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Abstract:

In this paper, three kinds of hybrid carbonyl ctob@O-releasing molecules
(CORMS), RCOOCHKC,H[C0,(CO)] (R=NSAIDs-COOH, 1-11; R= celecoxib
derivative-COOH, 15), RSQ(R’) CH,CH[C0x(CO)] (R= -celecoxib, 12; R=
nimesulide,13) and ROCHC,H[Co,(CQO)] (R= ferulic acid etheyl estefi4), were
synthesized and characterized by IR, NMR and HRMI& crystal structures of
complexes9, 11, 14 and 16 were determined by single-crystal X-ray diffraatio
Meanwhile, the anti-tumor activity, protection owidative damage of H9c2 cells,
anti-hypertension and myocardial protective effeatsre evaluated. The results
showed only a part of the complexes had anticaacsvity for the five cell lines
compared with 5-FU. Among them, compled@sand13 which modified by selective
COX-2 inhibitors displayed strong antiproliferatigetivity and selectivity to MCF-7
cell and HT-29 cell lines, and theirdgvalues were 33.6-55.8 uM; but compared with
cis-platin (DDP), they showed slightly lower actigs. The complex inhibited the
expression of COX-2 in HT-29 cells and MCF-7cedlad complexl2 had stronger
inhibitory effects than the others, which was adeorce with its stronger activity
against cell proliferation. Secondly, the complepioved the survival rate of H9c2
cells injured by HO,. For each tested complex, the survival rate irsgdabviously
after the cells treated with,B, for 1h; but it increased slowly when the cellsrhed
for 8h due to the severe cell injury. In additiothe complexes displayed
antihypertensive effects on spontaneously hypestenats, accompanying with good
myocardium protection. This indicates these hyl@@RMs reduced myocardial
toxicity of COX-2 inhibitors like, but there stiias liver and kidney side-effects when
administrating continuously for 14 days.
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1. Introduction:

Carbon monoxide (CO) has drawn considerable attentbecause of its
unexpected role in numerous physiological proce$ddswas found to be beneficial
in therapeutic applications such as systemic pumpohypertension, cardiac, renal,
and small bowel graft rejections, as well as imestlisease, hemorrhagic shock, and
lung injury. @ Recently, the researcher found CO was directlgteel to tumor
angiogenesis®! tumor cell energy metabolisffl and immune regulatioli!, which
indicates CO has a big potential in clinic. But 8@ gas and uncontrollable dose and
un-convenient use. Motterlini first used carbonyktat CO releasing molecules
(CORMSs) as CO substitute, and confirmed CORMs Hael $ame function as
endogenous CA" ¥ After that, many carbonyl metal CORMs appearedpliring in
metal Ru, Fe, Mn, Co, Mo, and so §n®™*!

Among all kinds carbonyl metal complexes, CORMSs tamnng cobalt was
focused on earlier. In 2005, Ott et al found maolyait carbonyl complexes inhibited
tumor cell proliferation, and their activities wecennected with the structures of
non-CO ligands; ™ Among these complexes, hexacarbonyl-[2-propinyidce
salicylate] dicobalt was more active than cis-plath the human mammary tumor cell
lines MCF-7 and MDA-MB-23#3**% Hexacarbonyl-[ethinylestradiol] dicobalt
complex was effective to hormone dependent tumbBrs.The cobalt carbonyl
complexes not only displayed ant-cancer activity, &lso had anti-inflammation. In
following years, the researcher found their anfiaimmatory effects owed to
liberating CO to inhibit nitrite!*® and the effects of proliferative inhibition forreer
cells were mainly resulting from the CO to inhibH&p90 downstream protein activity,
such as Akt, ER alpha, and cyclin D¥? the complexes also promoted apoptosis,
disturbed cell cycle and interfered NDA synthesisbbalt fragment&®..

Why the CORMs based on acetylsalicylic acid dispthipetter anti-proliferative
activity to cancer cells, like MCF-7 and MDA-MB-23With in-depth research on
cancer, many evidences demonstrate inducible cygtigmase (COX-2) played an
important role in tumorigenesis, development andtastasis of cancer. The
proliferation of tumor cells accompanies with ocence of inflammation in tumor
development process'®?% COX-2 was over-expression in thyroid cancer,
endometrial cancer and colon cané”? and it was involved in tumor invasion,
lymph node metastasis and clinical staging in nmoaik cell lung cancer. The
expression of COX-2 was not only related to tumpe,spostoperative pathology and
expression of hypoxia inducible fact6?, but also participated in tumor resistance



through a variety of mechanisms. Acetylsalicyliedacobalt carbonyl complexes on
the proliferation of cancer cells inhibition mayb&s related to the inhibition of
COX-2 activity.

Considering the COX-2 roles in tumorigenesis andetigpment process, metal
carbonyl CORMs based on COX-2 inhibitor may plag ttual effects, on the one
hand, through cyclooxygenase pathway, inhibit tunedr growth indirectly, reduce or
weaken tumor development and metastasis; on ther dtand, ROS and metal
fragments produced by CORMs directly killing tumeells. This kind of hybrid
CORMs is likely to be a new kind anticancer agent.addition, non-steriod
anti-inflammatory drugs (NSAIDs), nimesulide andecexib are selective COX-2
inhibitors which were withdrawn from market due rtoyocardiotoxicity. Modified
with CORMs, they will possibly overcome these flawsCO biological function.

Therefore, on the basis of the above, we synthésazkind of hybrid CORMs
based on non-steriod anti-inflammatory drugs (NS#|Dand evaluated biological
function through their anti-tumor activities andjuéation of COX-2 expression level,
At the same time, we wonder whether CORMs impralecsive COX-2 inhibitors
side-effects through evaluating protective effest oxidative damage of rat
myocardial H9c2 cellsnyocardial protective effects and antihypertensffect. By
which, we hope to provide a theoretical basistierdevelopment of new drugs.

2. Resultsand discussion
2.1 Design, syntheses and properties of the complexes

Non-steroidal anti-inflammatory drugs (NSAIDs) a@OX inhibitors which
widely applied all over the world; many testing uks show they not only have
preventive and anticancer effe€6*"! but also increase the activity of certain
anticancer drugs when applied in combinatfoit. Therefore, based on our previous
work about CORMS, the structural fragments of coumuts A.13(Scheme 1, 2) were
introduced into complexek15 because of their activities, among them,-\; are
nonselective COXIBs, which are NSAIDs in clinicg And A4have antithrombotic
activity; A;2 and Ajs are selective COX-2 inhibitors which regrettablylled off the
market due to the cardiovascular toxicity. Considgrcarbonyl cobalt CORMs
protecting cardiovascular effects, the combinatbboth COXIs and CORMs maybe
overcome their side-effects and even have synergistion. At the same time,;A4
can make the corresponding complex target spemifjians and tissues, and possess
stronger functions in vivo by primary metabolism.

Complexesl-11 were prepared through the addition reaction oérmediates
and Co(CO)s; and M.1; were synthesized by the reactions of between argeods
with anti-inflammation and propargyl alcohol; cormpésl2 and13 were synthesized
by replacing H atom of NHSOgroup in nimesulide and celecoxib structures with



propargyl respectively on the alkaline conditiong @ahen esterification; celecoxib has
two H atom on NHSQ, group, disubstituted produ¢tomplex16) was formed more
easily; Complexl4 was prepared by the reaction of ferulic acid dtlesger with
propargyl bromide in the presence of potassiumaate; complexX5 was afforded
by the oxidation of methyl on celecoxib structurghwpotassium permanganate, and
then esterification. The structures and synthetitdas for complexe$-15 are shown

in scheme land 2.
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All complexes were characterized by a combinatibNER, ESI-HRMS and IR
spectroscopy. All the complexes are red-black oflsred solids, stable in air for
several days. They are insoluble in water, andyedsisolve in organic solvent. In the
range of 2100-1996 chmappeared several strong terminal carbonyl absmptin
their IR spectra. The higher absorption bands ve¢irdouted to terminal carbonyls
which coordinated to the Co atom. The IR spectrawsld corresponding ester
carbonyl absorptions at 1682—1736tior all the complexes except complexis
13,and15. In the'H NMR spectra of the complexd& and15, the chemical shifts of
the parazole ring protons were observed at 6.68-fpm, signals at 5.26 ppm as
singlet were assigned to hydrogen of QCH

In addition, the crystal structures of comple®e&l, 14 and16 were determined
by single-crystal X-ray diffraction, their moleculstructures are shown in Fig. 1. The
details of the data collection and structure refirat are listed in Table 1. All four
complexes bul6 have a common tetrahedral framework containingdelmalt atoms,
different side chains make the Co-Co bond lengiiamging slightly. For compleko,
there have two tetrahedral frameworks containing@,(CO)] units to connect
together through —CHICH,- group; distinctly, the bond angle of C-N-C (119.%
much bigger than the normal angle of $pybrid N atom, and two fragments of
[Cox(CO)] are away from each other as far as possible dwgtetric hindrance; For
celecoxib fragment part, two benzene rings andrazpe ring are not in a plane



because of the effect of [gl€O)], two benzene rings are on both sidehaf plane of
parazole ring. Their torsion angles are about 140.

Fig.1 The crystal structures of complexésfor 11, B for 9, C for 14, D for 16.

Table 1 Details of the data collection and structure rafieat

Complex A B C D

Formula Cy¢H17Co,NOq C,oH11C0oF3N,Og C,1H16C0,049 CasH1gC04F3N3014S
Formula weight 605.27 606.19 546.20 1029.30

Crystal system monoclinic monoclinic monoclinic monoclinic
Dimensions(mr) 0.21x0.15x0.14 0.25x0.24x0.17 0.19x0.07 x0.05 0.25 x 0.07 x 0.04
Space group P2/c P2/c P2/c P2/n

a(A) 24.100(2) 11.4258(4) 15.3368(6) 18.1374(12)

b(A) 7.9528(5) 19.3036(8) 12.2990(5) 13.2270(9)

c(A) 13.4035(11) 11.4694(4) 13.0974(6) 13.2270(9)
Volume(A%) 2547.2(4) 2415.88(16)) 2469.76(17) 18.2619(11)

z 4 4 4 4

Deacdmag/cn?) 1578 1.667 1.469 1.568

w(mntY) 1.357 1.446 1.392 1.619

F(000) 1224.0 1208.0 1104.0 2048.0
2;?:3;:’;0;“6‘ 6.6181052.038  7.338 t0 52.04 6.94 t0 52.04 6.562 to 52.044
E;chigzns 9637 10068 9299 17186
'F;':ﬂegceﬂnodnim 5015 [R,=0.0586] 4620 [R,=0.0365] 4850 [R,= 0.0454] 8582 [Ry= 0.0484]
g::zlr;‘zstterf:ms’ 5015/0/344 4620/39/361 4850/0/300 8582/36/569

Final R-indices R; =0.0603, R;=0.0446, R; = 0.0546, R;=0.0442,
[1=20(1)] WR, = 0.0822 WR, = 0.0975 WR; = 0.0948 wR; = 0.0845
Final R indices R, = 0.1400, R, =0.0742, R, = 0.0977, R; =0.0723,



[all data] WR, = 0.1093 wR, = 0.1166 WR, = 0.1152 wR, = 0.1000

Largest diff.peak

and hole (e ) 0.40/-0.39 0.42/-0.33 0.45/-0.33 0.31/-0.42

The ability of CO-release was evaluated in a myloigldbased aqueous assay. A
solution of deoxymyoglobin was prepared and subsettyitreated with a solution of
the CORM at 37.5 °C. The resulting conversion obxdeMb to CO-Mb was
monitored by UV-vis spectroscopy. To evaluate libéhtotal amount of CO released
and the rate of CO release, all complexes weredest 10un M by following the
changes in absorption. A representative examplehef UV spectrum and the
concentration of CO-Mb as a function of time aneegiin Fig. 2 (for other complexes
see SI-Fig. 1). The half-lives of all the complexes listed in Table 2. As seen from
the data, the half-lives of complexd2 and 13 were 25.6 min and 26.8 min
respectively, while complet5 was 15.8min which shows it was a fast CO-releaser.
Like the complexes reported befdfd, the half-lives were also dependent on the
structures of non—CO ligands. For the complexedanoing Ar-NH-Ar’ structure
(complexes2, 6, 7, 9, 10), the T, of the complex having pyridine ring was longer
than the others, the electron withdrawing groughatm-position of Ar ring (C Cl)
made CO releasing slower, for example, thg @f complex6 was up to 42.6min, in
contrast, compleX containing methyl only 26.4min.
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Fig. 2 The typical changes in the electronic spectrum gbgitobin as CO releasing from
compounds (myoglobin binds one CO to form carbomybglobin), A, complex 1 (1gM); B
for 5 (10uM); C for 10(10uM); D for 15 (10uM).

To evaluate the capacity of permeable membraneoafipex in vivo, we
measured IgP values using n-octanol/water systémir IgP values were in the range
of 1.62 and 2.16. The values of compleg@sand13 are 1.91 and 2.03 respectively.



Our previous studies show cobalt complexes wergemyg distributed in tissues and
organs; some have a big prone to collect in lwégereas some easily enter to kidney.
The substituents significantly affected the rateC@-release, cytotoxicity and their
bio-distribution.

Table 2 Physical-chemical parameters of all the complexes.

Complex Ty, (min) IgP Complex T2 (min) IgP
1 32.8 2.16 9 30.9 1.85
2 21.8 1.98 10 24.8 2.32
3 30.5 1.80 11 16.9 2.05
4 34.7 1.96 12 25.6 1.91
5 38.9 1.89 13 26.8 2.03
6 42.6 1.68 14 16.3 2.12
7 26.4 2.10 15 15.8 1.62
8 16.8 2.06

2.2 Anti-tumor activities of complex and effect on COX-2 expression level

Growth inhibitory effect toward the cancer celldinvas determined by MTT

method. As shown in Table 3, all the complexes ldigal lower activities than
cis-platin on the proliferation of five tumor cellnd most of them had low selectivity
to normal cells W138 and tumor cells. But compawnath 5-FU, some displayed
better activity; among them, complex¢sl2 and13 had higher selectivity to HT-29
cell lines and MCF-7, and selective index was ug.8 at most. Complexd2 and
13 were significantly more effective against prol#ggon of all five tumor cells than
others. For HT-29 cell lines, their §¢£values were 37.9uM and 5h14 respectively,
and 33.6puM and 49.3uM respectively for MCF-7 ceale$. Except the structure
factor of the side chains, this probably closelynreected with celecoxib and
nimesulide biological function which were select@®X-2 inhibitors.

Table 3 IC5, values of complex to tumor cells and W138

Complex 1Go(LM)

Hella A549 HT-29 HePG2 MCF-7 w138
1 143.6+3.9 126.843.5 95.8+4.8 136.845.8 128.8+5.2 8.9H4.7
2 129.6+4.5 133.445.2 83.6%2.1 121.8+4.9 110.84+2.9 6.845.1
3 141.8+6.7 128.9+3.9 108.7+1.8 118.8+3.6 98.7+6.3 9.8%.1
4 91.8+6.6 72.3x4.4 65.5+2.4 82.6+4.2 52.8+3.3 103.6+
5 127.7+4.2 136.845.3  98.6%3.7 118.746.1 106.2+4.5 0.884.6
6 141.6+4.9 152.846.1 132.6+2.1 161.8+3.9 121.6+4.132.8+5.1
7 117.6+5.8 129.843.7 109.8+3.4 109.6+4.8 88.9+25 8.9%6.8
8 198.8+4.3 241+3.6 218.9+49 232.5+6.8 178.8+3.9 2441
9 128.7+5.1 165.6+5.2 139.845.3 141.5+4.8 108.3+5.736.8+4.9



10 132.8+2.9 159.3+4.7 129.8+3.2 109.84#5.1 118.6+6.154.8+6.1
1 108.6+6.1 109.3+3.8  120.8+1.5 136.8+5.4 102.8+4,442.8+4.2
12 77.9%4.6 59.8+3.9 37.9+£3.7 60.7+3.9 33.6x2.4 98.8+6
13 71.5+4.8 63.8+4.6 55.845.9 69.8+4.9 49.3+2.9 92.8+4
14 189.8+4.9 209.845.1 202.7+4.1 241.846.3 238.7+6.989.2+3.9
15 129.8+5.7 90.5+3.6 89.6+3.1 89.945.2 72.8%4.1 1658
16 86.8+5.4 92.8+5.7 73.2+5.6 66.8+6.1 66.8+3.6 82.9+3
5-FU 114.2+4.9 98.7+4.2 136.2+3.9 124.3+10.3 148.7+5.298.6+3.6
DDP 34.7+3.2 29.6+1.9 30.6+1.2 24.612.2 25.5+1.8 50.2+4

In order to confirm the important role of COX-2 &mnti-proliferation, we
measured the survival rates of HT-29 and MCF-7scafter treated with precursors
and complexes respectively. Seen from Fig.2-Slthie range of 6.5-800uM, all
compounds showed better activities against tumds,cand the survival rates of
HT-29 and MCF-7 cells decreased with the increakdhe concentration, this
indicates COX-2 was one of targets of the comphegreover, complexe$, 12 and
13 had higher inhibitory rates of proliferation thtéoe corresponding precursors;, A
A1, and Ajs, which indicates the complexes may be multi-taeggicancer agents. In
contrast, the activities of complex&2 and 13 were higher than that ¢f, this is
because & and Ajs were selective COX-2 inhibitors and, Avas non-selective
COX-2 inhibitors. This suggests down-regulationGidX-2 level should inhibit the
proliferation of tumor cells.

To figure out the relationship between the up-ratgoh or down-regulation of
COX-2 expression and the anti-tumor activity of themplex, the effect of
concentration on the expression level of COX-2 29 cells and MCF-7 cells was
further investigated.

The results showed that all the tested compounkibiiad the expression of
COX-2 in HT-29 cells, and complexds12 and13 had stronger inhibitory effects on
COX-2 than the corresponding,fA;, and Azs. Seen from Fig.3, complekdisplayed
lower activity to inhibit COX-2 expression level HiuM, but when it was over 50uM,
its activity was very significant. Comple®? distinctly inhibited the expression of
COX-2 at 10uM, and the down-regulation trend wasials in a dose-dependent
manner. Complef3 was similar tal2, but its activity was slightly lower than that of
12. This indicates that the stronger the complexhitimg COX-2 expression, the
higher the activity of the complex. This was cotesis with the conclusion that the
cell survival rate was lower.
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Fig. 3 The effect of compound concentration on COX-2 i29(A) and MCF-7 cells; (B): a
for complex4 and A, b for complexi2 and A, ¢ for complext3 and A;

For MCF-7 cell lines, all the tested compounds atdobited the expression of
COX-2 (Fig. 3), and the inhibitory trend with thencentration was similar to HT-29
cells. Distinctly, these compounds inhibited COXefel expression in MCF-7 more
strongerly than in HT-29 cells, especially for cdexal2.

2.3 Protective effect of complex on oxidative damage of rat myocardial H9c2 cells

Celecoxib was selective COX-2 inhibitors which usédically as NSAIDs, but it
withdrew from market due to myocardiotoxicity. CORNMad protective effect on
myocardial ischemia-reperfusion injul8# Modified with CORMs, they will possibly
improve these side-effects by CO biological funatitn order to verify validation of
this idea, we chose K2 cells treated with $D, as an in vitro model of myocardial
ischemia-reperfusion injury.

To obtain more accurate information about myocéardill protection, the
toxicities of the tested complexes to H9c2 cellgenvevaluated at first. The cell
survival rates were greater than 90% after the H®® treated with the complex at
the set concentration range, which indicates thec@ecentration was effective and
rational in the protective effect of H9c2 cells.dAthe cell survival rate was 80.46%,
70.96% and 64.28%, respectively, after treatmerth wOOuM HO, for 1h, 4h and
8h.

Then, the cells were treated with 400uMXfor 1h (or 4h, or 8h), and incubated
with complex {, or 10 or 12) at different concentrations (10uM, 25uM and 50 M)
the repair effects on H9c2 were detected.

The results showed all three complexes improvedstimeival rate of H9c2 cells
injured by HO, (Fig.4). The survival rate increased most obvipuedter the cells



treated with HO, for 1h for each tested complex, and it increasadtlwhen the cells
harmed for 8h due to the severe cell injury. H9ellsctreated for 1h, complek
increased the survival rate of 13.35%, and foriBimcreased below 10% (Fig.4); for
complex12, the survival rate of H9c2 cells was only increabg 3.55% after kD,
injury for 8h (Fig.4). As a whole, after 1h of imy) complex1 had the strongest
ability to improve H9c2 cell viability, and compled2 distinctly improved the cell
survival rate; and for each tested complex, theegsing survival rate of H9c2 cells
was not in a dose-dependent manner. When the testeplex was 50uM, they had a
maximal efficacy to repair damaged H9c2 cells.

cell viablity (% control)

cell viablity (% control)

Fig. 4 Effect of complexl, 10 and 12 on the viability rate of H9c2 cell treated with®} for
different time: a for 1h, b for 4h, c for 8h. Eagkperimental concentration set 6 sets of parallel
experiments, expressed by mean +SD; * represestimdegroup and D, group P < 0.05; **

represents testing group aned4 group P < 0.02% represents compared with the blank control (p
<0.01).

After H9c2 cells were damaged by,®, the CO released by the complexes
increased the survival rate of H9c2 cells, and ldysgtl a protection against H9c2
cells injury. To preliminary understand the meckanof action, the level of SOD and
MDA in H9c2 cells was measured. The results showédyr H9c2 cells treated with
H,O, for 1h the content of SOD decreased, but it ireedasignificantly after
administration of compled2; Moreover, with the concentration of the compliEx



increasing, the content of SOD increased (Fig.5thA same time, the level of MDA
decreased significantly with the complex increagifig.5). In contrast, the activity of

complex12 was as strong as that of complEX and complexl was stronger than

those of complexe$0 and12. All that suggests the complexes protected H9QI2 ce
from antioxidant damage by the way which increa®® 3evel and low MDA level.

SOD(U/mgprot)

uuuuu

nol/mgprot)

MDA (nmol/mgprot)

MDA (n

Fig. 5 Effect of complex on SOD and MDA content of HOGH2Ig treated with D, for 1h. Six
groups of parallel experiments were set up in eactient, and the data were expressed as mean
+SD. ** represents P < 0.01 for testing group an®Hgroup;represents P < 0.01 for testing
group and blank group

2.4 Antihypertensive effect of target complex in SHR

It has been shown that CO relaxed the blood vesswadsprotected the heart,
which was related to the activity of CO regulatthg activity of vascular endothelial
factor. 2 CO acted on the peripheral blood vessels and mpgbcipated in the
regulation of blood pressure. To prove this ide@ selected the spontaneously
hypertensive rats SHR, evaluated the antihyperensifect of the complex. The
results showed that all the tested complexes halypertensive effect on SHR rats.
As shown in Fig. 6, compled which modified by indomethacin decreased the
systolic blood pressure of SHR rats compared with ¢ontrol group (165mmhg);
When the concentration was 10, 20 and 40 mg/kghlibed pressure of SHR dropped
to 154.7, 142.6 and 134.6 mmHg; for compl&which modified bydiclofenac, after
administration of 10, 20 and 40 mg/kg, the conteacpressure of SHR rats decreased
to 147.6, 144.5 and 135.8mmHg. Compared with thetrob group (165mmhg),
complex 1 almost had the same antihypertensive effect asplesrilO. But for
complex12, it showed stronger activity than those in the sawondition, the systolic



blood pressure of SHR rats were decreased to 13387 and 117.5mmHg. This
effect was also concentration dependent. Meanwliie, tested complexes also
reduced the diastolic blood pressure, and the tneasdconsistent with the decrease of
the systolic blood pressure (see in 6jg.Though the antihypertensive effect of
complex originated from CO released from it, theudure of NSAIDs had
remarkable effect on anti-hypertension, just like teffect of substituent on CO
release rate.

However, compared with nifedipine and captoprié #ntihypertensive effects of
the complexes were less at the same concentréttsimowed that the regulating effect
of the complexes on blood pressure was limited.

11111

- SHR (control)

- Nifedipine (10mglkg)

4~ Captopril (10mghkg)
Complex1z (10mglkg)

tme(mn) time(min) 0 2 4 K0 8 10 20 1@ 0 180 A 0 2 4 0 8 10 120 W t0 180 20

Fig. 6 Effect of the complex on systolic blood pressuré diastolic blood pressure in SHR, A
for complex1, B for 10, C for 12; D, the anti-hypertension effects of complE captopril
and nifedipine at 10mg/kg

2.5 Myocardial protective effects of complex for SHR

In the process of studying anti-hypertension of doenplex, considering the
protection of complex against H9c2 cell injury, wender whether the complex is
effective to animal model. By the way, we used agtimicroscope and TEM to
observe the change of myocardial structure aftemigidtrating tested complexes 14
days.

We found that the control (celecoxib) group, mydgarfibers arranged neatly in
SHR, muscle clearance was increased in differegtege and collagen fibers were
found in some of the interstitium. But for the mgodial structures in SHR treated
with complex1 or 12, myocardial fibers arranged neatly, occasionaliynid boudoir
disc; the nucleus was located in the center ofthuscle fibers, and muscle gap
slightly increased, no obvious interstitial collagéer was found. Through TEM, we
can see in Fig.7, in control group, myocardial rstigal vascular swelling, loose



arrangement of muscle fibers, muscle fiber membrsmelling, myocardial fiber
melting, contraction band formation, myocardialencalated discs dissociation and
swelling of mitochondria. But in contrast, for coleypl or 12 group, myofibril basic
was basically regular and no obvious lysis of mgofient; mitochondrial swelling
was not significant and no myocardial intercalatests dissociation were found.

Distinctly, the complexes protected the myocardimmsome degree caused by
celecoxib. We know celecoxib is a selective intwbibf COX-2, and its toxic effects
for heart and blood vessels may result from inhiigithe COX-2 activities at the
special organs and tissues, because many testsudfsreoroved COX-2 mediated
delayed myocardial protection. Therefore, we caomeltihat this myocardial protective
effect was mediated by CO released from the tesiatplex.

Fig. 7 Optical microscopy (color) and TEM morphologicaiages of cardiac muscle cell from

tested SHR: Myocardial protective effect of the ptem appeared after administrating a certain
dose tested complex successively 14 days. The mologibal cells are seen in different states

for celecoxib B for complexl, C for complexi2. The arrows in A(a), B(a) and C(a) (6,000-fold)
indicate myocardial fiber bundles gap; The arrowg\({b), B(b) and C(b) (10,000-fold) indicate

the swelling of myocardial fibers; A(c), B(c) andc (210,000-fold) indicates dissolution of the

myocardial fibers; A(d), B(d) and C(d) (20,000-fpldrrows indicate myocardial intercalated

discs.



2.6 Liver and kidney toxicity of complex for SHR

Similarly, through optical microscope (Fig.8), the SHR treated with complex
or 12, we saw the hepatic lobule was complete; congesifocentral venous and
congestion of hepatic sinusoid were obvious; livelt was swelling and cytoplasm
staining was pale. Meanwhile, the the renal glomusrwas intact; the proximal
tubule cells were swelled, the cytoplasm was |l pale, and some renal tubular
epithelial cells were necrotic. Under TEM, we fouliver cell nucleus abnormal,
heterochromatin increase, chromatin marginatiopid lidroplets increase in the
cytoplasm and hepatic blood sinus Dirichlet spaitkened.

control liver

e
'l!' ’

o

P

Fig. 8 Optical microscopy (color) and TEM morphologicalaiges of liver and kidney cells from
tested SHR after administrating a certain dose @emguccessively 14 days: A for and B, the
morphological liver cells treated with compléxand complex2. C and D, the morphological
kidney cells treated with compldxand compleX2 respectively. The arrows in A(c, d) and B(c, d)
arrows indicate abnormal nuclear morphology; theoves in C(c, d) indicate swelling of
glomerular endothelial cells, a large amount ofdation in glomeruli; D(c, d) indicate mesangial
cell proliferation, irregular proximal convolutegble villus.

Meanwhile, the glomerular endothelial cells wereekiwg with stromal
hyperplasia and exudation in the glomerulus; tleipnal tubule microvilli exfoliated
loosed and the foot processes were fusion. In asntthe side-effect on kidney



caused by comple¥2 was more serious. This demonstrates the two complehich
administrated continuously are still not safe férdhys.

3. Conclusion

Carbon monoxide (CO) is an important signaling roole as NO. CORMs are
hoped to deliver controlled amounts of CO diredtlytissues or organs. CORMs
containing cobalt are complex. Most of them inkgtitumor cell proliferation, and
their activities were connected with the structuogsnon-CO ligands. Based on
COX-2 role in tumorigenesis, development and masistof cancer, we synthesized
hybrid CORMs containing NSAIDs structure. Companedh cisplatin, all the
complexes displayed low activities against prodifem of five kinds of tumor cells.
But complexesl?2 and 13 displayed better activities and selectivity to HI-and
MCF-7 cell lines compared with 5-FU. In contrasimplexesl2 and13 were more
effective against tumor cells; moreover, compi&was stronger to down-regulate
COX-2 expression level than complek Possibly, this is because complég
contained celecoxib structure fragment, which wad(X-2 selective inhibitor. We
found the complex inhibited the expression of COX-HT-29 cells and MCF-7cells,
in accordance with its activity against tumor gaibliferation. Of course, seen from
the 1G values of all the complexes, their activities weot very high. However, this
does not stand for these complexes have no valdertioer investigate, because
whether they inhibitor tumor cell metastasis anadtigenesis, it needs us to further
investigate. As expectethe complexncreased the survival rate of myocardial H9c2
cells after the cells treated withy®h, which indicates the complexes have protective
effect on oxidative damage of rat myocardial H9eHlsc But this protective effect
was not obvious when the cells harmed for 8h dubdasevere cell injury. In addition,
the compound had concentration dependent antiryvie effect on SHR rats,
accompanying with good myocardium protection. Tih@cates these hybrid CORMs
reduced side-effects of COX-2 inhibitors, but thestdl have liver and kidney
side-effects when administrating continuously férdhys.

4. Experimental
4.1 Reagents and instruments

Myoglobin (AR, Sigma), BCA protein quantificatiorit KSigma), ELISA kit (Sigma).
Captopril and nifedipine nifelat (AR) were purché$em Beijing bailingwei Technology Co.
Hela cell ,HepG2 cell ,MCF-7 cell ,A549 cell ,HT-28Il and W138 cell lines were purchased
from the cell resources Center for Shanghai LifeeiSe Institute of Chinese Academy of
Sciences (China). Clean grade male spontaneougigrtgnsive rats (SHR) rats and WKY
(Wistar-Kyoto) rats were provided from the Animaér@er of GLP, Lanzhou University.
Laboratory animal qualification: SCXK (GAN) 20090 Rats were fed in cage, kept at



room temperature (2312) relative humidity 60-65%, free eating and drirtkimater.

Blood press was measured using BP-300A Automatio-imeasive blood pressure
detector (Chengdu, taimeng, China, Software Co)Ltd

All reactions were carried under nitrogen atmospheBolvents for reactions were
degassed and distilled from the proper drying age@blumn chromatography was carried
out using 200-300 mesh silica gel.

IR spectra were recorded on a Nicolet NEXUS 36@tspphotometer, and NMR spectra
on a BrukerAM-400 MHz spectrometer. A Lambda 25 USible spectrophotometer and a
Maxis-4G TOF Mass spectrometer (ESI) were used.

4.2 Synthesis of the complexes
The preparation of compourid

To the solution of (indomethacin, 357 mg 1.0mmpoIBmL of acetonitrile, DMAP
(18mg, 0.15mmol) and EDCI (190mg, 1.0mmol) wereeaddith stirring at room
temperature for 0.5h. Then, propargyl alcohol (h)71L.0mmol) was added to the
mixture solution and stirred for 4h. After filtrat, the filtrate was evaporated under
reduced pressure to remove the solvent. The oisidue was dissolved in
trichloromethane; the organic layer was washed withe and dried with anhydrous
NaSO,, then filtered; the solvent was removed. The crude@duct was
chromatographed on a silica gel, and 260 mg wloiliel svas obtained. Yield: 65.8%.
Ethyl acetate/hexane (1:15); ¥0.28."H NMR (CDCk) 6 7.60 (dd,J = 8.7, 2.0 Hz,
2H), 7.43 - 7.38 (m, 2H), 6.89 (d~ 2.4 Hz, 1H), 6.80 (d] = 9.0 Hz, 1H), 6.60 (dd,
J=9.0, 2.4 Hz, 1H), 4.64 (d,= 2.4 Hz, 2H), 3.77 (s, 3H), 3.65 (s, 2H), 2.41)(¢
2.4 Hz, 1H), 2.32 (s, 3H). ESI-HRMS (m/z): calcd 18,3H:gCINNaQ, [M+Na]”
418.0822,found 418.0814.
The preparation of compourdd-A

The preparation and workup of compourdsAi; were similar to A Compound
A2: white solid 168 mg. Yield: 60.2%. Ethyl acetate/ues (1:10); R= 0.32.’H
NMR (CDCk) 8 9.07 (s, 1H), 7.93 (dd,= 8.0, 1.6 Hz, 1H), 7.18 (s, 1H), 7.05 (@t
15.0, 7.8 Hz, 2H), 6.96 (d,= 7.2 Hz, 1H), 6.66 (d] = 8.6 Hz, 1H), 6.60 (tJ = 7.8
Hz, 1H), 4.85 (d,) = 2.5 Hz, 2H), 2.45 (i) = 2.5 Hz, 1H), 2.26 (s, 3H), 2.10 (s, 3H).
ESI-HRMS (m/z): calcd. for GH1gNO, [M+H]™: 280.1338. found 280.1338; calcd.
for CigH17NNaQ, [M+Na]": 302.1157; found 302.1173.

CompoundAgz: yellow Oil. Yield: 56.2%. Ethyl acetate/hexane @);1R =0.32.'H
NMR (CDCk) 6 7.77 — 7.70 (m, 2H), 7.68 @,= 1.6 Hz, 1H), 7.61 (dfJ = 8.0, 1.6
Hz, 1H), 7.49 (ddtJ) = 14.8, 7.7, 1.8 Hz, 2H), 7.40 (ddi= 15.2, 7.8 Hz, 3H), 4.60
(qd,J =15.6, 2.4 Hz, 2H), 3.77 (4,= 7.2 Hz, 1H), 2.37 () = 2.4 Hz, 1H), 1.48 (d]
= 7.0 Hz, 3H). ES I-HRMS (m/z): calcd. forgl;NaO; [M+Na]": 345.0997; found
315.0986.



CompoundA,: pale yellow solid 288.8mg; Yield: 73.1%. Ethyl atethexane
(1:20);Rf=0.43.*H NMR (400 MHz, Chlorofornd) & 7.76 — 7.51 (m, 4H), 7.17 (s,
1H), 7.10 (s, 1H), 6.81 (dd,= 8.9, 2.4 Hz, 1H), 6.50 (td,= 8.8, 2.5 Hz, 1H), 4.64 (d,
J = 2.5 Hz, 2H), 3.55 (s, 2H), 2.74 (s, 3H), 2.42)(t 2.5 Hz, 1H), 2.14 (s, 3H).
ESI-HRMS (m/z): calcd. for £H,0FOsS [M+H]™: 395.1117; found 395.1125,
CoHo0FOsSNa  [M+NaJ: 417.0937; found 417.0945.

Compound As: white solid 138.2 mg; Yield: 48.94%. Ethyl acethtefane
(1:4);Rf=0.28'"H NMR (CDCk)  7.46 (dt,J = 8.0, 1.6 Hz, 2H), 7.39 — 7.33 (m, 2H),
7.32 = 7.27 (m, 2H), 7.10 — 7.03 (m, 2H), 4.70 534m, 2H), 3.73 (q) = 7.2 Hz,
1H), 2.39 (tJ = 2.4 Hz, 1H), 1.48 (d] = 7.2 Hz, 3H). ESI-HRMS (m/z): calcd. for
CigH1sFNaQ [M+Na]": 305. 0954; found 305.0944.

Compound Ag: white solid 126.9mg Yield: 42.30%. Ethyl acetate/hexane
(1:10);Rf=0.36H NMR (400 MHz, Chlorofornd) § 9.74 (s, 1H), 8.37 — 8.13 (m, 2H),
7.77 (dd,J = 7.5, 2.0 Hz, 1H), 7.12 — 7.07 (m, 2H), 6.67 (dd&; 7.8, 4.7 Hz, 1H),
4.88 (d,J=2.5Hz,2H), 2.49(tJ=2.4Hz, 1H), 2.32(s,3H). ESI-HRMS(m/z): calcd.for
C16H14CINoO,[M+H] :301.0744;found301.0740,6H:5CIN.NaG,[M+Na]*: 323.0563;
found 323.0560.

CompoundA-;: white solid 150.2mg Yield: 46.93%. Ethyl acetate/hexane (1:6);
R=0.30H NMR (CDCk) & 9.43 (s, 1H), 7.96 (dd,= 8.1, 1.7 Hz, 1H), 7.41 (s, 1H),
7.38 — 7.28 (m, 3H), 7.24 (d, = 7.3 Hz, 1H), 7.22 — 7.17 (m, 1H), 6.84 — 6.61
(m,1H),4.84(d}=2.5Hz,2H),2.46(1=2.5Hz,1H).ESI-HRMS(m/z):calcd.forgH13FsN
O,[M+H] *:320.0986;found320.0999.

CompoundAg: white solid 120.6 mg Yield: 42.17%. Ethyl acetate/hexane
(1:10);Rf=0.32"H NMR (CDCk) & 8.42 (s, 1H), 8.09 (dfl = 7.8, 1.6 Hz, 1H), 7.96 —
7.91 (m, 1H), 7.40 (d] = 7.6 Hz, 1H), 4.86 (d]) = 2.4 Hz, 2H), 2.44 ({) = 2.4 Hz,
1H), 1.29 (s, 12H). ESI-HRMS (m/z): calcd. foigB:sBNaO4 [M+Na]: 309.1274;
found 309.1265.

Compound Ag: white solid 120.6 mg Yield: 42.17%. Ethyl acetate/hexane
(1:3);Rf=0.36'H NMR (CDCk) & 10.18 (s, 1H), 8.58 — 8.19 (m, 2H), 8.01 (s, 1H),
7.81 (s, 1H), 7.38 (1 = 7.8 Hz, 1H), 7.24 (s, 1H), 6.76 @= 4.6 Hz, 1H), 4.88 (d]
= 2.4 Hz, 2H), 2.50 (t) = 2.4 Hz, 1H). ESI-HRMS (m/z): calcd. FagB1,F3N20,
[M+H]+: 321.0861 found 321.0891.

Compound Ayp: white solid 136.6 mg. Yield: 40.8%. Ethyl acetatedane
(1:5);Rf=0.43'H NMR (CDCk) & 7.27 (d,J = 8.0 Hz, 2H), 7.19 (d] = 2.8 Hz, 1H),
7.07 (tdJ=7.6, 1.6 Hz, 1H), 6.94 — 6.87 (m, 2H), 6.49 @d,8.0, 1.2 Hz, 1H), 4.68
(dJ=2.5Hz,2H),3.80(s,2H),3.42(s,1H),2.43&2.5Hz,1H).ESI-HRMS(m/z):calcd.For
C17H14CILNO,[M+H] :334.0462;found334.0475.

CompoundAj;: white solid 112.4 mg. Yield: 35.3%. Ethyl acetatedane (1:2);
Rf=0.31."H NMR (CDCk) & 7.83 (d,J = 7.6 Hz, 1H), 7.75 (d] = 8.2 Hz, 2H), 7.51



(t, J= 7.4 Hz, 1H), 7.43 (d] = 8.0 Hz, 2H), 7.30 (s, 2H), 4.77 (s, 2H), 4.68.49 (m,
2H), 3.70 (q,J = 7.2 Hz, 1H), 2.38 (tJ = 2.5 Hz, 1H), 1.45 (dJ = 7.2 Hz, 3H).
ESI-HRMS (m/z): GgH17NNaQ; [M+Na]": 342.1156; found 342.1177.

The preparation of compourd,-A1;

CompoundAj,: To the solution of (celecoxib, 1013 mg 3.0mmol)2mL of
acetone, anhydrous potassium carbonate (167 mgnioP were added with stirring
at room temperature for 0.5h. Then 3-bromopropye08 ml, 1.0mmol) was added
and stirred for 24h at room temperature. Afterdtibn, the filtrate was evaporated
under reduced pressure to remove the solvent. Thelec product was
chromatographed on a silica gel (ethyl acetateofstm ether10:3-3:1), and 298.0
mg white solid was obtained. Yield:23.8'%.NMR (400 MHz, Chlorofornd) 5 7.81
(d,J = 8.7 Hz, 2H), 7.41 (dd] = 8.9, 2.2 Hz, 2H), 7.19 (s, 1H), 7.11 (s, 2HR37(d,
J=8.2 Hz, 2H), 6.67 (s, 1H), 3.80 (dbl= 6.1, 2.6 Hz, 2H), 2.31 (s, 3H), 2.02Jt&
2.5 Hz, 1H).ESI-HRMS (m/z): calcd. for ,:6FsNsNaQ,S [M+Na]:442.0813;
found 442.0820.

CompoundA3. To the solution of (nimesulide, 308 mg 1.0mmol)L@émL of
acetone, anhydrous potassium carbonate (167mgnioDmvere added with stirring
at room temperature for 0.5h. To the reaction 3vtmoaropyne (0.08ml, 1.0mmol)
was added and stirred for 24h at room temperafifter filtration, the filtrate was
evaporated under reduced pressure to remove thensolThe crude product was
chromatographed on a silica gel (thyl acetate: opmim ether 5:1, Ethyl
acetate/hexane (1:5);Rf=0.35), and 280.0 mg wioiie svas obtained. Yield: 80.6 %.
'H NMR (400 MHz, DMSOdg) 6 8.02 (dd,J = 8.7, 2.6 Hz, 1H), 7.82 (d,= 8.7 Hz,
1H), 7.56 — 7.50 (m, 2H), 7.48 (@ = 2.6 Hz, 1H), 7.33 (s, 1H), 7.28 — 7.24 (m, 2H),
4.58 (d,J = 2.5 Hz, 2H), 3.39 (t) = 2.4 Hz, 1H), 3.24 (s, 3H).ESI-HRMS (m/z):
calcd. for GgHisNoOsS  [M+H]": 347.0702; found 347.0727, 181.N.NaG;S
[M+Na]": 369.0521; found 369.0544.

The preparation of compourd,

To the solution of (ferulic acid ethyl ester 223 m@mmol) in 10mL of DMF,
anhydrous potassium carbonate (207mg, 1.5mmol) aeded with stirring at room
temperature for 0.5h. Then 3-bromopropyne (0.08rdmmol) was added and
stirred for 24h at room temperature. After filtcatj the filtrate was evaporated under
reduced pressure to remove the solvent. The cnatkipt was chromatographed on a
silica gel (thyl acetate: petroleum ether 5:1 Ethgétate/hexane (1:5); Rf=0.36). And
white powder 114 mg was obtained; Yield: 43.846NMR (400 MHz, Chloroformd)

6 7.56 (d,J = 15.8 Hz, 1H), 7.05 — 6.94 (m, 3H), 6.26 J& 15.9 Hz, 1H), 4.73 (dl
= 2.4 Hz, 2H), 4.19 (q) = 7.1 Hz, 2H), 3.84 (s, 3H), 2.47 {t= 2.3 Hz, 1H), 1.27 (t,
J = 7.1 Hz, 3H). ESI-HRMS (m/z): calcd. Fons8:;0,M+H]": 261.1127; found
261.1115, @HigNaO, [M+Na]™: 283.0946; found 280.0934.



The preparation of compourds

To 0.51 g (1.32 mmol) Celecoxib, 0.42 g (2.65 mnpaldassium permanganate in
10 mL water 0.52 mL 2M sodium hydroxide were addad heated to reflux for 6 h.
The cooled, brown suspension was filtrated and astith water. The filtrate was
acidified with 2M hydrochloric acid and the whiteoluminous preticipate was
collected and dried in vacuum affording 0.36 g (§&%rboxylic acidBis."H NMR
(400 MHz, Chloroformd) & 8.05 — 7.97 (m, 2H), 7.85 (d~= 8.2 Hz, 2H), 7.37 (dl =
8.1 Hz, 2H), 7.26 (dJ = 8.0 Hz, 2H), 6.79 (s, 1H), 4.94 — 4.74 (m, 2RI}6 (t,J =
2.3 Hz, 1H). ESI-HRMS (m/z): calcd. for@#13FsN30,S  [M+H]™: 412.0579; found
412.0658, GH1,F3N3KO4S [M+Na]': 450.0138; found 450.0138. To the solution of
Bis, 411.80mg 1.0mmol) in 20mL of DMF, DMAP (18mg, Bmmol) and EDCI
(190mg, 1.0mmol) were added with stirring at roamperature for 0.5h. To the
reaction propargyl alcohol (0.07ml, 1.0mmol) wasled and stirred for 4h at room
temperature. After filtration, the filtrate was @@mated under reduced pressure to
remove the solvent. The oily residue thus obtainad dissolved in trichloromethane;
the organic layer was washed with brine, with N&@, and then dried on anhydrous
NaSQy, filtered and the solvent evaporated. The crudelyet was chromatographed
on a silica gel, and 220.6 mg white solid was ot#di Yield: 49.1%. Ethyl
acetate/hexane (1:3); Rf=0.3H NMR (400 MHz, Chlorofornd) & 8.01 (d,J = 8.2
Hz, 2H), 7.87 (dJ = 8.6 Hz, 2H), 7.39 (d] = 8.5 Hz, 2H), 7.27 (d] = 8.2 Hz, 2H),
7.19 (s, 2H), 6.79 (s, 1H), 4.87 (d,= 2.4 Hz, 2H), 2.47 (tJ = 2.4 Hz, 1H).
ESI-HRMS (m/z): calcd. for §H14F3N304S  [M+H]": 450.0735; found 450.0748.

2. The preparation of complexg<5

The preparation of complek 395 mg (1.0 mmol) of compound; Avas dissolved
in 20 mL of dry THF, and then 456 mg (1.2 mmol}dafobaltoctacarbonyl was added.
The reaction mixture was stirred for 12 h at ro@mperature. The solvent was
removed in vacuo, the residue was extracted by al amount of CHCI,, and the
extract was subjected to silica gel column chromyaphy. Ethyl acetate/hexane (1:5)
eluted the main red band, from which 410 mg (60.26fcomplex1 as a brown-red
oil was obtained.IR (KBr disk, cm: 2100vs, 2063vs, 2059vs, 2033vs (Co-CO),
1762s, (COO)'H NMR (400 MHz, Chlorofornd) & 7.59 (d,J = 8.0 Hz, 2H), 7.40 (d,
J = 81 Hz, 2H), 6.89 (s, 1H), 6.79 (d = 9.0 Hz, 1H), 6.60 (d,J
=9.0Hz,1H),5.99(s,1H),5.26(s,2H),3.76(s,3H),3.683,2.31(s,3H)*CNMR(101M
Hz,CDCI3»198.1,169.5167,3,155.1,138.2,135.2,132.9,130.281P20.6,128.1,113.9
,111.0,110.7,100.2,87.5,70.9,64.4,54.6,28.9,12 133 S(m/z):calcd.forGgH1¢Cl
Co,NOgNa[M+Na]":703.9181; found 703.9175.

The procedure and workup of complex245 are similar to the process of
complexl.



Complex 2. 298.2mg was obtained as red powder. Yield: 52.8%hyl
acetate/hexane (1:5);Rf=0.43.IR (KBr disk, §m2099vs, 2053vs, 2031vs, 2007vs
(Co-CO), 1686s, (COOJH NMR (400 MHz, Chlorofornd) & 9.21 (s, 1H), 8.00 —
7.95 (m, 1H), 7.21 — 7.15 (m, 1H), 7.05 (dd; 15.3, 8.0 Hz, 2H), 6.96 (d,= 7.3 Hz,
1H),6.66(dJ=8.5Hz,1H),6.58(fl=7.6Hz,1H),6.06(s,1H),5.44(s,2H),2.26(s,3H),2.10(s,
3H).*CNMR(101MHz,CDCI3$198.1,167.3,148.9,137.6,137.2,133.5,131.7,130.4,12
5.9,124.9,122.4,115.0,112.61,109.0,87.9,76.1,74.0,89.6,12.9.ESI-HRMS(m/z):ca
lcd.forCsH17NCo,NaQs[M+Na]*: 587.9516; found 587.9506.

Complex 3:301.6 mg was obtained as red powder. Yield: 52.1Ethyl
acetate/hexane (1:6); Rf=0.36.IR (KBr disk, §m2094vs, 2050vs, 2032vs, 2016vs,
2002vs (Co-CO), 1735s, (COGH NMR (400 MHz, Chlorofornd) & 7.72 (d,J =
9.3 Hz, 3H), 7.65 — 7.58 (m, 1H), 7.56 — 7.46 (i),27.42 (t,J = 8.6 Hz, 2H), 7.19
(s, 1H), 5.95 (s, 1H), 5.39 — 5.01 (m, 2H), 3.88.#0 (m, 1H), 1.60 — 1.45 (m, 3H).
¥C NMR (101 MHz, CDCI3)5199.4, 196.5, 173.6, 140.6, 138.0, 137.5, 132.5,
131.6,130.5, 129.2, 129.1,128.6, 128.3, 77.2, 71869772, 45.32, 18.48.ES |I-HRMS
(m/z): calcd. for GsH1gNaCaOy [M+Na]™: 600.9356; found 600.9348.

Complex 4. 396.6 mg was obtained as red powder. Yield: 58.4=thyl
acetate/hexane (1:5);Rf=0.36.IR (KBr disk, §m2096vs, 2063vs, 2034vs, 2010vs
(Co-CO), 1720s (COO}H NMR (400 MHz, Chlorofornd) & 7.76 — 7.48 (m, 4H),
7.21 (s, 1H), 7.14 (s, 1H), 6.82 (dbs 8.9, 2.4 Hz, 1H), 6.50 (td,= 8.8, 2.5 Hz, 1H),
5.96(s,1H),5.26(s,2H)3.56(s,2H),2.78(s,3H),2. 1645 SCNMR(101MHz,Chlorofor
m-d)8197.9,170.8,162.1,147.2,145.1,141.9,136.3,130.141P®7.7,125.5,123.5,112.
2,71.7,65.2,54.7.ESI-HRMS (m/z): calcd. forg80Fca0sS [M+H]":680.9476;
found 680.9558.

Complex 5: 302.6 mg was obtained as red powder. Yield: 53.42hyl
acetate/hexane (1:4); Rf=0.44 IR (KBr disk, §m2098vs, 2051vs, 2037vs, 2026vs
(Co-CO), 1736s (COOJH NMR (400 MHz, Chlorofornd) & 7.46 (d,J = 7.5 Hz,
2H), 7.37 (tJ = 7.7 Hz, 2H), 7.32 (s, 1H), 7.19 (s, 1H), 7.08& 11.0 Hz, 2H), 5.96
(s, 1H), 5.48 — 5.01 (m, 2H), 3.76 (@,= 7.4, 7.0 Hz, 1H), 1.51 (d = 6.2 Hz,
3H).*CNMR(101MHz,Chloroformd)5205.9,172.7,159.9,140.4,134.5,129.9,129.8,12
7.9,127.4,126.6,122.6,114.4,114.2,76.2,70.9,64.9 B3I-HRMS(m/z):calcd.for&
HisFCoNaQs  [M+Na]™:  590.9313; found  590.9308. calcd.  for
C24H15Co,FKOg[M+K] *: 606.9052; found 606.9057.

Complex 6: 302.1mg was obtained as red powder. Yield: 51.62thyl
acetate/hexane (1:5); Rf=0.44. IR (KBr disk, §m2098vs, 2060vs, 2034vs, 2021vs,
1998vs(Co-C0),1690s(COGHNMR (400MHz,Chloroformd)39.90(s,1H),8.27(s,2H
),7.83(s,1H),7.09(s,2H),6.64(s,1H),6.08(s,1H),5484),2.33(s,3H>*CNMR(101M
Hz,Chloroformd)5198.0,166.3,155.7,152.7,139.1,138.2,133.8,127.%1P54.0,121.
1,112.4,105.4,87.1,71.1,64.8,14.0.ESI-HRMS(m/z}at-ddrC.H14CIC0,N,Og



[M+H]™: 586.9163; found 586.9133. calcd. for,)8:3CICOo,N.NaQ; [M+Na]™:
608.8922; found 608.8957.

Complex 7: 336.6mg was obtained as red powder. Yield: 54.28thyl
acetate/hexane (1:5); Rf=0.40. IR (KBr disk, §mr2097vs, 2045, 2012 vs, (Co-CO),
1682s (COO)H NMR (400 MHz, Chloroformd) § 9.52 (s, 1H), 8.01 (d] = 8.0 Hz,
1H), 7.44 — 7.19 (m, 6H), 6.74 (J = 7.6 Hz, 1H), 6.07 (s, 1H), 5.44
(s,2H)*CNMR(101MHz,Chloroformd)$205.9,167.0,146.1,140.4,133,6,131.0,130.7,
128.9,123.4,118.7,117.3,113.2,76.2,71.2,64.4. ESMABRNn/z).calcd.ForgsH1,F3Nco
-NaQ; [M+Na]*: 627.9077; found 627.9067.

Complex 8: 268.6mg was obtained as red powder. Yield: 47.22hyl
acetate/hexane (1:5); Rf=0.35.IR (KBr disk, §m2098vs, 2056vs, 2034vs, 2019vs
(Co-CO), 1715s (COOJH NMR (400 MHz, Chlorofornd) §:  8.49 (s, 1H), 8.11 (s,
1H), 7.92 (s, 1H), 7.38 (s, 1H), 6.05 (s, 1H), 5(862H), 1.27 (s, 12H}*C NMR
(101MHz,Chloroforme)s: 198.0, 165.4, 138.3, 135.2, 131.2, 126.8, 76.10,71.
64.4,23.8.ESI-HRMS(m/z):calcd.for »6;6Bco,NaOy [M+Na]™: 594.9633; found
594.9664.

Complex 9: 316.2mg was obtained as red powder. Yield: 52.62thyl
acetate/hexane (1:5);Rf=0.38. IR (KBr disk, Ym2098vs, 2061vs, 2038vs, 2021vs
(Co-CO), 1691s (COOJH NMR (400 MHz, Chloroformd) & 10.31 (s, 1H), 8.41 (s,
1H), 8.30 (d,J = 7.8 Hz, 1H), 8.00 (s, 1H), 7.83 @@= 7.8 Hz, 1H), 7.33 (t} = 7.9
Hz, 1H), 7.21 (dJ = 7.4 Hz, 1H), 6.73 (dd) = 8.1, 3.1 Hz, 1H), 6.09 (s, 1H),
5.49(s,2H)*CNMR(101MHz,Chloroformd)8206.9,167.2,155.9,153.5,140.2,129.2,1
23.7,119.2,117.3,114.1,76.96,72.2,66.0.ESI-HRMS)eird.forG,H;:CoFsN2.NaO
g [M+Na]":628.9029;found 628.9008.

Complex 10: 320.6mg was obtained as red powder. Yield: 51.8#hyl
acetate/hexane (1:5);Rf=0.33 IR (KBr, ®n2097vs, 2068vs, 2021vs, 2007, 1996
(Co-CO), 1728s (CO0)."H NMR (400 MHz, Chlorofornd) & 7.27 (s, 1H), 7.19 (s,
1H),7.14(dJ=7.5Hz,1H),7.06(fl=7.9Hz,1H),6.90(df=14.0,7.7Hz,3H),6.49(@:8.0
Hz,1H),5.98(s,1H),5.28(s,2H),3.82(s,2HENMR (101MHz, Chloroform)8198.2,171
.1,141.1,130.0,128.4,127.9,127.1,123.0,122.9,1P1703,76.20,72.4,,64.8,37.27.
ESI-HRMS (m/z): GsH1sCl,Co,NNaQ; [M+Na]": 641.8580; found 641.8542.

Complex 11: 326.1mg was obtained as red powder.Yield:53.9%hylE
acetate/hexane (1:5);Rf=0.44.IR (KBr, §m2099vs, 2056vs, 2033vs, 2006 (Co-CO),
1728s (COO)*H NMR (400 MHz, Chlorofornd) & 7.88 — 7.31 (m, 8H), 5.95 (s, 1H),
5.31(dJ=14.2Hz,1H),5.07(d=14.4Hz,1H),4.78(s,2H),3.74(s,1H),1.49(s,3BgNM
R(101MHz,Chloroformd)5199,2,174.2,167.5,140.1,138.6,136.3,133.2,132.141P8
28.3,124.2,122.6,119.7, 88.5, 71.9, 65.5 , 5@4.9 , 18.4.ESI-HRMS (m/z): calcd.
for CogH1sNC0,0g [M+H] *: 605.9646.found 605.9785.

Complex 12: 306.1mg was obtained as red powder. Yield: 50.Fthyl



acetate/hexane (1:5);Rf=0.46.IR (KBr, {n2098vs, 2057vs, 2025vs (Co-CEn
NMR (400 MHz, Chloroformd) & 7.81 (d,J = 8.2 Hz, 2H), 7.43 (d] = 8.3 Hz, 2H),
7.19(s,1H),7.10(s,2H),7.04(7.9Hz,2H),6.67(s,1H),5.88(s,1H),4.26)<6.5Hz,2H)
2.32(s,3H):*CNMR(101MHz,Chloroformd)3197.4,141.8,138.8,138.4,128.8,127.7,1
27.1,124.7,124.6,105.5,76.19,71.52,45.0,20.3.ES¥AIBRalcd.forGeH17F3C0,N30g
S[M+H]"705.9352,found705.9355, calcd. for 26816F3CN3NaGsS[M+Na]"
727.9172, found 727.9169.

Complex 13: 455.2.1mg was obtained as red powder.Yield:61.9=thyl
acetate/hexane (1:6);Rf=0.42. IR (KBr, {m2096vs, 2058vs, 2021vs (Co-COM
NMR (400 MHz, Chloroformd) 6 7.98 (ddJ = 8.6, 2.4 Hz, 1H), 7.73 (d,= 8.7 Hz,
1H), 7.65 (dJ = 2.4 Hz, 1H), 7.48 (t) = 7.8 Hz, 2H), 7.26 (s, 1H), 7.06 @= 7.9
Hz,2H),5.82(s,1H),5.22(s,2H),3.05(s,3BENMR(101MHz,Chloroformd)5207.0,15
3.8,148.3,134.7,133.7,130.9,126.3,119.9,117.8,1412.3,72.9,52.6,40.0.ESI-HRMS:
calcd.forG,H14Co,N,NaO;S[ M+Na' ]17654.8880, found 654.8926.

Complex 14: 325.1mg was obtained as red powder.Yield:60.9%hylE
acetate/hexane (1:8); Rf=0.36. IR (KBr, ©m 2099vs, 2056vs, 2034vs, 2014vs
(Co-CO).*H NMR (400 MHz, Chlorofornd) & 7.56 (d,J = 15.9 Hz, 1H), 7.02 (d =
10.8 Hz, 2H), 6.85 (d] = 8.3 Hz, 1H), 6.26 (d] = 15.9 Hz, 1H), 5.98 (s, 1H), 5.24 (s,
2H),4.19(q)=7.2Hz,2H),3.78(s,3H),1.27Jt7.2Hz,3H)"*CNMR(101MHz,Chlorofor
m-d)6198.1,166.2,149.1,148.5,143.4,127.4,121.0,115.37111(29.5,87.5,71.3,68.2,59.
4,54.7,13.3.ESI-HRMS(m/z):calcd.forEl17C 0,01 M+H] ™ 546.9486; found
546.9461.

Complex 15: 455.2.1mg was obtained as red powder. Yield: %1.%Ethyl
acetate/hexane (1:10); Rf=0.38.IR (KBr, tm 2098vs, 2062vs, 2035vs, 2023
(Co-CO), 1712s (COOYH NMR (400 MHz, Chloroforrd) & 8.02 (d,J = 8.4 Hz,
2H),7.88(dJ)=8.8Hz,2H),7.42(d=8.6Hz,2H),7.30(d)=8.4Hz,2H),7.19(s,2H),6.79(s,1
H),5.96(s,1H),5.26(s,2HFCNMR(101MHz,Chloroformd)5198.3,168.3,155.1,149.2,
145.5,143.1,131.3,129.2,127.4,120.3,87.7,64.2 E&J6HHRMS:calcd.forGsH15F3Co,
N3010S[M+H]"735.9004,found735.9267,calcd.foe814F3C0,N3NaO,;S[M+Na] 757
.8914, found 757.9084.

4.3 Crystallographic analysis

Crystallographic analysis Diffraction data werelecied at 291 K on a Bruker
Smart Apex Il diffractometer with Mo-Ka radiatiokk € 0.71070 A ° ) using a
SMART CCD camera. Diffractometer control, data edlion and initial unit cell
determination were performed using “SMART.” Frametegration and unit cell
refinement were carried out with the “SAINT” swofare package. Absorption
corrections were applied with SADABS (v 2.10 Shieklr. Structureswere solved by
direct methods using SHELXS-97 and refined by fodtrix least-squares using



SHELXL-97 3. All nonhydrogen atoms were refined anisotropicattydrogen
atoms attached to the nitrogen of amino groups Veesged in the electron difference
map, and remaining hydrogen atoms were placed @asfnging model” andincluded
inthe refinement at calculated positions. CCDC BR& (9), 1820689(11),
1820690(14) and 1820687 (16) contain the suppleangmrystallographic data for
this paper.

4.4. Lipophilicity (log P o/w)

The lipophilicity of complex was determined usinge tflaskshaking method
where n-octanol and 0.1 M PBS were used as thenmrgand aqueous phase
respectively. n-Octanol was presaturated with 0.RB& by swirling at 45 rpm for 24
h. The tested complex was dissolved in the isolatgdnic phase at a concentration
of 50 uM. An equal volume of aqueous PBS was added,the mixture was swirled
for 8 h at 45 rpm at 37. The solution was then centrifuged, and the ansowoit
complex in both layers were determined by ICP-AES.

4.5 CO-release tests with myoglobin assay

The release of CO from the metal carbonyl com@exgas studied
spectrophotometrically by measuring the conversiotieoxy-myoglobin (deoxy-Mb)
to carbonyl myoglobin (Mb-CO). The amount of Mb-G&@med was quantified by
measuring the absorbance at 540 nm. A stock saolugfomyoglobin (lyophilised
horse heart) (60 puM final concentration) was preg@dresh by dissolving the protein
in phosphate buffered saline (PBS, 0.1M, pH=7.4di&n dithionite (0.1%) was
added to convert the myoglobin stock to deoxy-MIR2 Al quantity of this solution
was assayed to obtain a deoxy-Mb spectrum and hbbled with CO to get an
Mb-CO spectrum. Each complex was dissolved in watel added to deoxy-Mb in
the cuvette, mixed using a pipette and then owerhaih 500 pL light mineral oil to
prevent CO escaping or the myoglobin being oxygmhaflhis is the standard
procedure; other experiments have been undertasieg different concentrations of
myoglobin.

In these experiments, the absorption peak of dédxyat 560 nm was replaced by
the two peaks of Mb-CO at 540 and 578 nm. The aunaton of myoglobin in the
stock solution was calculated from the absorpti@ximum of the Mb-CO solution at
540 nm.

4.6 Cytotoxicity assays

Hela cell, HepG2 cell, MCF-7 cell, A549 cell, HT-2@ll and W138 cells line
were purchased from cell resources Center for Stangfe Science Institute of
Chinese Academy of Sciences (China). The cells weltevated at 37 °C, 10% CO
100% humidity in RPMI1640 medium, enriched withalge and supplemented with



10 % fetal bovine serum, non-essential amino aciastibiotics (penicillin/
streptomycin) and antifungals.Typically,u8nol of the complex was dissolved in 1.0
mL of culture medium with vigorous stirring. Growitthibitory effect toward the cell
line was determined by means of MTT colorimetricags The cells (100 pL,
1x1Ccells mL™?) were seeded into 96-well plates and left to aelfer 24h. The
media was removed from the wells and replaced Wwe&kh media containing the
complexes with different concentrations (6.5, 125, 50, 100, 200, 400 and 800
pumol L), respectively. The cells were then incubateddoother 24 h before the
incubation media were replaced with the completdiome and MTT (10 pL, 5 mg
mL~*in phosphate buffer solution, PBS) was added ¢t @zl of the plate. The cells
were further incubated for 4 h before the mediaeweplaced with DMSO (100 puL).
Absorbance at 490 nm for each well of the plates vegorded with a microplate
reader. In the MTT assay, DMSO (100 pL) in a wedbwised as blank and cells in the
well without the addition of any complexes wereetakas a control (100 % in cell
viability).

4.7 Bicinchoninic acid (BCA) protein assay

In order to exclude the influence of the total amtaaf protein on the determination
of the following cytokine levels, protein quantditon of each protein was carried out
using BCA protein Assay. Briefly, samples were rgstband placed into a 96-well
plate (20uL per well). BCA reagent A and reagenw&e formulated as working
solutions, which was added to each well (200uLvpadl) and left to react for 0.5 h in
37°C. And then the plate was shaken for 10 min andibis®rbance read at 562 nm on
a microplate reader. The concentration of proteirdach sample was calculated from
a standard curve generated with standard solution.

4.8 Deter mination of COX-2 levels

The level COX-2 in each sample was determined uaimgmmercially available
kit from Shanghai MLBIO Biotechnology Co.Ltd. Thessay was performed
according to the manufacturers’ instructions. Byjetell were collected from 6-well
plate immediately after lysed by RIPA Lysis Buffard spun at 12,000xg for 10 min
to remove any particulates. Each protein soluticas wneasured by BCA Protein
Assay Kit. The protein solution for concentratioh ®1mg ml-1 was added to a
96-well plate precoated with affinity-purified palgnal antibodies specific for the
mouse of our cytokines. An enzyme-linked polycloaatibody specific for the mouse
of our cytokines was added to the wells and leftetact for 0.5 h followed by a final
wash to remove any unbound antibody-enzyme readém.intensity of the color
detected at 450 nm was measured after additiohrohwogen solution A, B and stop
solution and was proportional to the amount of foytokines produced. The COX-2



levels which in each sample was calculated fromaadard curve generated with
standard solution.

4.9Myocardial protective effects of the complexes

The rat cardiac H9c2 cells were purchased fromGkt Bank of the Chinese
Academy of Sciences (Shanghai,China) and cultuneDNMEM supplemented with
10% FBS,100 UemL-1 of penicillin, and 100 pgemL-flstreptomycin at 37 °C in a
humidified atmosphere of 5% GQCardiomyocyte survival rate .The H9c2 cells were
cultured in 96 - well plates at a density of 5 ¥ délls /mL and cultured for 8 h at
37 'C and 5 % CQincubator for 8 hours. The tests were divided iofiEnk group,
H,O, group, complex(10puM. 25uM. 50uM) -H,O, group. HO, was 400uM, and
the control group only added cells without drugse Tells survival rate was detected
after 24h. After cells were treated with,®$ for 1h, 4h and 8h, respectively, the
culture medium was discarded and thgOFHgroup was supplemented with fresh
medium. Then the cell viability was measured a#hours of incubation.

Assays for enzyme activities The H9c2 cells werduced in 6-well plates
overnight and then treated withb®) (400uM) for another 1h. The activities of SOD
and the MDA content were measured using commerkitd following the
manufacturer’s instruction (NanJing JianCheng Bgmeeering Institute, Nanjing,
China).

4.10 Antihypertensive effect in SHR

A total of 40 male clean spontaneously hypertensate (SHR) were divided into
normal control group, captopril group (10 mgkgnifedipine nifelat group (10 mg.
kgt) and compound group (10, 20, 40 mg:*kdpy randomized block design. Male
WKY rats were used as the normal control group.t@dél drugs and compounds were

administered by intraperitoneal injection as a ZyglL/The solvent was the mixed
solution of 0.5% sodium carboxymethyl cellulose &dSO (v/v 3:1). The control
group and WKY group were injected mixed solutionh@ut containing compound or
drug. Tail blood pressure and heart rate were mmeddoefore administration. After
administration, blood pressure and heart rate wezasured every 10min, lasting for
3 h. The arterial systolic pressure, diastolicrateressure (DBP) and heart rate were
recorded before and after administration.

Method of measurement: In a brief, in a quiet stdteonsciousness, the rats were
fixed to a special fixture. The rat tail was cowkemmtil the roots by pressure culff,
which strapped pulse transducer to contact clagetiie ventral tail artery. When the
rat pulse wave stabilized, it began to measure. dressure cuff was inflated and
pressurized until the blocking pressure was 250 mn{fHhe pulse wave disappeared
when the pressure reached the systolic pressuee)léfter the pressure maintains 6



seconds, it slowly decompresses. When the firstsgpulvaves appear, the
corresponding blood pressure is the arterial sigstptessure, the peak of the
corresponding curve is the arterial diastolic puessand the system automatically
displays the heart rate. Each group was continyausiasured 6 times. All data are
expressed as the mean + standard error (SE); rs tef@umber of animals studied in
each group. Significance was accepted at P < 0.05.
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Highlights

» Synthesize a series of carbonyl cobalt CORMs with selectively inhibiting
cyclooxygenase-2.

» Evaluate anti-tumor activities and cyclooxygenase-2 inhibition in tumor cells.

P Investigate the protective effect of complex on oxidative damage of rat myocardial
H9c2 cells and the antihypertensive effect in SHR.



