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Absolute Asymmetric Synthesis and Resolution Mechanism of Chiral
cis-bromoamminebis(ethylenediamine)cobalt(l11) Bromide

ZHANG, Hui" WANG, Xian-Ying CHEN, Lei-Qi FANG, Xue-Ming
GAO, Jing-Xing XU, Zhi-Gu
(State Key Lahoratory for Physical Chemistry of Solid Surface, Department of Chemistry, College of Chemistry and Chemical
Engineering, Xiamen University, Xiamen 361005, P. R. China)

Abstract The absolute asymmetric synthesis of the title complexes A-(+)s-cis-[CoBr(NHs)(en),]Br,(1) and A-(- )o-Cis-
[CoBr(NH;)(en),]Br,(2) (en=1,2-ethylenediamine) as well as the improved optical resolution of cis-[CoBr(NH;)(en),]Br;
2H,0(3) are described in detail. The products were characterized by means of elemental analysis, TG-DTA, optical
rotation, UV-Vis, and CD spectra. The distribution of enantiomeric excess(ee) of cis-[CoBr(NH;)(en),]Br, in the
absolute asymmetric synthesis was obtained by the measurements of their CD spectra. It was found that the complete
resolution of rac-cis-[CoBr(NH;)(en),]Br; 2H,0O was achieved by use of NH,(d-BCS) (ammonium d-a-bromocamphor-Tt-
sulfonate) or NH,(I-BCS) while NH,(dI-BCS) could only be partially resolved by chiral cis-[CoBr(NHs)(en),]Br, at
the same condition. It is deduced that there are notable differences in the chiral discrimination of the reciprocal
resolution between cis-[CoBr(NH)(en),]Br,and NH,BCS. Moreover, a new catalysis-crystal induction” mechanism in the
preparation of the chiral Co(lll) complex is put forward.

Keywords: Absolute asymmetric synthesis,  Chiral symmetry breaking, Chiral cobalt(l1l) complex, Optical
resolution, CD spectra, Chiral discrimination
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@,2001 , Asakura B CD Vis :
cis-[CoBr(NH,)(en),]Br, 22.0 mg/15.00 mL
1995 , , 1cm(CD
L3, Vis) 10 cm( ); NH,(BCS)
10.0 mg/5.00 mL 0.5cm
(CD UV).
cis-[CoCI(NHs3)(en)]Cl, 1.2 cis-[CoBr(NHj)(en),]Br,
(1911 ) ( 121 cis-[CoBr(NH;)(en),]Br,
) e, [Co (H,0).{(u-OH).Co (en).}.] (SO.) 7HO
, Cis-[CoBr(NH,)(en),]Br, “ § [9] :
cis-[CoBr(NH3)(en),]Br; nH,0(n=0, 2)
) [4].  [Co(H.0)A(1-OH).Co(en).}:](SO.)
7H,0(2.14 g) (6.86 g) (6.80 mL)
, cis-[CoBr(NH;)(en),]Br, 1 min, ,
CD 50 5 min,
: 4 ) 20 h. :
cis-[CoBr(NHs)(en),]Br, ,
; 5% :
" NH,(dI-BCS), L 1~2
: “ " 24 :
: A-(+)p-cis-[CoBr
1 (NH;)(en),]Br,(1), , 1.65 g,
1.1 74.3%, [a]5=+109°(c=0.12, H,0); A-(- )o-cis-[CoBr(NHs)
JASCO J-810 , (en),]Br,(2), , 1.50 g, 67.5%,
UV2501 PC , Elementar [a]5 =105°(c=0.12, H,0); cis-[CoBr(NH;)(en).]Br;
Vario EL Il , 2H,0(3), ,155¢, 64.5%.
WZZ-25 CD 1.
, WCT-1A 12.2 cis-[CoBr(NHs)(en),]Br, 2H,0(3)
(CoSO, 7H,0) (o1 (
(CwH10); Bry(I) NHs H,O 1). 1.6 g(4.87 mmol)NH,(d-BCS) 1.06 g
(20%) Na,S0;, AR. (2.43 mmol) 3 55mL  9.8mL
(+)-a- -TT- [ NH,(d-BCS)] (-)-a- 35 :
-TT- [ NH,(I-BCS)] ,
(SP-Sephadex C-25) 4 ) , , A
1 Co(lll) CD

Table 1 Element analysis, UV-Vis and CD spectra data of the Co(lll) complexes

Element analysis (calcd.)(%)

Complex

Alnm *(UV-Vis) Alnm ®(CD)

c H

1 11.06 (11.02)  4.62 (439)  16.04 (16.07) 541 (81.2) 564 (0.333), 474 (0.264), 397 (0.099)
2 10.89 (11.02) 457 (4.39)  15.88 (16.07) 541 (82.6) 564 (-0.336), 474 (- 0.258), 397 (- 0.098)
3 1027 (10.18)  5.04 (4.91)  14.79 (14.84) 541 (79.3)

2g(mol* L cm™) values in parenthese, ® Ae(mol* L cm*) values in parentheses
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rac-cis-[CoBr(NH, )(en),]Br,» 2H,0 (racemic mixture)

Add (NH )(d-BCS) (resolving agent),
Refrigerate overnight,
Filter

!
{A-(+)-cis{CoBr(NH, Xen),]}(d-BCS), (cryst.)  { A-(-)-cis-[CoBr(NH, Xen),] }(d-BCS), (sol.)

Redissolve, Filter Separated by H*-Sephdex column
Separated by He-Sephdex col chrg]mat]ogr&tphy using 0.5 mol-L! HBr
aral ; m'm.', as the eluent,
|| chromatography using 0.5 mol-L-' HBr concentrate the elutriant

Discard as the eluent, . at room temperature
concentrate the elutriant .
at room temperature A-cis-{CoBr(NH, Xen), |Br(cryst )

A~(+)-cis-[CoBr{NH, Xen),]Br,(cryst.)

1 cis-{CoBr(NHs)(en),]Br, 2H,0
Fig.1 Improvement on the resolution of cis{CoBr(NH3)(en),]Br, 2H,0 in this work

. , CD
0.99¢ {A(+)-cis-[CoBr(NHs) 2.
(en),]}(d-BCS),(4), 94.5%. 1.3 NH,(I-BCS)
0.99¢g 4 50 NH,(dI-BCS) (21
, , . 1.2.2 ,
150 mmx10 mm 1 2 “
(H*  Sephadex SP C-25) . ” NH,(dI-BCS),
, pH NH,(dI-BCS) 14, 0.90 g(2.74
: 0.5 mol L™ . mmol)NH,(d-BCS)  0.2988 g(0.686 mmol)
. 1 (A€%=0.332mol* L. cm™) 3.0
, , NH, (d-BCS) 0.65 g, mL 2.7mL 35 ,
93.2%, CD, A/nm(Ag/mol* L: cm™): 308(2.68). , .
,1~2 @4 ) ( C )
, 035¢ 1, , ,
71.5%. A , 0.482¢ 4, 75.4%.
0.38 g 2, 0.482¢g 4 50
77.5%. , 122 ,
NH,(I-BCS) 3, . ,
{A-(-)-cis- , 1.
[CoBr (NH,) (en).]} (I-BCS),(5) B, , : 0.212 g NH,(d-BCS)
0379 2, 75.5%; 0359 , 62.5%. C
1, 71.4%. 0.43 g NH,(I-BCS)
2 CD
Table 2 UV-Vis and CD spectra data of the chiral compounds in reciprocal resolution
Compound Anm (g/(mol* L cmY))(UV-Vis) Alnm (Ae/(mol* L cm™))(CD)
1 resolved by NH,(d-BCS) 541 (84.0) 564 (0.309), 474 (0.245), 397 (0.082)
2 resolved by NH,(d-BCS) 541 (81.0) 564 (- 0.307), 474(- 0.244), 397 (- 0.086)
1 resolved by NH,(I-BCS) 541 (78.8) 564 (0.308), 474 (0.246), 397 (0.085)
2 resolved by NH,(I-BCS) 541 (81.3) 564 (- 0.290), 474 (- 0.232), 397 (- 0.081)
NH,(d-BCS) resolved by 1 301 (132) 308 (0.100)
NH,(I-BCS) resolved by 1 301 (89.8) 308 (- 0.022)
NH,(I-BCS) resolved by 2 301 (113) 308 (- 0.090)

NH,(d-BCS) resolved by 2 301 (83.0) 308 (0.058)
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, 2 NH,(dl- ® e
BCS), 0.252 g NH,(I-BCS) , 40r
74.6%: 0.38 g NH,(d-BCS) , S L o
84.4%. °
“ CD 0 °
2 0 * e . .
0 5 10 15 20 25
2 Experiment No.
21 3 cis-[CoBr(NHj)(en),]Br, ee
211 CD Fig.3 Distribution of ee value of cis-
e, %) [CoBr(NH3)(en),]Br,
1.2.1 cis-[CoBr (NH,) cis-[CoBr(NH;)(en),]* C, ,
(en),]Br, , CD UV- , trans-[CoBr (NH,)
Vis . CD 564 nm (en),]*, ;
JAYS ( -0.336 0.333) (cis- , €51=81, trans- ,
: 1 2 CD €55=50)1 . :
( 2), 2 CD cis-[CoBr(NHz)(en),]*,
cis-[CoBr (NH3)(en),]Br  Ae D; C, , Ds
, |A€ |=0.336 ee , 24 [Co(en)s]** o,
541  465(sh) nm C,
(ee ) : ee ( 3). Asakura ALIA( z ) 'A-'B ( X Yy
g ( Hlolo}mx/=103) ). CD
ee , CD .
. (+)o-cis-[CoBr(NHs) (en),]Br, X
212 UW-Vs CD s, A,
cis-[CoBr(NH,)(en),]Br, A-(+)p-cis-[CoBr
: (518, (1 (NH3)(en),]Br.. -
d-d [A=541, (- )o-cis-[CoBr(NH;)(en),] Br, ,
465(sh) nm] : , [18] :
T CD (564 nm)
s Cotton , 589 nm
"E , (+)o-cis-[CoBr(NH;) (en),]Cl,
3 -oast \ ’/A Cotton
AN S o, , CD CD
030 LN . . Cotton cis-[CoBr
400 500 - 600 700 (NH;)(en),]Br,
2 A<is[CoBr(NHy)(en)JBr( ) A-is- 2.2
[CoBr(NHz)(en),]Bro( ) CD 221 cis-[CoBr(NH:)Xen),IBr.
Fig.2 CD spectra of A-cis-[CoBr(NHj)(en),]Br,(solid 1.2.1 24 cis-

line) and A-cis-[CoBr(NH;)(en),]Br, (dot line)

[CoBr(NH;)(en),]Br, , 11 A-
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, 8 A- ( 3),5 , (+)-cis-[CoBr(NHs) (en),]Cl,,
, 68.6%, 49.5%; ( )
cis-[CoBr(NH;)(en),]Br; ,
) ee ) , (-)-cis-[CoBr
79%. (NH3)(en),]Cl,, 39.4%. :
50% 1.2.1 :
, d-BCS , A-
ee ; (D), 74.3%,
1993 [9] 10 g cis- ; , A- (2),
[CoBr(NHs)(en),]Br; , Agsg= 67.5%. (
0.307, €54=77.7. 3), ,
Asakura , , I-BCS
, d-BCS I-BCS ,
(L3, Asakura ,
: 3 . , d-BCS
- (TG-DTA) ( , |-BCS
3) cis-[CoBr(NH;)(en),]Br, 1 min
[9, 11] , .
Asakura e, 223 cis-[CoBr(NH;)(en),]Br,  NH,(dI-BCS)
’ , , , , [19],
B67, M N,
2.2.2 cis-[CoBr(NH3)(en),]Br, 2H,0 N M , , N
M .
1974 | Kauffman cis-[CoBr(NHs) d-BCS( I-BCS)
(en),]Br, ,
o, 6. 101, , d-BCS( I-BCS")
, [10-11] Werner cis-[CoX,(en),]™
King cis-[CoCI(NH;)(en),]Cl, [20-21], d-BCS( I-BCS") rac-
@, NH,(d-BCS) [Co(ox)(en),]Br , A-  A-[Co(ox)
( ) , (en);]Br  NH,(dI-BCS) “ ",
d-BCS , (2],
3 cis{CoBr(NH3)(en),]Br; nH,0(n=0, 2)
Table 3 TG-DTA analysis data of cis-[CoBr(NHs)(en),]Br, nH,0(n=0, 2)
Complex T/ Weight loss(%)* Endo peak( ) Extra peak( ) Total weight loss A(%)*
1 254 389, 547 79.8 (80.9)
2 254 385, 544 78.6 (80.9)
3 58~95 6.8 (7.6) 246 387, 547 84.4 (83.4)

2 calculated values in parentheses
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, NH,(I-BCS)  NH,(d- , H{(+)o-[Co(en);](d-tart); 3H,0)
BCS) 3, d-tart* , “-
; , " , d-tart*
A- N e, {A-(+)cis-[CoBr
NH,(dI-BCS), . (NH) (en);]}(d-BCS), : cis-[CoBr (NH;)
CD ( 4 CD (en),]*  cis-[CoCI(NH;)(en),]* ,
( 5 , A-  A-cis-[CoBr(NHs)(en),]Br,  dI-
ee . BCS " “ "
1.2.2 “ " “ N
, NH,(dl- d- I-BCS. 1.3
BCS) 12 , ( NH,(dI-BCS)
CD , ee 14) , “
1.3 , A- dI-BCS- 12
NH,(dI-BCS) 14 , , d-BCS ,
5 . BCS (
Yoneda d-BCS cis-[CoCIl (NH,)(en)J* ),
cis-[CoCl,(en),]* 2, BCS ,
( d-BCS" I-BCS
, 21 11 12) ,
{A-(+)p-cis-[CoCI (NH;) (en).]} (d-BCS), H,O 122
: d-BCS d-BCS cis-[CoBr(NH,)(en),]Br,
A-(+)p-cis-[CoCI(NH3)(en),]* T d- BCS,
, , d-BCS A-
cis-[CoCI(NHs)(en),]* N M
’ w " , 3
S - ()
H,(d-tart) , 21 ( () 11, -
a0l 0.10
T st ~ 005
: :
“‘\._g; 0.0 _:; 0.00 &
3 g
4 -15 5 05
-3.0 NS
250 300 350 200 0195 300 - 350
A/nm - A/nm
4 NH,(d-BCS)(a) NH,(I-BCS)(b) CD 5 NH,(BCS) CD NH (d-
BCS)(c) NH,(I-BCS)(d)

Fig.4 CD spectra of the authentic samples of
NH,(d-BCS)(a) and NH,(I-BCS)(b)

Fig.5 CD spectra of NH,(BCS) resolved partially in
this work, NH,(d-BCS)(c) and NH,(I-BCS)(d)
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(\THI g 50 N[ N, 2+ HIN/\ 2+
- O\IOH/O\ byNHz g | N \(‘:‘H/ T, coihy H’N\llg/mz (sol)
HIN/| \8/, \8/ I TN, | 0 HIN/IO\Br VT e e,
NH HO HN LN, HN S
tri-nuclear cobalt complex ]slow I dow
A-(+)-cis-[CoBr(NH, )(en),]Br, (cryst ) 4~(-)-¢is-[CoBr(NH, )(en), ]Br, (cryst)
6 cis-[CoBr(NHj)(en),]Br,
Fig.6 Absolute asymmetric synthesis of chiral cis-[CoBr(NH;)(en),]Br,
; () Co(lll) :
() 21 31 1/3 Co(ll)
" ; ? Asakura !
() » Co(Il)
() , Co(ID/Co(lln) (E.T),
11 E.T. 21
[20’]. , ’
[Co(en)s]** [2425]
121
3 cis-[CoBr(NH;)(en),]Br, o,
, 6 , Co(ll)
. Asakura ( )
, A-  A-cis- ,
[CoBr(NH;)(en),]Br, 6 Co(ll)
Co(I/Co(l11) ,  Co(ll)
(anticatalyst), ;
, (L3, A-  A-cis-[CoBr(NHs)(en),]Br,
” [19]- ,
, Asakura . Co
(I/Co(l) A- A-Co(llN)
(racemic -
switch) ; , Co Co(lln)
(1) [2w25] '
A-Co(llT) A-Co(lll) , ,
= Asakura ,
[4~6]);
( A-Co(lll)  A-Co
(1) ) :
. 6 - (TG-DTA)
( ) Co(ll)
[26]
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