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Abstract: CO-releasing molecule (CORM) facilitates the precise delivery of CO in the human body. To improve the
stability of CORM, iron dicarbonyl compounds bearing a bidentate phosphine ligand, [Fe(cis-CO),(dppe)L,] (1, dppe=
1, 2 - bis(diphenylphosphino)ethane), [Fe(cis - CO),(dppp)L,] (2, dppp=1, 3 - bis(diphenylphosphino)propane), and
[Fe(trans-CO),{Ph,PN(cyclohexyl)PPh,}1,] (3) were prepared by reacting of the precursor [Fe(CO),l,| with the phos-
phine ligands via coordination substitution reactions. The compounds were structurally characterized by means of
FT-IR, UV-Vis, NMR, elemental analysis, and single-crystal X-ray diffraction (for compounds 2 and 3). Moreover,
CO-releasing behaviors of compounds 1-3 in DMSO were investigated by FT-IR to evaluate their application as a
potential CORM. As demonstrated by the FT-IR spectroscopical monitoring, these compounds exhibited good stability
in the dark but were easily decomposed to release CO upon irradiation of visible lights (red, green, and blue lights).
Their degradation with CO release depends on the energy of the light source and the chemical structures of the com-
pounds. Moreover, isomerization transformations of compounds 1 and 2 from cis- to trans-dicarbonyl configuration
were confirmed by the FT-IR spectroscopy under the green and blue lights. However, the red light did not trigger the

configuration conversion due to its low energy. Among them, the trans-dicarbonyl compound 3 exhibited the best sta-
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bility upon the irradiation, which adopted a zero-order model for the photo-induced CO release. CCDC: 2154703, 2;

2154704, 3.
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A AR B (CO-releasing molecule, CORM) & —2&
REf% L) AL 2 47 CO & th— @ VR T 20k
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Shy I AAS 1 A5 1 = B R AR A, RS T R
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i 3 PR AR Sehlenk £ A LA 4 X K L4
SHURA AR 51 o SO BT T JE 7K 9 50 Hh
Phoenix SDS5 % 154k 22 8 (JC Meyer)iil 15, 1,2-%L
(IR L) 2 B (dppe) T 1, 3-8 (R KL Rl i) P o
(dppp)18 A _FIEBTHL T AR AR B A FRA w1 B
P, N-BF O BE-N-(C 2R BLIREmE) -1, 1- R S i
% (Ph,PN(cyclohexyl)PPh, , PNP)**'F1[Fe(CO),L,]**2: &
SCHRIT G

S v T 9 32 BAAER AT ZL ML T X (Nicolet
iS10, Thermo Fisher Scientific 23 ), 48] WL43560
RN (Thermo EV201, Thermo Fisher Scientific N ﬁ‘[) N
Rt AR %A (Varian 400-MR , Agilent 23 7) X 5t
28 FA AT B A (Gemini X, Agilent 28 7)) JTC R 7 HT11X
(Vario EL T ,Elmentarﬁﬁ])o
12 SHBELEWI-3MFEF

— A AR AT AR AUAT L 1 100 mL
FE AT 0.422 (1 mmol) i [Fe(CO),L]H1 20 mL
H A H BE(DCM). 5 ¥ Ak Ja R 5 i 22 0 °C
(VKK , T8 ok 1 3 R s = 1) s IO L v 28 3 A
FA 1 mmol 14 LA (dppe .dppp .PNP) ) DCM %
W (15 mL), ¥ f et 2 vp T UL 3] I 35 1) I 0 5 7R
FIH FT-IR A0 52 7 B 2 17 9K 4K S 0 56 4= (29 30
min)o 280 Al IR BR 25 UTTE D) L WoBE REWOT R 4
R i PR R I SE AL HEAT HE 2 M7 3 B 4Rl (A 0T A
EIBEFD)o F I dE A AR Al

[Fe(cis-CO),(dppe)L,] (1) H] dppe(398 mg, 1 mmol)
BB B E R, 77 %:0.574 ¢(70%). FT-IR
(DCM, cm™): 2 035, 1 990, UV-Vis(DCM, A, /nm):
348,497, 'H NMR(400 MHz, CDCL,):6 8.09~7.21(m,
20H, Ar-H),3.58~3.30(m,2H,CH,),3.24~2.97(m, 1H,
CH,H,), 2.94~2.67(m, 1H, CH,H,), *'P{'H} NMR(162
MHz,CDCL,):6 91.91(/,,=29.3 Hz),49.23(/,,=29.3 Hz).
1(CH,,Fel,O,P,) i IC 2 43 BT (%) 1 B (S 5 {E) : C,
44.01(44.60);H,3.17(3.48).

[Fe(cis-CO),(dppp)L,] (2)H dppp(412 mg, 1 mmol)
GBI LI AR, 77 48:0.576 g(69%). FT-IR
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(DCM,em™):2 036,1 983, UV-Vis(DCM,A,,/nm):361,
498, 'H NMR (400 MHz,CDCL,):8 8.64~6.53(m,20H,
Ar-H), 3.78~3.57(m, 1H, CH,H,), 3.53~3.31 (m, 1H,
CH,H,), 3.10~2.88(m, 1H, CH,H,), 2.52~2.23(m, 1H,
CH,H,), 2.20~1.97(m, 1H, CH,H,), 1.31~1.12(m, 1H,
CH,H,). *P{'H} NMR(162 MHz, CDCL,): 8 53.21(d,
J,,=68.0 Hz),7.83(d, J,,=68.0 Hz), 2(C,H,Fel,0,P,)
() TC 2 5341 (%) T B (L 5 {H) : €, 44.76(44.20); H,
3.37(3.17),

[Fe(trans-CO),(PNP)L,] (3)JT] PNP(467 mg,1 mmol)
BB B SR AR . 77 3:0.310 g(35%). FT-IR
(DCM,em™:1995, UV-Vis(DCM, A, /nm):336,399,
588. 'H NMR(400 MHz, CDCL,): 8 7.97~7.81(m, 8H,
Ar-H), 7.70~7.47(m, 12H, Ar-H), 3.33~3.14(m, 1H,
NCH), 1.63~1.23(m, 5H, 2CH,+CH_H,), 1.01(dd, J=
23.3,12.4 Hz, 2H, CH,), 0.87 (dd, J=24.8, 13.8 Hz,
2H,CH,),0.79~0.63(m, 1H, CH,H,). *'P{'H} NMR(162

MHz, CDCL,): 6 114.03(s)o 3(C,,H,,Fel,NO,P,) i JT %
ST (%) 1T BAH (L5 ) : C, 46.13(46.50); H, 3.75
(3.98);N,1.68(1.63).
1.3 XH&RBEEDH

B 10 mg fb 5P F 1.5 mL DCM H, /NGO fiTA
6 mL LR LBR(EA), T-17 C P-4 83 E T4k
AW 2 M3 dh R . B A AR AR
Gemini X B4 AT S Ll i w-scans e R 4 B8 .
7E Olex2 4k vf | 18 i ShelXT 72 5 F1 SHELXL 72 J#
i AT RIS A S5 48, AH OC R AR 2 55006 L3R 1. e 3!
WINE kb &M i1 a2 1Mk
FAEAERER WA R T Je 1T, Sy T R4S B ) T 1)
ZER AT 45 B, Olex2 A H W7 1Y “Use solvent
mask "2 ¥ BRI T T4, A 9 masks Zb B (E
DL CTF S

CCDC:2154703,2;2154704,3.
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Table 1 Crystallographic data for compounds 2 and 3

Parameter 2 3
Formula CyoHyeFel, 0,P, Cy,Hy Fel,NO,P,
Formula weight 778.09 833.17
Crystal system Triclinic Monoclinic
Space group P1 P2,/n
a/nm 1.037 21(3) 0.916 38(2)
b/nm 1.225 39(4) 1.923 24(4)
¢/nm 1.417 38(6) 1.828 99(4)
al(°) 110.985(4)

B 99.281(3) 95.859(2)

6] 99.236(3)

Volume / nm? 1.612 73(11) 3.206 61(12)

VA 2 4

D,/ (g-cm™) 1.602 1.726

w/ mm™! 2.503 2.525

F(000) 756.0 1632.0

26 range / (°) 5.662 to 49.988 5.614 t0 59.02
Reflection collected 21189 13 691
Independent reflection 5681 (R,,=0.030 6) 8 090 (R,,=0.039 1)
Goodness-of-fit on F'2 1.108 1.068

R, wR, [[Z20(])] 0.027 3,0.059 1 0.036 3, 0.064 0
R,, wR, (all data) 0.038 6,0.061 7 0.0579,0.073 1

14 4%&%W1~37FEDMSO I CO
RECRE B LS Y 1(11.5 mg, 0.015 mmol)?ﬁ"
F 3 mL DMSO(5 mmol - L), 8K J5 ¥ 1% 45 W T 5 b

(49 37 CoK s e P, I B — 5 I 1) A% U BT
FHELAMSETE I WAL 5 W B B A RE T CO T L . Ak
B 270 3 B I AR A )
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I FRARE . GE LGS T BV B (o) SO BRI
6] () () 56 &, AR A5 A0 & W 76 6 BT 18 e ik 3 0 27
G
1.5 “EWIEERMBESBER IEXRH THEERER

Cco

LA 1(4 mg)5 KBr [F14(100 mg), FHAF AT
JELI5] (40 wegemg)o TEMFERIE L7 15 em Abi%—
JGLED KT (M35 2 W) HEURE, B — 2 B[] BBORE & 7l
RHAT AN

2 #R5HR
2.1 EWI-3FIE
AT YRR Fe(CO),LIEA K44 e pitk , il 5 & 51

AR~

Ph,p”" ™ pph,

SRR (B Bt Bl B 1 3R A R A O s g A
BRI IEAL S YT AR T AR B A s
FEC AL B8 1 19 — 0 B A& (dppe . dppp . PNP) 5 Z 2
I (1), — 5 T8 o BRPE AR CO 9%k H L 51—
A 4 o 4 JE TPt B L 3, AT 42 55 Fe—CO
SRS, o Hn b S ke . 5 P-N-P =
J LT A9 PNP BCAARAR A, dppe Al dppp BCAA 2 4~
P 5 2Z [A] A B e B0 23 ] LA SR I B | A I3k 2
AR5 R AR 520 B, A S TE g 7 2% e 3 5 AR
1 B LA W, BB BT 2 R0 Pk i —
R AL G 90 1R 25 PNP BC A B4 507 T A AG: ) 1)
PG ECAL R TR =8 . 6L, dppe AT dppp A B AH
NP (P A 1R 2) =, (cis-) — B KL &5, i
PNP 4= i b &9 3 R K (trans-) B FL 4584, iX
AL I SRS R FNLL AP RAESE R (WL F 30). X
Tt N7 AR KA Y (1) 2 5 5 3 2 B AARAS [R) A LA e A A
Koo T EA XS 7=y 10 ik 185 22 T % 52 bz Ji Rk P 5
itk 4y, R AT 38 5 EA/DCM Y-V B2 i As
alifi .

I I
oc,,,,,_F| Ll <>(;,,,,,.F| Ll

3 .
oc™ | e, oc”” |e\PPh2

Ph,p Ph,R

F1 A& 1-3 104 gLk

Fig.1 ~ Synthetic routes of compounds 1-3
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T X GRS B Tk A2 3
FE VAR SR B 45 H , AR DG A 50l DL 38 1, 38
YRR AR SRR 2. LAY 2 M 3 B SR
F A ER Il (Oak Ridge thermal ellipsoid plot, ORTEP)
VLE 2 FNE 3, A 5 2R 2 B
A G B R G TR RO R B2 2548 . A
fEA1 2 24> CO R =AY (2 A e 5 KT 1
[ 32 £ £ C1—Fel—C2=89.67(14)° , 33t 90°), ifij fk
B 3 AL Ry B 3R AR (2 A 3 5 R T Y
Jeff £ C1—Fel—C2=165.58(16)° , $£3lT 180°), fh&

Y1213 19 Fe—C 8 197 B 88 1< 3 51 0 0.178 8 Fl
0.183 1 nm, C—O H 1y V- X 5 7301 2 0.112 5 F71
0.109 3 nm, 5 SCHR iz 8 1Y 2 LAk & 9 B A 42
VT2 LA W2 T3 ) L P—M—P A 4 Bk
92.33(3)° 1 71.68(3)° . fL &% 3, i Fel—P2—
N1—P1 4R HY DU B BERSHLEL ff ok 1.73(12)°, 3%
T 0°, GIESE TIZ U IC I R B b e T 4549 , HoA
S KI5 AL &9 2 7R 24 P LT ] AT R 3 00
HESGEH RO Y A R . AN AW 2
o2 A Fe—P 8 1 AH 22 303 (431 24 0.225 71(9) F1
0.233 25(9) nm), H HALA Y 3 Y 24> Fe—P 2
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Table 2 Selected bond lengths (nm) and angles (°) for compounds 2 and 3
2
Fel—I1 0.266 95(4) Fel—P2 0.233 25(9) C1—O0l1 0.113 5(3)
Fel—I2 0.266 96(5) Fel—Cl1 0.176 1(3) Cc2—02 0.111 54)
Fel—P1 0.225 71(9) Fel—C2 0.1815(4)
11—Fel—I2 93.621(14) P2—Fel—I2 90.66(2) C1—Fel—C2 89.67(14)
Pl—Fel—I1 87.74(2) Pl—Fel—P2 92.33(3) Cl—Fel—I1 170.75(10)
Pl—Fel—I2 176.70(3) 01—C1—TFel 174.8(3)
P2—Fel—I1 90.95(2) 02—C2—Fel 178.3(3)
3
Fel—I1 0.265 45(5) Fel—P2 0.220 19(9) €1—01 0.110 5(4)
Fel—I2 0.265 72(5) Fel—Cl 0.182 1(4) c2—02 0.108 1(4)
Fel—P1 0.221 30(10) Fel—C2 0.184 0(4)
I1—Fel—I2 96.305(17) P2—Fel—I2 171.25(3) Cl—Fel—C2 165.58(16)
P1—Fel—I1 164.10(3) P2—Fel—P1 71.68(3) P1—N1—P2 98.32(14)
Pl1—Fel—I2 99.58(3) 01—C1—Fel 174.4(4)
P2—Fel—I1 92.44(3) 02—C2—Fel 177.8(4)

B2 LB 2 PR 50% [ ORTEP 43 T-45H4 &
Fig.2 ORTEP diagram of compound 2 with thermal
ellipsoids at 50% probability

K (43 514 0.221 30(10) F1 0.233 25(9) nm). Fil & &
dppp I 24> P Ji 5 Fe A B8 25 S KT8, 1 J5 5 )
JE A R P-N-P-M o7 17 A2 1 404N Y LT S
YA
23 WEWI-3HHEELIME ST

BRI FAC G W AELL A6 18] b B LAY 1 Bk
B SIS , FLIR AU 7 8 R I ARE 2 i % Sz 2k
HL A ARG FEL T2 B B CO Ry FL i AR RIS ] 4 02

K3 ALEW 3 Rk 509% i ORTEP 7 14514 [l
Fig.3 ORTEP diagram of compound 3 with thermal
ellipsoids at 50% probability

1A W) 1~3 FIFT IR AR [Fe(CO), L] H 35 35 (0 F5AF 21 &b
SRR . SRTIRAR (2 136.2 090.2 072 em™ )AL, 72
Y 1~3 110 W i i [ ALK 38 500 1) S E RS S b B
92 035.1990 ecm™ 34k &2 72 036.1 983 cm™'; 4k
A3 N 1995 em™ ., XIHFEF COHH 1/ F gk
Fe A i SR A B T 7 o DU S A AR 2T APl 3 A
KAH LAY VR 2 30, 5 — &9
HILT AN ETEATT s AW 3 o0 Fig | 55 i 3 ek
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':; 0.09 |- I
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Wavenumber / enr™ 25 HEWI-3WRSHERES T
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Fig4 FT-IR spectra of compounds 1-3 and [Fe(CO),L,]
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M 2(6=53.21.7.83)¥ Jy Wi . X J& i FAL &9 2
A PIRF BIEAL IR AN F(E 2). 1ok, &
1A 2 1 24 P [ A AR A S BB 2453, LA
BB, 53 WM 29.3 F168.0 Hzo L& 430 T
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) 1~3 R A7 A LAY A T AR 5 4 8 rpos 22 T 114 Hi i
R BRAT (MLCT). G 9 1(14 (A 348,497 nm) il 2
(54} 361,498 nm)7E 300~600 nm 2 i) 77 7545838 By 1
Wk, AL A9 2 Ak B LWk 2T RS . ki
W) 37E X [H] LA 2 > I W00 (1B 336,399 nm)
BB B EMTAAY 1R 2, 3% [FIARE S R C A 0 e
TR A Ko A A 37E 588 nm B A i K
Wt , AT BB Fe-P-N-P - TH 7 o 1) B dul v 154 55
WA . B 6 1T L, 4k & W 1~3 X 1] WA 44
TP, ST SRR CO $R AL T 4514

2.0
(b)
1.6
12+t
0.8 Complex 1
Complex 2
04l Complex 3
0.0t . . . ! n
200 300 400 500 600 700 800
Wavelength / nm
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K6 Hik (a) itk &4 1~3 (b)7E DCM HHY UV-Vis i K
Fig.6 UV-Vis spectra of the ligands (a) and compounds 1-3 (b) in DCM
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R AW . LAY 1-37ERTAL B DMSO IR IR Bl 72 WY Rl BLOEEIR (200 40t VD) BN,
FE MR i LLAN TR I, AR IL I 70 XAl G O R R A U g Ak RS TR £ 8 i -5 £ 3
Yy 09 B R AE ROCAE 180 min R DLA B 25380, (181 8a~8c), Ui I AL IS = T i Bl O, {H
YLWIHAE DMSO FRRENE LA, A M T E i te AREDCIRT BEARAT 9 WA AR — 7 i, [ A 3R

0.16 0.16 0.36
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Fig.7 FT-IR spectral variations of compounds 1 (a), 2 (b), and 3 (c) in dark
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d) Complex 3
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032 F
0.12
8 g 0.24F
5 S
-r% 0.08 —g
= = 016
0.04
0.08 |
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L 1 1 1 1 1 1 1 1 1
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¢=5 mmol - L"!; Solvent: DMSO
K8 LEW AL () AR (b)FIHEE (o) I T RYZIAMETE AR (L BEERT 15 min J5 0970 5659 3LLAETE (d)
Fig.8 FT-IR spectral variations of compound 1 upon irradiation of red (a), green (b), and blue (c) lights; (d) FT-IR spectra of

compound 3 and species derived from compound 1 upon irradiation of blue light for 15 min
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