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E R IEYR (NMR) L3 #f Bruker DRX-400 NMR
IE W B ST H P A SR ST 43 3128 400. 1MHz
Fl 161, 9MHz, T i1 A9 90°fk % 4> 51 28 10us FI
20ps MR RESR 43500 2s #01 15.'H NMR #1>'P NMR
B b= R 88 43 B LA TMS #1859 BRI R 5% R
P9 NMR 838 B 78 [l 7 263K 2 343K, 7EKEA.
LA 07 915 NMR REG T B, RiReT LR AR
HiE. [RAITEH NMR LB A0SR A 3,

1.1 1R.2R-cvclohexyl-P-N.(L1) R K$TBE &
(ML) RIR &

IR, 2R-cyclohexyl-P:N.{L1) B9l 4 & M 08l
0 SRS 4R 0, 3g(0. 96mmol) ~ T ILITAIXT T BB
AEMBEEH [RuCl{ p-cymene)] : H 0. 6g(0. 91
mmol) L1 I F 15mlL RABEIFHEP. £ TOCEW
3h, S THEN, SRR ERRERE
o4 ik 5 18 8 0. 54g(0. 59mmol) ¥ M1 W &2
65% ) o

'H NMR (400. IMHz, CH:Cl2): 81,41 ~ 1. 48{m,
2H), 1.99~2,07(m, 4H), 2. 70{d, 2H), 4.07(d,
2H), 6. 80 ~ 7. 68(m, 28H), 8. 90{d, 2H)

P NMR{161. 9MHz, CH.ClL:): & 48.2
1.2 JR{I3FiR NMR L%

HESEP T, B3 1mg(4. Tmmol) L5 L1
1. 5mg(4. 8mmol) —RAETHFHFERAEMNT
FH[RuCl( p-cymene) | A ZREE N, 2R 51 263
KA 0 6mL RIARE, EFESHRP FEER, hiE
I PR P HEIT R G P NMR R4,

1.3 SFERIFE

STHEYEMAAERS T2 (MM) M55
FIE MDY, B % Cerius 2 5 1 {version
4. 0) 1A OFF #i3h 1Y, BRE 15 S 8GE B Universal
1, 02 1" & IRF A9 8 1 Rappé and Goddard
RIFEHTRENHE ., EHFEFRTETRET
FRAL By LTS5 M Feg SRt . T A FROJLMTH B R
F, R4 FARRMWE/METF, WAL RELY
WERNETZEROHEERARRRN, HE¥EH
BWAITE, AREHNELEHamNiIEELE

BETT, HEIF R M AR 24 Sk, MM ik
HIEM® “Smar Minimizer” # T, B0 T “Stecpest
Descent”, #R G #5E ABNR 1 Quasi Newton it &
J& LAHE R 1) "Truncated Newton” Fik &R . FBH T
Ry (FE R fE AFE SR ) AT R 1 B Spline
FRATHE . HA Spline-On F Spline-OIT BE & #%4% %
1A #1144, FAMILEFTE RMS #IEDF 0.1
keal * mol™' » A-'. MD R NVT %t %45 H
Nose B H LRI PRI E . EREZRFZSMEE
T, B 303K, 313K # 343K 7} B {# 405 9% & T &
30ps, BB 20, HFHEMR 100 £ AL
WoEBITH 100 B RE-THRERMEE.BFTR
RS REE MR R WM {T MM (R 1k, BEIBEN
Frag. THIRPEHEFOIMEREE T
ABEEWE BT i BEE SGI 02 THESs LT hl.

2 SRIHE

2.1 [E{IEiR *'P NMR

A& L1 5 Ru MR AT FE 158 L1 f
M1 B 'P NMR g5 350 B 2 b, MEFAILIE
4, LM "PNMRERFTHAE 8%, 7 6=
-13. Oppm &, ERMLEY L1 AR "P IR
75 M5 £EALE RIS M1 1 P RIES R
AR 5=48.2ppm, LB KHE LS T
61ppm, B2 BLA G A BIPRAE

L1 5 Ru RIBCHiid F2 A9 I8 (2 TE 3R P NMR (B RL
Bl 3, BETGEMN 263K 3] 343K, MEFrf AW E

»
H
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M2 AEELICTFYERESH MI( RV P NMR & E
(293K)

Fig.2 *'P NMR spectra of ligand Ll (downl and complex
M1 (upl at 298K

CH:Cl; as solvent; *: Leak peak of the spectrumeter.
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Fig.3  fn situ variable temperature 'P NMR spectra of
coordinate process of L1 with rathenium

*: B5% phasphoric acid as internal standard
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Fig. 4 Possible structures of {our-coordinated intermediate
Aand B
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Fig. 5 Possible structure of five-coordinated intermediate C
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FEWHBEER IS E S 6. 8keal » mol ', MHEER
WA TEIERBHEE/ERIARNEEWLL P T
AHH AT D B L R AT B R B A T
EEANMEEE FEFEREMNERER, &2

B 6 TE303,313K # 343K BE TR HE RN K
LI KR E

Fig. 6 Preferred conformation of ligand L1 calculated at 303,
313K and 343K
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Fig. 7  Anather prefemed conformation of 1.1 optimized hy

molecular dynamics/ mechanies at 343K

BT REERET, HERZREREM, 7E 343K
HEEFTREEE., TERERERESTHT
EIShEENE N, REURIREEHLTE I ERENS
W, X —EREM LI EEHRTRAFRFEN T, X
AR TE#EFSPOERETHIRN.
ABRTY MI BLHERIE 8 Bra. fK
B, P8 T4 86T PNNP FFHIBE AT T i 89
B, S RY fans-RuCL(P:N,H,) B93E
AR, EfEWLEOENETER M AW SR
RFREERARSEL, L F00. TG F w5
RYRERLEL, FENSHEH X HEiTs
BHEAHE, TRIEE, MMEETEEL T
“PNNP W TE AT, & M1 SEiTe5M R LT 8 a8
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Table 1 Selected Geometry Parameters of Various Complexes

four-coordinated five-coordinated six-coordinated
confor-malion A ceulor-malion B conlor-malien C  confor-mation [ M1 rel, [4]*
bond length/ A PI-Ru .51 2. 512 2,503 2.543 2.538 2,295
NI1-Ru 2.135 23T 2. 092 2123 2.097 2.100*
P2-Ru 5. 831 4,310 3.937 2580 2.570 2. 288
N2-Ru 3.911 2 089 2.097 2.638 2104 2 0e1*
PI-NiL 3. 133 3. 332 3. 269 3.287 3281 —
Pl1-P2 8233 6.313 5. 687 3. 784 1.747 —
N1-N2 2957 1,972 1.766 3.024 2. 800 —
Na-p2 2,980 3 501 3,515 3.916 3. 389 -
bond angle #(®) P1-Ru-N1 g4, 1 §5.9 90,2 89.1 89.6 _
NI1-Ru-N2 48. 3 8312 517 78.0 816 80. 9*
N2-Ru-P2 27.6 55.9 6 B 97.3 92,4 -
P1-Ru-P2 158.7 132.8 122.5 95.3 944 99 5*
Cl1-Ru-CI2 176.5 176. 6 177.2 176. 8 175. 8 171.8*
energy # {keal - mol ™'} i25.3 134.3 118. 7 163.2 162.0 —

*: complex RuClzf PeN:H.}

dala cited from ref. [4].
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Fig, 8 Preferred confarmation of complex MT caleulated at 343K
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Fig. 9 Preferred conformations A and B of four-coordinated
intermediate calculated at 313K
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Fig. 10 Preferred conformations C and D of five-coordinated
intermediate optimized by molecular dynantics #

mechanics
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Another possible structure of five-coordinated

intermediate
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Fig. 12 Mechanism of the coordinate process of chiral

diiminodiphophine ligand with rutheninm
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The Study of Coordinate Process of Chiral Diiminodiphophine Ligand with Ruthenium
by in situ Variable Temperature *P NMR and Computer Modeling

ZHOU Dan-Dong”-'* LI Chen® LIU Xiu-Mei® HAN Xiu-Wern’ BAO Xin-He?
(* Department of Chemistrv, Liuwoning Nermal Untversity, Dalian 116029)
(? Stute Rey laboratory of Catalysis, Dalilan fnstiule of Chemical Physies, Chinese Academy of Sciences, Dolian 116023)

The coordinate process of Chiral Diiminodiphophine Ligand with Ruthenium is investigated with in situ variable
temperature 31P NMR and computer modeling. At first the chemical shifts of ligand and the six-coordinated com-
plex are determined at ~ 13, Oppm and 48, 2ppm. respectively. During the coordinale process at lhe temperalure
between 293K and 313K, the four- and five-cuordinated intermediates are produced one after the other. The
four-coordinated intermediale has twoe signals at 30. 8ppm and - 15. Oppm, and the five-coordinated intermediate
has two peaks at 35. Ippm and - 16. 5ppm. At 343K only the six-coordinated complex is found in the product,
iU’ s signal appears at 48. 2ppm. Molecular modeling is used to show their conformations. All coordinated complexes
are construcled and oplimized with melecular mechanics and molecular dynamics. The caleulation results show that
the four-coordinated complex has two conformers with an energy difference of 9keal * mol™', which are in equilib-
rium. The five-coordinated intermediale has only one preferred conformation with a single uncoordinated P atom.
The calculated construction of six-coordinated complex reveals that two chloride atoms located on both sides per-
pendicular o the planar consisted from PNNP atoms. The conformation energy is 162. Dkeal * mol™?, to which the
bond angle energies contribute 112. Skeal * mol™', and the electrostatic energy is ~41. 4kcal * mol ~'. This means
that the electrostalic imterachons are benefil to producing complelely coordinate product. At the same time the

convergem ligand molecule bears larger hond angle torsions.

Keywords: chiral diiminodiphophine ligand rutheniom in situ variable temperature NMR

computer modeling
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