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Abgract. The reaction of [{(h®-p-cymeneRu(reCl)},Cly] with functionalized (Phosphine viz, diphenyl-
2-pyridylphosphine yielded complexes of the type (8 P-bonded complex [(h°-p-cymene)RuCl,(PPhyPy)]
(1), (b) P-, N-chdaed complex [(h°-p-cymeneRuC-(PPh,PY)IBF, (2) and [RuCl,(PPhPy)s] (3) result-
ing from the displacement of the p-cymene ligand. These complexes were characterized by *H NMR, 3'P
NMR and andyticd data The gructures of complexes 1 and 2 have been confirmed by sngle crysa
X-ray diffraction study. Complex 1 crystdlised in tridinic space group P'1 with a=100403 (3) A,
b=138108 (3) A, c=1063% (10) A, a=83943 (2°, b =117493 (2)°, g=1134680 (10)°, Z=2 ad

V=123089 (5) A%, The complex 2 crystdlises in monodinic space group P2; with a=94738 (4) A, b=
140650 (6) s, ¢ = 107453 (5) A, b= 106809 (1)°, Z = 2 and V= 132722 (10) A°®.

Keywords.  Ruthenium; diphenyl-2-pyridyl phosphine; p-cymene; X-ray crystallography.

1. Introduction

Arene ruthenium(ll) complexes have been the sub-
jects of intense research in the field of organometallic
chemistry during recent years.' The catalytic activity
of these complexes ranges from hydrogen transfer” to
ring-closing metathesis® Anti tumour activities ex-
hibited by some water-soluble arene ruthenium(ll)
complexes has also evoked interest in recent years.”
We have been interested in the synthesis of arene
ruthenium(ll) complexes keeping in mind their pos-
shle catdytic activity. Pyridylphosphines, in gen-
eral, continue to induce much interest as being
excellent ligands for gtabilizing many trangtion-
metal co-ordinations and organometallic complexes.”
Diphenyl-2-pyridylphosphine ~ (PPh,Py)  displays
numerous ligating modes ranging from P coordi-
nation,’ P-, N-chdation’ and more commonly, P-, N-
bridging between two metal centers® In this paper,
we would like to report the synthesis of new com-

*For correspondence

plexes where diphenyl 2-pyridylphosphine exhibits
bonding modes through (i) P coordination [(h®-p-
cymene)RuCl,(PPh,Py)] (1), (ii) P-, N-chelating [(h°-
p-cymene)RuCl(PPh,Py)]BF, (2) and [RuCl,(PPh,
Py)>], (3). Complex 3 resulted from the displace-
ment of the cymene ligand from the starting dimer.
In order to establish the exact structures, X-ray crys-
tallographic analysis has been carried out for com-
plexes 1 and 2.

2. Experimental section

All chemicals used were of reagent grade. All reac-
tions were carried out in purified and dried solvents.
'"H NMR spectra were recorded on a Brucker ACF
300 spectrometer. Infrared spectra were taken on a
Perkin—Elmer model 983 spectrophotometer using
Cd pdlets. Elementa analysis was performed in
Perkin—-Elmer-2400 CHNSO anayzer. Diphenyl-2-
pyridylphosphine (PPh,Py) was purchased from
Aldrich and used as such. [{(h®-p-cymene) Ru(m
CI)}.Cl,] was prepared according to the literature
method.’

21



22 R Lalrempuia et al

2.1 Synthesis of [ (h®-p-cymene)RuCl,(PPh,Py)]
1)

Diphenyl-2-pyridylphosphine (0043 g, 0463 mmoal)
was added to a dichloromethane solution (10 ml) of
the complex [{ (h®-p-cymene)Ru(m-Cl)} ,Cl,] (0400 g,
0463 mmoal) and the resulting solution was dirred at
room temperature for 1 h. The solvent was reduced
to about 2ml and addition of excess diethylether
with vigorous stirring gave the product as a micro-
crystaline red solid. Yield: 0448 g, 80%.

Andyss.  Cac. for CyH;sNPRUC,: C, 56%8; H,
492; N, 246%. Found C, 56%4; H, 540; N, 249%.
'H-NMR (CDCl;, ppm): 885 (d, Jun = 4% Hz, 1H),
803-796 (m, 4H), 7%6-741 (m O9H), 545 (d,
JHH =68 HZ, 2H), 582 (d, JHH =68 HZ, 2H), 2%9
(sept, 1H), 168 (s, 3H), 093 (d, Jun = 66 Hz, 6H).
P {'H} NMR (CDCls;, ppm): 2141 ().

IR (Csl pellet, cm™): 288 (Nru_c)).

2.2 Synthesis of [ (h®-p-cymene)RuCl(PPh,Py)] BF,
(2) and [ RuCl,(PPh,Py).] (3)

The mixture of [{(h®p-cymene)Ru(mCl)}.Cl,]
(0009, 0463 mmoal), diphenyl-2-pyridylphosphine
(02149, O0815mmol) and NH;BF,; (0%85g,
08 mmol) were refluxed in methanol (25 ml). The
colour of the solution immediately changed to or-
ange, with some red solid materia left at the bottom
of the flask, which completely dissolved after re-
fluxing for 3 h to give ydlow solution. The solution
was then rotary evaporated, extracted with acetone
and filtered through a short silica ge column to re-
move insoluble materid. Recrydtdlisation of the
crude product from a mixture of acetone and hexane
yielded complex (2) as red and complex (3) as yel-
low crystals. These were separated by physica
methods.

22a Complex 2. Andyss of cac for
C,;H,sBCIF,NPRU: C, 5225; H, 4%67, N, 226%.
Found: C, 52:84; H, 4578; N, 2:82%.

'H NMR (CDCl;, ppm): 940 (d, Juy = 54 Hz, 1H),
824-848 (m, 2H), 801-785 (m 5H), 761-744 (m,
6H), 642 (t, Juww=68Hz, 2H), 580 (d,
Jun =60 Hz, 1H), 588 (d, Juy =60 Hz, 1H), 257
(sept, 1H), 197 (s, 3H), 146 (d, Juy = 69 Hz, 3H),
105 (d, Jyn = 72 Hz, 3H).

P {'H} NMR: -11%2 (9).

IR (Csl pellet, cm™): 283 (Nru_c)).

22b Complex 3. Anayss of cdc. for
CaH26ClRu: C, 5846; H, 4%4; N, 4%0%; Found:
C, 58%0; H, 425; N, 446%.

'H NMR (CDCl;, ppm): 885 (d, J.y = 08 Hz, 1H),
882 (t, Jup =75 Hz, 1H), 802 (d, Juy =78 Hz
1H), 786 (t, Juy = 60 Hz, 1H), 7868 (t, Juy = 75 Hz,
1H), 7862787 (m, 5H), 747 (t, Jun = 72 Hz, 2H),
and 6¥9 (m, 2H).

P {'H} NMR: 1580 (s).

IR (Csl, cm™): 280 (Nre_c))-

2.2c Method 2 - Synthesis of [(h®-p-cymene)
RuCl(PPh,Py)]BF, (2): A mixture of the complex
[(h®-cymene)RuCl,(PPh,Py)] (1) (0400 g, 0261 mmd)
and NH,;BF, (00429, 0d0mmol) in methanol
(15 ml) was dtirred at room temperature for 5 h. The
clear orange-coloured solution was then rotary
evaporated. The residue was extracted with acetone
and filtered to remove insoluble materid. The fil-
trate was then reduced to about 1 ml and addition
of excess hexane gave orange solid. Yield: 0%85 g,
84%.

2.3 X-ray crystallographic analysis for complexes
land?2

Single crystals suitable for X-ray analysis were
grown from dichloromethane/diethylether (complex
1) and acetone/hexane (complex 2). X-ray intensity
data were collected on a Rigaku R-Axis llc (Rigaku
Mercury CCD for complex 2) area detector employ-
ing graphite-monochromated Mo-K, radiation (I =
071069 A). Indexing was performed from a series
of 1° oscillation images with exposures of 200 sec-
onds per frame. A hemisphere of data was collected
usng 6° oscillation angles with exposures of 150
seconds per frame and a crystal-to-detector distance
of 82 mm. Oscillation images were processed using
bioteX,® producing a listing of unaveraged F° and
s (F%) values which were then passed to the teX-
san'' program package for further processing and
dructure solution on a Silicon Graphics O2 com-
puter. The intensity data were corrected for Lorentz
and polarization effects but not for absorption.

The structures were solved by direct methods
(SIR92"%). Refinement was by full-matrix least
squares based on F? using SHELXL-93.2 All re-
flections were used during refinement (Fz’s that
were experimentally negative were replaced by
F>=0). The weighting scheme used was w=1/
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[s(F5) +00682P° + 08632P], where P=(Fj+2F2)/3.
Non-hydrogen atoms were refined anisotropicaly
and hydrogen atoms were refined using a ‘riding’
model. Refinement for complex 1 converged to
R, =00416 and wR, =04089 for 5351 reflections
for which F>4s (F) and R, = 06436, wR, = 04110
and GOF=1%74 for dl 5589 unique, non-
zero reflections and 293 variables. Refinement for
complex 2 converged to R, =0%338 and wWR; =
00913 for 12916 reflections for which F > 4s (F)
and R, =00347, wR, = 09927 and GOF = 1090 for
dl 13124 unique, non-zero reflections and 329 vari-
ables.

Table 1 ligts cdl information, data collection pa-
rameters, and refinement data. Tables 2 and 3 list

bond distances and bond angles of compounds 1 and
2 respectively. Figures 1 and 2 are ORTEP" repre-
sentations of the molecule with 30% probability
thermal elipsoids displayed.

3. Resultsand discussion

The dinuclear complex [{(h®-p-cymene)Ru(mCl)},
Cl;] undergoes bridge cleavage reaction with
diphenyl-2-pyridylphosphine yielding neutra P-bon-
ded, cationic P-, N-chelating and neutral P-, N-che-
lating complexes respectively.

The reaction of [{(h®p-cymene)Ru(mCl)},Cl,]
with one eguivdent of the ligand in dichloro-

Tablel. Summary of structure determination of complexes 1 and 22,

Formula RUC27H23NPC|2 RuC,7BH,sN PF4C|
Formulaweight 56944 62080
Crysta class Triclinic Monoclinic
Space group P1 (#2) P2, (#4)
Z 2 2
Cdl congtants
a 10:9403(3) A 94738(4) A
b 13:3108(3) A 140650(6) A
c 10%63940(10) A 1097453(5) A
a 88:943(2)°
b 117493(2)° 106:809(1)°
g 1134680(10)°
Y, 1230:89(5) 1327:22(10) &
m 985 0m * 797om !
Crysta size (mm) 080" 025" 025 027" 025" 024
cdlc 1637 gla?® 1653 gla?®
F(000) 580 628
Radiation Mo-K, (I =0%1069 A Mo-K, (I =0%1069 A
2qrange 502-54-08° 3.96-58.24°
hkl collected —14£h£ 14 -10£h£11;
-16 £k £ 17, -19£KE£19;
-13£1£13 -14£1£14
No. of reflections measured 19788 13124
No. of unique reflections 5589 (R = 0%254) 13124 (Rt = 0%000)
No. of observed reflections 5351 (F > 4s) 12916 (F > 4s)
No. of reflections used in refinement 5589 13124
No. of parameters 293 329
Rindices (F > 4s) R, = 00416 R, = 00338
wR, = 04089 WR, = 06913
Rindices (dl data) R, = 00436 Ry = 00347
wR, = 04110 wWR, = 06927
GOF": 1074 1090
Findl difference pesks (e/A%) +0¥01, —0%07 +0%99, —0:809

"Ri= Fol—IFlT Fol,

WR, = { OW(F5 — F)2/Ow(F3)%} 2,

GOF = { OWFZ— F)*(n—p)} 2,

where n = the number of reflections and p = the number of parameters refined.
®The crystd of complex 2 was found to be twinned by a rotation of 180° about the norma to
301 (twin indexing and processng of twinned data wes peformed by the TwinSolve®

module of crystd Clear).

bTwinSolve: C. Swensson, MaxLab, Lund, Sweden, Private Communication.
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Table2. Sdected bond lengths (A) and angles (9) for complex 1.

Bond lengths (A)

Ru-C23 2460(3) Ru-CI1 24111(8)

Ru-C19 2:238(3) C19-C20 1x426(4)

Ru-P1 2:8565(7) C22-C23 1>405(4)

Cl19-C24 1>400(4) Ru-C22 2217(3)

C21-C22 1431(5) Ru-C20 2251(3)

Ru-C24 2483(3) Cc20-Cc21 1:878(5)

Ru-C21 2240(3) C23-C24 1x430(4)

Ru-CI2 24107(7)

Bond angles (°)

C23-Ru-P1 8399(8) C24-Ru-P1 941(8) C22-Ru-P1  11204(9)
C19-Ru-P1 12362(9) C21-Ru—P1  14948(10) C20-Ru-P1  160%7(9)
C23-Ru-CI2 11969(8) C24—-Ru-Cl2 158%0(8) C22-Ru-CI2  9160(8)
C19-Ru-CI2 15167(9) C21-Ru-Cl2  9084(9) C20-Ru-CI2 114%86(9)
P1-Ru-CI2 84:83(3) C23-Ru-Cl1 150:85(9) C24-Ru-CI1 112%9(8)
C22-Ru-Cl1 15704(9) C19-Ru-Cl1  8848(8) C21-Ru-CI1 11961(10)
C20-Ru—ClI1 92:26(9) P1-Ru-ClI1 9000(3) CI2-Ru-CI1  8941(3)
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ci4 e
2 fé -
Ci2 C5
methane yidded stable neutral complex [(h®-p- e Oy
j.- —

cymene)RuCl,(PPh,Py)] (1) which is soluble in
most of the polar solvents. The spectroscopic data
clearly suggest the coordination of the ligand to the
metal as evidence from the shift of the phosphorus
and protons resonance as compared to the starting
materials, but of course without any certain assign-
ment through which atom is bonded to the metal. *H
NMR spectrum of the complex 1 shows resonance
for the phosphine ligand in the aromatic region in
the range of 885-741 ppm. The p-cymene signals
are well-resolved and exhibit only H-H coupling.

Figure 1. Molecular sructure of [(h°-p-

cymene) RuCl>(PPh:Py)] (2).

complex

The arene ring protons appear as two sets of doublets
at 5x5 and 5%2 ppm while a septet is observed for
HC(Me),, as found in other p-cymene ruthenium
complexes. The water peak from the deutero chloro-
form solvent obscured CH; signal (~1%6 ppm). The
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Table3. Sdected bond lengths (A) and bond angles (°) for complex 2.

Bond lengths (A)
Ru-N2 2404(2) Ru-C23 2466(3)
Ru-C22 2207(3) Ru-C21 2227(3)
Ru-C20 2241(3) Ru-P 2:8311(7)
Ru-C24 2204(3) P-C1 1:826(3)
Ru-C19 2229(3) C1-C6 1:834(4)
Ru-Cl 28970(8)  C5-C6 1:899(5)
P-C13 1:809(3) P-C7 1:812(3)
N2-C1 1:851(4) N2-C3 1:353(4)
C3-C4 1:891(5) C4-C5 1:869(6)
C19-C24 1:407(4) C19-C20 1:427(5)
C20-C21 1>406(5) C21-C22 1424(5)
Bond angles (°)
N2-Ru-P 6747(7) C23-Ru-P 9425(9) C24-Ru-P  10389(7)
C22-Ru-P 11242(9) C21-Ru-P 14796(10) C19-Ru-P  132x3(9)
C20-Ru-P 16929(8) N2—Ru-Cl 8393(7) C23-Ru-Cl 15292(9)
C24-Ru-Cl 115%67(10) C22-Ru-Cl  15987(9) C21-Ru-Cl 121:94(10)
C19-Ru-Cl 91:49(8) C20-Ru-Cl 9508(11) P-Ru-Cl 8725(3)
N2-Ru-C20 12345(11) N2-Ru-C19  15941(11) N2-Ru-C21 9841(11)
N2-Ru-C23 121568(11) N2-Ru-C24  158%5(11) N2-Ru-C22 96:66(11)
ligand (—3¥3 ppm). The far IR spectrum showed a
i medium intensity band for termina stretching vibra-
c1g / tion of Nry_ a 288 cm ™.
: T Cicon The reaction of [{(h®-p-cymene)Ru(mCl)},Cl,]
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Figure 2. Molecular structure of complex [(h®-p-cymene)

RuCl(PPh,Py)]BF; (2).

protons of isopropyl group (HC(Me),) signds ap-
peared as a doublet at 093 ppm. The *P NMR
showed one signal a 21x1 ppm due to phosphine
ligand, a dgnificant down field shift was observed
after coordination to the metal as compared to free

with excess of the ligand in methanol yields com-
plexes 2 and 3 in 1:1 ratio as evidenced from 'H
NMR spectrum. These complexes unlike 1 are not
soluble in chloroform but are soluble in acetone and
dichloromethane. *"H NMR spectrum of 2 shows dif-
ferent pattern of signals compared to the spectrum
of complex 1, viz. (8) an extra triplet appears for the
protons of the p-cymene ring. (b) Two doublets are
observed at 146 and 1%5 ppm for the HC(Me), pro-
tons. We have previoudy reported a similar pattern
of sgnas in the case of p-cymene ruthenium(ll)
Schiff base complexes.™ This observation could be
due to the loss of planarity of the p-cymene ligand
owing to the seric influence of the rigid P-, N-
chelate ligand. The yedlow crystas (complex 3)
separated from complex 2 do not show any signals
for the p-cymene moiety except well-resolved sig-
nals in the aromatic region a 8%5-6X6 ppm for
phosphine ligand. This type of displacement of the
p-cymene ring by tertiary phosphines from [{(h®-p-
cymene)Ru(mCl)},Cl,] is well documented.® The
¥P.NMR spectrum showed one sharp singlet at
160 ppm. The elemental data suggest the compound
to be [RuCl,(PPh,Py),] (3). The far IR spectrum
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taken in Csl showed a band at 280 cm™, which was
assigned to termind ng, ¢ Stretching mode. The IR
data and **P NMR spectrum suggests that the com-
plex is trans product, otherwise one could expect a
multiplet for phosphorus and two stretching bands
for Ru—Cl.

3.1 Sructures of complexes 1 and 2

An ORTEP view of the complexes 1 and 2 are
shown in figures 1 and 2. The complexes exist as
half-sandwich complex with the distorted octahedral
geometry around the metal centre assuming the p-
cymene ring occupying three facial sites. The p-
cymene ligand is p bonded to the ruthenium atom
with an average Ru-C distance of 2214 A and
2212 A respectively for 1 and 2. The distance bet-
ween ruthenium and the chloride ligands are amost
same 2411 and 2897 A. The average C—C bond
lengths in the p-cymene ring for both the complexes
1 and 2 are 1411 A and 1416 A respectively with
dternate short and long C—C bond lengths. The al-
ternate bond lengths are indicative of a contribution
from the cyclohexatriene resonance structure to the
overall resonance hybrid."’

In complex 1, ruthenium atom is directly coordi-
nated to phosphorus atom of the phosphine ligand
with a distance of 2856 A. In complex 2, diphenyl-
2-pyridylphosphine ligand is bonded to the ruthe-
nium metal in a chdating fashion forming four-
membered ring using both P and N atoms. The bond
length of Ru-P is 2831 A, which is shorter, as ex-
pected than that of 1 due to the formation of chelate
ring. The bond length of Ru-N(2) is 2404 A with in
the range of reported compounds. The bond angles
P—-Ru—CI(1) and P-Ru—-CI(2) are 90%0 and 8483
respectivdly in complex 1 indicating piano stool
type structure. The bond angles of P-Ru-Cl and
N2-Ru-Cl in complex 3 are 8725° and 83%3° re-
spectively. The narrow angle of 67.47° for N Ru—P
is expected due to the rigidity of the four-member
chelating ligand.

4. Supplementary material

Crystalographic data for the structura analysis
have been deposited a the Cambridge Crystalo-
graphic Data Centre (CCDC), CCDC No. 205909
for complex 1 and 205908 for complex 2 respec-
tively. Copies of this information may be obtained

free of charge from the Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK (fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).
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