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Abstract: Three asymmetric alkynyl-bridged pentaphenyl substituted biferrocenyl derivatives Fe'-C =C-Fe (1),
Fc¢'-C=C-C=C-Fc (2) and Fc¢'-C=C-C=C-Fc' (3) (Fc'=pentaphenylferrocenyl, Fe=ferrocenyl) were successfully
synthesized by eight successive reaction steps using tetraphenylcyclopentadienone as starting material. In the
process gaining compounds 1~3, three intermediate products Fc'-COCHj; (5), Fe'-CC1I=CHCHO (6) and Fc¢'-C=
CH (7) were also obtained by three-step continuous reaction using known compound Fc¢'H (4) prepared by four-
step reaction. The crystal structures of compounds 1, 2 and 5, 7 were determined by X-ray single crystal diffraction
technique, and the electrochemical properties of compounds 1~7 were studied by cyclic voltammetry. The results
show the C—H---7r interactions and the steric hindrance result in the different space orientations of Fe' and Fe
units in the crystals of 1 and 2. The redox potential of the iron center is increased (E,(Fc'-H)=0.658 V, E (Fc-H)
=0.511 V) while five phenyls are introduced into a five-membered ring of ferrocenyl unit. Comparing with known
compounds Fe-C =C-Fc and Fe-C =C-C =C-Fc¢  (AEp.c-cr=0.215 V, AFEpc—cc-cr=0.134 V), the oxidation
potential differences (AE) of 1~3 are all elevated (AE,=0.236 V; AE,=0.170 V; AE;=0.146 V). In comparison with 1
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and Fc-C=C-Fec, with 2 and Fe-C=C-C=C-Fc and 3, we discover the AE values of corresponding compounds

were significantly enhanced while two different groups Fe¢' and Fe are bridged into alkynyl linkage. CCDC:

1542614, 1; 1542615, 2; 1546347, 5; 1546346, 7.

Keywords: pentaphenylferrocenylacetylene; alkynyl-bridged phenyl substituted biferrocenyl; designed synthesis;

electrochemical property; crystal structure
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AP EEAT R TLC BOAR M sy #E /%, 28 H 200~
300 HEERE, 305 A 2 B R R BEAT RN 7 1 00 43
E

It AR 135 . Bruker D8 VENTURE X 5 4k 1
i AT ; SE 1 Nicolet A W FT-IR L4065 (KBr
JE )5 Agilent 500 MHz DD2 #% 4 3:4R X (CDCLy A
B, TMS S N AR); CH 1760C T H Ak 2% 25 & 43 Bt
A0, = AR R G0 A 22 AR r i BRORT L (P AR
1.6 mm)Fl Ag/AgCl 2 LU HLB2H B, 1E U T L 7S 96
PR % (n-C4Ho),NPF¢, NBAPF) hy 3 5 FLff [T
1.2 HEWI1-3HEK
12,1 1-ZREk -0 ORI ORI 2 B ()

ALY T, 1 25 mL Schlenk S0 H 4K
NN 254 mg (0.6 mmol) FAHE Z 48k LR Fe'-
C=CH,200 mg(0.6 mmol)Mift =%k Fel,59 mg(0.5
mmol )AL T HEEEH 1-BuOK, SR J5 il A 12 mL DMF #1
2 mL H0, B $ THE , T 80 TN 1.5 h W 253
Jei L A S A S K T MR R R 3 R ROBE VR (R IR 20
mL), H 100 mL 5 e A7 20, & A HUAE ,
TCK B R B T MU D8R Z8 R BR 250, I
it A e R A A T AT AR Z BT 43 8 (kv
RV Vamn=1:2), WERBE O, RAHKE
107 mg(23%) 1% & L E A 79 Fe'-C=C-Fe (1), 1k
A1 15 B 8 cm.p. 270~272°C ;'H NMR (500
MHz,DMS0):8 7.16~7.12(m,5H),7.10~7.06(m , 10H),
7.04~7.02(m,7H),7.00~6.98(m, 3H),4.58(s,2H),4.53
(s,2H),4.43(s,2H),4.36 (s, 2H),4.24 (s,5H); "C NMR
(125 MHz,CDCly):6 134.43(5C,Ph),131.58(10C, Ph),
126.87(10C, Ph), 126.09(5C ,Ph),87.56(1C, =C-F¢'),
87.21(1C,=C-Fc),71.22(1C,Fc’),703.2(2C, Fc') ,69.46
(2C,Fc'),69.25 (5C,Fc'),68.55 (1C,Fc),68.13(2C,
Fe),68.12(2C,Fc),65.91(5C,Fe); IR (KBr disk,cm™):
3 052(vcu, Ph and Cp(Fe' and Fe)), 2 166(ve=c).

122 1-%Ek-4- R EE T RER-1,3- T 28k (2)

4 84 mg(0.4 mmol) — 5k L Fe-C=CH, 226
mg (0.4 mmol) LA HE KK LR Fe'-C=CH, 10 mg
(0.05 mmol) & B2 i A1 10 mL MEE K UM A F] 25 mL
SHRBERM T RIS TR, T 95 C/RL 5
h, BRSSO D8R B L R R b T e v
ffE s AR AR JFHEATHEZ M0 B (RBER .V g
Ve =1:5), WO (A4 | S 3845 121 mg(38%) 8
5 AR Fe'-C=C-C=C-Fe (2), k&YW 2195
Br B H5 cmp. 256 ~258 °C ;'H NMR (500 MHz,
DMS0):8 7.18 (t,J=7.5,5H),7.11~7.08(m, 10H),7.01
(d,J=7.5,10H),4.58 (s,2H),4.53 (s,2H),4.43(s,2H),
4.36(s,2H),4.24(s,5H); *C NMR(125 MHz,DMSO0):6
134.42 (5C,Ph),131.96 (10C,Ph),127.37 (10C,Ph),
126.59(5C.Ph),88.24(1C ,Fc'-C=),79.74(1C,Fc¢'-C =
C),77.63 (1C,Fc¢’-C =C-C=),77.58 (I1C,Fc-C=),
76.63(1C,Fc'),74.48(2C.Fc"),72.10(2C , F¢'),70.23(5C,
Fc'),69.71(1C,Fc),68.43(2C,Fc),63.24(2C,Fc),62.55(5C,
Fe); IR(KBr disk,em™):3 060(vcy,Ph and Cp(Fc' and
Fc)),2 213(pe=c,Fc’-C=C),2 151 (¥c=c,Fe-C=C),
123 1,40 RHE R, 3- T ZHR(@3)

¥ 226 mg (0.4 mmol) LA I — Kk LB Fe'-
C=CH,42 mg (0.2 mmol) MLALIF4{ Cul,26 mg(0.1
mmol) i iR 4% Pd(OAc),,49 mg(0.2 mmol) — 7 K&
PPh;,2 mL A MEA 10 mL 1,4-= 4875 BRI
AF| 25 ml = H BRI, [ 52 AR
SRR TRFERNY 7.5 h RN Z5HE | 0F R 255
H I o G T e v A R A LR R AT A R A
B RTER .V e Vimm=1:7) o WG B (A0 | i
ZARTF 61 mg(26%)1 ¥ (L E A 1) Fe'-C=C-C=C
-Fe' (3), &Y 3 3 MU .m.p. 383~385°C;'H
NMR (500 MHz,CDCLy):8 7.13~7.10 (m, 10H),7.05~
7.02(m,40H),4.34(d, J=24.5, 1H); ®*C NMR(125 MHz,
CDCly):8 134.39(5C,Ph),131.92(10C,Ph),126.88(10C,
Ph),125.85(5C,Ph),88.23(4C,-C=C-C=C-),77.77(2C,
=(C-C=),77.01(2C,Fc),76.88(4C ,Fc’),75.15(10C,
Fe');IR (KBr disk,em™):3 052 (vey,Ph and Cp (Fe'
and Fc)),2 155(vc=c).

2 BRI
21 AMAE

&Y 1~3 Fl 5~7 G BILE 2, B
G 4 G BN W, Supporting information Bl 82,
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Fig.2  Synthesis of compounds 1~3 and 5~7
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& 57 1 F 2 AR 2 ECHE UL Supporting
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information Y % S2, 73 T 45 ¥4 43 5l UL Supporting
information #J &l S4 A&l S5,
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Kl 3A FEL4A 535259 1 f1 2 B 93§45
B, B4 A5 H TN, Fo' 3 10 A U 3R 13 0 26
(C1-C2-C3-C4-C5) 5 Fe 3y — A~ B0 15 45 35 (C8-
C9-C10-C11-C12 .C10-C11-C12-C13-C14) 43 % i i
A (-C6 = CT7-) F BB AFF (-C6 =C7-C8 = C9-) #H
I, R 1T AR IR AN X R R B IO e Ak B
1R 2, 7RG 1l B (-Co=CT7-) M %
L 2 A 0 A (C1-C2-C3-C4-C5 ,C8-C9-C10-
C11-C12) BT e~V 1 2k /1 Ry 55.542°(1& 3B),2 1~ 4
J& > Fel 3 Fe2 BIEE B M 0.717 6 nm (&l 3C),
C5-C6-C7 5 C6-C7-C8 15 £ 73 il i 163.8(6)° Fl
168.6(5)°(3% 2) FEALE W 1 1 Fe' 5 Fe Ry %3 [H] B
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Table 1 Crystallographic data for compounds 1 and 2

Compound 1 2
Empirical formula Cs,HxFe, CsHxsFe,
Formula weight 774.52 798.54
Temperature / K 173(2) 173(2)
Crystal system Triclinic Orthorhombic
Space group Pl Pbea
a/ nm 0.989 66(7) 1.302 50(9)
b/ nm 1.001 85(8) 2.058 22(15)
¢/ nm 1.863 68(14) 3.396 1(2)
al(°) 91.881(3)
B/ 96.119(2)
y/(° 90.092(2)
Volume / nm? 1.836 3(2) 9.104 4(11)
Z 2 8
F(000) 804 3312
0 range for data collection / (°) 2.89~26.00 2.86~23.36
Reflection collected, unique 71 570, 7 220 (R;,=0.041 7) 16 8413, 6 578 (R,,=0.077 4)
Completeness to 0 / % 99.8 99.4
Goodness-of-fit on F 1.038 1.053

Final R indices [[>20(1)]

R indices (all data)

R=0.055 7, wR,=0.134 8
R=0.061 2, wR,=0.137 7

R=0.054 3, wR,=0.099 4
R=0.065 6, wR,=0.104 7

K2 UEWIM2HWEEZEEKTER
Table 2 Selected bond lengths (nm) and angles (°) for compounds 1 and 2
1
€5-C6 0.144 4(6) €6-C7 0.116 0(6) C7-C8 0.143 8(6)
€5-C6-C7 163.8(6) C6-C7-C8 168.6(5)
2
C5-C6 0.142 2(6) C7-C8 0.137 3(6) C9-C10 0.142 1(6)
C6-C7 0.120 6(5) C8-C9 0.120 3(5)
C5-C6-C7 173.1(4) C7-C8-C9 174.8(4) C8-C9-C10 177.8(4)
C6-C7-C8 175.9(4)

] ¥ T G546 (18] 3A), MAEAL B4 2 1 Fe' 5 Fe
Fefy s B T L5 0 (B 4A), 7RG 2
SRR T 2 42 1 2 AN B I s B i A T T e
a2 A& JE L Fel B Fe2 1915 200 2 WL E
4B ME 4C, LA 1 A0 2 BREf AU 20 | 2 2
Ui Fe' 5 Fe HEM 23 [ A7 B2, BB i C5-Co-
C7-C8 L XM AR 5 C5-C6-C7-C8-C9-C10 fi &5 H £k
U HREE (180°) A A2 B2 T K

L A ARECE BT A R A R 2

H T R EE I — R R 5 A IR EUT
ST NI R A A, fFeE Y
122 MR EAR— (k&Y 2 KRTFAEGY
1), Bflt 2 NbE W53 F W2 R B TR (kA
2 2 EALBH/NTAE G 1), R 3 AT 7B &)
1F02 R iR A3 F I AAAE C-H - ar SEAH HAE
H(E 5 [ 6), TEEY 1 A2 7E 5> T IR C—H---
o A HAE I (C1-H1 -+ Cg(3) (C13-C14-C15-C16-
C17)), FIBBAELES F N C—H---7 BEAH B AEH
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H atoms have been omitted for clarity and thermal ellipsoids are shown at the 30% probability level
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Fig.3 Molecule structure of compound 1
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Fig.4 Molecule structure of compound 2

) j\*c /” C20° ¢ copi
T/;k\\' a /8 cn9f i} C22i
u\\ A

(A)
(A) Partial C-H---7r interactions of compound 1; (B) 2D structure of compound 1 formed by C-H---7

interactions along @ and b axes; Symmetry codes: ' 1-x, 1-y, —z; " x, v, z

K5 &% 18 C-H---m B EAR]

Fig.5 C-H---7 interactions of compound 1
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(A) Partial C-H---7r interactions of compound 2; (B) 2D structure of compound 2 formed by C-H---7 interactions

along b and ¢ axes; Symmetry codes: ' 3/2—x, =1/2+y, z; " 1-x, 1/2+y, 1/2-z; " 3/2—x, 1124y, z; ™ 1/2+x, y, 1/2-z
e &2y C-H--m LA

Fig.6  Partial C—-H---7r interactions of compound 2

®3 KEW1IFM 20 C-H--mHEER
Table 3 C-H---7 interactions geometry for 1 and 2

d(C-H) / nm d(C-+) / nm d(H-+) / nm LC-He-m / ()

1 C12-H12---Cg(5)" 0.093 00 0.396 59 031143 153.07
€39-H39---Cg(2)" 0.093 00 0.396 01 0.319 37 141.02
C1-HI1---Cg(3) 0.093 00 0.368 49 0.281 72 155.73

2 C2-H2---Cg(3)" 0.093 00 0.381 80 0.299 37 148.54
C13-H13---Cg(1) 0.093 00 0.376 25 0312 32 12751
C16-H16---Cg(6) 0.093 00 0.398 41 0.326 87 135.34
C19-H19---Cg(2)" 0.093 00 0.396 81 0.338 97 122.54

*Cg(5): (Cp ring of 1 C19~C24); " Cg(2): (Cp ring of 1 C8~C12); © Cg(3): (Cp ring of 1 C13~C17); *Cg(3): (Cp ring of 2
C15~C19); “Cg(1): (Cp ring of 2 C1~C5); ‘Cg(6): (Cp ring of 2 C31~C36); Cg(2): (Cp ring of 2 C10~C14).

(C12-H12---Cg(5)(C19-C20-C21-C22-C23-C24) .C39—
H39---Cg(2)(C8-C9-C10-C11-C12))(Fl 5A), it C-H
o BEAHEAEH, AAEW 1B T AT T ab F1H
1 2D 4548 (& 5B), TEALS Y 2 h | i T2 [ 7 B 4%

AN REEFE S TN C=H - S B AR RAFEAE
S F ) C-H--7r 5 AH BEAEH (C16-H16---Cg(6)
(C31-C32-C33-C34-C35-C36) .C2 -H2 --- Cg (3) (C15-
C16-C17-C18-C19) .C13 -H13 --- Cg(1)(C1-C2-C3-C4-
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C5) Ml C19-H19-+- Cg(2)(C10-C11-C12-C13-C14))( &l
6A), L/ TR C-H---r BAHEAEH LA 2
AT T be TR 2D M 454544 WLIEl 6B,

T F 5451 W C-H--a B T AEH &
S SR RIER, SBULEY 110 2 4 Fe’
5 Fe BRI 2 Uah i, i 4r 5B C-H---7r B
AHEAE 5 2 (a7 B AL [ 4R 2 R B &9 2 70
T Fe' 5 Fe BP0 B m) T 0 =254 1) 3

AP
23 BHEMER

FIRIE AR 22 o A LA LR (42 1.6 mm)
HRF LA Ag/AgCl HLIK Ry 2 LU HL A B B 22 00 T A
HL A% , A NBAPF(0.5 mol - L™ hy 32 +:5 Hi ff# 57 , 7F 298
K E 7AW 1~4 T 5Bk 00 s AL 2 PR i 2
45 I B g F R 1 430 W3 4 FHIEL 7,

G 1~3(Fc¢’-C=C-Fc F¢'-C =C-C=C-Fc,
Fe'-C=C-C=C-Fe" )bz n LA 8, 5
E AL A Y (Fe-C=C-Fc¢ Fe-C = C-C=C-Fe¢)® 1) 1
IR AR, TE 0~1.4 VIEFEN (LAY 1-3 1
S 2 XA IR I (18] 7) R T R R AR I I (Y
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Fig.7 Cyclic voltammetry curves of compounds 1~3
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Table 4 Electrochemical data for compounds1~4

Compound E; 1V Es IV AE |V I Ly 15"/ 1y (fitting)
1 0.588 0.824 0.236 0.83 1.25
2 0.668 0.838 0.170 1.28 0.91
3 0.707 0.853 0.146 1.07 1.02
4 0.658 — — — —
Ferrocene 0.511 — — — —
R = - A o+ _F
F¢ CTC Fc 0588 V F¢'—C=C—Fc 0588 V Fc¢'—C=C-Fc
- + - + +
F¢'—C=C-C=C—F¢ s=———— Fc'—C=C—-C=C—-Fc =————= Fc'—C=C-C=C-—Fc
2 0.668 V 0.838V
- + -€ + +
F¢'—C=C-C=C—F¢' s=——= Fc'—C=C-C=C-Fc' =——— F¢'—C=C-C=C-F¢'
3 0.707 V 0.853V

Fc'=Pentaphenylferrocenyl, Fc=Ferrocenyl
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Fig.8 Reversible redox reactions of compounds 1~3
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Supporting information is available at http://www.wjhxxb.cn
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