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Abstract

A known N30O,-pentadentate ligand, 2,6-bis(((S)-2-(diphenylhydroxymethyl)-
1-pyrrolidinyl)methyl)pyridine) (H.BDPP), was deprotonated and further reacted with
cobalt chloride (CoCl,) to form mononuclear Co(ll) complex, Co(BDPP) (1). Then,
reaction of complex 1 with ferrocenium tetrafluoroborate (FCBF,) gave a Co(lll)
complex, [Co(BDPP)(H,0)]BF, (2). Molecular structures of complexes 1 and 2 were
characterized by X-ray crystallography. Also, cyclic voltammetry of complex 1 was
studied. Further experiments to test reactivity between complex 1 with nitric oxide
(NO) revealed a dramatic color change. From analysis of UV/vis spectra for the above
reaction, the oxidation of Co(ll) complex could be ruled out, and a new species,
[Co(BDPP)(X)] (3), was formed. A new vibrational absorption at 1615 cm™ was
observed in the reaction by FT-IR. The absorption peak represented the characteristic
N=0 stretch in complex 3 (X = NO), suggesting that the nitric oxide bonded to the
cobalt center of complex 3. With the property of the association and dissociation of the
cobalt complexes, we may study the application of the cobalt complexes in medicinal

development for Hypertension.
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-~ FEREH
1.5 4m &+ 11. B e 4w & 21 =LA
D ‘B dm 4L 12.% Ak 35 5 22,3119
3.F Jiig, 13.4+F 23. T2 ¥y
4.Solvent 5g 14.94 33 % & 24.= & %
5.1 & ¥g 15.% 7 44 25.FHLA
6.1k &L 16.4% & 26.4%+
TS 1740w 27.% #ite 4 (UV cell)
8. i & 18./m ¥ 28.KBr @ & 1 (IR cell)
9. 5g, 19.7 % 3 (BR)
10. %447 20. 5=
S TRES

1. 34
(1) ¢ # (Acetonitrile)
(2) z p(Diethyl ether)
(3) = # ® ’z(Dichloromethane)
(4) = & *wm (Tetrahydrofuran)
(5) p» g+ (Acetone)
(6) & & 'z (Hexane)
(7) & ~ 'z (Pentane)
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(1) v‘),?’%BiJZ% % ¥ 7 7 & H,BDPP

(2) = # i 4= Cobalt Chloride (CoCl,) > 99% - Alfa

(3) & -4 Sodium hydride (NaH) » :## % > ACROS

(4) = & mpi = 748 Ferrocenium tertafluoroborate (FCBF4) » 99% - Alfa
(5) - % i* ¥ Nitric oxide (NO) » P ¥ %

%R E

X-k ¥ 5 Y5+ ik (X-ray Single Crystal Diffractometer)

¥  j= i Bruker Enraf-Nonius Kappa APEX Il H & ¥£5¢ ik

RIE 22 DT SRRy & 24T SR -

kok Sk [w Bk e sk ¥ ik (Ultraviolet / Visible Spectrophotometer)

#74] : Agilent 8453

BIE D E DRAR SR WIBAY o 2 R R R

Az *b &4k 3% ik (Infared Spectrometer, IR)

# 4] : Perkin-Elmer Spectrum RX % Perkin-Elmer Spectrum Paragon 500
BIR S % B ER G A Y 0 2o KCI & KBr @ ¥ e 434
8 I

5% R 4%+ % 1 & (Cyclic voltammetry)

4] : CHI661D
BB CRRBE IR TR AA IS 2mMmM RIBAT E
%% 2iei Ag/AQCH v Eteid 204 R EFRY 0.1M
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I ok r A FroEA o EFAF FRBTF BeniE 2 12T 2 degas ff

BTk kr §vkem e 203 130 5 F &% £ 427 5 NaH (0.0100 g,0.417 mmol)
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= £ +[Co(BDPP)(H,O)IBF4 & 4 2

#=2~(0.0683 g, 0.091 mmol) > Co(BDPP)*+ 7 7 ##-+ ik &¥x(1)® - degas
2 fs o MUK R 203 %0 £ £55~(0.0273 g, 0.100 mmol) < FCBF, 3t 7§ #24E
FehE e¥g(2) ¢ o (1) ¢ g it R e AR R F ()Y c iR 4 Uk

¥d (Bl 42-D)%=~Fed (B 42-2) F = [ B B3RPy £ ",f ke &
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#=2~(0.0752 g, 0.100 mmol) s> Co(BDPP)*: 7 7 #+-+ ek &Hx® > degas =
Kt o A~ Kﬁz ke & v#véﬁr“ﬁ% Ko & PR(EB9:I5)5E B E-F M F FARGE
Z)ErBRY RE e ppd KA AT S (B 43-1)E b 5 RN I (B 432

F - i #eq iy o il UVIVIs ~ FT-IR 63§ o

® 4.3-1 Co(BDPP)/THF+DCM Bl 4.3-2 F - A4
B 2RY WF 1) Lehnert Jcd2drs £ anh 7] > FIRE 75 P T Tk E
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#=2~(0.0084 g, 0.011 mmol) <> Co(BDPP)*> 7 5 44+ 1k &L @ - degas =
Fo A r IR REF S F TR PR ERE BRI R P
- AT RE SR 0 R % - S UVIVIS SBSE o # R - ] BEIS 0 R E S = UVIVIS
kF - PEFFIITRESFEM AU A S A EFRIF Z 2 UVVIS R

#=2~(0.0067 g, 0.009 mmol) > Co(BDPP)*: 3 7 # -+ ek EHx® > degas =
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#=2~(0.0750 g, 0.100 mmol) s> Co(BDPP)*: 7 7 #+-+ ek EHx® > degas =
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BEBREDRETF BT A 45(F 433 43-4) 0 B F LRI RS- F T

BTEHZ2F (2L A4) o B FT-IR %3 -

#® 4.3-3 Co(BDPP)/ DCM B 434 FoNO F I ~4is

S

7 =X .

#28~(0.0750 g, 0.100 mmol) = Co(BDPP)** 5  #4:3 ek J#g® - degas =
oot 10.0MIFoR R F S F 7 B AT EF 107 M) 0 £ - § A
Erpgm tREpET Ak P ?‘s‘sl%%“fi FH2F (=1 48) Pl
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- ~ X-ray ¥ & ¥E5fE472

®5.1-1 Co(BDPP)& & 4 12 X-ray {347 B(& o+ Z 1545 v3)

Co(BDPP)4s & #= 1 i3t 4L = & s (Orthorhombic) » 5 BF# 5 P2:2:2 » &+ %
#a=20.9019(19) A > b=8.6240(7) A > c=10.1737(9A » ¢ =90°> B =90°> ¢

=90°> R;=0.0681 > Ry =0.1082 -

s TR R 2 (CV) 2 R 2

[

6.00E-06 1

4.00E-06 +

2.00E-06 9

0.00E+00 +

-2.00E-06 1

Current (A)

-4.00E-06 -
E12=-0476 V
-6.00E-06 1

-8.00E-06

0 01 02 03 04 05 06 07 08
Volts (V vs. Fc/ Fc¥)

Bl 5.2-1 Co(BDPP)&s & 4= 12 3 it 223 '
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ARAPE FF THh- BL R 21 T hk vl 77— 2
ETIRE AP TRGRAE - H AT F e AT ALY L

FRIP T AP S THRAS DL A2 PRSP RS F 2o
PR BRI B ’g’ﬁ—if“@(%t’ﬁﬁj),ﬂiﬂjﬁdﬁg(ggrﬁpw)

AG =—-nFAE

AG (fd i £)EF MARET §A i FAG<0 PIF L 5
F2oRE2 pgFaenPlI@HonT + 5 B8 F 253 % ¥ # (96500 £ 4 ) »
AE R E F B3 e

At CVplae o #FCTiv s 54 LHE 0 #v nB R T RRE R o

BLEd nCo" B R T 2 5-0476V ) #5328 L o

Fc' +Co*" - Fc+Co*  AE =0.476
%—AETJ«T}“_P;\,?%E’AG<0,QPFC+IBT;/HB_L i}‘lfsm\:‘ IQ$T§JCOO

Xoray i § gt fiir it

B 5.1-2 [Co(BDPP)(H:0)IBF, 4% &+ 2 2. X-ray S1f#17 BI(& f + &1 3E 5 %)
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[Co(BDPP)(H;0)]BF44% & 4 2 B>+ 4L = & & (Orthorhombic)» 5 B %% 5 P212:2; »
£ 12 ¥ #ca=13.6583(12) A - b =13.9494(13) A > ¢=20.9920(16)A » @ =90°: 8

=90°> vy =90°>Ry=0.0771> Ry, =0.1852 -

i X-ray B 5.1-1 # ¥ 215 Co(BDPP)4s &+ 1 2 5t » B¢ w & 5 = § 45
o HERI=ZBF RFIEABF R (NOy)#rfie iz 5 B 5.1-2 # 7 f347

[Co(BDPP)(HO)IBFs4s & 4~ 2 2 554 » R ¥ RIG = B % R+ 2= B3F k- (N3O3)

yﬁ

sifete s RREFL AT B E 2 WAAES o BRELNEHR T LA 5L
5

£ 52 BTIREFE d B+ 2 4 E FriCE © CO% ~ BDPP? ~ BF,
if fefr s 00 seAT) e R peinfh2 $Hbs 00 & HJFd RY A BE R
SR REL TS A B 5 BDPPPHd B Ot F RF R L EHHO0 T A
e AT B R e 0 T BB A b HO o dedtiRl g
[Co(BDPP)(H0)IBF4 4 & 4+ 2 e ik h k3 = & 0 A ¥ 7§ Mg ek o

% 51 Co(BDPP)4z £ 4 12 4 E v1dt i

Bond lengths[A ]

N(1)-Co(1) 2.229(3) 0(1)-Co(1) 1.913(3)
N(2)-Co(1) 2.052(5) Co(1)-O(1)#1 1.913(3)
Co(1)-N(1)#1 2.229(3)

Bond angle[“]
C(18)-N(1)-Co(1) 107.8(3) 0O(1)-Co(1)-N(2) 120.89(9)
C(17)-N(2)-Co(1) 113.1(2) O(1)#1-Co(1)-N(2) 109.50(12)
C(14)-N(1)-Co(1) 101.9(2) 0O(1)-Co(1)-N(2) 83.20(11)
C(19)#1-N(2)-Co(1) 120.4(3) N(2)-Co(1)-N(1) 77.89(11)
C(19)-N(2)-Co(1) 120.4(3) O(1)#1-Co(1)-N(1)#1 83.20(11)
C(1)-0(1)-Co(1) 118.1(2) 0O(1)-Co(1)-N(1)#1 109.50(12)
O(1)#1-Co(1)-0(1) 118.22(17) N(2)-Co(1)-N(1)#1 77.89(11)
O(1)#1-Co(1)-N(2) 120.89(9) N(1)-Co(1)-N(1)#1 155.8(2)
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% 5-2 [CO(BDPP)(H,0)]BFs 4 & 4 2 2 4t £ ¢r4t &

Bond lengths[A ]

Co(1)-N(2) 1.837(4) Co(1)-0(2) 1.863(3)
Co(1)-N(2) 1.990(3) Co(1)-0(1) 1.880(3)
Co(1)-N(3) 1.991(3) Co(1)-0(3) 1.966(4)
Bond angle[“]
N(2)-Co(1)-0(2) 92.66(17) 0O(3)-Co(1)-N(3) 96.42(15)
N(2)-Co(1)-O(1) 94.95(17) N(1)-Co(1)-N(3) 169.68(17)
0(2)-Co(1)-0(2) 172.32(15) C(18)-N(1)-Co(1) 107.0(3)
N(2)-Co(1)-O(3) 178.95(15) C(14)-N(1)-Co(2) 107.1(3)
0(2)-Co(1)-0(3) 87.64(16) C(17)-N(1)-Co(2) 115.1(3)
0O(1)-Co(1)-0(3) 84.73(16) C(23)-N(2)-Co(1) 119.1(3)
N(2)-Co(1)-N(1) 85.09(17) C(19)-N(2)-Co(1) 119.1(3)
0O(2)-Co(1)-N(1) 92.78(16) C(24)-N(3)-Co(1) 107.4(3)
O(1)-Co(1)-N(2) 86.84(15) C(28)-N(3)-Co(1) 106.8(3)
0O(3)-Co(1)-N(1) 93.89 (16) C(25)-N(3)-Co(1) 116.0(3)
N(2)-Co(1)-N(3) 84.60(16) C(1)-0(1)-Co(1) 114.8(3)
0O(2)-Co(1)-N(3) 87.15(15) C(29)-0(2)-Co(1) 115.9(3)
O(1)-Co(1)-N(3) 94.60(15)

=~ T R k- bk ki (UVIVIS)Z Pl Z

B AR~ UV RS > AR AT B B RSN SR

st » 2 4o NO £ Jisz. Co(BDPP)i3 it » iRl 1845 &+ 1 2 w2 ek 3 o B 18 #-fc NO &

A%

SRR

>

SR E N ARG G2 &SR T o BIESEES 32Tk T
FEAATiE kg o S RF A R FBRARIL TR A FRBEFANEL o L
FHFY ARG IHAPEFTF co(HEE) n(FE) n(RHTF) M or Ao
‘fr’c*’WJ,' AR n‘fr’n*o_ﬂé‘é:“é_—'\/}é o> >n>a>o R+ o om e
*ehiR BATRIE L TR S G E A nontfoaont e £ BREITF AL YT

B LB

A=¢gx Bxc=log|T°
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BFlEGEEE) emoc & FpRlF kR ~mole/L» logE_~84k353 & - | PIE_F %k

¥

2

EiiA

45

R LSS T R VU TR SR R

FLRH P o ek d

Absorbance (AU)

< R2_A F4E E'%’? °
Co(BDPP)4% £ # 1 2. UV/Vis * 2 (8 5.3-1)

29 DCM
15 +

. CoBDPP original
0.5 o

0 —

300 400 500 600 700 800

=H e g o

Wavelength (nm)
JER L (0.89x10° M) > B~% f % = = Co(BDPP)4t &4 122 NO 2 ¥ Ji > 7 ji

% — % Co(BDPP)4 £ # 1 # NO 2 K Jic1 UV/Vis % 2 (] 5.3-2)

Absorbance (AL}

o2
in

JE B (5x107 M) > o B ¥ 5 MR T 2 R o e Avde M A ET e & 1

7!‘ ?:'l—'rg’{% o

o
in

0

300

400

70% THF + 30% DCM

500

= C0BOPP original

= C0OBDPP + NO (excess)

600 700

Wavelenath (nm)

15

800



¥ = = Co(BDPP)4% £ # 1 & NO 2. £ Jiscr UV/Vis 3 (8] 5.3-3)

DCM

CoBDPP original
e COBDPP + MO 1mins

CaBDPP + NO 60mins

—— Cipen 1o air 12hrs

Open to air 18hrs

Absorbance (ALl

300 400 500 600 700 800
Wavelength (nm)

BER#HA(LI2XI0PM) B #E - [P T EATETAEF L AL

i

|
33
g
o
by
A=
Y
¥
=
[EEN
N

/4
[EEN
oo
[
72'_5
.~
-3
=i
,q?ﬁ
-

o

% = % Co(BDPP)4 £ # 1 # NO 2 ¥ Ji c1 UV/Vis % 2 (] 5.3-4)

2ia DCM
CoBDPP oniginal
— 15 CoBDPP + NO Smins
|
=T CoBDPP + NO 10mins
g CoBOPP + NO 15mins
cC g _
w CoBDPP + NO 45mins
2
g CoBDPP + NO 60mins
< CoBDPP + NO 160mins
0.5 A9
CoBDPP + NO 230mins
0 T ¥ .
300 400 500 600 700 200

Wavelength (nm)
& 5 (0.89x10° M) & T A 4 i = UV/Vis %3 » 3 B H g p B4 1

TR T TR 4B > 160 A ~230 A BT BRI 0 A AE
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#-12 F & UVIVis % 28 710 (8] 5.3-5)

—
v
A

CoBDPP original

CoBDPP + NO(slowly react 230mins)
s COBDPP 4+ excess NO 60mins

— Open to air 18hrs

Absorbance (AU)

e
n
2

300 400 500 600 700 800
Wavelength (nm)

dRT AT FAT RS IR R deor - § IV F T LR RN
Co(BDPP)4s & 4= 1 F Jis» F#-H - 5 1§ F BRI CRE (L HRTHER- P
FLGO VRS S B R AR o TR > R AR E BT G K 520 nm 2 FF
s o > BB X F B 18 [ S i A P e T T R A Tt

Mend 3 42 7 80 o

& UV/Vis k3@ > 7 (¢ 5.3-2 F M@ o ¥ ey &% 400 nm ojgiE
g E TR HPAFILRY T Ak frs §F VR EBIRE B AP A
TRERY &9 RERAUVIVIS kG TR 0 YR LB IT LB AGR
Flow g vk S UEF2AH 0 @ 2 & 7 24 Co(BDPP)iA R R g o L2 {8 %
HER2FREF & T RELRA S RPERSES S HH-F L F &
Co(BDPP)2 & Jis ¥ #i4>iwend ¢ FIREfcbs 4 HA 2 14 B AT L § L4
®5.3-17 %597 380~ 600 nm hi e fc's  §] 5.3-3 ~ B 5.3-4 17 L%
1% 5 390 ~ 520 nm g ek joiE o d ptdaipl- § 1 § 12 Co(BDPP)F ek o
PG EFDE Z BAEACRTE > B - F 1 bR Y TR HEEE A

B ES o ARIB3-3F Wik F RS AP T RLAL



- F 1§ F i@t #77) % h[Co(BDPP)(X)4s & 4+ 3 3 A & < f ¥ vk f ~ §

FNSF R EH U AT RE A PILEEE ORE BUEPE o
w2 e b Ak (FT-IR) 2. B

koA g o~ IRFE S ¢ RIE R A A s R A Y R AR A 1S
£ % » A{=NO ¥ 2. Co(BDPP)i% it » | # 4% & 4 1 2 & jz k3 o & {5 %-fv NO
FREaERE % ZHEEET RIc2Z RS 7 RBIESEF 32k
TehrTiE R o R FH I L RTEFRS o FRF P s 3 € e
A2 S B e TR PETA 2 RSO F AP o T BRI T 2

s 1 J2RI[Co(BDPP)(X)14 £ # 3 2 ¢ u3ffe iz 3 X & 7 -

22

% — = Co(BDPP)4 & # 1 22 NO 2 ¥ & er FT-IR 3 (m) 5.4-1)

110 1 70% THF + 30% DCM

=
@ CoBDPP original
(&)
C 80 4 e COBDPP + NO
@©
b=
E 70 4 \
w
& - 1
Z 60 1 1728 cm
50 +
40 . - \
1800 1700 1600 1500
Wavenumber (cm-')

U R (5x10* M)> & pt BV v 87 NO & i (4 € A7 — 1 1728 cm™ st e »
@ 84 NO A& 5 chjd dic i 1840 cm™(>1728.¢m™) 7 i b & ofr— § 1 F A2

GER S BN F B F 2 W endRR S T ' > scdap|[Co(BDPP)(X)]4s & 4 3 1+ e X

v

A= 4=
-3 ity
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5 = =% Co(BDPP)4 & 4+ 1 22 NO 2 F i1 FT-IR k¥ (] 5.4-2)

110 + DCM
100
? -
i % CoBDPP original
® 3
8 80 CoBDPP + NO
) CoBDPP + NO-2
E 70 s
w
& I
E 60+ 1615 em-
50 s
40 - v v
1800 1700 1600 1500

Wavenumber (cm-)
ER(<IX10PM) > 2 FIE SR B R RTE L5 R 2 4 o B P FT-IR k347
AT ok et 1615 ecmt e B o fr b X S eh 1728em™ F A L B o fein o)

+ 1840 cm™ s R EEF T i o

% 7 = Co(BDPP)4 & 4 1 22 NO 2. F Jg 1 FT-IR 3 (®] 5.4-3)
110 « DCM
100 Lo

90

80

w— COBDPP original

70 w— COBDPP + NO

CoBDPP + NO{washed)

Transmittance (%)

60 9

& 1615 cm™!

40 r T -
1800 1700 1600 1500
Wavenumber (cm-1)
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#ek B # (1107 M) » 309 f ) de e 1 15 s et o3 £ 1615 em™
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