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Introduction

The photolysis of metal carbonyls complexes has been
developed as an efficient way to delivery carbon monoxide (
CO) for therapeutic application including anti-inflammation,
vasodilatation, anti-apoptosis, anti-proliferation and anti-
Hypoxia.1 To achieve precise temporal and spatial control on
CO liberation under physiological condition, both CORM and
drug spheres of photo-activated CO releasing molecules (
PhotoCORMs ) have been devised to satisfy the critical ADMET
(Absorption, Distribution, Metabolism, Excretion and Toxicity)
requirements of CO pro-drugs.2 In CORM sphere, various
multi-dentated Iigandsa’4 were introduced to finely tune the
dissociation of carbonyl ligands; In drug sphere, the hydrophilic
small and macro molecules®® were tethered to enhance their
water-solubility and potentially achieve targeted CO release.’
Despite a large collection of transition metal carbonyls with
different ligands had their ADMET properties extensively
examined, most of CO therapeutic experiments relied on the
simple ruthenium(Il) carbonyl, [RuCI(uZ-CI)(CO)3]2 (CORM-2), as
solid form of CO resource.” In fact, few biological active
CORMs  with MLg octahedral scaffolds, such as
[RuCl(glycinato)(CO)s;] (CORM—3),9 [Mo(glycinato)(CO)S],10 and
[Mo(isocyaonacetate)(CO);] (AFL794)11 were studied in the
animal tests of pre-clinic CO therapy. To explore new scaffolds
of low toxic metals and hydrophilic coordination sphere is
highly desirable for developing therapeutic CORMs. '3
Water-soluble CORM-3 is the cornerstone in the
therapeutic application of CORM. In the CORM sphere of
CORM-3, the chelated glycinate ligand successfully regulates
the degrade of [Ru(CO);Cl] fragment, but also increases the
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were non-toxic both in dark and UV light, making them excellent lead structures for the therapeutic CORMs.
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Scheme 1. Lead structures for PhotoCORMs.

water-solubility of hydrophobic metal carbonyl moiety.13 In
spite of a recent contradictory report on its sophisticated CO
release pathway,14 the low toxicity and a variety of beneficial
therapeutic effects of CORM-3 inspired the extensive research
on lead structures based on [Ru”(CO)XLy].10 A recent study
found that in aqueous medium, the chemistry of Ru"(CO)sCl,L
complexes were governed by the reactivity of the
metallacarboxylate species which firstly release CO, instead of
CO. We hypothesized that Ru' as central metal might form
more robust Ru-CO bonds and therefore, circumvent the
water-gas shift conversion of Ru" carbonyl complexes. Herein,
we reported RU' sawhorse complexes [Ru(uz-
carboxylato)(L),(CO),], as new scaffold for CO delivery in vitro.
The sawhorse ruthenium complexes were of great interest as
metallo therapeutic agent due to low toxicity of ruthenium
and therapeutic effect of CO. Accordingly, their potentials as
CORM were proposed by B. Therrien® and G. Suss-Fink'®
recently. Until now, PhotoCORMs relied on N, S chelating
ligands to modulate their CO release under physiological
condition (Scheme 1). For instance, cysteamine (N,S) of CORM-
S1 stabilized [Fe(l1)CO,] unite, which is suitable for selective CO
release and possesses a high potential for therapeutic
application.3 Tris(pyrazolyl)methane (N,N,N) were employed to
prepare light-activatable cytotoxic agent of [Mn(CO);] unit
with photolabile CO Iigands.12 The hard donor O ligands like
acetic acid, amino acids and their derivatives were rarely
employed for PhotoCORMs design although these hydrophilic
molecules were natural abundant, nontoxic and beneficial to
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enhance the water-solubility of CORM. Another advantageous
of the sawhorse scaffold is that a large variety of carboxylic
acids and their derivatives diversify the ligand choice at both
equatorial and axial position, which is essential for the
optimization of the molecular structures of CO pro-drugs.

Results and discussion

Synthesis and characterization of 3a-3g

We firstly screened the CO releasing profile of well-known
acetate bridged sawhorse-type complex with phosphine at
axial positions. Preliminary experiments found that sawhorse
diruthenium(l) tetracarbonyl bearing PPh; was too stable to be
photo-activated and release CO in standard horse heart
myoglobin (Mb) assay. To our surprise, by simply replacing the
phosphine ligand by more hydrophilic glycinate esters, the
new simple ruthenium carbonyls 3a released CO in well-
controlled manner.

Since their discovery in 1969, a considerable number of
sawhorse structures of Ru,(CO),(O(C=0)R),L, have been
synthesized and used for catalysis and therapeutic
application.16 According to literature method,” we adopted a
facile one-pot method to construct the sawhorse scaffold
(Scheme 2.). The thermolysis of Ru3(CO);, 1 with carboxylic
acids at 110~130 °C for 8 hours afforded polymeric
intermediate 2. At 50 °C, amino acid esters were added to
occupy the axial position of 2, which flourished the sawhorse
scafforlds of 3. Ruthenium complexes 3a-g were synthesized
and isolated in 74~87% yields as light yellow solids, which were
stable and easily manipulated without any proof from
moisture, oxygen or light. IR spectrum of Ru(l) complexes
exhibited three terminal Ru-CO stretchings at 2027-1941 cm™
and the carbonyl stretching of bridged-carboxylato ligand at
1590 cm™. The absorption of Ru-CO bonds ( 3a-g ) are lower
than the corresponding values of CORM-3," indicating that
more d electron back-donating from Ru(l) strengthen Ru-CO
bonds. The NMR analysis revealed the structures of these
ruthenium complexes in details. In "H-NMR spectrum of 3a, for
instance, the bridged-acetate was observed as a singlet at &
1.96ppm. CH, and OCHj; of axial glycine ester appeared as a
triplet and singlet at & 3.72 and 3.80 ppm, respectively. The
Bc{*H} NMR spectra of 3a showed the signals for the terminal
carbonyl groups (Ru-CO) at & 204 ppm and the carbonyl of p.z-
nz-OC(=O)CH3 at & 172 ppm, respectively. Arylcarboxylato-
bridged ruthenium complexes 3b-3g showed the similar
resonances of both bridged and axial ligands. Notably, the
chemical shifts of NH, groups at the axial positions varied
significantly, which might probe the coordination of n'-
glycinate ester ligands. The amino protons of uz-acetato
complexes 3a appeared at 6 2.87 ppm, and lower than of the
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g. m-CgH5CHj; isolated yield 74~87%.
Scheme 2. Synthesis of carboxylato-bridged Ru,(CO), complexes of 3a-3g; (i)

RCO,H (3 equiv.), toluene, reflux; (ii) Glycine methyl ester (3 equiv.), CH,Cl,, 0 °C.
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corresponding chemical shift of uz-arylcarboxylato complexes
3b-3g. The shielded amino proton of 3a reflects less electron
donating to sawhorse unit, indicating the corresponding axial
ligand is more labile.

Crystallography

Yellow crystals of four diruthenium () complexes 3a, 3d,
3e and 3f grew from the diffusion of hexane to CH,Cl, solution
of complexes at 0 °C. The molecular structures of these
complexes were investigated by single crystal X-ray diffraction.
Complexes 3a and 3e were selected to demonstrate the
molecular feature of sawhorse skeletons bearing unique amino
acid ester at axial position (Fig. 1). The Ru-CO bond length of
each terminal carbonyl is slightly different. For instance, the
average Ru-CO bond length of these complexes is about 1.83
A, much shorter than Ru-CO (1.943(3) A and 1.903(3) A) of
CORM-3, but longer than Ru-CO (1.76 A) bonds of
triphenylphosphine analogues.16 These  crystallography
observations rationalize the well-controlled CO releasing of 3a
in Mb assay. As for bridged ligands, the distances between Ru
and O of w’-acetato ligand is 2.12 A, while p*-bezonato ligand
coordinates tighter (average Ru-O 2.10 A). The benzene rings
of bridged aromatic carboxylic acids might delocalize more d
electron density from sawhorse Ru,(CO), unite. At same time,
the electron delocalization can also reduce the back-donation
from Ru,(CO), to m* orbital of carbonyl ligand. As a
consequence, the weaker Ru-CO bonds might exist in uz—
arylcarboxylato bridged complexes 3d, 3e and 3f. Finally, two
axial N donor ligands coordinate to sawhorse unite Ru,(CO),
unequally in solid state. In complex 3a, Ru(1)-N(1) 2.248(3) A is
shorter than Ru(2)-N(2) 2.263(2) A.

Interestingly, the packing structures of these sawhorse
ruthenium complexes were strongly influenced by extensive H-
bondings. In all cases (ESI, Table S3), both intermolecular and
intramolecular H-bondings were observed between the axial

Fig. 1 Molecular structures of diruthenium complexes, 3a (left) and 3e (right); H
atoms and solvent omitted for clarity.

Fig. 2 Ball-and-stick diagram of the extended structure of 3a viewed down the a
axis. Dashed lines indicate hydrogen bonding.

This journal is © The Royal Society of Chemistry 20xx
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amino groups, the oxygen atoms of ester group and uz-acetato
group in a neighboring molecule, respectively. As shown by uz-
acetato bridged complexes 3a (Fig. 2), the hydrogen bonds of
axial amino group and ester group (N1-H--010 2.23(4) A )
formed a one-dimensional chain network along the c axis. The
hydrogen bonds between another amino group with oxygens
of uz-acetato (N(2)-H(2A)---0(4) 2.32(A) and N(2)-H(2A)---0(12)
2.30 (A) were shorter. The complex 2D network was built up
from these hydrogen-bonded sheets. Although this is a
common feature to all the solid state structures in this series
compounds, the hydrogen bonds are unlikely to persist in the
aqueous medium employed for the CO-release measurement.

CO release measurement via myoglobin assay

All ruthenium (1) complexes were extremely stable toward
physiological releasing triggers, hydrolysis, thermolysis (37.8
°C) and thiol donors (sodium dithionite). In aerated solutions,
such as DMSO, H,O and ethanol, the characteristic IR
absorption of these CORMs unchanged after at least 24 hours
storage at 25 °C without any lightproof. The standard
myoglobin assay tests confirmed that these ruthenium
complexes did not release CO. The deoxy-Mb - Mb-CO
conversion cleanly occurred on UV irradiation of 3a with four
isosbestic points (Fig. 3). 60 uM of 3a saturated deoxyMb
solution after 1600 s, and 40 uM of 3a delivered at least 50 uM
of carbon monoxide after 2400 s. The CO-releasing kinetics of
these CORMs with t;, and t;/, values were measured and listed in
Table 1. A wild range of CO-releasing rates were observed when the
bridged ligands of 3a-3g vary from acetato- to arylcarboxylato-,
demonstrating the tunable CO releasing of these simple ruthenium
complexes for therapeutic application.
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Fig. 3 UV-vis spectrum showing the Q-bands during the conversion of deoxy-Mb
to MbCO with time for a 60 uM solution [PBS pH= 7.4, 37.8 °C] (Left); Deoxy-Mb
- Mb-CO conversion time — photochemical induced release of CO using an LED
(at 360 nm, 5 W) from 3a [c = 20 uM ( blue ), 40 uM ( red ), 60 uM ( black ) and 60
UM ( green, control experiment without UV irradiation) ] (Right).

Table 1. IR, NMR and CO releasing kinetics of Complexes 3a-3f

Entr a 3(NHy) t

y V(CO) b 60 UM 40puM 20 pM
3a  2026,1972,1941 2.87 724 665 414
3b  2025,1972,1941 3.14 1682% 2207 1250%
3c  2027,1974,1944 3.14 2007 2318 1733%
3d  2024,1971,1941 3.13 1852° 1373% 1766
3e  2026,1973,1943 3.16 2220~ 1291¢ 1239%
3f  2027,1972,1943 3.04 1951% 921 1723%
3g  2026,1972,1942 3.08 2042% 1493% 1640%

[a] IR spectra were record in DCM, cm™; [b] *H-NMR were record in
CDCls, ppm; Kinetics measured with standard myoglobin assay as [c]
t1p and [d] tys, S.

This journal is © The Royal Society of Chemistry 20xx
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The spectroscopic data of ruthenium (I) complexes 3a-3f were
correlated to their CO releasing kinetics in Table 1. The Ru-CO
stretchings of 3a-3f were basically identical, ruling out the
dissociation of CO as the rate-determined step. 3a released CO far
more rapidly than their aromatic analogues 3b-3f, whilst the amino
protons of 3a were observed at 6 2.87 ppm, lower than others.
Since the chemical shifts of amino protons can probe the
coordination of axial ligand, the lability of the axial ligands, rather
than carbonyl ligand, might be responsible for the whole releasing
process. The further comparison of releasing kinetics of 3b-3f
revealed that the hydrophilicity was another factor controlling CO
release in aqueous system. Ortho-methoxy on bridged ligand (3d)
significantly promoted CO releasing with t;;, 40 uM of 1373 s. In
contrast, none of methyl at ortho- (3b), para- (3f) and meta- (3g)
position accelerated CO release faster than uz-benzato bridged 3e
with t;,, 40 uM of 1291 s. The correlation indicated that the CO
releasing of sawhorse CORMs could be tuned by varying the bridged
carboxylate ligands.

CO Release pathway

To get insights into the reactivity of these CORMs, the
degradation of 3a in both solid state and in solution were
investigated by TG-DSC, FT-IR, 'H-NMR and HR ESI-MS. TGA-
DSC experiments proofed a remarkable thermal stability of 3a
(ESI, Fig. S4). Heating below 100 °C under N, flow, 3a was
stable without any mass losing. The first two mass lost of 13.58
% and 14.59 % were observed at 117.68 °C and 168.21 °C,
respectively. These can be accounted for the dissociation of
each axial ligand (14.59 % cal.). To our surprise, CO liberation
process did not happen until polymeric sawhorse Ru,(CO),
skeleton collapsed over 250 °C, along with losing a acetic
anhydride and four molecules of CO. The corresponding mass
lost was observed as 35.74 %, consistent with the
experimental value of 35.05 %. The inorganic residue was
collected and subjected to XPS analysis, revealing RuO, as
inorganic degradation product (ESI, FigS5).

The photolysis of 3a in solution states were followed by
FT-IR and 'H-NMR. The characteristic M-CO absorption of 3a

1700

1800 1900
Wavenumber :cm'1)

2000 2100

Fig. 4. FT-IR (v(CO) region) of complex 3a in acetonitrile solution and the changes
that occur during 365 nm photolysis. 3a (), v(CO): 2023, 1968 and 1936 cm™;
photo product Il (Y) v(C0):2055, 1984 and 1590 cm™.
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Scheme 3. A possible mechanism underlying the CO-releasing from 3a and the
fate of its non-carbonyl ligands after photolysis.

gradually decreased during UV irradiation (ESI, Fig. S6 and S7).
Interestingly, in acetonitrile, the photolysis of 3a generated a

new ruthenium carbonyl species. Difference spectrum
between 3a and the photo product Il was shown in Fig. 4. The
disappearance of the bands at 2023, 1968 and 1936 ecm™ and
the growth of three new bands at 2055, 1984 and 1590 cm?
suggested a dramatic change of the coordination sphere of 3a.
The shifts of the v(CO) bands to higher frequency were
consistent with the replacement of one labile axial ligand with
more electron-withdrawing solvent ligand. No changes at 1749
cm™ might result from the fast ligand exchange of dissociated
and coordinated glycine methyl ester. To characterize
photoproduct, the photolysis of 3a in CD3CN was followed by
'"H-NMR (ESI, Fig. S8). Upon UV irradiation, the singlet ( 6 1.92
ppm ) of acetato group in 3a shifted downfield to § 2.16 ppm
which might be assigned as the protons of bridged ligand in
photo product Il. This NMR results were consisted with IR
change at the range from 1600-1650 em™.

To further identify these intermediates, the photolysis of
3a in CH3;CN was monitored by ESI-MS. Under mass condition,
3a formed an adduct with solvent molecules as the fragment
peak at m/z 691.01( 3a:2CH;CN ). The photolysis for 10
minutes consumed the adduct gradually. The further UV
for 35 minutes generated several degraded ruthenium
carbonyl fragments (l.-VI.) via photo-activated ligand
dissociation of 3a. (ESI, Fig. S10).

Taken together, these mechanistic experimentation shed
light on the CO releasing pathway (Scheme 3.). The photolysis
of complex 3a initiated a rapid dissociation of axial ligand,
confirmed by the fragment peak 1 at m/z 524.90. In
acetonitrile, intermediate Il ( m/z 564.93 ) formed
instantaneously and was also observed in both FT-IR and 'H-
NMR experiments. After that, the first CO released from the
sawhorse scaffold Ru,(CO),. Intermediate Il formed, which can
be assigned as fragment peak at m/z 536.93. The sequential
dissociation of solvent and another axial ligand led to
tricarbonyl sawhorse fragment V ( m/z 447.89 ). The
decarbonylation and hydrolysis of V released another CO and
free acetic acid. The sawhorse unite converted to a bridged
hydroxy intermediated VI ( m/z 332.02 ). GC-MS analysis
unveiled the fate of noncarbonyl ligands as free acetic acid and
glycine methyl ester in the photolysis experiment. In contrast,
no any other organic molecule was detected in control
experiments without photolysis (ESI, Fig. S9).

Cytotoxicity studies

4 3. Name., 2012, 00, 1-3
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Fig. 5. Cell viability of RAW264.7 cell in presence of 3a. Cells were grown in the
presence of 3a (10-1000 uM) and left in the dark (left) or Irradiated at 365 nm for
15 min (right).

[ dark control
[ 365 nm (15min)

s
-3

»
=3

Cell viability/% of control
£ 8 8 8

n
S

o

" Control 10 50 100
WM M M

200
M

500
™

1000
uM

Fig. 6. Cell viability of RAW264.7 cell in presence of 3f. Cells were grown in the
presence of 3a (10-1000 uM) and left in the dark (left) or Irradiated at 365 nm for
15 min (right).

To evaluate the cytotoxicity of sawhorse-type CORMs, the
effect of 3a and 3f on the murine macrophages as were studied by
MTT assay.mThe cell culture of RAW264.7 was incubated with two
CORMs, respectively for 24h in the presence of CO, and with water
as control. Afterward, cells were irradiated for 15min with 365 nm
light or left in the dark. After an additional 8h of growing all
cells in the dark, the cell viability was determined using the MTT
assay (Fig. 5 and 6). Control experiments with a water as blank
confirmed that irradiation alone has no effect on the cell
viability. Cells treated with 3a and 3f in the dark did not show a
concentration-dependent loss of viability within the range of
10-500 pM. As high as 1000 uM of 3a reduced the amount of
cell biomass to about 69%. Upon irradiation, 10 pM 3a
inhibited the cell viability sightly. As the concentration of 3a
increased, the cell growth increased. The irradiation of 3a
surveyed 100-500 puM had no inhibition effect on the cell
growth (Fig. 5). The bioactivity of 3f is not photo-inducible. In
presence of 10 uM to 1000 uM of 3f, the viability of cell did
not lose significantly (Fig. 6).

Conclusions

In conclusion, a new lead structure of PhotoCORM with
simple ligand system was established by natural abundant
carboxylic acids and its derivatives. To satisfy the
pharmaceutical requirements, the clinic pro-drug of
PhotoCORMSs can be derived by varying both bridged and axial
ligands. These sawhorse complexes are robust in both solid
and solution states. Under the physiological condition, these
CORMs do not reacted with oxygen, water, sodium dithionite.

This journal is © The Royal Society of Chemistry 20xx
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Their CO liberation was only triggered by LED UV radiation.
Notably, nontoxic acetic acid and glycine methyl ester were
the photo products of 3a. The mechanistic experimentation
clearly demonstrated a well-defined degradation pathway, in
which the dissociation axial ligand is the rate-determining step
of the photoactiviated CO releasing. In cell viability experiment

of murine macrophages as, these CORMs showed no cytoxicity.

The toxicological and pharmacokinetic studies are under way
to fully assess the toxicity and bio-distribution of these CORMs
in animal models.

Experimental section

General

All manipulations were accomplished with standard Schlenk
techniques. Decacarbonyl triruthenium (Ru3(CO),,) and glycine
methyl ester (GlyOCH;-HCI) were prepared according to
literature procedures. Toluene was refluxed with sodium, and
CH,Cl, dried with CaH. The dry solvents were distilled and
storage in ample under the protection of N, (99.999%).

Typical procedure for preparation and characterization of
complexes 3a-3g

[Ru(CO)a(1*-n*-0,CCH3); (n'-NH,CH,C(=0)OCH;),] (3a).
The thermolysis of Ru;(CO);, and carboxylic acid in toluene at
110-130°C  afforded the pale vyellow solution of
[Ru,(0,CCH5),(C0O).4], (a) along with byproduct CO and H,. The
reaction mixture was cooled down 0 °C. Two equivalents of
HCI-GlyOMe (0.93 mmol) were neutralized by triethylamine in
CH,Cl,, and were added to the above reaction mixture via
cannula filtration. The resultant mixture was stirred at 110 °C
for 2 h. The bright pale yellow solution was then briefly cooled,
and the solvent was removed under vacuum. The crude
powder product was recrystallized as yellow prismatic crystals,
247mg (yield 87%). IR (CH5OH, cm'l): Vo=2026vs, 1972m,
1941vs, v(CO,)=1749m, Vv,;q=1580m; 'H NMR(400 MHz,
CDCls): 8(ppm) 1.96(s, 6H, CH3CO,), 2.87(t, 4H, NH,), 3.72(t,
4H, CH,), 3.80(s, 6H, CO,CH;), *C NMR(100MHz, CDCly):
8(ppm) 204(CO), 184(CO,CH;), 172(CH;CO,), 52(CO,CHs),
46(CH,), 23(CH;CO,).

[Ru2(CO)4(1*-n*-0,CCH3CeHa)o(n"NH,CH,C(=0)OCH;), ]
(3b). Yellow prismatic crystals. Yield: 286mg (81%). IR (CH30OH,
cm'l): Vo=2025vs, 1972m, 1941vs, V(CO,)=1749m,
Vacid=1594m; 'H NMR(400 MHz, CDCl;): &(ppm) 7.76(d, 4H,
Ph), 7.12(d, 4H, Ph), 2.34(s, 6H, CHs), 3.14(t, 4H, NH,), 3.90(t,
4H, CH,), 3.86(s, 6H, CO,CH;), *C NMR(100MHz, CDCly):
8(ppm) 204(CO), 179(CO,CHs), 172(PhCO,), 142(Ph), 130(Ph),
129(Ph), 128(Ph), 52(CO,CHj;), 46(CH,), 21(CHs).

[Ru2(CO)4(1*-n*-0,C-p-CICeH,),(n'-NH,CH,C(=0)OCH;), ]
(3c). Deep yellow powder. Yield: 291mg (78%). IR (CH30H, cm’
): vu=2027vs, 1974m, 1944vs, v(CO,)=1749m, v,;q=1597m ;
'H NMR(400 MHz, CDCl5): 8(ppm) 7.81(d, 4H, Ph), 7.28(d, 4H,
Ph), 3.14(t, 4H, NH,), 3.88(t, 4H, CH,), 3.85(s, 6H, CO,CH,), *C
NMR(100MHz, CDCl3): &(ppm) 203(CO), 178(CO,CHs;),
172(PhCO,), 138(Ph), 131(Ph), 130(Ph), 128(Ph), 53(CO,CHs;),
46(CH,).

This journal is © The Royal Society of Chemistry 20xx
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[Ru(CO)4(1*-n*-0,C-p-CH30CcH,)2(n"NH,CH,C(=0)
OCHj3;),] (3d). Yellow prismatic crystals. Yield: 310mg (84%). IR
(CHsOH, cm™): v,=2024vs, 1971m, 1941vs, v(CO,)=1749m,
Vacid=1595m; ‘H NMR(400 MHz, CDCls): &(ppm) 7.81(d, 4H,
Ph), 6.82(d, 4H, Ph), 3.81(s, 6H, CH30), 3.13(t, 4H, NH,), 3.91(t,
4H, CH,), 3.86(s, 6H, CO,CHs), *C NMR(100MHz, CDCly):
8(ppm) 204(CO), 178(CO,CHs), 172(PhCO,), 162(Ph), 131(Ph),
126(Ph), 113(Ph), 55(0CH3s), 53(CO,CHs), 46(CH,).

[Ru(CO)4(1*-n*-0,CCeHs),(n'-NH,CH,C(=0)OCH:),),] (3e).
Yellow prismatic crystals. Yield: 293mg (86%). IR (CH30H, cm™):
Veo=2026vs, 1973m, 1943vs, v(CO,)=1749m, v,.4=1560m; *H
NMR(400 MHz, CDCl5): 8(ppm) 7.87(d, 4H, Ph), 7.43(d, 4H, Ph),
7.32(t, 4H, Ph), 3.16(t, 4H, NH,), 3.90(t, 4H, CH,), 3.85(s, 6H,
CO,CH;), C NMR(100MHz, CDCl;): &(ppm) 204(CO),
178(CO,CH3), 172(CH5CO,), 133(Ph), 132(Ph), 129(Ph), 128(Ph),
53(CO,CHs), 46(CH,).

[Ru(CO)4(1*-n*-0,C-0-CH3CH,)(n'-NH,CH,C(=0)OCH;),]
(3f). Deep yellow powder. Yield: 297mg (84%). IR (CH3;OH, cm’
): veo=2027vs, 1973m, 1943vs, v(CO,)=1749m, V,;=1584m ;
"H NMR(400 MHz, CDCls): &(ppm) 7.61(d, 2H, Ph), 7.30(t, 2H,
Ph), 7.15(dd, 4H, Ph), 2.41(s, 6H, CHs), 3.04(t, 4H, NH,), 3.82(t,
4H, CH,), 3.78(s, 6H, CO,CHs), *C NMR(100MHz, CDCly):
&(ppm) 204(CO), 181(CO,CHs), 172(PhCO,), 137(Ph), 134(Ph),
131(Ph), 130(Ph), 129(Ph), 125(Ph), 52(CO,CHs), 46(CH,),
22(CHs).

[Ru(CO)4(1*-n*-0,C-m-CH3CsH,),(n'-NH,CH,C(=0)
OCHj3;),] (3g). Yellow prismatic crystals. Yield: 261mg (74%). IR
(CHsOH, cm™): v,,=2026vs, 1972m, 1942vs, v(CO,)=1749m,
Vacid=1596m; 'H NMR(400 MHz, CDCl5): 8(ppm) 7.60(d, 4H,

Ph), 7.19(d, 2H, Ph), 7.14(dd, 2H, Ph), 2.27(s, 6H, CHs), 3.04(t,
13

4H, NH,), 3.85(t, 4H, CH,), 3.78(s, 6H, CO,CH;), °C
NMR(100MHz, CDCl;): &(ppm) 204(CO), 179(CO,CHs),
172(PhCO,), 138(Ph), 133(Ph), 132(Ph), 130(Ph), 129(Ph),
127(Ph), 52(CO,CH,), 46(CH,), 21(CH,).
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Photo-activated CO-Releasing Molecules (PhotoCORMs) of Robust Sawhorse Scaffolds [uZ—OOCRl,
n'-NH,CHR*(C=0]OCHs, Ru(1),CO4]

Shuhong Yang, Mengjiao Chen, Lingling Zhou, Guofang Zhang, Ziwei Gao and Weigiang Zhang*
Simple is the best: by nature abundant small organics and low toxicity transition metal, stable sawhorse-type

Ru,(CO),complexes were synthesized, characterized and validated as a lead structure for photo-activated CO-

releasing molecules (Photo CORM).
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