% 4”) 4& % DOI: 10.6023/cjoc201502013

R ER

Chinese Journal of Organic Chemistry

NOTE

1-FFHRE IR REKIGHI & K

ITRE I ®
oK

e

o # ORI
PR AR

(RS KA A T A BRI HL G RE RS = AR 010021 )

W Bt TR 105 R T ORBRIIR AT AR B BT, 207 AT R A I RN IR, I RS 3T
JR LB LRI G Crabbe NAEILRE, AR TSR HARME . JFE R IR G . BRI e o

X AEHFEAT T RAL.

BRI TR WO 107 T TORBRIBE; Sk

Synthesis of 1'-Arylmethyl-1-(1,2-dienyl)ferrocenes

Wang, Chenjun Ma, Chao Zhang, Kaixin

Han, Fei  Li, Baoguo® Chen, Shufeng™
(Inner Mongolia Key Laboratory of Fine Organic Synthesis, Department of Chemistry and Chemical Engineering,
Inner Mongolia University, Hohhot 010021)

Wang, Han

Abstract A convenient procedure for synthesizing 1'-arylmethyl-1-(1,2-dienyl)ferrocene derivatives was explored. Using
commercially available ferrocene as the starting material, the six target compounds were obtained in five steps via
Friedel-Crafts acylation, reduction, acetylation, acetylene formation and modified Crabbé reaction. The structures of the ob-

tained allenes were characterized by "H NMR and *C NMR and HRMS.
Keywords ferrocene; allene; 1'-arylmethyl-1-(1,2-dienyl)ferrocene; synthesis
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Scheme 1 Design the synthetic route
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FEJE R, WFR AL, Fl NaBH,- =4 LR IE FUA R 1E
AR BRI SR B RE R R k3 IR JE A T
3L, %515 Clemmensen i JRAREL, 8% T 2R
(A, T H A PRR AN N R AR EE T (E, S gk S L
1A/ RN, MR LA T A
B, RE DA 88 = 2R A B B 18 SR P2 4.

1.3 1-ZEtE-1-FREZEEKG)M 1-CHRE-1-FH
XK ERK

G BT R R B R, B ORISR
M R B — AR BRI N ZRIE, 1%, BRATKZEH
B TRES CBEEAE AICT AL T AT KB AR R
R I N, B850 N R 2. FRATHHO 2, BT
KINAELE, WRE S B WAk S B BE mT LUK AE7E — Bk
MR IR IR b, XOAT PR AETERIE . O T 1355
—HMLEY 3, BATHAT 7 KESELR, &ERI™H
P R VIR EE T —15 °C, ZE18 a0 H L R 2k e K
GBI R N T ) A5 A ) LB - = SRR
AW, PR EIEEEERAS R T B S 3a, 1 HE
BRI E OB =Y. BT R, BRATEH Z 77
N B 05 IR R EEY) b, AR R T A NI R
GE0(FK 2). TWEUAME, MUIRIF A (i 72k F 4
EAERT, LA F= P = S B, X2 RN TE 1% R
NIRRT 1) A TE i T .

BNk, 2% 2R RD RITHEET 1-4
FRFE-1-55 FHIE Rk @) A K. gERERW, T Bk
Hl & A F RS, YRR BB IF MR, Wk 2 Fiow.
TR I, SN E POCL; Al DMF X W 5%
WA K, 5 B AL AT A A AL, 75 0 K KBRS S
WK, F4h, fEH NaOH VAR ERRS, — & ZRdEmA
FRAE I 90 “CHJ NaOH (0.5 mol/L)VAT, X3k
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Table 1 Synthesis of arylcarbonyl ferrocenes and arylmethyl ferrocenes
V&
i AlCl3 @C\ L CHyAr
Fe + ArCOCIl —— > F I ——— Fe
< CH,Cly, 0°C é AT TFA, CH,Cly, r.t. <
1a~ 1f 2a~ 2f
Entry Product 1 Yield “/% of 1 Product 2 Yield “/% of 2
0}
@5@ L —cHyPh
Fe
Fe
1 75 < 75
1a 2a
Q H,
! c
2 Fe 68 Fe 61
Cl < ¢«
1b 2b
9 H,
2 C
3 Fe 81 Fe 60
cl f— cl
1c 2c
? Hy
2 cl C<:>ﬂ
4 Fe 75 Fe 74
f—
1d 2d
O H,
- ¢ @
5 Fe 80 Fe 74
< b = b
1e 2e
9 Hy
@—c—@oom S @ocm
6 Fe 58 Fe 42
= =
1f 2f

“Yield of isolated product after chromatography.

AR S S 45 SR AT PR 2k
1.4 1-FEREEZKSEBEG)MNERK

WIh G EIR 1-Z R FE-1- 55 3 R &
da~4f J5, AR FHBGIER Crabbé [ S H AL g0
&Y. B, %2R ITER, BL Cul fE#ELL
), T RPIRAE, b 4a 5% 5 PRELE A [
6 h, PL35%MF= R85 T Bisth ). N T RS EY
Sa (1773, ATUVEANF 4L T HEALT . Bl LA S R 1%
SN IS, BFR ORI, 24 LL CuBr (80 mol%) 4L
TR RE(200 mol %) TERRIS, k&Y 4a 5% T FHIEE(E H
FKAEGE 1 h, AR mBCRBRE LAY Sa. #
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Table 2 Synthesis of 1-acetyl-1'-arylmethyl ferrocenes and 1-ethhynyl-1'-arylmethyl ferrocenes

S—CHAT  chcoc @gHzAr (1) POCl3, DMF, 0 °C ©F CHoAr
Fe —_— e

Fe
AICl5 I (2) NaOH, dioxane, reflux ==
\ =4 CH,Cly, -15°C =7 CCHs
3~ 3f 4a ~ 4f
Entry Product 3 Yield “/% of 3 Product 4 Yield “/% of 4
?‘C"bph L2 —CH,Ph
e
Fe
1 <~ CCH; 72 — 75
g - =
3a 4a
cl al
Ha
2 Fe 74 Fe 82
@gCHS ==
3b 4b
Ha
C He
Fe Fe
3 @7—§CH3 cl 50 =, = % 87
4c
3c
H,
)¢ He o
4 é—gcm 79 :Fe _ 53
o}
4d
3d
Br Br.
Ha
O =0
5 Fe 50 Fe 50
3e 4e
o OCH Ha
. 3 & Ooom
e
Fe
6 ©_§CH3 30 — = 80
af
3f

“Yield of isolated product after chromatography.
3 SCIGER4y 2, JEFFR AR (60~90 C)M 2R 2.k,
3.2 XWHE
32,1 A1 e Rk

7E0 CF, KI5 HEEA0.118 mol)ZZ 8 Hhi hn 2
K =5AEER(0.118 mol)Fl 135 mL /K CH,Cl, T
RAW, HEE 15 min, HE| =SULEEAREM. R5

3.1 UES5HF

Advanced Brucker-500 MHz #Z i HAR{(TMS AW
¥r, CDCl; N#7); Bruker ultrafleXtreme MALDI-TOF/
TOF 43 HEm A, B GR35 i 65 4 i 4k,
F TRt & FOT 34T, HEEHT R 200~300 HE
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R31-07 TR TRBRIE A R
Table 3 Synthesis of 1'-arylmethyl-1-(1,2-dienyl)ferrocenes

Cul (80 mol%)

L —CHAr iPr,NH (2 equiv.) CF CHaAr
Fe __* (CH;0) toluene, reflux °
== == N
4a ~ 4f 5a ~ 5f
Entry Product 5 Reaction time/h Yield “/%
L —CHyPh
Fe
1 =N 1 65
S5a
Cl
H,
C
2 é/\ 1.5 55
5b
H
C
3 é/\\ - 1.5 50
Sc
H,
e
F
=2 1 58
5d
Br.
H,
C
5 é/x 1.5 58
Se
H,
¢ OOCH3
5f

“Yield of isolated product after chromatography.
£ 0 C ¥ LR & 1 R A IR 18 W I B A %
£k(0.107 mol)f¥) 335 mL CH,CL ¥&W+, T-0~10 CF
PiHE 45 min, F T =IRBFER 3 h. R TEERE, ¥x
RSB VOK o, 5 AU, KAHA CH,LCl,
W, HIFAHAE, KB, AHLEHTGKER R ET %R,
IR, PR A RN, HESVCARTE) D V(LR
LBE)=10 : 1146461330 AR 1a~1f.
322 fubdh 2 bR ik

] 250 mL J S A AR o 5 FR g 2 0% Bk
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(0.016 mol)~ 35 mL =% LER(TFA)FI 17.5 mL CH,Cl,,
W55, 16 30 min NN 2.7 ¢ NaBH,, Sk,
eI TR B 45 min. TLC Wl [ B 58 5, 6] S B
WM 105 mL CH,CL FiokE, FEAIA 2 mol/L /] NaOH
WAL Z R (pH=10). JRAWH CH,ClL, ZHL 3 K,
BHMA K MgSO, T4, iTiE, JE 2178 7,
FEZ AT (A k) 2640 45 21 B #5724 2a~2f.

323 b3 eas Rk

] 250 mL NI TN 0.020 mol FE7K AICL; A1 24
mL JE7K CH,ClL, N A 2|81 }ﬂiEP, IKEEmAH E —
15 °C, #tPk 22183 1 0.018 mol CH;COCI #1116 mL 7
K CH,CL IR AW, HitEE 2 AICL I #E, % H.

7] 55— 250 mL =30 H KM 0.017 mol 75 F A
TR 2 116 mL oK CHoCly, DKERIRVRE1T 2183 N
FRE S OB A - SRR S, e, ke
PEZE TN, R PRA B NIKAK 5
i, AN, KAEH CH,CL 2HL, & IFAHUH, #
K 5% NayCOy 7K IEMR AR 43 e A HLAH, A AL
2 TOKIR B EE TR, U8, R AR RER, HE
Mr[VCA ) @ V(LR LBR)=10 © 112461615 2] B AR
3a~3f.

324 tubdh 49 b Rk

BAMRYF, W 250 mL AR IIA 13.27 mmol
tb&40 3 A1 20 mL Fo7K DMF, VKK A E1 R P bk A fi.
T 0 CTFZEH N POCl; (4 mL)) 15 mL J57/K DMF ¥
W, e, ARERHE 2 he ANE, R AGE AT 100 mL
20%[H] CH;COONa /KK, 4kEL4itHE 1.5 h. &M5EEE,
RATH CHCL AL 3 IR, AN KR BREE T4,
YR, VR WA LW, HESVCRTNE) | (LR
LTig)=20 © 14445 2 AR 2% .

BERIT, B BRI LF A 11.7 mmol F1
100 mL Jo7K 1,4- =5 ANFMRIOMAE] 250 mL — H A,
AR R E, LA TSR 62 mL 0.5 mol/L
90 ‘CI1) NaOH ¥, 4k&L[FI 30 min. K R BRI 2
VKK HR, ERERIRAL, KAHFH CH,CL ZEHL 3 Wk, &AL
A, K, AHLERTCKRER BT, ik, BUEZEME
ARLUER, FEENTCHED 2073 2] B 457~ 4a~df.

-2 F 3 =%k 2 bk (d4a): B OEE, 723 75%. 'H
NMR (500 MHz, CDCl5) 6: 2.78 (s, 1H), 3.70 (s, 2H), 4.12
(d, J=10.5 Hz, 3H), 4.16 (d, J=4.5 Hz, 3H), 4.40 (s, 2H),
7.17 (dd, J=13.5, 8.0 Hz, 3H), 7.23~7.28 (m, 2H); “C
NMR (125 MHz, CDCls) d: 34.69, 64.48, 69.39, 69.61,
70.48, 70.77, 72.40, 74.10, 82.38, 88.78, 125.98, 128.32,
128.45, 141.48. HRMS (ESI) calcd for C9H;¢Fe 300.0601,
found 300.0607.
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1-(2-F 2K FH ) Rk 2 (4b): B EBHCIR R AR, 77
# 82%. '"H NMR (500 MHz, CDCLy) 8: 2.79 (s, 1H), 3.82
(s, 2H), 4.16~4.20 (m, 6H), 4.42~4.43 (m, 2H), 7.07~
7.14 (m, 3H), 7.30~7.32 (m, 1H); °*C NMR (125 MHz,
CDCly) d: 32.23, 64.68, 69.68, 70.90, 72.48, 73.70, 74.38,
82.30, 87.08, 126.78, 127.45, 129.31, 130.27, 133.73,
139.37. HRMS (ESI) caled for CjoH;sClFe 334.0207,
found 334.0207.

1'-(3-5K H 58 4k 20 (de): B BHCIR AR, 7=
# 87%. '"H NMR (500 MHz, CDCLy) 8: 2.79 (s, 1H), 3.66
(s, 2H), 4.09 (s, 2H), 4.13~4.16 (m, 4H), 4.39 (s, 2H),
7.03 (dd, J=18.5, 7.0 Hz, 1H), 7.13~7.18 (m, 3H); °C
NMR (125 MHz, CDCly) J: 34.36, 64.65, 69.43, 69.74,
70.49, 72.46, 74.37, 82.27, 87.83, 126.21, 126.66, 128.58,
129.59, 134.08, 143.55. HRMS (ESI) calcd for C;oH;sCIFe
334.0207, found 334.0215.

U-(4- S ) R R 2 bR (ad): B, PR
53%. '"H NMR (500 MHz, CDCl;) & 2.78 (s, 1H), 3.67 (s,
2H), 4.08 (s, 2H), 4.12~4.20 (m, 4H), 4.40 (s, 2H), 7.07~
7.14 (m, 2H), 7.21~7.25 (m, 2H); *C NMR (125 MHz,
CDCl) d: 33.96, 64.58, 69.38, 69.66, 70.36, 70.80, 72.42,
7423, 82.26, 88.22, 128.40, 129.79, 131.72, 139.91.
HRMS (ESI) caled for CjoHsCIFe 334.0207, found
334.0216.

1'-(2-K 1 58 4k 2 F(de): (B IHCIR B AR, 7=
# 50%. "H NMR (500 MHz, CDCl;) & 2.41 (s, 1H), 3.74
(s, 2H), 4.15 (s, 1H), 4.20 (s, 3H), 4.50 (s, 2H), 4.76 (s,
2H), 7.02~7.14 (m, 2H), 7.17~7.23 (m, 1H), 7.50~7.55
(m, 1H); "C NMR (125 MHz, CDCl;) ¢: 35.22, 69.38,
69.76, 70.42, 70.73, 72.40, 73.36, 79.85, 88.20, 124.16,
127.46, 127.87, 130.17, 132.66, 140.49. HRMS (ESI) calcd
for C,oHsBrFe 377.9703, found 337.9700.

1'-(4-H R F ) Bk 2 p(ah): st il 4k, 77
80%. 'H NMR (500 MHz, CDCls) d: 2.77 (s, 1H), 3.64 (s,
2H), 3.76 (s, 3H), 4.09 (s, 2H), 4.12 (s, 1H), 4.15 (d, J=
5.0 Hz, 3H), 4.39 (s, 2H), 6.81 (dd, J=8.5, 2.5 Hz, 2H),
7.09 (dd, J=15.5, 8.5 Hz, 2H); >C NMR (125 MHz,
CDCly) d: 33.76, 55.29, 64.43, 69.37, 70.36, 70.74, 72.38,
82.42, 89.36, 113.72, 129.38, 133.67, 157.88. HRMS (ESI)
calcd for C,0H;3sFeO 330.0702, found 330.0712.

325 b5 a9b R Tk

BAMREYT, 710 mL Schlenk SRR, #IKIIA
0.5 mmol 1L &4 4, 1.25 mmol £ EHE, 1.0 mmol &7
W%, 0.4 mmol CuBr, /G MATC/KHEA 3 mL, HitE,
PR EYIINAE R, TLC WM. RN E4LE, R
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JEZRUEZE L0, HEN VA ) @ MR L8R =
20 : 11464015 2 H b5 74 Sa~5f.

-6 1 BE — P BR BRI (Sa): B8 (DR WU, 77
65%. '"H NMR (500 MHz, CDCl;) &: 3.64 (s, 2H), 4.03 (s,
3H), 4.06 (s, 1H), 4.12 (s, 2H), 4.18 (s, 2H), 4.85 (d, J=
6.5 Hz, 1H), 5.18 (t, J=6.5 Hz, 1H), 7.13~7.15 (m, 3H),
7.22~7.25 (m, 2H); *C NMR (125 MHz, CDCl;) o
35.61, 67.81, 68.83, 69.12, 69.99, 77.65, 80.41, 88.40,
89.99, 126.01, 128.37, 128.54, 141.80, 208.94. HRMS
(ESI) calcd for CooHgFe 314.0753, found 314.0753.

1'-(2- 50K H ) B IBRIA (Sb): B iR A4, =
# 55%. '"H NMR (500 MHz, CDCLy) : 3.75 (s, 2H), 4.09
(s, 1H), 4.13 (s, 4H), 4.19 (s, 2H), 4.25 (s, 2H), 4.90 (d,
J=6.5 Hz, 2H), 5.84 (t, J=6.5 Hz, 1H), 7.07~7.13 (m,
3H), 7.31 (d, J=7.0 Hz, 1H); >C NMR (125 MHz, CDCl;)
5: 32.88, 67.90, 68.93, 69.23, 70.16, 77.61, 80.82, 86.86,
89.74, 126.72, 127.33, 129.21, 130.10, 133.52, 139.62,
208.97. HRMS (ESI) caled for C,oH,,ClFe 348.0363,
found 348.0359.

'-35 K A L) BRI (Se): B PR A, 7=
% 50%. '"H NMR (500 MHz, CDCL3) ¢: 3.61 (s, 2H), 4.03
(s, 1H), 4.06~4.08 (m, 3H), 4.14 (s, 2H), 4.20 (s, 2H),
4.87 (d, J=6.5 Hz, 2H), 5.82 (t, J=6.5 Hz, 1H), 7.02 (d,
J=6.5 Hz, 1H), 7.13~7.17 (m, 3H); >*C NMR (125 MHz,
CDCly) d: 35.26, 67.78, 68.95, 69.10, 69.92, 77.67, 80.48,
87.44, 89.82, 126.15, 126.55, 128.48, 129.56, 134.06,
143.81, 208.88. HRMS (ESI) caled for C,H;;ClFe
348.0363, found 348.0365.

1'-(4- SR W) IR BRIBEIR (Sd): s (iR A4, 7~
# 58%. '"H NMR (500 MHz, CDCLy) : 3.60 (s, 2H), 4.00
(s, 1H), 4.06 (d, J=7.5 Hz, 3H), 4.12 (s, 2H), 4.19 (s, 2H),
4.86 (d, J=6.5 Hz, 2H), 5.81 (t, J=6.5 Hz, 1H), 7.07 (t,
J=6.5 Hz, 2H), 7.20 (dd, J=8.0, 5.5 Hz, 2H); *C NMR
(125 MHz, CDCly) 6: 34.91, 67.77, 68.91, 69.08, 69.83,
77.62, 80.46, 87.80, 89.85, 128.40, 129.70, 131.70, 140.21,
208.91. HRMS (ESI) caled for C,oH,,ClFe 348.0363,
found 348.0370.

1'-(2-RK F L) Ak I A (Se): B B PR AR, 7~
% 58%. '"H NMR (500 MHz, CDCLy) : 3.72 (s, 2H), 4.16
(s, 1H), 4.19 (s, 3H), 4.27 (s, 2H), 4.33 (s, 2H), 4.96 (d,
J=6.5 Hz, 2H), 5.82 (t, J=6.5 Hz, 1H), 7.00~7.10 (m,
2H), 7.16 (t, J=6.5 Hz, 1H), 7.51 (d, J=7.5 Hz, 1H); C
NMR (125 MHz, CDCl;) d: 35.56, 68.16, 69.19, 69.57,
70.72, 77.58, 81.39, 87.29, 89.72, 124.17, 127.35, 127.57,
130.14, 132.48, 141.28, 208.71. HRMS (ESI) calcd for

http://sioc-journal.cn/ 1549
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CyoH,-BrFe 391.9859, found 391.9856.

1'-(4- FFV4E 2 P ) P R IBE I (50): 2 (T R LA,
% 30%. 'H NMR (500 MHz, CDCl;) 6: 3.59 (s, 2H),
3.75 (s, 3H), 4.02 (s, 1H), 4.04 (s, 1H), 4.07 (s, 2H), 4.13
(s, 2H), 4.19 (s, 2H), 4.86 (d, J=6.5 Hz, 2H), 5.83 (t, J=
6.5 Hz, 1H), 6.78~6.81 (m, 2H), 7.08 (dd, J=8.5, 5.0 Hz,
2H); *C NMR (125 MHz, CDCly) 6: 34.62, 55.29, 67.70,
68.71, 69.02, 69.88, 77.53, 80.32, 88.89, 89.91, 113.70,
129.27, 133.96, 157.85, 208.87. HRMS (ESI) calcd for
CaHyFeO 344.0858, found 344.0864.

4 BT KL(Supporting Information) L&) 5a~5f ()
"HNMR Fl °C NMR B [&]. i 84} n] LL 4 2 AT
¥ (http://sioc-journal.cn/) |~ %K.
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