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Mirror Symmetry Breaking of cis-[Ni(NCS).tren]: Special Chiral
Conformations of Chelate Rings
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(State Key Laboratory of Physical Chemistry of Solid Surface, Department of Chemistry, College of Chemistry and
Chemical Engineering, Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: In order to explore the chiral origin of cis-[Ni(NCS).tren] [tren: tris(2-aminoethyl) amine], a pair of
chiral crystals of cis-[Ni(NCS),tren] was characterized by X-ray single crystal structural analysis, solution
UV-Vis-near infrared (NIR) spectroscopy, solid state UV-circular dichiroism (CD), and powder X-ray diffraction
(XRD) spectra. The results indicated that the chiral crystals of cis-[Ni(NCS).tren] were obtained by mirror
symmetry-breaking crystallization, and the special chiral ring conformations (83A, AA) of the coordinated
tripod-type tren ligands are responsible for the chiral origin of cis-[Ni(NCS).tren]. The Cotton effects of Ni(ll)
complexes in the solid-state UV-CD spectra are presumably attributed to the m—m* and charge-transfer
chromophores of the NCS™ ligands by the chiral perturbation of the helical ring conformations and
metal-centered chirality. According to the statistical results of solid-state CD spectra of cis-[Ni(NCS).tren] for
twenty batch syntheses, their enantiomeric excess (ee) values are between 39% and 100%.
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Fig.1 Four chiral ring conformations of

tripod-type tren ligand
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Table 1 Crystallographic and structural refinement parameters for cis-[Ni(NCS).(tren)]

Item Value
empirical formula CsHisNeS:Ni (AA3) CHisNeS:Ni (301) CsHsNoS:Ni (851)
T/K 173(2) 173(2) 298(2)
crystal system (space group) orthorhombic (P2,2,2,) orthorhombic (P2,2,2;) orthorhombic (P2,2,2,)
unit cell dimensions
a/nm 0.85026(15) 0.85640(13) 0.8646(4)
b/nm 1.0754(2) 1.08133(2) 1.0852(5)
¢/nm 1.4591(3) 1.4654(3) 1.4704(7)
volume/nm’ 1.3342(4) 1.3570(4) 1.3797(4)
z 4 4 4
calculated density/(mg*cm™) 1.599 1.572 1.546
final R indices [/>2(])] R=0.0295, wR,=0.0717 R=0.0212, wR,=0.0512 R=0.0250, wR,=0.0613
absolute structure parameter 0.019(14) 0.018(11) 0.03(2)
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Fig.5 Solution UV-Vis-NIR spectra of cis-|[Ni(NCS),tren]

(A) The concentration of cis-[Ni(NCS)tren] in methanol is
1.45%10"" mol-L™"; (B) The concentration of cis-[Ni(NCS)stren] in
N.N-dimethyl formamide is 4.36x 107 mol-L™".
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(K] d—d BRAL 7 1E Cotton 25 WY, A SC 1) 2 YR 52 S0
45 LR W], Das 25T (EARIE S HAN RR R 25 )

[ {4 CD JG1E 15 5 3 % /N (0<2 mdeg), K4
AHECLEA.
3.3 3t cis-[Ni(NCS),(tren)]& B F B9 $E E X FR 1
A SR B8

Das &5 73K FH LA R 5 VA K UIE B 4% 45 W) A 45 i ik
FErp R AE T 584 AR5 Xt 4 IR S i b 4 —
A FIT 3R AT 1) PR AT B3 5 AN F 1 [ 4 CD il
IR, 20 IR I 5 FEARL, AT IE B B — Ik A5 B
iy A A Ay [ — o T A 2R At AT ) 0 TR A
T AT R PRIE 1 D R LA [ 4 CD S i BEAS B
R R Z P YR [ 4R CD Y6, AN BE UL W oK o7
/IORORUZ

Hakansson 55 * I\ k35 PE 6 1 2% & W F PR
PR SR 7= P 0f Wl B 1 2 03K vT LK H [ 44 CD
JERE 5 v A AR IR A PF R, 2 AH R B 16K
SR P I B AR il JBL R [ 44 CD A 5 5 B AH
() BF, 7T DA Sk ) B SR  WD IR 4 T R — b alx B
s T SRR R B R KSR =) IS I [ 44 CD A5 5
58 P LU FL g BT CD A 5 0N, A K KSR 7= 4
i o 0 Ak A sk R 1 P 2R ) A A . AL
ST P SR RE ROV 25 () TR 25, AN AT e AR AN 1y bt
SEA B, DL KR RE A0 R O B nT RE 5 I R
BN 20 AT TR X R 72 A e il e w0 LA

T I 2 5 6E L 20 YOTAT SE K 0 K SR P M (I
AR ) R S5) AL [E 4 CD G i (B 6) S
SR, RIVE AN ee (H7E 39%—100% 2 i), H
H 15 I h (86M)-cis-[Ni(NCS)atren] % I 44 i &, 55 5
UK (AAS)-cis-[Ni(NCS)stren] X 44 1 8. K o2 724
(1) ee {3 100% (1) 1] Ky 2656 ASKEHBR A5 5%, it 7> T
100% 1) J& 136 4r B R 547, 7620 AT S b
12 UK AR AN IS TR A i, 8 Y R4y R AR5 % 20
HEVC A HCRE i HEAT A CD R Y 48 T 45 IR 2% W
45 i R b IR B TN AR PE R R IR R A T ee (1
(R R % 4 R0 26 5 AR 0 FR B (e 4 AR IR0 2
). PR AT A A, Das 2500} 4 416 VA il b AT 7 i B
() LB B 5t R A5 PR S0 B Bt SR A L “ A AN
SRR 1R 45 e A LA A 4 11

4 & it
IS H 5 Das 55 NS, ASCHRAG LU R 458
(1) & T 73 (AAS)-cis-[Ni(NCS),tren] 55 U i
[ (88))-cis-[Ni(NCS)utren] F. JJy %F W AK, % 2% & W) AE
SRR ORAE T B R I BE DR PR P fik



No.2

KU 58 cis-[NI(NCS )otren] (5 I FRUVE B Bl 2P0 R R TP 5

263

(2) K BB AK tren [ 5E 2k B 2R T P M4 % (86M,
ANS) A& T B cis-[NI(NCS )atren] T-PE fil A4 1 Tk SR Ui,
7] T2 1 1A) R SV (N — H e » < S) 55 AH HLAVE ], 15
T Fim TR R ), I BAEAS > 7 T
AN (0] A3 B R 38 b 43 B T, DR
BT A

(3) cis-[Ni(NCS),tren] [1] [ f£& CD Y ¥ [¥] Cotton
BN R] REK F T T A 5 (BOA, AAS) P AR I B X
T 4 o0 DL SR FH T B R 43 1 W e T
PR AR NCS™ ) r— 7 BRI F 26 54 LMCT A= (2, 141
[F PR, I HLEAT T 50 8 45 14 5 [ 44 CD i
(30805 4 AL G TR,

(4) X 20 FE IR A BRE i BEAT ] 44 CD A I 1) 4t
gk BRI EATTI ee HTE 39%—100% 2 1], i W]
gt i B e R B T AR PE R IR R A T ee (1 R
(K1 E R RS AN RR A (e 4 B R H7 ) 2 ).

WF9E R W], Das 25 7318 X6F 5206 25 5 10 fAPRe S 4
R B T WF A R AR T BC AR tren B4 IS 1)
IR 1 44 5. (88N, MS) T3 T cis-[Ni(NCS), tren] 73
THTFHE, FTFHEM 27l o S Bl T AL b
T T KT, BERS 40 FPE AR 2= I 1 R T
iy 4 [ 44 CD 3% B A 6 IE. % 3% S e A7 2R 1 Tk
PG A S LT M e il 1 R R 1), A AH SC TF- P i
PTG AT TR A T (A A5 2 ) 491

Supporting Information: available free of charge via the in-

ternet at http://www.whxb.pku.edu.cn.
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