choice; (2) undeCttspace
group, the least-squares refinements have a convergence problem; (3)
the carbon atoms on the two carbonyl groups, which were symmetry
related under th€2/c space group, could not be refined anisotropically
for the Cc space group; a non-positively-defined atom resulted for these
two carbon atoms; and (4) the large displacement parameters of few
carbon atoms on a phenyl ring did not get better when the space group
changed fromC2/c to Cc.

The Ry, value is 0.0293 for structur®A and 0.0214 for structurg
That an extinction correction was not applied in the final model for
the two structures is explained as follows. Ry, the application of
the correction gave an insignificant final valye= 0.000 03(4), and
the trend of. greater thar, was not observed. F&:; the application
of the correction resulted in a physically meaningless (negative) value.

Structurel3 contains a crystallographically imposed inversion center,
and 0.5 molecule and 1.5,8 were found in each asymmetric unit.
Hydrogen positions for water molecules were not located. The essential
details of single-crystal data measurement are given in Table 1.
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