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Abstract

Reaction of Schiff bases with [Rfftcod)(acetate)] (cod = 1,5-cyclooctadiene)
provides [Rh*cod){N-(CsHs)-2-0x0-1-naphthaldiminata?N,0}] (1) and [Rh{*
cod){(R)-N-(p-BrCsH.)ethyl-2-oxo-1-naphthaldiminate®N,0}] (2), respectively.
Compound 2 reacts with triphenylphosphine (PjPhto give [Rh(PP$){(R)-N-(p-
BrCgHa)ethyl-2-oxo-1-naphthaldiminate®N,0}] (3). Molecular structure determination
for 1 reveals that 2-oxo-1-naphthaldiminate ligand i®rdmated to the Rif-cod)-
fragment with six-memberet"O-chelation in distorted square planar geometry. The
structure shows two symmetry-independent molednl#ése asymmetric unitto give a Z' =
2 structure. Optimized structures correspond welthe experimental results. Electronic
spectra by TDDFT show a combined metal-metal anthlrigand transitions band at 411
(1) or 402 @) nm with the highest MOs contributions @d. 81% for HOMO-1 to LUMO,
comparable to the experimental bands. Electronectsp in different solvents show a
negative solvatochromic trend with increasing dittle constants and acceptor number of
solvents, respectivelyH NMR spectra show two multiplets for exo- and emdethylene
protons, and two boublets for olefin protons of tigdnd, respectively’’P NMR spectra
show two sets of doublets &t38.59 and 39.55 ppm due to two assymetric P-atoms
coordinated to the rhodiurtrans to N and O atoms, respectively 8. DSC analyses
demonstrate an irriversible phase transformatiomfcrystalline to isotropic liquid phase.

Keywords Rh@*cod)-fragment; Chiral/achiral Schiff base, Tripkgmosphine; X-ray
structure; DFT/TDDFT calculations



1. Introduction

Rh(n*-cod)-achiral/chiral Schiff base complexes, deriesm the reaction between
Schiff bases and dinuclear [Rfi{cod)(acetate)] (cod = 1,5-cyclooctadiene) are of
continued interests because of their uses for agtnoreduction of ketone and ketone
derivatives with substantial (%) ee values [1-A]récent years, we have given attentions
to synthesize the Rh{-cod)-complexes starting from chiral amino acidsfaralcohols
and [Rh*-cod)(acetate)] [5-10]. In this connection, we have reported tlyatiseses,
spectroscopy and crystal structures of mononugRiagn*-cod)(XY)] (XY = chiral amino
carboxxylato) and [Rin(-cod)(AA)](acetate) (AA = chiral amino alchohol)-8. Crystal
structures reveal a five-member@&jO-chelation of the amino-carboxylate or amino-
alcohol to the Rh(*-cod)-fragment with distorted tetrahedral geometnyaddition, the
di/tri-phosphine ligands (diphos/triphos) readibact with these complexes to yield the
cationic [Rh(diphos)(XY) or neutral [Rh(diphos/triphos)(XY)] complex¢$0].

We have further reported the syntheses and speopiuscharacterization of Rt
cod)-chiral Schiff base complexes including [Rh¢od)®R/'S-SB)] {SB = N-(Ar)ethyl-
salicylaldiminato/naphthaldiminato} [8,11-12]],:2h(r]4-c0d)(R-HL)](acetate) {HL = 2-(X-
benzaldimine)-2-phenylethanol} [13], and [Rf{cod)®/S-HL1 or (ac)HL2)] {HL1 =
N-2-(salicylaldiminate)-2-phenylethanol, HL2 = N&alicylaldiminate)-1-phenylethanol}
[14]. Molecular structure ditermination demonstsatgat a six-memberdd,O-chelation of
the deprotonated Schiff base ligands to thenfRb¢d)-fragment with distorted square
planar geometry.

The present paper, in continuation, reports thalte®f syntheses, spectroscopy and
thermal analyses on [Riit-cod){N-(CsHs)-2-0x0-1-naphthaldiminate®N,0}] (1),
[Rh(n*-cod){(R)-N-(p-BrCsHa)ethyl-2-oxo-1-naphthaldiminate®N,O}] (2), and
[Rh(PPh)2{( R)-N-(p-BrCgsHa)ethyl-2-oxo-1-naphthaldiminate®N,0}] (3), respectively.
Single crystal structure fdr has been dertermined. The optimized geometry kaudrenic

spectra are studied by DFT/TDDFT, which are conghargh the experimental results.
2. Experimental

Materials and physical measurements
All reactions were carried out under an atmospbémdry nitrogen using standard Schlenk

tube techniques. Solvents used were dried and deogyed under nitrogen prior to use. FT-
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IR (KBr disc) and ATR spectra were recorded on armo Scientific spectrometer (Nicolet
IS10) at ambient temperature. UV-Vis. spectra wabéained with a Shimadzu UV 3150
spectrophotometer in different solvents at’@0Elemental analyses were done on a Vario EL
instrument from Elementar Analysensysteme, GmblffeRintial scanning calorimeter (DSC)
analyses were performed on a Shimadzu DSC-60 atrahge of 30-260°C (before
decomposition temperature) with a rate of 10 K thitH NMR spectra were run on Bruker
Avance DPX 400 spectrometer operating at 400 MiH, (respectively at 26C. EI/ESI-MS:
Thermo-Finnigan TSQ 703%#'Br isotopic distribution patterns are clearly visiiollowing
the peaks at/z 602, 586, 376 and 183 &) and at 994, 756/716, 557, 3673nThe starting
dinuclear [Rh*-cod)(acetate)) was synthesized from [Rfj{-cod)ClL according to our
previous literature [5-8]. Syntheses of the Sclbfise ligands, N-(is)-2-hydroxy-1-
naphthaldimine (HSB1) andR)-N-(p-BrCg¢Hgs)ethyl-2-hydroxy-1-naphthaldimine (HSB2)

were described in our previous literature [7,11-12]
2.1. Synthesis of compouridand?2

Two equivalents of N-(gHs)-2-oxo-1-naphthaldimine (HSB1) (0.40 mmol) and one
equivalent of [Rhf*cod)(acetate)] (0.20 mmol) were dissolved in 10 mL ofty/MeOH
(5:1, v/v). The solution was stirred for about &throom temperature, and color changed
from red-orange to bright-yellow. The solvent cheBon mixture was evaporatedvacuo
and obtained the yellow product. The product wamnthlissolved again in 10 mL of
CsHe/MeOH (5:1, v/v) and stirred the solution for aratt80 min. Evaporated the solvent
again invacuoand this procedure was repeated two times. Theuptavas finally dried in
vacuo(0.1-0.2 mbar) at 48C and obtained bright yellow compoufidThe same procedure

was followed for synthesis of compoud
2.1.1. [Rh@*-cod){N-(GsHs)-2-ox0-1-naphthaldiminat@®N,0}], [Rh(7*-cod)(SB1)] 1):

Yield: 130 mg (71%); @&H24NORh (457.38): calcd. C 65.65, H 5.29, N 3.06 % C
65.64, H 5.93, N 2.46 %; FT-IR (KBry: = 3042, 3007, 2958, 2922 w (C-H), 1615, 1602
vs (C=N), and 1575, 1534 vs (C=C) CmEI-MS (70 eV):m'z (%) = 457 (100) ([M]),
349 (15) ([Rh(SB1)), 321 (20) ([Rh(SB1)-CJ), 246 (10) ([HSB1-H]), and 218 (35)
([HSB1-CHOT); *H NMR (200 MHz, CDCY): 8= 1.77 (m, 4H, E,c0odyg), 2.42 (M, 4H,
CHzc00hnad, 3.30 (dJ = 2.4 Hz, 1H, Gicod), 4.61 (d,) = 2.4 Hz, 2H, Elcod), 7.10 (d,)
= 7.8 Hz, 2HH-Ar), 7.24 (dtJ = 7.8, 1.8, 2HH-Ar), 7.36 (m, 3HH-Ar), 7.55 (m, 2HH-
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Ar), 7.68 (m, 2H,H-Ar), and 8.88 (dJ = 2.0 Hz, 1H, GN) ppm.'H NMR (200 MHz,
DMSO-dg): = 1.84 (M, 4H, El,cock,o), 2.37 (M, 4H, El,cothnad, 3.40 (d,J = 4.6 Hz,
2H, CHcod), 4.20 (d,] = 5.6 Hz, 2H, Eicod), 7.02 (dJ) = 9.0 Hz, 1HH-Ar), 7.22 (d,J =
7.7 Hz, 1H,H-Ar), 7.33 (t,J = 6.4, 1H,H-Ar), 7.45 (m, 3HH-Ar), 7.77 (m, 3H,H-Ar),
7.91 (d,J = 9.3 Hz, 1H,H-Ar), 8.04 (d,J = 8.8 Hz, 1HH-Ar), and 8.94 (s, 1H, BN)
ppm.

2.1.2. [Rh(r*-cod){(R)-N-(p-BrGH.)ethyl-2-oxo-1-naphthaldiminate?N,0}], [Rh(7*
cod)(SB2)] )

Yield: 155 mg (69%); &H>;BrNORh (564.33): calcd. C 57.47, H 4.82, N 2.48@&and:
C 57.21, H 5.07, N 2.55 %; IR (KBry. = 3055, 3010, 2950 wH-C), 1611vs, 1602vs
(vC=N), and 1584, 1533vs/C=C) cm’; ESI(+)-MS (in methanol)m/z (%) = 602 (4)
((M+K]"), 586 (8) [M+Na]), 376 (6) [HSB2+Ngd"), 262 (100)
([{CeHs(CH3)CNH)}+Na"), and 183 (38) ([CECHGsH.Br]") ("®Br isotopic
distribution is clearly visible following the peals 602, 586, 376, 183, respectivel{hl.
NMR (400 MHz, CDCY): 0= 1.74 (dJ= 6.8 Hz, 3H, El3), 2.01 (m, 4H, E,codkyy), 2.56
(m, 4H, (H2Cc00:ng9, 3.87 (d,J= 7.0 Hz, 2H, Eicod), 4.46 (g, = 6.6Hz, 1H, @), 4.67
(d,J= 7.5 Hz, 2H, Eicod), 7.04 (dJ=9.1 Hz, 1HH-Ar), 7.17 (t,J= 7.4 Hz, 1IHH-Ar),
7.31 (m, 3HH-Ar), 7.46 (d,J= 8.4 Hz, 1HH-Ar), 7.55 (d,J= 7.8 Hz, 2HH-Ar), 7.60
(d,J = 7.8 Hz, 1HH-Ar), 7.68 (d,J = 9.2 Hz, 1HH-Ar), and 8.87 (s, 1H, BN) ppm.

2.2. Synthesis of compou8d

A mixture of compoun@ with little excess of PRhn CHCk was stirred for 3-4 d at room
temperature under nitrogen atmosphere. Color clthfigen bright orange to red-orange. The
progress of reaction was monitored by takitiRyNMR spectra after 4h, 24h, and finally, after
4d. The results indicate the formation of [Rhtod)(PPh),]*, [Rh(PPh),]* and PPO)
species in addition to the expected product dutiegreaction process, evidenced®iy NMR
signals. The product was filtered off, washed vditthylether, and dried imacuoat 40°C,
for several hours and obtained the red-orange ptaufi8. The compound is very sensitive to

air and immediately formed the oxidative adducts.

2.2.1.[Rh(PPhy){(R)-N-(p-BrGHa)ethyl-2-oxo-1-naphthaldiminat&®N,0}],
[Rh(PPh)(SB2)] @)



Yield: 235 mg (60%); IR (KBr)v = 3060, 3030, 3006, 2940 wH-C), 1614vs, 1606vs
(vC=N), and 1588, 1537v&C=C) cm’. ESI (+)-MS (in acetonitrile)m/z (%) 716 (22) [M-
PPh]"), 557 (30) [(PPRO)+H]"), 495 (8) [Rh(SB2)+K]), 367 (70)
({CH(CH3)(CeH4BI)} 2+H] "), and 279 (100)[(PPRO)+H]"). ESI (+)-MS (in ethanol)m/z
(%) 994 (1.0) (M(O)]), 857 (60) [(PPRO)*+K]"), 756 (18) [M-PPh+K]"), 579 (100)
([((PPROY+Na]), 557 (95) [(PPhO)+H]), 478 (20) [Rh(SB2)+Na]), 367 (80)
({(C ¢H4Br)CH(CHa)} 2+H] "), and 279 (85) [(PPRO)+H]") ("*®'Br isotopic distribution
patterns are clearly visible following the peak8®d, 756 or 716, 367espectively)’H NMR
(300 MHz, CDC4): & = 1.85 (m, 3H, E3), 4.35 (m, 1H, ©), 7.08 (m, 30HH-PPh), 7.12
(m, 2H,H-Ar), 7.40 (m, 4HH-Ar), 7.50 (m, 1HH-Ar), 7.69 (m, 3HH-Ar), and 8.45 (m, 1H,
CHN) ppm.

2.3. X-ray crystallography

Data Collection Bruker APEX-II with CCD area-detector, temperat@i72(2) K, Mo-Ka
radiation @ = 0.71073 A), graphite monochromatar:scans,data collection and cell
refinement with SMART [15] data reduction with SAIN15], experimental absorption
correction with SADABS [16]Structure Analysis and Refinemenhihe structure was solved
by direct methods (SHELXS-97) [];7refinement was done by full-matrix least squavas
F? using the SHELXL-97 program suite [17]. All nondmggen positions were found and
refined with anisotropic temperature factors. Hgdno atoms on C (CH, CH, and ghkivere
calculated with appropriate riding models (AFIX13, and 23, respectively) and Ueq(H) =
1.2 Ueq(C). Details of X-ray structure determinati@nd data refinement are provided in
Table 1. Graphics were drawn with DIAMOND (Versigi0e) [18].

Table 1. Crystal data and structure refinement.for

Empirical formula C25H24NORhK

M (g mol™) 457.36

Crystal size (mm) 0.28x0.19x0.13
Temperature (K) 172(2)

6 range (°) 0.97 to 25.00

h; k; | range -15, 27; -11, 9; +23
Crystal system Monoclinic

Space group P21/c

a, b, c(A) 23.1368(17), 9.3168(7), 20.1129(15)
S (deg.) 115.3990(10)

V (A3 3916.5(5)

Z/D (calc/g cn®) 8/1.551

F(000) (mm™) 1872/0.887



Max/min transmission 0.8934/0.7892

Reflections collected 19242
Independent reflection®(,) 6878 (0.0375)
Data / restraints / parameters 6878/0/490
Largest diff. peak and holglp /e A7) 4.061+1.406
R/WR [I > 20(1)] @ 0.0763/0.1833
R/WR, (all reflect.)’ 0.0827/0.1866
Goodness-of-fit orfF? 1.245
Absolute structure parameter [19] -0.04(2)

2R = [Z(|Fo| = | Fell) 1 Z | Fo| I; WRe = [Z [W(Fo *-Fc 22/ Z[w(F, 3] Y2 - Goodness-of-fit =3 [w(F,
2—F A I(n—p)]M>

2.4. Computational method

For computation, the initial geometries were geteetdrom the X-ray structures @fand2
[12], respectively. All calculations were performedth the Gaussian 09 software package
[20]. The gas phase equilibrium geometries of waimpounds were optimized and then the
vibrational frequencies were calculated with dgnéiinctional theory (DFT) using B3LYP
functional with SDD basis sets. The absence ofian@ginary frequencies confirmed that the
stationary points correspond to minima on the R@kE&nergy Surface. To rationalize the
experimental electronic spectra, the excited gab@erties were studied by time-dependent
density functional theory (TDDFT) with B3LYP/SDDndorporating PCM (Polarization
Continuum Model) using chloroform as a solvent 19,2In TDDFT calculations, 72
excitation states were considered (Table S1-S2jerAdomputation, the molecular orbital

(MOs) calculations were conducted using same lefvedeory.
3. Results and discussion
3.1.Syntheses of the compounds

Reaction of Schiff base ligand Nds)-2-hydroxy-1-naphthaldimine orR}-N-(p-
BrCsH.)ethyl-2-hydroxy-1-naphthaldimine with dinuclear@®’*-cod)(acetate)]gives the
mononuclear [Rh{*-cod){N-(CsHs)-2-0x0-1-naphthaldiminate}]1) or [Rh{1*-cod){(R)-
N-(p-BrCgsHy)ethyl-2-oxo-1-naphthaldiminate} R} in CsHg/MeOH (5:1, v/v) (Scheme 1).
The triphenylphosphine (PBhreacts with2 to provide the [Rh(PRR{(R)-N-(p-
BrCsH,)ethyl-2-oxo-1-naphthaldiminate}BJ.
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(p-BrCgHy)ethyl (2)}

s

Scheme 1Synthetic route to the formulation of the compouhds.

3.2.Mass spectra

Mass spectra of the compounds (Figure 1, S1) shewnlecular ion peaks atz 457
[M]* (1), 586/602[M+Na/K]" (2), and 994[M(O)]" (3), confirm the formation of the
compounds as depicted in the reaction Scheme 1.spéetra further show several ion
peaks for [Rh(SBJ] (SB = deprotonated Schiff base), [HSBInd fragmented Schiff base
ligands. Compound is very sensitive to air and forms the oxidativlact of [M(O)[
while running the spectra. The spectrum furthemsheeveral ion peaks f§M-PPh]",
[M-PPR+K]", [Rh(SB2)+Na/K] and oxidized triphenylphosphine [(P®H,+H/Na/K]*
(n =1, 2, 3) (Figure 1), which are further suppdrby**P NMR spectra discussed below.
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Fig. 1.El and ESI mass spectra of compoubhd®p) and3 (bottom), respectively.

3.3. Solid state X-ray structure

Complex 1 has the 2-oxo-1-naphthaldiminato ligand coordinatetth six-membered
Rh-N,O-chelate ring formation and the rhodium-bounticod fragment (Figure 2) in
distorted square planar geometry. The bond lengtits angles are listed in Table 2,
comparable as seen before in the analogousNRH{n*cod) complexes withN,0} =
salicylaldiminato/naphthaldiminato Schiff base figa [8,11,13]. From the aromatic rings
in the complexes there are no detectabieinteractions [22], but intermolecular C-Hm- -
contacts [23] are evident in the packing; a detadealysis is reported in the Supporting

Information.



Fig. 2. Thermal ellipsoid plot (50% level) for compoubdbond lengths and angles are
listed in Table 1.

CompoundL Compound?

X-ray (MoleculeA) X-ray (MoleculeB) Opt. X-ray ~ Opt.




Table 2
Selected bond lengths [A] and angles [°] in X-ragd @ptimized structures for compounds

1 and2.

Compoundl Compound?

X-ray (MoleculeA) X-ray (MoleculeB) Opt. Str. X-ray Opt. Str.
Rh1-O1 | 2.029(5)| Rh2-02 | 2.042(5) Rh-O 2.0396 Rh-O 2.028(2) 2.034
Rh1-N1 | 2.075(7)| Rh2-N2 | 2.048(7) Rh—N 2.0856 Rh—N 2.073(3) 2.085
Rh1-C18 | 2.094(8) | Rh2-C43 | 2.109(10)| Rh-C18 21737 Rh—C20 2.146(3) 2.202
Rh1-C19 | 2.126(8) | Rh2-C44 | 2.091(9) | Rh-C19 2.1948 | Rh-C21 | 2.130(3) 2.180
Rh1-C22 | 2.108(8) | Rh2-C47 | 2.129(8) Rh—-C22 2.1520 Rh—-C24 2.111(3) 2.169
Rh1-C23 | 2.121(8) | Rh2-C48 | 2.108(8) Rh—-C23 2.1784 Rh—-C25 2.111(3) 2.156
0O1-Rh1-N1 89.1(2) | 02-Rh2-N2 89.0(2) | O-Rh-N 88.40 C-Br 1.898(4) 1.964
01-Rh1-C18 88.0(3) |O2-Rh2-C48 90.4(3) | O-Rh-C18| 85.93 O-Rh-N 88.87 88.74
01-Rh1-C19 88.5(3) |O2-Rh2-C44 88.3(3) | O-Rh-C19| 87.57 |O-Rh-C20 87.86(12) 87.10
0O1-Rh1-C22 155.5(3) |02-Rh2-C47 161.6(3) | O-Rh—-C22| 156.30 | O-Rh-C21 86.47(15) 85.34
0O1-Rh1-C28 164.3(3) |02-Rh2-C48 158.8(3) | O-Rh—-C23| 162.97 | O-Rh-C24 162.12(12)| 162.26
N1-Rh1-C18 156.5(3) [N2-Rh2-C43 168.7(3) | N-Rh—-C18| 158.02 | O-Rh-C25 157.44(12)| 156.37
N1-Rh1-C19 169.7(4) [IN2-Rh2—-C44 161.8(3) | N-Rh—C19| 162.93 | N-Rh—C20| 166.14(13)| 164.21
N1-Rh1-C22 95.7(3) |N2-Rh2-C4T7 96.2(3) | N-Rh-C22| 96.06 |N-Rh-C21| 155.05(11)| 156.80
N1-Rh1-C28 95.5(3) [N2-Rh2-C48 94.5(3) | N-Rh—-C23| 99.24 | N-Rh-C24| 96.42(12) 99.09
N-Rh—-C25 96.49(12) 96.99

&from ref [12]; Opt. Str. = optimized structure.

There are two symmetry-independent molecules in degmmetric unit, that is,
molecule A with Rh1l and molecule B with Rh2 cenifle structures of the analogous
Ni/Cu/Zn(ll)-complexes withR/ISN-1-(Ar)ethyl-2-oxo-1-naphthaldiminate (Ar =¢85 or
p-CsH,OMe) also contained two symmetry-independent mdéscy24,25,26]. Two
symmetry-independent molecules, that is, two idahtchemical formula units in the
structural asymmetric unit [27] give a Z' = 2 stwre. The definition of Z' refers to the
number of formula units in the unit cell (here 8Yided by the number of independent
general positions (here 4) [28]. Such Z' > 1 stritet [29] can derive from a metastable
structure, that is, a crystal "on the way", [27-3®] or from strong and special
supramolecular (e.g. hydrogen bonding) interactlmetsveen the two (or more) symmetry-
independent units [31]. A molecule with differemfueenergetic conformations also gives
a high Z' such that these conformations co-existhim crystal [32]. Here, in the Rh
structurel the conformational difference between the symmiettlgpendent molecules is
nearly insignificant. The two symmetry-independemilecules are quite superimposable
(Figure 3). These very small deviations do not appe justify the presence of two
symmetry-independent molecules.

10



Fig. 3. Overlay of the two symmetry independent molecidlesnd B inl. The Rhl
molecule is shown in green, while Rh2 moleculeeidh. Three atoms RhNO were specified
to orient the overlay which was managed with theol®dule overlay" option in Mercury

3.8 (copyright CCDC 2001-2016, http://www.ccdc.caouk/mercury/).

Thus, the rationalization of the Z' = 2 structur@istnbe sought for in the packing
arrangement. Each independent moleculk isarranged in layers composed of molecules
of the same kind (Figure 4). These layers lie pelréd thebc plane and stack alternately
for the independent molecules along éhdirection. Even if the CHeinteractions between
the Rh1l and Rh2 molecules appear rather weak soprantar interactions (see listing of

CH-mtinteractions and Figure S1 in Supporting Inforimai
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' Vo Poull

Fig. 4. Packing diagrams fdk with projection on two different planes. The Rhllecoles

are shown in green, and Rh2 molecules in red.

3.4. Optimized structures and vibrational spectra

The optimized structures by DFT, calculated at BBLSDD, based on the X-ray data for
compounddl and2 are shown in Figure 5. The experimental and cated| bond lengths and
angles are comparable (Table 2). Experimental tdoval spectra show several characteristics
bands mainly for the coordinated Schiff base ligabhdhe range of 3055-2922, 1615 - 1602
and 1584 - 1533 cih associated with theC-H, vC=N andvC=C, respectively (Figure S2
and Table 3) [10-14,15]. The computed vibrationmcira show these bands at compareable
range (Figure S3 and Table 3). The spectra takddBasdisc show a strong broad band at
3449 cnm due tovH,Ofrom KBr, which is obviously absent in the ATR spaqFigure S2).
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Fig. 5. Optimized structures, calculated at B3LYP/SDD,dompoundd and2.

Table 3.
Experimental and calculated (at BALYP/SDD) vibraibspectra ofi and2 at ambient
temperature.
Entity | vC-H? vC=N? vC=C
1P 3042, 3007, 2958, 2922w 1615, 1602vs (1668, 1575, 1534vs (1572,
(3220, 3180, 3100, 3060, 3004s) 1612vs) 1516vs)
% 3055, 3010, 2950w 1611, 1602vs (1668, 1584, 1533vs (1580,
(3220, 3140, 3100, 3060, 3004s) 1612vs) 1516vs)
P 3060, 3030, 3006, 2940w 1614, 1606vs 1588, 1537vs

2Values in parentheses correspond to the comppesdrs;” spectra taken as KBr dics;

ATR spectra.
3.5."H NMR spectra

In *H NMR spectra (Figuré and Table4), the rhodium coordinated 1,5-cyclooctadiene
shows different multiplets for the exo- and endahykene protons {i.e., B,(cod)x, and
CHy(cod)nggd and olefin protons {€i(cod)} [5-11,33,34]. The exo- and endo-methylene
protons show a multiplet in each&l.77 and 2.42 ppm ibandd 2.01 and 2.56 ppm i&
respectively. The four olefin protons show two detdb atd 3.30 (J = 2.6 Hz) and 4.61
ppm (J = 2.4 Hz) il andd3.87 (J = 7.0 Hz) and 4.67 (J = 7.5 Hz) ppm2inThe
presence of two boublets for olefin protons is expmd by thetrans effectsof the
coordinatedN,O-chelate ligand on the proton resonances [5-11[83]Jas been reported
that two kinds of olefin protons resonances (geving two boublets) arise from two sets

13



of two equivalent protongansto N (downfielded peak) anttans to O atom (upfielded

peak), respectively. This result reflects the aswtnim nature of the olefin protons.

However, the rhodium coordinated Schiff base ligahdws a doublet & 1.74 ppm (J =

6.8 Hz) and a quartet & 4.46 ppm (J 6.6Hz) for the methyl and methine protons,

respectively ir2. The imine proton (BN) shows a doublet @8.88 ppm (J = 2.0 Hz) ih
and a singlet a% 8.87 ppm ir2, the doublet is due t3°Rh—*H coupling [1-3,8,10-12].

H-Ar

L

CH,cod(endo)

CHcod 1

4

CH,cod(exo)

}

*

Fig. 6.'H NMR (400 MHz,5/ppm) spectra of compouridin CDC} at 20°C (asterisked

are due to solvent).

Table 4
'H NMR data (400 MHz3/ppm) of compounds-3in CDCk at 20°C 2,
Compound| Elx(cod)y, | CHx(codkng | CH(cod) ez CHs CHN
1 1.77 (m, 4H)| 2.42 (m, 4H] 3.30 (m,- - 8.88 (d, J =
2H), 4.61 2.0Hz, 1H)
(m, 2H)
2 193 (m|245 (m,|38  (m,|4.46 (q, J = 1.74 (d, J = 8.87 (d, J =
2H), 2.01| 2H), 2.63| 2H), 4.64| 6.6Hz, 1H) | 6.7 Hz, 3H) | 2.0Hz, 1H)
(m, 2H) (m, 2H) (m, 2H)
3 - 43 (m,1H) | 1.85(m,3H] 8.45(s, 1H

2 Aromatic protons peaks are listed in the experimlesection; spectra run on 200 MHz

Spectrometer.

3.6.%'P NMR spectra

The reaction progress was monitored by takitRy NMR spectra (Figure 7, Table 5)

after 4 h, 24 h and 4 days, respectively. The spestiow the formation of a mixture
products of [Rh(PPJu]*, [Rh(n*-cod)(PPh);]*, and PPKO) even after 24 h of reaction.
The former two compounds show two doublet® 42.94 ppm (Jxn= 77 Hz) and 30.83
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ppm (¢x.= 150 Hz), respectively. While the latter one shasinglet ad 29.56 ppm. In
[Rh(PPR)4]*, four P-atoms coordinate to the rhodium atom inuaiform environment,
resulting the formation of a doublet. Similarly,awr-atoms coordinate to the rhodium
atom which is further bonded to the four equveletgfin carbon atoms in [Rh(-
cod)(PPh),]" and results in a doublet. However, the compound(PRR),(SB2)] (3),
isolated after 4 days, shows two doubletd 88.59 (Jr,= 124Hz) and 39.55 ppmg(h=
153Hz) (Figure 7), assigned for two P-atoms coait#id to the rhodiunransto N and
trans to O atoms, respectively [10]. The spectrum furtherveh@eaks for PRfO) and
[Rh(PPR)4*. As discussed above, compouBdis very sensitive to air and easily
decomposes to form the oxidized triphenylphosphiiele preparing the sample for
running the spectra. In addition, very little ambwh [Rh(PPR)4]" is yet present in the

sample though the product is repeatedly washed.

Rh(n*-cod)(PPh),]"*
[Rh(1™-cod)(PPH).] Mixture products

after 4 h E
PPh(O)

Iir'TE
9C'€ET

[Rh(PPh),]"

30.C 25.C 20.C 15.C
[Rh(n*-cod)(PPh)]* ,
9 8 Mixture products -
5N after 24 | N @
|
PPh(O)
I g
SIS .z
T T ‘ T ‘ ‘ ‘ T T
30.0 25.C 20.C 15.(
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5o @ ~ Product collected -
= g/@ 3 | ppro) after 4 | S -&3)
. 3)
[Rh(SB2)(PPH).]
| iy
w

— = 5
T ‘ T T T T ‘ T T ‘ T T ‘ T T ‘ T ‘ T T T
40.0 35.C 30.C 25.C 20.( 15.(

Fig. 7.%'P NMR spectra of mixturproducts in course of reaction, and the compdiind
CDCl; at 20°C.

Table 5.

3P NMR data (121.5 MH#&/ppm) of compoun@® in CDCk at 20°C.

Prod. | [Rh(PP$)2(SB2)] B) | [Rh(PPR)J]" PPRh(O) | [Rh(n*cod)(PPh),]*
4h® - 12.94 (d Jp.rn= 77HZ) | 29.56 (S) | 30.83 (dJp.rn= 150 Hz)
24h?® | - 12.94 (dJo.gn= 77Hz) | 29.55(s) | 30.83 (d.Jp.rn= 150 Hz)

4d° 38.59 (dJp.rmn= 124 Hz) | 12.96 (d Jo.rn= 77Hz) | 29.49 (s)

39.55 (dy\]P-RhO: 153 HZ)

2 Mixture products in course of reactidRroduct collected after 4 days.
3.7.Thermally induced structural phase transformation

Thermally induced structural phase transformatiaa been reported for the transition
metalN,O-chelate complexes which accompanying a change flom temperature
crystalline phase at distorted square planar/tethath to high temperature isotropic liquid
phase at regular square planar/tetrahedral geonét21,24-26,35,36]. Differential
Scanning Calorimetry (DSC) has successfully beesd us study the phenomenon. DSC
heating curve (Figure 8) shows a peakat237 AH = - 17.14 kJ/mol forl) and 200°C
(AH =-24.17 kJ/mol foR), associated to the structural phase transforma@n the other
hand, cooling curve shows no corresponding peakhenreverse direction. The result

indicates an irreversible phase transformation fooystalline to isotropic liquid phase.
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Fig. 8.DSC analyses curves for compourddsnd?.
3.8.Electronic spectra and TDDFT calculations

Electronic spectra of the compounds in chlorofofiigre 9) feature several strong
bands/shoulders below 300 nm, associated withrttra-ligand - 1t/n— 1t transitions
(LLCT). The spectra further show a medium broaddb@n300 - 350 NM\gax = 324 nm),
and a weak broad band at 350 - 460 Aamy(= 418 forl, and 414 nm foR), assigned to
the metal-ligand charge transfer (MLCT) transitidrssed on the formation of Rif¢
cod)” and Rh(naphthaldiminate) species, respectivelfZ33]. Computed spectra by
TDDFT, calculated at B3LYP/SDD, are comparablehi ¢éxperimental spectra (Figure 9
and Table 6). A straightforward assignment, howewarcomputed spectra is hampered
by the complexity of the system and the presenca lairge number of excitations at a
single wave length [9,21,25-27]. Thus, we reporeheonly the selected and simplified
transitions with their assignments relevant to ékperimental data (i.e., those transitions
contributing most to the spectra) (Table 6). Th&gasnents reveal that the several metal-
centered transitions occur deeply in the UV regwhere the ligand-centered transitions
usually occur. Although the d-d transitions are albddwed in Rh(l), the distortion from
square-planar geometry and coupling ofdkgpe ligand orbitals with the metal d-orbitals
exhibit the metal-centered d-d excitation [9,21knde a combined metal-metal (M-M)
and metal-ligand (M-L) transitions bands appeahWii.x at 411 {) and 402 nmZ2) with
the highest molecular orbitals (MOs) contributiasfsca. 81% for HOMO-1 to LUMO
transitions in each. Similarly, a combined M-M, Mdnd ligand-ligand (L-L) bands
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appear with\max = 348 () and 340 nmZ) with high MOs contributions afa. 56 and 49%
for HOMO-2 to LUMO transitions, respectively. These bands including several other

computed bands are very close to the experimeataldishoulders (Figure 9 and Table 6).
The HOMOs-1 and LUMOs for both compounds are presem Figure 10.
8

: \ — 1 (Expt.)
— 2 (Expt.)

600

Fig. 9. Experimtal and calculated (at B3LYP/SDD ) electoospectra ofl and2 in
chloroform at 20°C.

Table 6.
Selected excitation properties, calculated at B3ISID level of theory, fol and?2 in

chloroform.

MOs Contributions (% Assignment$

Wavelength (nmj Oscillator Strength (f)

Compoundl
411 (418) 0.0683 H-1—-L (81), H-L+2 (6) M-M, M-L
367 0.0468 H-3—L (57), H-2-L (36) M-M, M-L
348 (324) 0.2299 H-3-L (36), H-2-L (56) M-M, M-L,L-L
310 0.2517 H-1>L+1 (57) M-M, ML, L-L
280 (~270sh) 0.0899 H-1-L+3 (86) M-M, M-L, L-L
248 0.1561 H-3—L+4 (11), H-15L+5 (18)  M-M, M-L, L-L
233 (~234sh) 0.1466 H-5—L+1 (15), H-2-L+5 (23) M-L, L-L
215 0.2433 H-4—L+5 (18), H-7-»L+2 (11) ML, LM, L-L
Compound
402 (414) 0.0871 H-1>L (81), H—L+6 (11) M-M, M-L
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370 0.0269 HoL+2 (19), HoL+6 (41) M-M, M-L

340 (324) 0.1841 H-3>L (41), H-25L (49) M-M, M-L, L-L
308 0.2199 H-1-L+1 (76) M-M M-L, L-L
283 (~270sh) 0.1053 H-1-L+4 (9), H-1-5L+5 (73)  M-M, M-L, L-L
247 0.1051 H-3—L+2 (10), H-35L+3 (36)  M-M, M-L, L-L
244 (~240sh) 0.1214 H-9-L (19), H-3-L+3 (36) M-M, M-L, L-L
220 0.1391 H-6—L+2 (17), H-55L+5 (13)  M-L, L-M, L-L
217 0.1312 H-7—L+3 (46), H-7-L+6 (16) L-M, L-L

" Experimental values in parentheses/L = HOMO/LUMO; ° M-M = metal d-d, M-L/L-M = metal-

ligand/ligand-metal, L-L= ligand-ligand transitians

Compound 1

HOMO-1 LUMO

Fig. 10. HOMOs-1 and LUMOSs, calculated at B3LYP/SDD level tifeory, for

compoundd and2 in chloroform.

Electronic spectra of in different solvents (Figure S5 and Table 7) destiate that
both the absorption maxima () and band intensitie€{sy) change with the solvents'
nature [9,37,38,39]. Thus a negative solvatochrdneied is envisioned with shiftingnax
to the higher energies (blue shift) in the solvesftgrcreasing dielectric constanty énd
Gutmann’s Acceptor (AN) number [40], respectiveiygure 11).
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Table 7.

Electronic spectral data of compouhih different solvents at 2{C.

Solvent®

Mo TN T

LLCT (Amax/€ma) °

Rh({n*-cod)": MLCT
(Amax€max) b

Rh(SB): MLCT
(Amax€max) b

1

MeOH (0.018)

<300 (226/23888)

300-350 (321/5778)

0-360 (415/2306)

)

)

EtOH (0.025) <300 sh 300-350 (322/8280) 360-500 (417/314(
AC (0.023) - - 360-500 (416/7196)
CeHs (0.025) <300 sh 300-350 (324/24940 360-500 (42803
CoHu4 (0.025) <300 sh 300-350 (322/21320 360-500 (4210%
DCM (0.025) <300 sh 300-350 (323/24100 360-500 (417/782(
CHCl, (0.025) <300 sh 300-350 (324/18520 360-500 (418/594(
EtOAc (0.026) <300 sh 300-350 (321/28288§)  360-5007(9423)

2

CHCI; (0.026) <300 sh 300-350 (324/22077 330-430 (4212y

3 Concentration in parentheses in MM:  Amax in NM, €max in L-mM ™ dni>; SB =

deprotonated Schiff base ligands.

40

30 |

10 F

(A)

CHXCI2 o
EtOde & o C6H6
CHCI3

1 LSl

Grclo

40 | MmeoH

410

Fig. 11. Changes of absorption maximini/nm) with (A) Dielectric constante) and @)

Acceptor number (AN) of the solvents fbat 20 °C, respectively.

4. Conclusion

Rh(n*-cod)-Schiff

naphthaldiminate ligand to the Rfi{cod)-fragment in distorted square planar geometry.

g

420

415
A/nm

425

A/nm

The structure consists of two symmetry-independeraiecules A and B) in the

asymmetric unit to give a Z' = 2 structure. Theiropged geometry and excitation

20

base complexes are formeda coordination of 2-oxo-1-
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properties calculated by DFT/TDDFT are comparabléhe experimental results.
NMR spectra, rhodium coordinated cod ligand shaws multiplets for the exo- and endo-
methylene protons, respectively. While the olefintpns show two doublets due trans
effectsof the coordinatedN,O-chelate ligand on the proton resonané&2.NMR spectra
demonstrate two sets of doublets for two assynie@toms bound to the Rh{bansto N
andO atoms, respectively. An irrversibel phase tramafiiron from crystalline to isotropic
liquid phase is revealed by DSC analyses. The ptassults will certainly be useful in
understanding the syntheses, reactivities andticabehaviors of Rh(IN,O-chelate Schiff

base complexes.
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Highlights

* Rh{(n*-cod) or (PP§),}-Schiff base complexes.
* Two symmetry-independent molecules in the asymimenit to give a Z' = 2 structure.

* 3Ip NMR show two doublets due to two assymetric Paatbound to the Rh(krans to N
andO atoms, respectively.

* DFT/TDDFT calculations correspond well to the ermental results.



