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An aldol-like addition of acetone to 2-methyl-1,8-naphthyridine and 2,3-dimethyl-1,8-naphthyridine
mediated by a [R#CO)]?" core at room temperature affords the-C-coupled compounds 2-methyl-
1-(1,8-naphthyridin-2-yl)propan-2-ol (L1) and 2-methyl-1-(3-methyl-1,8-naphthyridin-2-yl)propan-2-ol
(L2). A similar reaction with methyl ethyl ketone and 2-methyl-1,8-naphthyridine affords 2-methyl-1-
(1,8-naphthyridin-2-yl)butan-2-ol (L3). The syntheses and structures a{@®R),(L1),][X]2 (2, X =
BF4; 2a, X = OTf), [Rux(COL(L2),][BF4]2 (3), and [Ru(COu(L3)][BF4]2 (4) are reported here.

Introduction

Transition-metal-assisted organic transformations are useful
tools in organic synthesisDi- and polynuclear metal complexes
are of particular interest, since the presence of bridging ligands

and cooperation among closely spaced metal centers present

scopes for novel chemical reactichdVe have initiated a
program that is geared toward the utilization of metaletal
singly bonded [RerRu?™ compounds in organometallic chem-
istry.3 A recent study on the [R(CO),]2" core reveals a close
approach of axial ligands, causing destabilization of the-Ru
Ru o orbital# The aryl C-H bond placed at the axial site of
the [Rw(CO)]?" core results in room-temperature cleavage,
yielding Ru—C-bonded organometallic compourfdt,8-Naph-
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Results and Discussion

The addition of acetone to [R(COu(2-MeNP)(MeCN),]-
[BF4]2 (1) at room temperature in dichloromethane yields the
C—C-coupled compound [R(COu(L1).][BF4. (2, L1 =

thyridine (NP)-based ligands have been used, as they are2-Methyl-1-(1,8-naphthyridin-2-yl)propan-2-ol). The X-ray struc-

efficient bridges for dimetal units, providing access to com-
pounds with remarkable electronic and electrochemical proper-
ties® The present work describes the aldol-type addition of
2-methyl-1,8-naphthyridine (2-MeNP) with ketone at the axial
site of the [Ry(CO)]%" core (Scheme 1). The -€C bond
formation reactions assisted by the BRTO),)%" core, leading

to 1,8-naphthyridine derivatives, are described herein.
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ture of compoun@ (Figure 1) reveals the formation of the 1,8-
naphthyridine derivative L1 through -€&C bond formation
between the coordinated 2-MeNP and acetone. The tridentate
L1 binds to [Ry(CO),] core in a cis arrangement, forming a
nonplanar [RuN@O] six-membered chelate ring which adopts

a twisted-boat conformation. The R&Ru distance is 2.6103-
(17) A, and axial sites are occupied by weakly bound OH groups
with an Ru-O distance of 2.244(6) A.

The 'H NMR spectrum of2 displays multiple resonances
amounting to ten aromatic protons of two ligands in the range
7.50-8.87 ppm. Interestingly, two sets of resonances were
observed for the methyl, methylene, and hydroxyl protons.
Although the resonances at 1.78 and 1.50 ppm could be
attributed to inequivalent methyl groups of the chelate ring, the
OH signals at 6.61 and 6.50 ppm and the methylene signals at
3.41 and 3.75 ppm strongly indicate the presence of two
conformers in solution (vide infra). The conformational behavior
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Figure 1. ORTEP diagram (50% probability thermal ellipsoids)
of the cationic unit [Ry(CO)(L1),]%" in compound 2 with
important atoms labeled. Hydrogen atoms are omitted for the sake
of clarity. Important bond lengths (&) and angles (deg): Rul
Rul = 2.6103(17), Ru+03 = 2.244(6), Ru+N1 = 2.189(8),
Rul—N2 = 2.131(8); Rut+Rul-03 = 165.67(18), RutRul—

N1 = 82.3(2), RurRul-N2 = 82.3(2).

of a chelate with more than five atoms in the ring is well
established.A particular conformer of a metallacycle may well
be preferred in the solid state while exhibiting several conform-
ers of similar energy in solutiohWith the intent of stabilizing

the identical molecule with different [RuNO] ring conformers,

the structure determination of the [RGO)4(L1)2]%" unit was
carried out with triflates as counteranio2g), The only notable
difference was the conformation of the six-membered chelate
ring involving the Ru atom (Figure 2). Though the conforma-

tions of six-membered chelate rings are best described as twisted

boat for both the compounds, the obvious difference was
manifested in C2803—Rul—N2 torsional angles that are 6.41-
(3) and 39.07(%) in compounds2 and 2a, respectively. The
NMR spectrum oR2a is similar to that of2.

The C-C coupled product [RiCO)(L2),][BF4)2 (3; L2 =
2-methyl-1-(3-methyl-1,8-naphthyridin-2-yl)propan-2-ol) was
obtained from the reaction of acetone and JRDu(2,3-Me-
NP),(MeCN)][BF4]2 (2,3-MeNP = 2,3-dimethyl-1,8-naph-
thyridine). The X-ray structure (Figure 3) reveals that the chelate
ring adopts the twisted-boat conformation similar2a with
C21-06—Ru2—N2 and C4105—Rul—N3 torsional angles
of 50.20(1) and 56.54(1) respectively. The RuiRu2, Rut-

05, and Ru2-0O6 distances are 2.6096(10), 2.230(6), and 2.233-
(6) A. The prochiral reagent methyl ethyl ketone was employed
with 1, affording [Ry(COu(L3);][BF4]2 (4; L3 = 2-methyl-1-
(1,8-naphthyridin-2-yl)butan-2-ol). €C bond formation was
noted, with Rut-Rul and Rt-O3 distances of 2.6128(12) and
2.224(5) A, respectively (Figure 4). Interestingly, the conforma-
tion of the [RUNGO] ring in 4 was similar to that observed for
compound2 with an C20-O3—Rul—N2 torsional angle of
0.75(3y. Compound4 displays multiple resonances in the
aromatic region 7.568.86 ppm, as well as two signals for the
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Figure 2. ORTEP diagram (50% probability thermal ellipsoids)
of the cationic unit [Re(CO)}(L1),]%" in compound2a with
important atoms labeled. Hydrogen atoms are omitted for the sake
of clarity. Important bond lengths (A) and angles (deg): Rul
Rul = 2.6343(7), Rut03 = 2.241(3), RuxN1 = 2.190(4),
Rul—N2 = 2.159(3); Ru+Rul—03 = 165.12(9), Ru+Rul-

N1 = 81.56(9), Rut+Rul-N2 = 85.68(9).

Figure 3. ORTEP diagram (50% probability thermal ellipsoids)
of the cationic unit [Re(CO)(L2),]%" in compound 3 with
important atoms labeled. Hydrogen atoms are omitted for the sake
of clarity. Important bond lengths (&) and angles (deg): Rul
Ru2 = 2.6096(10), Ru+0O5 = 2.230(6), Ru2-06 = 2.233(6),
Rul—N1 = 2.193(7), Rut+N3 = 2.175(7), Ruz2N2 = 2.171(7),
Ru2-N4 = 2.172(6); Ru+Ru2—06 = 165.65(15), Ru2Rul—

O5 = 163.01(15), Ru2Rul—N1 = 81.81(18), Ru2Rul—N3 =
85.87(19), Ru+Ru2-N2 = 85.61(18), Ru+Ru2—N4 = 82.00-
(29).

coordinated OH at 6.41 and 6.17 ppm't NMR. The signal
for the methylene protons of the ethyl group appears at 1.52
ppm, whereas the methyl protons appear as a multiplet centered
at 1.18 ppm. The other methyl protons display a broad singlet
at 1.71 ppm, including a multiplet at 3.74 ppm corresponding
to the ring methylene protons.

The assignment of the dicationic core involving neutral
ligands in compoundg, 2a, 3, and4 is based on théH NMR,
IR, and ESI-MS data. For instance, the ESI-MS3aéveals an
ion at a mass-to-charge ratiovg) of 747, which corresponds
to [[M}2+ — H]*. It does not, however, exclude the possibility
of an alternate neutral compound bf formulation [Ry(CO),-
(L2")2], where L2 is [L2-H™]. The signal atm/z 834 could be
attributed to {M}2+ + BF47]" on the basis of the mass and
isotopic distribution pattern (see the Supporting Information).
It is less likely that the neutral compound' 4 the origin of
this peak, corresponding to a mass of the formulat{oi'} +
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Scheme 2

of the cationic unit [Ry(CO)(L3),]%" in compound 4 with
important atoms labeled. Hydrogen atoms are omitted for the sake
of clarity. Important bond lengths (A) and angles (deg): Rul
Rul = 2.6128(12), Ru+03 = 2.224(5), Ru+N1 = 2.157(6),
Rul—-N2 = 2.189(6); Rut+Rul-03 = 166.43(13), Ru+Rul-

N1 = 81.81(15), RutRul—N2 = 82.73(14).

C co co

" st o . )
2H" + BF,]". The dicationic core in compourdis confirmed membered intermediate. Finally, the proton migrates to the

from theH NMR spectrum, which shows a distinct signal for . .

the hydroxyl proton of the neutral ligand L2 at 6.34 ppm. The negatively charged a_lkox_y oxygeéhThus, a new six-membered
; [RUNG30] chelate ring is formed. Notably, the-G bond

IR spectrum recorded under a dry nitrogen atmosphere shows

. . formation and the transfer of proton occurs without adding any
a band at 3302 cr corresponding to the stretching frequency external base or heating, which are often prerequisite for aldol-
of the hydroxyl groups.

1 ) __ type addition reactions. The activation of the methyl proton is
The *H NMR spectra of the compounds reveal interesting ¢hq ey for this reaction. A possible pathway is certainly the
features of their solution structures. The ring methylene proton ~_4 hond activation by the metal idd.However, the methyl

signals of compounds are plotted_along with solid-state_con- at the 2-position of the NP unit is unlikely to have a strong
formers of the [RUNGD] chelate ring of the corresponding interaction with Ru, an inference that is primarily based on
compounds obtained from X-ray structures in Figure 5. FOr geometric consideratiod. A more logical rationale is the
compounds2 and 2a, the methylene signals exhibit two “AB i reased acidity of the 2-methyl proton due to coordination of
quartets” (centered_at 3.41 and 3.75 ppm 2cand 3.31 and the NP ligand to the [RCO]2* unit.23 It is well documented
3.74 ppm for2g) with a 2y value of 14-15 Hz for tWo  yhat the alkyl group at the 2-position of pyridine is more reactive
conformers. It is our assertion that these two conformers compared to the alkyl group attached in benzene, and the former

correspond to two ring structures exhibited in the solid-_state undergoes a base-catalyzed aldol-type condensation with car-
structures (Figure 5d). The appearance of the AB pattern is d“ebonyl compound#?

to a comparable chemical shift difference and the coupling
constanf192 The environments of a particular proton of the
chelate ring differ in two conformers, which are reflected in
the™H NMR, showing two different signals. Interestingly, only
one form of the [RUN@O] ring conformer of3 is present in
solution, as reflected in théd NMR spectrum, exhibiting only
two doublets at 3.60 and 3.96 ppm wi#by values of 14.8
and 14.4 Hz, corresponding to the two inequivalent methylene
protons of the chelate ring. It is likely that the methyl group at
the 3-position of NP leads to conformational locking by favoring
one particular conformer (Figure 3). The methylene protons of
the chelate ring it appear as a multiplet centered at 3.74 ppm,
and the pattern is more complex, presumably due to the
neighboring chiral center and/or the presence of more than one
conformer of the chelate ring in solution.

Scheme 2 shows a proposed reaction pathway for the
formation of the C-C-coupled product. In the initial step, ketone
coordinates to the [R{CO)] unit axially, replacing the
acetonitrile. Elimination of hydrogen from the methyl group of
coordinated 2-MeNP and -€C bond formation between the
methyl group and ketone take place through a concerted six-

The axial coordination of ketone is essential for this reaction.
The use of coordinated solvents such as acetonitrile drastically
reduces the efficiency. The identity of the anions in the precursor
molecule also plays an influential role. [RGO),(2-MeNP)}-
(OTf),] (1a) exhibits a sluggish reaction compared to its
tetrafluroborate analogué A simple explanation is that the
triflate anions compete with acetone for axial coordination,
thereby reducing the rate of the reaction. This is confirmed from
the solid-state structure of [RICOu(2-MeNP)(OTf),]. The
structure reveals the axial coordination of triflates (Figure S1
in the Supporting Information).

To our best knowledge, the 1,8-naphthyridine-based ligands
L1—-L3 have been synthesized for the first time through metal-
mediated aldol-type addition. Owing to the scarce chemical
literature on the subject, the derivatization of 1,8-naphthyridine
is of special interest to synthetic organic chemists. Further, these
compounds constitute an important class of compounds because
of their possible biological and pharmacological applicatitns.

A literature study revealed that the pyridine analogue 2-methyl-

(11) (a) Shilov, A. E.; Shul’pin, G. BChem. Rv. 1997 97, 2879. (b)
Bloch, R.Chem. Re. 1998 98, 1407.

(9) Silverstein, R. M.; Bassler, G. C.; Morrill, T. CSpectrometric (12) The Ru-H29C distance ilais calculated to be 2.830 A, which is
Identification of Organic Compoundsth ed.; Wiley: New York, 1991. longer than the M-H distances observed in typicagosticcomplexes.

(10) (a) Vicente, J.; Chicote, M.-T.; Guerrero, R.; Vicente-Hedez, (13) Pigge, F. C.; Coniglio, J. Lurr. Org. Chem 2001, 5, 757.
I.; Alvarez-Falém, M. M. Inorg. Chem.2005 24, 4506. (b) Vicente, J.; (14) Uff, B. C. In Comprehensie Heterocyclic ChemistnyKatritzky,
Chicote, M. T.; Guerrero, R.; Vicente-Hémdez, |.; Alvarez-Falco, M. A. R, Rees, C. W., Eds.; Pergamon Press: Oxford, U.K., 1984; Vol. 2, p

M.; Jones, P. G.; Bautista, @rganometallic2005 24, 4506. 329.
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Figure 5. Plots of methylene proton signalsfid NMR for compound2 (a), 3 (b), and4 (c) in CDsCN at room temperature and conformers
of the [RUNGQ] chelate ring present in compoungsand 2a (d), 3 (e), and4 (f) with the corresponding €O—Ru—N torsional angles

(deg).

1-(pyridin-2-yl)propan-2-ol was synthesized from 2-methylpy-
ridine with 1 equiv ofn-BuLi, followed by the addition of an
excess of acetorté . This work illustrates a similar derivatization
of the NP ring assisted by the [R€O)]?" core under very
mild conditions, thereby avoiding side reactidfis.

Conclusion

A new type of C-C bond formation reaction between

MS spectra were recorded on a MICROMASS QUATTRO |l triple-
quadrupole mass spectrometer.

Materials. Solvents were dried by conventional methods,
distilled over nitrogen, and deoxygenated prior to HsBuCk:
nH,0 (39% Ru) was purchased from Arora Matthey, Calcutta, India.
The compound [RCO)(CH3CN)g][BF4]> was synthesized by
following a procedure similar to the synthesis of PRTO),(CHs-
CN)g][PFe]2.1° The ligands 2-MeNP and 2,3-M&P were prepared
by the Friedlander condensation of 2-aminonicotinaldehyde with

2-methyl-1,8-naphthyridine and acetone/methyl ethyl ketone corresponding acyl derivativég.

mediated by [Rp(CO)]?" has been reported. Reactions of this

Syntheses. [Ry(CO)4(2-MeNP),(MeCN),][BF 42 (1) and [Ru,-

type proceed at room temperature and under mild conditions, (CO)4(2-MeNP),(OTf) 4] (1a). 2-MeNP (31 mg, 0.21 mmol) was

providing access to a variety of naphthyridine derivatives.

added to an acetonitrile solution (15 mL) of [RGO)}(MeCN)]-

Further work is being undertaken to examine the reactions with [BF,], (68 mg, 0.093 mmol), and the mixture was stirred8c at
carbonyl compounds such as aldehydes or carboxylic acid room temperature. The resulting orange solution was concentrated
derivatives to synthesize important 1,8-naphthyridine derivatives. under vacuum, and 15 mL of diethyl ether was added with stirring

Experimental Section

General Procedures All reactions with metal complexes were

to induce precipitation. The solid residue obtained was washed with
ether (3x 5 mL) and dried under vacuum to give [RGO),(2-
MeNPL(MeCN)][BF 4]z (1). This product was dissolved in dichlo-
romethane and recrystallized by layering petroleum ether on it.

carried out under an atmosphere of purified nitrogen using standardYield: 74 mg (93%). IR (KBr; cmY): »(CO) 2043, 2028, 1945;
Schlenk-vessel and vacuum-line techniques. Infrared spectra werey(BF,~) 1058.1H NMR (CDzCN; o, ppm): 8.60 (d, 2H3J4—y =

recorded in the range 406@00 cnT! on a Bruker Vertex 70
spectrophotometer with KBr pellet$d NMR spectra were obtained
on a JEOL JNM-LA 400 MHz spectrometéid NMR chemical

8.1 Hz, H(NP)), 8.47 (dd, 2H), 8.06 (m, 2H), 7.96 (d, 2H, 8.2 Hz,
H(NP)), 7.26 (m, 2H), 3.43 (s, 6H, GH UV—vis (CH:CN; Amax
nm (¢, dm? mol~* cm1)): 258 (sh), 301 (3.25 109). X-ray-quality

shifts were referenced to the residual hydrogen signal of the crystals of [RyU(CO)(2-MeNP)(OTf),] (1a) were obtained in
deuterated solvents. Electronic absorptions were measured on gyuantitative yield by layering a saturated benzene solution of
Lambda-20 Perkin-Elmer spectrophotometer. Elemental analyses[n-Bu,N][OTf] onto a dichloromethane solution df. IR (KBr;

were performed on a Thermoquest EA1110 CHNS/O analyzer. ESI-

(15) (a) Goreeki, D. K. J.; Hawes, E. M. Med. Chem1977, 20, 124.
(b) Egawa, H.; Miyamota, T.; Minamida, A.; Nishimura, Y.; Okada, H.;
Uno, H.; Motosumota, TJ. Med. Chem1984 27, 1543. (c) Kuroda, T.;
Suzuki, F.; Tamura, T.; Ohmori, K.; Hosoe, Bl. Med. Chem1992 35,
1130. (d) Chen, K.; Kuo, S.; Hsiech, M.; Anthoner,XMed. Chem1997,
40, 3049. (e) Ferrarini, M.; Clendio, M.; Calderone, U.; Lovella,E&ir. J.
Med. Chem1998 33, 383.

(16) Speiser, F.; Braunstein, P.; Saussine, L.; Weltein&g. Chem
2004 43, 1649.

(17) (a) Pasquinet, E.; Rocca, P.; Marsais, F.; Godard, A’gQuer,
G. Tetrahedron1998 54, 8771. (b) Quguiner, G.; Marsais, F.; Snieckus,
V.; Epsztajn, JAdv. Heterocycl. Chem199], 52, 187. (c) Godard, A;
Marsais, F.; PleN.; Trecourt, F.; Turck, A.; Quguiner, G.Heterocycles
1995 40, 1055. (d) Eisch, J. J.; Kovacs, C. A.; Chobe, P.; Boleslawski, M.
P.J. Org. Chem1987, 52, 4427.

cm™1): »(CO) 2045, 2025, 1948;(0OTf") 1262. Anal. Calcd for
Co4H16N4O10S:FsRW: C, 32.00; H, 1.79; N, 6.22; S, 7.12. Found:
C, 32.12; H, 1.96; N, 6.36; S, 6.95.

[Ruz(CO)4(L1),][BF4]2 (2). A 1 mL portion of acetone was
added to a dichloromethane solution (10 mL) of jRO),(2-
MeNP),(MeCNY][BF 4. (45 mg, 0.052 mmol), and the solution
was stirred for 12 h at room temperature. The yellow solution was

(18) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. Rurification of
Laboratory Chemicals2nd ed.; Pergamon Press: Oxford, U.K., 1980.

(19) Klemperer, W. J.; Zhong, Bnorg. Chem.1993 32, 5821.

(20) (a) Reddy, K. V.; Mogilaiah, K.; Sreenivasulu, B.Indian Chem.
Soc 1986 63, 443. (b) Thummel, R. P.; Lefoulon, F.; Cantu, D;
Mahadevan, R. JJ. Org. Chem.1984 49, 2208. (c) Majewicz, T. C;
Caluwe, PJ. Org. Chem1974 39, 720.
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Table 1. Crystallographic Data and Refinement Parameters for Compounds -2CH3),CO, 2a(CH3),CO, 3, and 4

2:(CH3)2CO 2a(CHg)2,CO 3 4
empirical formula 61H3282F8N4O7RU2 C33H32F6N4013RUQSQ C30H3082F8N406RU2 C30H14BQF3N4OGRU2
formula wt 948.37 1072.89 918.34 902.21
cryst syst monoclinic monoclinic monoclinic monoclinic
space group P2/c C2lc P2, C2lc
a A 12.590(5) 23.639(3) 9.4518(10) 25.612(5)
b, A 8.383(3) 12.3280(14) 15.8721(17) 8.737(5)
c, A 20.993(6) 17.635(2) 11.5989(12) 18.469(5)
B, deg 123.243(16) 127.424(2) 94.025(2) 121.375(5)
V, A3 1853.1(11) 4081.3(8) 1735.8(3) 3529(2)

z 2 4 2 4
Pealca g CNT 3 1.700 1.746 1.757 1.698
u, mmt 0.905 0.936 0.961 0.945
F(000) 944 2144 912 1760
no. of rflns
collected 8774 11615 10276 8764
indep 3140 4149 5591 2996
obsd ( > 20(1)) 2079 3478 4618 2234
no. of variables 237 268 475 227
goodness of fit 0.982 1.046 0.990 1.041
final Rindices ( > 20(1))?
R1 0.0833 0.0498 0.0570 0.0575
wR2 0.1955 0.1230 0.0987 0.1416
Rindices (all dat&d
R1 0.1183 0.0603 0.0732 0.0815
wR2 0.2143 0.1290 0.1053 0.1552

AR1= 3||Fol — [Fell/XIFo| with Fo> > 20(Fo?). WR2 = [FW(|Fo? — [F2)3IFTY>

concentrated under vacuum, and 15 mL of diethyl ether was added
with stirring to induce precipitation. The solid residue obtained was (CO),(MeCN)][BF4], (35 mg, 0.039 mmol) and acetone was
washed with ether and redissolved in acetone, and petroleum ethercarried out by following a procedure similar to that described in

[Ru(CO)4(L2),][BF 4]2 (3). The reaction of [Re(2,3-MeNP),-

was layered on this solution to give [RCO)(L1),][BF4]. as
yellow crystals suitable for X-ray analysis. Yield: 39 mg (83%).
IH NMR (CDsCN; 9, ppm): 8.87 (d3Jy—n = 7.9 Hz, H(NP)),
8.74 (d,%Jy—n = 8.1 Hz, H(NP)), 8.63 (®J4—n = 8.1 Hz, H(NP)),
8.56 (d,2Jy—n = 8.0 Hz, H(NP)), 8.20 (m, H(NP)), 8.09 (m, H(NP)),
8.02 (d,2Jy—n = 8.1 Hz, H(NP)), 7.51 (®Jy—n = 8.1 Hz, H(NP)),
7.45 (m, H(NP)), 6.61 and 6.50 (s, 2H, OH), 3.75 and 3.41 (AB
system, 4H2J4_y = 14.5 and 14.2 Hz, CH), 1.78 (s, 6H, CH),
1.50 (s, 6H, CH). IR (KBr; cm™Y): »(CO) 2047, 2010, 1962;-
(OH) 3302;¥(BF,~) 1061. ESI-MS:m/z 719 [M}?* — H*]*, 806

[{ ,\/|}2Jr + BF47]+. Anal. Calcd for GgH2eN4OgBoFgRW: C, 37.69;

H, 3.16; N, 6.28. Found: C, 37.43; H, 3.08; N, 6.37. BV¥s (CHs-
CN; Amax NM €, dm?® mol~t cm™1)): 262 (sh), 302 (7.65 10°).

[Rux(CO)4(L1),][OTf] 2 (2a). X-ray-quality crystals of [Rgt
(CO)}(L1)2][OTf]. (28) were obtained in quantitative yield by
layering a saturated benzene solution ©Bu,N][OTf] onto an
acetone solution 02. 'H NMR (CDsCN; 6, ppm): 8.89 (d3Jy-n
= 7.8 Hz, H(NP)), 8.74 (®Jy—n = 8.1 Hz, H(NP)), 8.63 (BJy—n
= 8.1 Hz, H(NP)), 8.56 (BJ4_ = 8.0 Hz, H(NP)), 8.19 (d), 8.09
(m, H(NP)), 8.01 (d3J4—n = 8.1 Hz, H(NP)), 7.49 (d3Jy_n =
8.1 Hz, H(NP)), 7.45 (m, H(NP)), 6.51 (s, 2H, OH), 3.74 and 3.31
(AB system, 4H.2Jy_y = 15.2 and 14.9 Hz, C§), 1.77 (s, 6H,
CHy), 1.48 (s, 6H, CH). IR (KBr; cm™%): »(CO) 2041, 2009, 1962;
v(OH) 3303;»(OTf~) 1262. Anal. Calcd for ggH2gN401,S,FsRW:

C, 35.44; H, 2.78; N, 5.51; S, 6.31. Found: C, 35.27; H, 2.71; N,
5.63; S, 6.21. UV-vis (CHCN; Amax, M (€, dm® mol~1 cm1)):
264 (sh), 303 (7.8% 109).

[Ru2(2,3-MeNP),(CO)4(MeCN),][BF 4]2. The reaction of [Rgt
(CO}(MeCN)][BF4]2 (42 mg, 0.057 mmol) and 2,3-M&P (21
mg, 0.13 mmol) was carried out by following a procedure similar
to that described in the synthesis of compoundrield: 46 mg
(91%). 'H NMR (CDsCN; 6, ppm): (CDBCN, 0): 8.37 (d, 2H,
334 = 7.9 Hz, H(NP)), 8.32 (m, 2H), 7.97 (m, 2H), 7.15 (m,
2H), 3.34 (s, 6H, Ch), 2.65 (s, 6H, CH). IR (KBr; cm™1): »(CO)
2042, 2027, 1946;(BF,~) 1061. Anal. Calcd for g3H2¢NO4B,Fs-
Ruw: C, 37.94; H, 2.96; N, 9.48. Found: C, 37.82; H, 3.01; N,
9.39. UV—Vis (CH;CN; Amax M (€, dm?® mol~t cm™1)): 264 (sh),
308 (3.84x 10(°).

the synthesis of compourftl The product3, was crystallized by
layering petroleum ether on the dichloromethane solution of the
compound. Yield: 30 mg (83%)H NMR (CD3CN; 6, ppm): 8.57
(s, 2H, H(NP)), 8.46 (d, 2HJy-n = 8.1 Hz, H(NP)), 8.12 (d, 2H,
8J4—n = 8.0 Hz, H(NP)), 7.37 (m, 2H, H(NP)), 6.34 (s, 2H, OH),
3.96 (d, 2H,2Jy—y = 14.4 Hz, CH), 3.60 (d, 2H,2J4—y = 14.8
Hz, CH,), 2.72 (s, 6H, CH(NP)), 1.79 (s, 6H, Ch), 1.52 (s, 6H,
CHg). IR (KBr; cm™1): »(CO) 2045, 2010, 1964#(OH) 3302;
v(BF;7) 1060. ESI-MS: m/z 747 [M}?t — H']*, 834 [M}?" +
BF,7]". Anal. Calcd for GoH3oN4OsBoFsRW: C, 39.15; H, 3.50;
N, 6.09. Found: C, 39.06; H, 3.58; N, 6.18. UVis (CHCN;
Amax M (€, dm® mol=t cm™1)): 263 (sh), 304 (6.34 1CB).

[Rux(CO)4(L3),][BF 42 (4). The reaction ofl (42 mg, 0.049
mmol) and methyl ethyl ketone was carried out by following a
procedure similar to that described in the synthesis of compound
2. The product4, was crystallized by layering petroleum ether on
a dichloromethane solution of the compound. Yield: 38 mg (84%).
IH NMR (CDsCN; 6, ppm): 8.86 (d, 2H3Jy—y = 8.1 Hz, H(NP)),
8.73 (d, 2H,3Jy—n = 8.0 Hz, H(NP)), 8.60 (m, 2H, H(NP)), 8.06
(m, 2H, H(NP)), 7.50 (m, 2H, H(NP)), 6.41 and 6.17 (s, 2H, OH),
3.74 (m, 4H, CH), 1.71 (s, 6H, Ch), 1.52 (m, 4H, CH(EY)), 1.23-

1.10 (m, 6H, CH(EY)). IR (KBr; cm1): »(CO) 2042, 2007, 1962;
v(OH) 3301;v(BF4) 1058. ESI-MS: m/z 747 [M}2" — HT]T,
834 [{M}ZJr + BF47]+. Anal. Calcd for GoH32N406BoFsRW: C,
39.15; H, 3.50; N, 6.09. Found: C, 39.02; H, 3.58; N, 6.21.- YV
Vis (CHCN; Amax M (€, dm? mol~t cm™1)): 267 (sh), 304 (5.48
x 10%).

X-ray Data Collection and Refinement. Single-crystal X-ray
structural studies were performed on a CCD Bruker SMART APEX
diffractometer equipped with an Oxford Instruments low-temper-
ature attachment. Data were collected at 100(2) K using graphite-
monochromated Mo ¥ radiation ¢, = 0.710 73 A). The frames
were indexed, integrated, and scaled using the SMART and SAINT
software packag#,and the data were corrected for absorption using
the SADABS progrand? The structures were solved and refined

(21) SAINT+ Software for CCD Diffractometers; Bruker AXS, Madison,
WI, 2000.
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using the SHELX suite of progranid,while additional crystal- were found to be disordered and were modeled satisfactorily. The
lographic calculations were performed by the program PLATON. methyl and ethyl groups o#f were found to be positionally
Figures were drawn using ORTEP%ZThe hydrogen atoms were  disordered and were modeled in a satisfactory manner. No
included at geometrically calculated positions in the final stages hydrogens were generated for the carbons C21, C22, C22a, and
of the refinement and were refined according to the “riding model”. C23 in the structure ofd. Pertinent crystallographic data for
The alcoholic H atoms of compounds 2a, 3, and4 were not compound®, 2a, 3, and4 are summarized in Table 1.

assigned in the structures. All non-hydrogen atoms were refined
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