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Fluorinated Dicarboxylic Acids and Transition-metal(ll)
Complexes with N-ligands: Synthesis, Characterizations
and Crystal Structures

Jiang, Yong Qiu, Xiao Li, Xia™*
(Department of Chemistry, Capital Normal University, Beijing 100048)

Abstract Five new coordination polymers [Cd(TFSA)(2,2-bpy)2]. (1), [Mn(HFGA)(phen),], (2),
[Co(TEFSA)(bpp)2(H20)2]» (3), [Zn(TFSA)(bpp)2(H20)2]. (4) and [Cu(HFGA)(phen)], (5) (TFSA=tetrafluo-
rosuccinate, HFGA = hexafluoroglutarate, 2,2'-bpy = 2,2'-bipyridine, phen= 1,10-phenanthroline, bpp =
1,3-bis(4-pyridyl)propane) have been synthesized and structurally characterized by X-ray single crystal dif-
fraction. The complexes 1 and 2 have similar 1D chain structures, in which adjacent Cd*" and Mn”" ions
are linked by TFSA and HFGA ligands using its two monodentate carboxylate groups, while 2,2'-bipy and
phen act as terminal ligands to chelate the Cd*" and Mn*" ion, respectively. The complexes 3 and 4 have
similar 1D chain structures, in which adjacent metal ions Co>" or Zn*" are linked by bpp ligands using its
two N atoms, while TFSA and HFGA act as terminal ligands using one carboxylate oxygen atom to coordi-
nate the metal(Il) ion. Complex 5 has a 2D network structure with the topology of {4.82}, in which the
neighbouring Cu®" ions are connected through HFGA ligands using a monodantate/bidentate-bridging
mode. All of five complexes are further connected by hydrogen bonds and #-w stacking interactions into 3D

supramolecular structures.
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ERAIE| B2 ey wip SR Tee E0 N N A R T ¢
Pic ¢ 10 <6 Je T 7520 e T JE G UM B AT 0 5 (1 AL
PRI 2L DG T RR(TFSA)RIZS JiU%

(DC B0 A e, BCRRERINZ P2 FEMRg Y, nf
SRS UWIE SEp /e b Sy AR O I NS AT a7 '
THIXT A E, JFaeA 2 il &8 & A 3R
P U T REE R B H, FF 5% Fm i, MImfdiic &
W0 FEL AT A4 45 A 90 e A PO 40 1 & R U1 DO T
TR R 7S 96 — BRSO AR 5 46 8 25 1 R S IR A7 2R & i
R AL R B ATT AP T RN R R
FEEAE, BL 1, 10-2FSEMmE, 2,2 -B6mEme Fl 1,3- Zhbne
BN, L rnd i m e . B B
RV FAE OB T, RIKPIES T 5 AT A
AR IX LA DI i G5Ae MR
1 SRIERSY
1.1 HRENE

FIAT R A oy At A I R AT 44k, JuE )
HH(C, H, N:XH Vario EL JtZ /WG4 e, FIH
KBr J& A HARIERL Bruker EQUINOX-55 ZLAM il AE
4000~400 cm " i Bl P AT IR EL A 0 (0 20 AR
tg P FOBOE B Quantum Design MPMSXL-7 SQUID iR

TN L, BLALO AZ L, A, THELEE N
10 Cemin ', H%EHEF 1000 °C i X E A4 1)
DTA-TGA [ili1£k.
1.2 BEMHEH

Bt &Y [CA(TFSA)(2,2'-bpy),], (1)A[Mn(HFGA)-
(phen),], )M HE ¥ 0.2 mmol CdSO, X MnSO,, 0.2
mmol TFSA 5 HFGA, 0.2 mmol 2,2-bpy ¥ phen, 7 mL
2B /KLL 0.3 mL 2 mol*L ™' NaOH ZKIFWIHN 25
mL R VUG S IR A B AN ) N . 75 140 CHli &
T 3 d, REIEAR R S =, S B0 YUR S A
FEER76% (DA 60% (2). Be&aW 1 Mtk N
CayH 6F4N,04Cd, TOE /3 HT LA (FRIRH)/%: C, 47.00
(46.92); H, 2.61 (2.63); N, 9.14 (9.21). ZLAMgi T30
Wel(em™): 1666 vs, 1597 m, 1493 w, 1478 m, 1444 s,
1357 s, 1127 vs, 772 s, 650 m, 554 w, 412 w. L&Y 2
AL KON CooHyeFeN4OgMn, TG 25 73 B S5 I 4R (B 18
H)/%: C, 52.99 (53.31); H, 2.51 (2.47); N, 8.40 (8.57). 4L
AN BRI I (em™"): 1699 vs, 1517 s, 1427 s, 1377
s, 1160 vs, 1040 m, 846 s, 729 vs, 638 m, 559 w, 420 w.

H & MI[Co(TFSA)(bpp)2(H20),], (3)FI[Zn(TFSA)-

(bpp)2(H,0)2], (@) [ & Je: ¥ 02 mmol CoSO, HX
Zn(CH;C0OO0),, 0.2 mmol TFSA, 0.2 mmol bpp, 7 mL 2%
T/KELK 0.3 mL 2 mol*L™'NaOH ¥ % T 25 mL %
VUG SRt IR AR AN SRS 9, 76 140 °C & F TR
N3 d, SRIG1RE R 2w, A RVR R A PUR B AR3)
MG EHOIR SR 4), 7735350000 56%H1 50%. BEEY) 3
A 2% A CaoHaaFaN4OgCo, TG 3 43 AT 5 I (i (L 18
{l)/%: C 53.03 (52.91), H 4.75 (4.79), N 8.25 (8.32). 4.4t
i R (cm1): 3302 br, 1673 vs, 1505 m, 1426 s,
1226 m, 1106 s, 985 m, 808 s, 725 s, 639 w, 574 w, 513 m.
&Y 4 Bl CyoHFaNyOoZn, JT 25081 55
fHFSIE)/%: C, 52.52 (52.39); H, 4.70 (4.76); N, 8.17
(8.28). ZLANG I A= BRI IE (cm ™ "): 3347 br, 1681 vs,
1620 s, 1433 m, 1377 s, 1222 m, 1131 vs, 1031 m, 823 s,
633 m, 519 m, 431w.

it & Y [Cu(HFGA)(phen)], (S)IA B A iES
FCE9 1 AL, ] CuSO, e CdSO,. 245 3G (o B
PREE, P2 52%. 2R CsHgFeN,04Cu, TR T
SEPME GRS )/%: C 42.38 (42.12); H, 1.67 (1.76); N,
5.81 (5.89). AN E T IE(em ) 1681 vs, 1521
m, 1401 m, 1389 s, 1157 vs, 924 m, 854 s, 725 s, 650 W,
559 w, 431 w.
1.3 E&EYIREEMHNE

PR AL &) 1~5 3G 450 0 B 1 B g A4, A
Bruker SMART-CCD g T A _blSe B i s s, Ho
R KA s RO Mo Ko SFERALHK
0.71073 A). FIH SADABS F&)J7 X} F i 24T -2 50 W i
BAE, iAok S i ik i SHELXS 97 Al
SHELXL 97 F2 /5347021, SR B e idoxt Jealb A7 45 #a ik
Br, JEHZET F AR N afeidxt 4 Mgk AT R &
B &40 1~5 bR AR g M s S8 TR 1, &
TR AR B 1 51 T3k 2.

2 FHR5IHE

2.1 E&Y[CA(TFSA)2,2-bpy).], (1)FI[Mn(HFGA)-
(phen),l, (2)B SR IRLE#

&) 1 HA 1D §RREH, JIAXNFREITEE 1
A Cd* BT, 14 TFSA e fALL & 2 4 2,2-bpy 4 F(K
la). H0 C&* & 75 2 /> TESA KM 2 4> O JR 71 2
A 2,2bpy 4 FHI 4 A N JRFRAL. Cd—O B4R
2.280 A, Cd—N KBRS 2.3697(2)—2.3780(2) A, T
PR 2.374 AL Cd> B IR LA PR S 1 () )\ T A
JUTA Y. N(IB)AT O(1B)Jgi 3 Ay il 170 47 &, N(1B)—
Cd—O(1B)#ff 4 158.73(6)°; O(1), N(1), N(2)#1 N(2B)
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Table 1 Crystal data and structure refinement for complexes 1~5

Complex 1 2 3 4 5
Empirical formula CoH FaN4O,Cd  CpoH FgN,OMn  CyoH3FuN4OgCo  CsoH3F4N,O¢Zn C,7HgFsN,04Cu
Formula weight 612.82 653.40 679.53 686.00 481.79
Crystal system Orthorhombic Monoclinic Monoclinic Monoclinic Monoclinic
space group Pbcn P2(1)/c C2/c C2/c C2/c
a/A 13.5386(15) 9.0118(8) 20.136(2) 49.573(4) 18.3833(6)
bIA 10.6356(11) 16.1486(14) 13.0354(14) 13.0383(11) 10.8048(4)
/A 16.1692(18) 18.0123(17) 23.321(3) 31.864(3) 17.0173(5)
al(°) 90 90 90 90 90
A 90 95.665(2) 93.754(2) 116.6910(10) 98.977(2)
() 90 90 90 90 90
VIA3 2328.2(4) 2608.5(4) 6108.2(12) 18401(3) 3338.71(19)
Z 6 4 8 8 8
(Cl\ilgf‘:sf? density/ 1737 1.664 1.478 1.486 1.917
fr’j?fp“on coefficient/ 1.557 0.595 0.636 0.874 1.404
F(000) 1236 1316 2808 8496 1912
Crystal size/mm 020X02X0.15  0.36X033X026 031X024X021 0.46X044X0.17  0.30X0.25X0.20
Z;Tz;zrff)for data 2.52 t0 27.61 170 to 27.62 175 t0 25.25 1.84 t0 25.25 2.19 t0 25.01

—17<h<16 —11<hr<10 —24<h<19 —56<h<59 —21<h<21
Limiting indices —13<k<13 —20<k=<20 —15<k<15 —13<k<15 —12<k<10

—20</<21 —23</<19 —27<I<27 —36=<</<38 —19<</<20
Reflections 24836/2665 [R(int)= 15604/6004 [R(int)  15424/5521 45323/16656 8969/2940
collected/unique 0.0322] =0.0441] [R(int)=0.0580]  [R(int)=0.0386] [R(int)=0.0185]
Completeness/% 98.4 98.9 99.9 99.9 99.7
Data/restraints/parameters 2665/0/173 6004/520/470 5521/175/481 16656/476/1384 2940/3/298
Goodness-of-fit on F> 1.048 1.066 1.059 1.024 1.076
Final R indices R;=0.0237, R, =0.0434, R,=0.0633, R;=0.0503, R;=0.0473,
[I>26(1)] WR,=0.0624 WR,=0.0939 WR,=0.1445 WR,=0.1232 WR,=0.1347
R indices (all data) R;=0.0301, R,=0.0677, R;=0.1052, R;=0.0778, R;=0.0526,

WR,=0.0667 wR,=0. 0.1047 WR,=0.1702 wR,=0.1390 wR,=0.1411

Largest diff. peak and

hole/(e*A )

0.607 and —0.482

0.504 and —0.416 0.580 and —0.522

0.905 and —0.509

0.739 and —0.762

®2 EEW1~5 FEKA)RAC)
Table 2 Bond lengths (A) and angles (°) for complexes 1~5

BlE 1
Cd(1)—N(1) 2.3697(16) Cd(1)—N(2) 2.3780(16)
Cd(1)—N(1)#1 2.3698(16) Cd(1)—NQ)#1 2.3780(16)
cd(1)—0(1) 2.2803(15) Cd(2)—O(1)#1 2.2803(15)
O(1)—Cd(1)—O(1)#1 83.04(8) N(1)—Cd(1)—N(1) 68.94(6)
N(1)—Cd(1)—N@2)#1 102.92(6) N(1)—Cd(1)—N(1)#1 83.38(8)
N(D#1—Cd(1)—N(2) 102.92(6) N(#1—Cd(1)—NQ)#1 68.94(6)
N(2)—Cd(1)—N(2) #1 169.57(9)

BG4 2
Mn(1)—O0(2) 2.0969(15) Mn(1)—O(4) #2 2.146(4)
Mn(1)—N(2) 2.2771(18) Mn(1)—N(3) 2.2887(18)
Mn(1)—N(4) 2.2929(18) Mn(1)—N(1) 2.3159(19)
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0(2)—Mn(1)—O(4)#2 93.30(10) N(2)—Mn(1)—N(@3) 101.21(6)
N(2)—Mn(1)—N(4) 161.64(6) N(3)—Mn(1)—N(4) 72.36(6)
N(2)—Mn(1)—N(1) 72.60(6) N(3)—Mn(1)—N(1) 84.29(6)
N(4)—Mn(1)—N(1) 89.47(6)

BL&4 3
Co(1)—O(1) 2.097(3) Co(1)—O(6) 2.109(4)
Co(1)—O(5) 2.118(3) Co(1)—N(1) 2.159(4)
Co(1)—N(3) 2.163(4) Co(1)—N(4) #2 2.16(3)
O(1)—Co(1)—0(6) 86.97(13) O(1)—Co(1)—0(5) 176.24(13)
0(6)—Co(1)—0(5) 89.64(14) N(1)—Co(1)—N(3) 89.63(14)
N(3)—Co(1)—N(4) #2 93.7(9) N(1)—Co(1)—N(4) #2 176.6(9)

BLG4 4
Zn(1)—O(2) 2.180(3) Zn(1)—O(13) 2.191(3)
Zn(1)—O(14) 2.128(2) Zn(1)—N(1) 2.119(2)
Zn(1)—N(@3) 2.113(2) Zn(1)—N(12) #2 2.173(3)
0(14)—Zn(1)—0(13) 88.24(9) 0(14)—Zn(1)—0O(2) 175.33(9)
0(13)—Zn(1)—0(2) 87.50(9) N(12#2—2Zn(1)—N(1) 177.56(11)
N(12#2—Zn(1)—N(3) 92.22(10) N(1)—Zn(1)—N(@3) 89.23(10)

[/
Cu(1)—O(1) 1.941(3) Cu(1)—O@3)#1 1.959(3)
Cu(1)—O(4)#2 2.286(3) Cu(1)—N(1) 2.013(3)
Cu(1)—N(2) 2.008(3) O(1)—Cu(1)—O(4)#2 89.01(12)
O(1)—Cu(1)—O03)#1 86.79(14) N(1)—Cu(1)—N(2) 82.39(13)

¢ Symmetry transformations used to generate equivalent atoms: for 1, #1: —x+1.5, —y+0.5,z+0.5; for 2, #2 x, —y+1/2,z+1/2; for 3: #2: x—1/2, y+1/2, z; for
4: #2: x+1/2, y+3/2,z+1; for 5: #1 —x+1.5, —y+0.5, —z+1,#2 —x+0.5,y+1.5, —z+0.5.

JAFAL T ARTELT B . TFSA e A& DU S CH 2 A F ik
BRILF R TR Cd* BT, JER 1D 4. 2,2'-bpy 4> T-LL
2NN B FEATAL CA* B 7, 24N 2,2'-bpy 4 1 1
4 81.59°. Cd-Cd FE 54 9.841(5) A. Cd—Cd—Cd 2.
(IR 102 110.482(1)°. FLAWIMMERIEIN A 3D i85
TGS, wEANGE (0] HEATE(E 1b). XA
KT 2,2"-bpy 7 FH M) H R 5 AHA0EE B TFSA i
&%) O R F Jii ¥, B C—H-O il C—H-F &8 (3 3).

Bo&d 2 RIS 1 280U 1D #E45 MKl 2a) 81
AN 3D M T4 (B 2b). Mn—O KR
2.0969(1)F1 2.146(4) A, “FIHEK A 2.121 A, Mn—N
KIGHY 2.2771(2)~2.3159(2) A, FIHEK L 2.294 A.
Mn 5 Mn Z [8] {8254 9.015(5) A, Mn—Mn—Mn 2 |1]
(1S Je 174.9 (5)°. phen 43 ¥ H Jst 7540
HFGA FRFALH O J7R P F JRFIER T C—H 0 Al
C—H-F &8GR 3). HHALHE B phen 7 FRIfEAE n-n
HEAR, JOFEESR 3.757 A.
2.2 BEAHI[Co(TFSA)(bpp).(H20).l, (3)FA[ZN(TFSA)-
(bpp)2(H20):], (4)HY & IR 544

B 3 55 4 HATAVBLY 1D BRIk &5k, DIkl 3
NIRRT AL R, Co® 85115 TFSA AR 1 AN

®3 EAW, 2,305 KB A)REE /()
Table 3 Hydrogen bond distance (A) and angle (°) data for
complexes 1, 2, 3 and 5

D—H:-A ~/DHA d(D***A)
Be&9 1
C(4)—H(4)*+-0(1) 166.027(6) 2.5795(2)
C(2)—H(2)**-0(2) 174.227(6) 2.486(4)
C(8)—H(8)***F(1) 142.321(6) 2.651(1)
B A 2
C(6)—H(6)**-0(1) 146.42(9) 2.56(4)
C(8)—H(8)**-0(1) 148.93(9) 2.50(4)
C(18)—H(18)**-0(3) 141.02(9) 2.53(4)
C(21)—H(21)***F(2) 168.23(9) 2.57(4)
A9 3
O(5)—H(5A)***N(2) 167.78(9) 2.789(6)
O(5)—H(5B)***0O(4) 173.70(9) 2.720(6)
0(6)—H(6D)**-O(3) 162.78(9) 2.627(6)
L& S
C(2)—HQA)"*-0(4) 168.92(1) 2.668(3)
C(6)—H(6A)*-0O(2) 154.107(1) 2.412(3)
C(5)—H(5A)**F(2) 163.95(1) 2.665(3)




No. 3 OB R TRIRANS AR S G EADR S R RAE KA ARG 307

B1 A1 g (a) 1D BRI CA® B 1 LA A5 (b)
3D 4y 1R C—H+--0 1 C—H--F g5

Figure 1 View of the structure of 1: (a) 1D chain and the coor-
dination environment of Cd*>* ion. (b) 3D supramolecular struc-
ture and C—H-+++O and C—H-*F hydrogen bonds

FEAAUR T 2 ANEATKIAR FBLA 3 AN bpp 4311 3
AN JETFEAL. J\ECAL Co*' B 7 Ab TA2 LA\ T 44
o, N(DFT N@A)YAL Tl 67, N(1)—Co—N(4A) i f
A 176.6(9)°; O(1), O(5), O(6)LL Lz N3) I 7~z TR B 1
T, T2 0 25 P PR 85 8 0.0428 A. Co—O(RIE) it K-k
2.097(3) A; Co—O(K) Kl 2.109(4)F1 2.118(3) A, *F
KK IE 2.114 A; Co—N BKJEE A 2.159(4)~
2.163(4) A, FHIEEKSE 2.161 A. bpp FeACHE T B 1) N
JEFIERARARIN Co™ B ERL 1D BELEHI(E 3a).
TFSA kLA o FRIE AU R RO T Co™ s 1, “amfR”
7 1D b 53— bpp BAARH 1| MEUR T Co™ &
FHLA7. Co Y5 Co Z IR N 11.994(7) A, Co—Co—
Co Z [ [AJEffi /& 180° , W 1D Bk LIFTA Co™ &1
HOAEE — e . AR, MEAXN 1D FEli A
HEME, TERROEESE () 3b). BEZ A7 P P R
O—H-"N BRI TRALK H 75 Bk B 1) bpp

AT ORI I N . O—H O Sl kU5 T /A7 /K
H J2T5 TFSA BAAH KRB O JRF (K 3).

(b)

B2 W2 giH: (a) 1D BRI Mn® 51 (IR A BE, (b)
3D 4 WA C—H-++0, C—H--F } n-n HEAUIEH]
Figure 2 View of the structure of 2: (a) 1D chain and the coor-
dination environment of Mn?". (b) 3D supramolecular network
and C—H--+O, C—H--*F and n-x stacking interactions

B3 A3 Mg (a) 1D BERT Co® B T AT RS, (b)
WUHELERIFN O—H-+-0, O—H-++N 4t

Figure 3 View of the structure of 3: (a) 1D chain and the coor-
dination environment of Co?"; (b) Double-chain structure and
O—H:+*-O and O—H-**-N hydrogen bonds
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2.3 BLAHI[CUu(HFGA)(phen)], (5)RY SRk LE+

Be&) 5 HAT 2D MRARE K. IEEYh 1 AR
FotEE 1A Cu® BT, 14 HFGA FLfAR! 1 4 phen
T (E 4a). Cu® BT 5 34 HFGA FiefA 1 3 4~ O Jii 7
LK phen 43 F 161 2 AN N JEFRAE. FLECAL M Cu® 81
(PSR PR W DA A 0t ) DU 77 HE, N(1), N(2), O(1)
A OGB) R T2 BT, O@A THlA AL E. Cu—O0
BRI 1.941(3)—2.286(3) A, “FIy# Kl 2.062 A.
Cu—N 8Kl 2.008(3)12.013(3) A, VK4 2.011
A HFGA TCAAI 2 /NRIES) il SR EER oA RN M BT
P 34 Cu* B, A Cu® BT 14 phen
FCAREE AT, AHARI 2 A Cu®™ B 7% 2 > HFGA Rt {4
(1) 2 DNRCRFIR LR, B HIT [Cu(OCO),],,
CuCu i3I 4.617(7) A, iZ R ILH LGRS,
it HFGA R ERL 2D M. Rt 48 8 1A
Wk, AT AR E) {4.8% 4 di k. AR 2D 2 Z THlAY
TESSVERE AL % 3D 51 M (K] 4b). SBEAAE T
phen 731 H Ji- 1 HIAHLE 2 o HFGA FlAATE) O T F Jit
F 2 I8 3). phen 43 TR ) m-m HERAEF (I RIEE 3.718
AN —D R85 T 1% 3D 4544

24 EEY5 W

WK 5 Fizs, BAY S 2E 300 K I EERBALER ym N
0.0026 cm’smol ', 7 50~300 K }ZEMEH K, 7<30 K
I RAFAEPL, 75 2 K AR KME 0.269 cm®emol .
I R O prege A 2.507 pg, BEEURSE N R B%,
50~300 K WIHAEJLPAAL, f2Ar 2 K Ik 3] i
/IME 2.068 pp, BEHIBCEY) S 1 {Cup} XU FRIC AT
S MEAR TR R,

R A5 XU Al (L) e 0 1 T s 26t A % 5o 50 1
SFTHEH T XU Cu, 1 R AL 2 (¥ Bleany-Bowers J7

T

_2Ng’B { 1

+N, ©)
KT | 3+exp(—2J/KT)

&R T<20 K WA R e /1N, HWLEETE K
(KI5 N 1.2X107* cm®+mol .

F 2 QSR A (0 AR U A 4 1R I (i AN
ST, — SR R=3.01X10° [R=
S (Kobsa — Xeated) /S Hovsa”]. BAEPL G IR RIHES B J=
(—0.724+0.02) cm ', g=2.04.

(b)

B4 FAYS giH: (a) 2D FAT Cu®' B FIICAL RS (b) 3D HERLEIR C—H-+-0, C—H-+-F SU#, n-n HER
Figure 4 View of the structure of 5: (a) 2D network and the coordination environment of Cu**. (b) 3D network and C—H-*-O, C—H:+*

F hydrogen bonds and - stacking interactions
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Figure 5 Plots of y, vs. T (open circles) and g vs. T (open
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25 HoH

EE M ~1000 CEHAXNEAEY) 1~4 AT T %
P E T 6). FLAY) 1R 2 R T IREF AR E
PE, JRHEULE 2> ILE 296~458 1 281~471 C, MKE
AN 83.45%F1 83.64%, 45 %] CdO Al MnO (H
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