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Stereoselective Ligand Exchange Reaction of
trans—dichlorocobalt(Ill) complex contained SS—-epm and

racemi propane—1,2-diamine
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< Abstract>

The stereoselective ligand exchange reaction of trans-
[Co(SS- epm)Cl]’ and racemic propane-1,2-diamine (rac-pn)
produces the complex that is identified as [Co(N)s]** type of
[Co(SS-epm)(pn)]®” by absorption spectrum. It is conceivable
that the reaction mechanism involves substitution and
isomerization. The calculated and expenmentally determined
ratios of the complexed enantiomeric substrates at equilibrium
were as follows: [Co(SS-epm)(pn)]*’, caled 32 % / 68 %,
exptl 19 % / 81 % R-pn / S-pn. It has been shown that
the employment of molecular mechanics calculations as a
predictive tool may lead to the design of chiral complexes
that may be applied to the separation of racemic mixtures of
simple bidentate ligands.
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SS-epmo| M9 ¥ trans-dichlorocobalt(IIl) #HE3} 2}A)0] propane-1,2-diamine¥te| §]A|A &2 2] b= A ghyk-§

Scheme 1. The reaction of square-planar chiral
Platinum complex and racemic trans— cyclooctene

o] 9} o] HE-A ol AA| ] AA 3B}l ofF
BolEgte] FAHS FEYAolZAAY &
T % Bo|AAAANE A7) st B
g 2ES ¥ v o= Ak AT £
3 B3 GAE AXNER FIo|dAA 7 2
v 3& 9§ Ado] Ut

Fujiis*e D, L-benzylvaline®] g A4
gAE Hole 7|¥3F &AL PAHE& B
st 4-(p-ul Al & A ) e] A o 5] =2}
(1R2R)-1,2-t]o}v] ;e A| S 2 AES]  QE-Z-of 9
al A2 Alx=g7]et=er Co(OAc): R N-Hl
A-D- el wbgol] oo e 6uj9] =

HE ZHEBE SUHEAZ ALEElo  2ER
(styrene) % ©u]|dWlA(DVB)# g7 ofxo]
ARE 2YEZY(AIBN) NAIAl EAjslel] &%
el HAe] mEzF AAEo] dojH o] F

Mol m¥z ZAEEL 3 M-HCIZ2 AadH N-
il @A -D-w#lo] AAHO, F7]&vje] =A| &
= Ao J|EFTE niA FHEo| Aozt
@} A) Y 7)(Schiff base)E 2E]dl @ ¢y
dulA e A FEdEd 4L aRAE
CoCl9} WHEA|A A ZAEL UHEUL
o] ¥ A Eo YAAYAH L Co(OAc)2E
Bl A3 a4 Wy ojye}, si-Az} o}
d Co-AlZQ 7352 dANGA R #A 3] 3
TR

g ar, gAY ol /o] FEE eSS HA2
o7 JAAHA = ufygkgo] B
ol [-[Coltrien)Cly]" ZFEol #WAME Alx ¥
Hl gloy, Aol FEaFEEE 6-20% W9 o
W, o5 HAEEL BT cis-3H e FAEEo|H,
HEg-uf| 7} Fol @3 e W EstA E5H3
o},

o] 43} L A golA BFHFAE e ol

5289 A Fo|AdL o] &7 UAHYH
2 ZFE A 3kRkg-o] of§t A= dds] Fag)
Fol& FaHa o,

melA] B AFA = YA Fo|AHAE e
N el o] 27t=92 SS-epm4HCIE §HAd 8},
dAEH  SS-epmdHCIZF  wWifl¥  trans-1Co
(SS-epm)Cl]" 2 && o] &3t JAMHZ g
e 3ol 7458 racemic  propane-1,2-
diamine& WH&A|AH FEo] Ze YA Fo|Ad
ule} Clxtge] 2jzr=e] Y AIH g2 (ol vl 4+
o] R = S X&& AA [Colrac-pn)
(diamine)]Cl; #&& A1 YA ES] Fx& £
Abgich. aEal FergA] Holg&AE 9
3 YolufFeo JAaYF 2= A Rk
olg] MY ZE, [Co(Ns)diamine)]Cls-S 8¢
Ao} -opdzhHoer FUAAH FHE AAS
g 2 &d 2e(yolvl /)& st #5
TE5EE AP A o ERQN, YA A YA
2| ZF=X] 8 gk-3-9] Aol 2|dte] AAME B
A8 A9 EAd A 83 (Molecular
Mechanics) ol 2]l o538 FEAHEA
o] A& v HES A T

olg| g AT+ FEYAH FEo| e T3
EolAdg o]l83dt {7IBFFES dAMAYH
A9 FstoldAA e FElSAM FTAT
7 && olsl® 4 Ui, FAlo #sdHdER
o Edol SlojA AAHA /Mo FRF
ANE ATE A2 AZtE

2. &2 A A
2.1 ¥A 8ol o g FE x4 HA3

Al AF 8} HComputational Chemistry) & T#
A& ¥ o] A (numerical simulation)el] g -
e FE f718A4Y feel=g nuy had
HFAA 9 d@wdel 3x X #8577
2oy, A a{A R AR seE 7t

g89do]l WelA, EEHAY EAFE
AHE wE oty EEeHE E47AE A
T2 AAE T3 dF, EMs=s 1 84
o] ¥olAa Ut o]AHL ¥AE TSI

A zzte] AAEo] F EAIHY] AT Aol
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g ¥ el §4(potential function)E& %<3}
BEN, dAgEdAM e AlEYoAS 83

O 2 atomistic simulation®¢]2}&l®, A} s}
(molecular mechanics, MM), =, MM+, AMBER,
BIO+, OPLSE¥ & %9% (molecular
dynamics, MD)e| #& A 7} de] ALE=a gl

& owolth.  E@, Ba PR Al B
AE AAse A5z WAUEFH WP

APAPELE 7IAIL ew, o= #A Ak
(molecular orbita)¥ <l WA HA A=
4*(semiempirical molecular orbital), %, EHT,
CNDO, INDO, MINDO3, MNDO, AM1, PM3,
ZINDO& 3 ab initio AW =8y Hog=
Ale] ZAz|e] gt A|efo] Hm, AT 3
< AZIRFEH FY AAHA FAA A i
ARE AT 7 U FHo] glow, AA
oF 29kl HEe U2 FAE A= HF 7t
‘5 8ot

a8y, ol ¥ HEL 77 2EA R F7
FEY S FAEA Hogs AESHAC A
§=o] A F7HA] A F Ade] FE8F HRE
Agsgten, oA AL GEFAL #HE F
N e F oMY AsoEA aydE A 9
AEsE AYRE ZAo|ud. mepA, ol d #
Holl A F7133ES ¥RA oA 2 B
AHAlE FESEa, oluvx HA3 HAHE F3
HYPAJE] = 2R EYFH FAHL TASH,
A7 § S EgES dFsles AL dids] F
2% AfHAet AzHE 4 Q.

22198 ®= Force Field A4S 98
718 G928 2E o FEe {9
147-"-] o2 RS Ao ALREHE= wjMs

B2 A FAYHE AlAlorRE dojz 4
J—]’% o] §-8tof, FAFe] vl Hjo| Al Fxef 4
ol vAx& & RHY 4 JAES HH ol
M g, & 97f 45 28 (valence interactions)
o] gog HEHE3}= Aol ¥XHH oUA e
Steepest Descent®], Conjugate Gradient
(Fletcher-Reeves ¥ ! Polak-Ribiere),
Newton-Raphson®l & 4§ 3 ¢aeF
& o] &3 o YA E FHAS ) wepA| R
A oy HWAANA AeojA] HFEY FXE
A, Fzke Fx, A duyA 9 71EY A

% E-Al(static property)E AlAldt=d AMEE
o, @A 7HE de] EYEHI e 94
= Valence Force Field (VFF)o|®W, u|4%§}
(non-bonded)°ll 4 #|, A 7 7] % (electrostatic)®l
WA, el o @A Wl 529 ol Y A (intramolecular
energy)el Al AFoE YFwold F gt} o
4ol ¥R el o3 2d (4 1)

Uth+Eﬂ+Ew+Em+Evdw+Eetec (1)

Es, 4§ (bond stretching), Ee¢, 24 =(bond angle bending),
£y, ¥ Z(dihedrals), E., el Z (improper dihedrals),
Eviw, van der Waals, Eeee 47| * (electrostatic)

o] 42 159 R Fdk(reference value)o &
HE A%E 4AA(bond stretching, b) A 7] A
1}, A%2Hbond angle, 6)2] W3 3 AJF9
o] twisting®l 2]gF 9]=(torsion)o] ¥R F o
Uz & dtgdsla g, welA] ol AL oy
+5Ake] 9] couplingol] 2§ ¥ YHER =
force constant&°|th. ¢ Ao A wjx|u} §
A5 oy x| e} HH7]3 dvAg& E¢sta
1o, Amber, Charmm, ¥ Discovers 2| X
Rl §F= o] 4o Wo|r}, o] 2o ¥ e
B2 deEivlg, F 324 W9 (geometrical
variable)®} force constant & A #o|r} UA}
AHito g RE FI AygE 3L doiz
=3

Z} ol A A= 3t ool EAYHEHE 7HA
M, o]§& FXoUA mMET FAH FER
EA % 22 AT PH e A= A
o A=A gaollA =43 (local minima) o 3|3
¥, #x2 o7 P& A= 8ALES
thx ¢l o4 F W (hyper energy surface) |
A BE SAHES SRR XSG H
A AA 7|H9sE FAYEHE deaag] &
Al (multiple minima problem) & 7%t} e}
A ool g FAle OdYgd WY, &, 2= F
7] (grid search), X ¥xHW (model building
approach ), 529l 7| (random search), “12]
i1 #2459 8 (molecular dynamics)&  ©] 83}
o #Agg. 2l FARAFIEAC {THE
ArEge A8 A4S FAS A heavy
atom)®] ¢ 7Hs ¥ el o oESIH, o

_79,_.



5S5-epme| W ¥ trans-dichlorocobalt(Ill) 2H& 3 2tAlv] propane-1,2-diamine®} 2] ] A4 €2 2]3t= 2] §Hk-g

of WM& Adg ARG FERIT] WHE
A& slafof .

HoAdfo| e H39 372 kA & w9
7t o] AAE AQow olo] e FEH A
%8} (geometry optimization) & 4388} %l .

agi Zp ol dAA e WE HA3}= 4 4«

Ate] cartesian e} 712717} 1x10° keal/
(Amol)o] & w7px| WHE-= At} Total strain
energy(U)= o %st dag]lsd =, Steepest
Descent], Fletcher-Reeves®, Polak-Ribiere
¥, 18|31 Newton-Raphson¥ & o] &35t 7
AbEL ) o B-z1<¢ 8 (MM) Allinger 5 ©] MM2
& WAAZI MM+ force field® AF&31
x4 HAH3 9 ERA qUA = RYy =
2192 HyperChem (Autodesk®)& o] 8-
ow, E3 HA9 ZAr|= DDE (Dynamic
Data Exchange) 7] 3 Excele] wj= 2 7|%
= L8t 88

2.2 A{NZo] npd J45F oS

trans-|Co(SS-epm)Cl]"  &E3}  racemic
propane-1,2-diamine°l| 9j&] AA 7}53% BE
o] Al & 4] 2] geometry optimizationg <=8l &},
ol ZF YA cartesian FHIE S} 7|77} 1X
10°  keal/(Amol)e] 2@ wj7t#  wHEgC}
Total strain energy(U)+= 22} oy x| oz 7|
2719 28 E 0|83 Newton-Raphson W
Ho g Ao,

o &% oA "= FXAHOoRE FHAF
" 2t ol ddA 2] A3} o YRE AALH UG
(4] 2)

N: = e"E;fRT/ ZE_-EE!RT (2)

3. 449 ® UY

3.1 trans-[Co(SS-epm)Cl2]’
rac-pn2 WH&

Zol 2o @

HetE&(100 mL) -Bvlisdlel A trans-[Co(SS-
epm)Cl]” (1.0 mmol) ZE3 propane-1,2-

diamine (pn, 2.0 mmol)5 & Z}z} #-8A1#A A
oA 20 AZHEQE npkgk ¥ EQrEle] feu)
& AAg, vk St AlAE A E
& (250 mL)&® #3% ¥ gol2 ugrA (SP-
Sephadex C-25, Na'@)7} 2%€ # (@10 X
30cm) ol 242t {FAAIHow, FAE A o
Adu] & 0.2 M-NaClO,& &#A A, 1ea &
s AdFHAA Ao AMEL HAE
TAHEY W YHFolAYd AHERGE FA
o 1 = Ad P JASEAH ATE AV
At

3.2 [Co(SS—epm)(rac-pn)](ClOs)zo] 4] ]zt
=9 B¢

SS-epmo] Wl E trans® A& ghAn
propane-1,2-diamine (rac-pn)©| Wh-galo] AYA]
¥l [Co(SS-epm)(rac-pn)(ClO4)3E H4F (10
mL, 1 M)3} ofH-opdzt (¢F 2 g)& 71314
°F 60Cel Al 3 AlZtol A nnkato], 34l A 2] 8}
n B9% F%5(Co™)e Tl NaS (oF 2 g)
& 7F3te] oF 60TColA 20 o) nwkgk &
o 3akar, o] o 60TColA 1 A|Zto]lA 7
a7 NkEle] H,SE A AT & 745 S%

3.3 [Co(SS-epm)(R-pn)I(Cl04); ¥ [Co(SS
~epm)(S-pn)I(ClO4)3 &4 pne| F 34

S8 =4

Q0] 7]

= =2 O
= =

2] ZF=(SS-epm, rac-pne) H8h
A7) 98] 1,2-dichloroethane (5
mL)3¥} triethylamine (3 mL) Z2#31 7€ H{%
Al Al ef (chiral CDA) ¢!
(R)-methoxy(trifluoromethyl)phenylacety!
chloride (R-MTPACI (¢f 05 g)& 7}l 12
AlZE Al ¥ ERES AYESed.
Aol AAE-L diethyl ether/l M-HCI (1/1),
10 mL& 7}8leq #8945 {F7]15& 4, &
71% € brinel. & A1, ¥4 NaSOs& 713}

e AlAgT wEpA FEEA rjolyle
%ﬂ-’ﬁ*%%ﬁ RS0z JHE-Ql A o)A A A1
(R)-MTPA o}v|= FEHE 25 m, Carbowax
20M capillary column®e] $3% GCE o] &3}

derivatizing agent:
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of Wo &8 AU
425 % 0@

41 trans® &l @ Avl-pns] <A
SRR

Qlal e A glzte wENEg-L rjopvnlFof
SlE-gHe HAor AU, HPAHA HEE
o7 B38-gAel [-[Coltrien)Cla]l” 2&Eol 3l
ME AlE ® v gley, <dojzl #eeee
6-20% ‘HlolH, o] & FHEBELS BT cis-¥
Ble] AEEo|gen, w7ty Fol #§ A
WE B8ala EaA. aen AFREH
o] B}&E S WFAEINS L AR F
Hag w g, E£g NgFE awa F
Schiff base #17F=9F Co(OAc); B N-dlZ&-D-
wAdol wkgo| oste FAE IWE FHEE
SWEAR AR FFEY HAe] A
k20| D, L-Benzylvalineol| tfjg ¢4 €4
2 w8 H 2ol Bernhardt’s & SS-epm,
SS-ppmE°] wWi9lE Ni*" 2Eo] 2kAlv| A pn,
pam& WEAlA R-3} S-pn 2e|il R-3
S-pam9] oA A A v E Wi

wpeba] B AFolA = epAv A7} S5 E
o JAMMgHor wisEsE YAAHA Fol
7} g € ZFsAe]l e Ny #Ej9 2=,
SS-epme& §AIEtslct. SS-epmeo| ¥ ¥
Co(Il 2HE-, trans-[Colepm)CL] & F7F# %
WMo JAsIgon BT FUE F4H 4
#F& durt. FAAME FELS 54E 9
i, AAFFAHEYE FAHE A3 trans-
[Colen):Cl2]" ZHE9 A max® A &3t
AMAE AE-©9 vicinal effecte] #FEAF-E
CD spectra® A8 ¥ A3 Fupg FHolA
29| Cotten effect® “ERWIATH. o] g A
= Linsol o8 $AHE A-cis-a e ZHE3
g transd 2Eo] FAHUAE S FFEAUG.
TF Y ZE X-4 AEARAMo= w e
¥l SS-epm #UEE IWE SRRSE u| &
& &ta glew, #zt=9] conformations & A
s 12 YAH Fx 5L gURddud. =
trans #H& & counter o|&o 2 L33 U=

CoCli™ Zte]l Azxgog Asdte] 1 FEH
b AJo] UG FFHEG.

agal cis-gEle] AES YJALdYE 2=
WA Z ANE HA BEY AowR F
Zxlo], 2= agREE-o] 2§ isomerization
o] fte AeR 7|dHE  trans-[Co(SS-
epm)Ch]’ ZHE& = agigkgo] 2§ A7
t}. & FAY trans-[Co(SS-epm)Cl]” ZH& &
ghAl vl A pni = w@NEE S8
AAE EAE [Co(SS-epm)pn]” ZHE = A A
FE2HEGA [Co(N))" dele] &3} &
A% F4AAE veERAL, o|FE HAe
trans-[Co(SS-epm)Cla]" 3} rac-pn3te] ¥hg-of
A olAdAs I FRkE o] cis-[Co(SS-epm)

pn#ZE2 AAdEE 4 + AU
(Figure 1).
//\ 4
7%

Circular Dichrism and Electronic
Absorbtion Spectra of 4-cis-a -[Co

(SS- epm)pnl*’

Figure 1.

NAY ZEo A FZ2E A ¥ A3 A
AFFgHolA &9 CDE YEIES Mol 4
- [Co(SS-epm)pn]”’ FEYL F5¥ F AN
o}, 8, 4-[Co(SS-epm)pn]’ ZHEFo & F
742 0] 745 Z1Etol A AA (o # £)7F EA
g4 9ok, §H, A-B FHETH 4-8-[Co(SS-
epmen]” Zt&E-o] 79 Z}z}e] strain energy &
s B A-pB-isomer?t ¢F 20k]/mol ©
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SS-epme] "9l ¥ trans-dichlorocobalt(Ill) 2H& 3} 1AV propane-12-diaminei}2| A H €2 2 7b= 2 @NHE

tAgske, Tl oA A

F  A-cis- B

-isomer ¥t Aoty RaE ul k. o] 9}
2o NG BEUR 43F cs-B9 A4 7t
A& A3, 4-a-[Co(SS-epm) pnl” #

o] AL 4 5 AAH-

53], A4-a-[Co(SS-epm)pn]”’ &2 ¥
Mg s »A S-pnol R-pn Bt} 84 F
O

e MMYR e RelFa gtk aea Ay
Moz Qojxl oA ANuE Table 19
Lheb 2Lt

Table 1. Comparison on Calculated and

Experimentally Determined Ratios.

G Calcd” exptl”
ubstrate 1" pog) | s9%6) | R(%) | S(%)
rac-pn 32 63 19 81

a) The expected ratio of isomers was calculated
by the  stablization energy structually
optimized. b) Determined by capilary GC
analysis of MTPA amides.

o| ot JAAMEA 2= w2 F
9 ok configuration 2 <& ¥k ofu
g A" 2t=9 {JAISold X FHRkE-
oAl o] HBE FHEIHA AAdE AAE
Aol 7]AEH et S5

ki

s

o

{

—— e —

o] AFE 1999\ % o o] Ful st
AFzAu] Zglo] o A9

e e —
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