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ABSTRACT: A new synthetic route to face-to-face ferrocene polymers is studied. This route
involves stepwise construction of a monomer unit by coupling cyclopentadieny! copper di-
methyl sulfide at -25 'C with 4-(n-decyl)-1,8-diiodonaphthalene. The resulting mixture of
1-cyclopentadienyl-4- and 1-cyclopentadienyl-5-{n-decyl)-8-iodonaphthalene is then convert-
G to the corresponding ferrocene by successive treatment with base and ferrous chloride. Fi-
nally, the remaining iodosubstituents are replaced by cyclopentadienyl groups by treatment
with CpCuSMe,. Polymerization of the monomer is carried out by continuous treatment with
base and ferrous chloride. The polymer with 17 ferrocene units is obtained. This stepwise
synthetic route is milder than the previous palladium-catalyzed route and can be used for the
synthesis of the higher molecular weight polymers.
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Scheme 1. Preparation of polymer 5 and polymer 6 (note: Polymer 7 was not actually prepared by this route.).
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Scheme 2. Stepwise synthesis of polymer 7: a. CpH/n-BuLi, CuBrSMe,, -25 ‘¢, THF, 54% for 9, 97% for 14; b.
NaN(SiMej),, THF, 0 C, 20 min/FeCl,, 0 € — RT, 57% for 12; c. NaN(SiMe;),, FeCl,, THF, -25 C.
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Figure 1. NMR spectrum of 8, and second set of
resonances from H; at ca. 1/2 height of the major
resonances.

23 9 &AM 99 didtde AAE] EE A
olN=}, v 31FE 82 NMR #4 ZA#E7 of7]9
A ksl alEel 48 st (Fig. 1). 89
Cpel gl Hld Z2EEL § 6307 6 6.709 ¥
oA FUF @H Y& L8W Cp-HEY EF
g FHoz vehdr} § 3.1494 Y& singleto g
Uetde 2749 Z2 84 #3EE das Cp 99
el Z2EEo|th. 4, o8 s y=xgd 7

Eo] A9 FAIR 318 o] FE 7N WA multiplet
o2 Yehesd, of FollA 9 2:19] v g2 &3
< Cp olF 2H olHIAEY s3d & 4§
S#3) Yz go HyolA £93] Yeivd U
(Fig. 19 le H;9 close-up view). o]AL 8o}
o]l AN g EHEYS e}

o] A Xgd CpolA olF A9 o]ZAAEo]
Eg=e] e AL Be FHAAME BAHO oy
3l x7)9] &37] AAHE Bas AlaniEzd A4)
B Y3 ST TY TR G AT o]
ZA 8bE AT o] o)ZANI} 1 thad 3
dZ F e o] 3 Hd az2z FeHE
o]F AY o|AAA 8c7t BAHEH o]RE
QA Qo2 EAFc} (Scheme 3).
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Scheme 3. Cp ring isomers of compound 8.
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'Ha} C NMR % COSY 2-D NMR &Ae
tetramethyl silane (MeSi)& 71 Ao 3}y
Varian XL-300 FT NMR £3#7]2 24314}
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mine g 3t} :

HPLC ¥4&, Waters 249 410 automated
Gradient Controller, % 7]¢] ¥4 510 H= g w9
U-6 #9717t B8 A 2”94, Hewlett-Packard
249 3390A integratore} AZA|7 29 441 UV
A&7 T= 10mV =¥ 712417} A28 Waters &
2 401 23 & HE71E AR3 o|FoiHT. o] A
28loM= Waterse] 100, 500 3 10000 A <]
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Scheme 4. Preparation of naphthalene derivatives: a.
Li powder, n-C,oHyBr, ether, reflux, 75%; b. fuming
HNOj;, 0T, 30min,, 31%; c. H,, Pd/C. EtOH, RT,
100%; d. NaNOQ,, KI, TFA, 0 C, 45%.

Analyticse] ¢}3]3te] 85Ut

1-Bromonaphthalene, 10% Pd on activated car-
bon& Aldrich Chemical Co.2 38 FU3ste ¢
RAA A 2 AT 2 o] s gEFS
7 A9 gAdAN BAR WAz FAse A}
&8

UzeR fTAe gy,

1-Decyinaphthalene (16 in Scheme 4): Gilman®
L A Fo| AAF BHE FHNA, HA virhd
2 A JHd ¥F %7171 3Ed 500mLe 3
T 52 EeA3d] o229 HFAA 50mLe] o
"o 29} 4.34 g (0.625 mol) 9] 8§ £¢e Hrlst
gth. o7iol, 0 ColA 40mLe] e =] 34.77
mL (0.25 mol)9] 1-bromonaphthaleneg 37}s}o
Fu§ g F o 5mLE F7Y ¥ -78 ¢ ¥7
A7), Yeixe] feig 1A AFAM HrHE
o} ukg EFEL 1AL 5 Az, B E AA
slol 0 Coll ol2A ¥ ¥ 70mLe] ddl2d) EFS
65.25 mL (0.3 mol)¢] 1-bromodecaneg 1A%t &
ot Hristd. o 150 mLe} 28 & o e
Fofl ¥k EFES 3¢ T J1E BFAAC

uhgo] Wyl AL GCE T3 FAz A3
At F8 H3as=A Jxgd, 1-bromodecane,
1-bromonaphthalene % 1-decylnaphthaleneo} 2z
7 R=8.74, 9.55, 10.75, 10.050|4 Z=I=|ich.

g EFEE B Fol Yol ¥gE BAAND ©
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&, JH 2 44& £2]3td HCl gAgYo g Hop
Yi MgS0,2 2y AFeg FHA7]1 10cm
d 23l BYL Fld AT FAS 50.58g (¢
E8 75%)9 ¥4 2U& A (bp. 123 /0.03
torr); Anal. caled. for CyHyg! %C=89.49, %H=
10.51. Found: %C=89.48, ¥H=10.61; 'H NMR
(300 MHz, CDCl;) & 0.90-0.95 (t, 3H, methyl),
1.10-1.53 (m, 14H, methylenes), 1.72-1.83 (m,
2H, B-methylene), 3.06-3.11 (t, 2H, a~-methylene),
7.33-7.56 (m, 4H, Hj ¢ .1), 7.71-7.74 (4, 1H, U=
7.5 Hz, *J=1.1 Hz, H;), 8.05-8.09 (dd, 1H, 3J=7.6
Hz, J=1.1 Hz, Hy).'H NMR 33&2 1l-ethyl
naphthalene®] I g2 HH {33l B3t

1-Decyi-4,5-dinitronaphthalene % 1-Decyl-4,5-
diaminonaphthalene ({17 2 18 in Scheme 4): °o|&
FEEe g Bad PEettM ggaAY adz
g3l AUch

178 osrgald ARAs 410g ($5§ 31%,
mp. 49-50 C)9] ¥ =M A2 AU,
Anal. caled. for CyoH,N,0: %C=67.02, H=
7.32. Found: %C=67.02, %H=7.21; 'H NMR
(300 MHz, CDCl;) ¢ 0.85-0.90 (t, 3H, methyl),
1.10-1.50 (m, 14H, methylenes), 1.54-1.56 (m,
2H, B-methylene), 3.15-3.20 (t, 2H, a-methyl-
ene), 7.53-7.56 (d, 1H, J=7.9 Hz, H,), 8.25-8.28
(dd, 1H, 3J=7.6 Hz, {J=1.1 Hz, H,), 8.39-8.43
(dd, 1H, 3J=8.6 Hz, ‘J=1.1 Hz, Hg); ''C NMR
(75 MHz, CDCl3) &¢ 14.1 (methyl), 22.6 (w-meth-
ylene), 29.3-29.6 (5C, methylenes), 30.9 (y-meth-
ylene), 31.8 (B-methylene), 33.8 (a-methylene),
117.2 (C,,), 126.0-126.3 (4C, Cy 367), 129.8 (Cp),
133.6 (Cg,), 144.2 (C,), 146.5 (C)), 1466 (Cy). 'H
NMR #4}& 1-butyl-4,5-dinitronaphthalene2] #
2 AzslodA AP, 3C NMRE additivity rule
& AMgsle Jxgda JE2WAe] 3 o5 g
FzEAA g3 gt

188 #5& 100%9 AW {A 13 (mp.
54-57 C)& ¥t}; 'H NMR (300 MHz, CDCly)
§ 0.85-0.93 (4, 3H, methyl), 1.10-1.45 (m, 14H,
methylenes), 1.60-1.73 (m, 1H, A-methylene),
2.83-2.90 (t, 2H, a-methylene), 6.53-6.56 (d, 1H,
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J=75 Hz, H,), 7.17-7.23 (dd, 1H, %=85 Hz, *J
=7.3 Hz, Hy), 7.36-7.39 (dd, 1H, 3J=8.5 Hz, 4J=
1.0 Hz, Hy); '3C NMR (75 MHz, CDCl;) d¢ 14.1
(methyl), 22.7 (w-methylene), 29.3-29.8 (5C,
methylenes), 30.6 (y-methylene), 31.9 (4-methyl-
ene), 33.5 (a-methylene), 111.1-111.6 (2C, C; ),
115.4 (Cy), 117.4 (C,,), 126.0-126.2 (2C, C, ),
130.2 (C)), 134.9 (Cyg,), 1425 (Cp), 145.2 (Cy).
'HNMR #£4& 3% o|53 AEY 458 st
o o]&olz 3, '3C NMRE additivity rule® A}
&to vzl ookl M) 513 o] F L Fx3ld]
A ¥z g3t

1-Decyl-4,5-diiodonaphthalene (3 in Scheme
1 and Scheme 2): Fo] AT W&’ Al ¢
A =34 24 AAHEY F5EEL 49%lUH;
'H NMR (300 MHz, CDCl;) & 0.84-0.89 (i, 3H,
methyl), 1.10-1.45 (m, 14H, methylene), 1.60-
1.75 (m, 2H, B-methylene), 2.92-2.99 (t, 2H, o
methylene), 6.93-6.96 (d, 1H, J=7.6 Hz, H),),
7.06-7.12 (dd, 1H, 3J=85 Hz, 3J=7.3 Hz, H,),
8.07-8.12 (dd, 1H, 3J=85 Hz, ‘J=1.2 Hz, Hy),
8.29-8.32 (d, 1H, J=7.6 Hz, Hj), 8.38-8.41 (dd,
1H, 3J=7.3 Hz, ‘J=1.2 Hz, Hg); "C NMR (75
MHz, CDCl3)éc 14.1 (methyl), 22.7 (w-methy-
lene), 29.3-29.7 (5C, methylenes), 30.6 (y-methy-
lene), 31.9 (B-methylene), 33.6 (a-methylene),
93.5 (C,), 97.0 (Cy), 126.0 (C;), 126.5-127.5 (2C,
C,.g), 132.7 (Cg,), 134.8 (C)), 141.2 (C,,), 1434
(2C, Cs6).- 'H NMR 33 COSY dgez 83
3lgen, 3C NMR H3= additivity ruleg &
o yEgdy) go= WA sagg FzdjoiA
gt

Ume ool X|BE H2M cako ghy.

1 -Cyc|opentadienyl-4—decyl—8-iodonaphi:halene
(9 in Scheme 2): A3l WA 50mLe
Schlenk E&t23ad], M§A BAT 043mL (5.2
mmol)e} CpHe2} 10 mLe] THFE H7lsifld. o
£98 0C7A ¥4§ g 1.48 mL (3.71 mmol
in 25M in hexane)2] BuLi £9& ol2& 3|4
g AR 1A ¢ ANY. 2 Fq€l
100 mL 2] Kjeldahl Schlenk ZE&lx34] 1.07 g (5.3

&2jo] A23A A6z 1999 11¥

mmol) ] copper (I) bromide-dimethylsulfide& &
7betn AMRE7] AR ol2Eoz A s
10 mLe] AZAIZ1 THFE F7istz 3087 AAJh
ZASEE SRR v =@ H2auHEE -25 T
2 PZAZ|E GA PE FHe] Cp Fole §4&
cannula® H7}8ldch o] EFES 1A B¢ A

e 2 Fotol g8 ¥ =@M M2
2R =34 gdoz uHth o] | e &
5% o4& CuBrSMe,= AZHA. AxT
10 mLe] THFE 1.61 g (3.09 mmol) ¢} 39| #7}s}
o hE g golA] gtE -25 C §9& cannula
2 F7leide. 2 EPES 5A Ut -25 TAA
Ak e EFEL NHC £318Yd] Fo] o
A ukee AAAI L, #718E dHEZ2 F&30H
t}. Jdie= 48 MgSO,2 Lali 4uE AFe
2 AAZ Fol PAHEE flash I2efeTs] (2
g7t/ 2 A

We R=0512%F 54%9 +#5&2 Yehie
=3 0dg At o] £Ye NMR £ ¥
71N 9] & AAEE B oJAL E e U=
g 12| o] AA e AL &3 Aoz FAH
2tk 28e F&E Fig. 39 2¥ d7ldM =
9adl Zsh= vad thF BAUE AAEIAG; 'H
NMR (300 MHz, CDCl;) 6 0.85-0.90 (t, 3H, meth-
yl), 1.10-1.50 (m, 14H, methylenes), 1.67-1.78
(m, 2H, B-methylene), 2.90-3.05 (m, 2H, a-meth-
ylene), 3.00-3.14 (m, 2H, Cp methylene), 6.27-
6.64 (m, 3H, Cp olefinic H’s), 6.91-6.93 (d, 1H, J
=7.5 Hz, H;), 7.04-7.09 (dd, 1H, 3J=8.4 Hz, 3J=
7.2 Hz, Hy), 8.07-8.10 (dd, 1H, 3J=8.4 Hz, 3J=
1.1 Hz, H;), 8.08-8.10 (d, 1H, J=7.5 Hz, H,),
8.18-8.21 (dd, 1H, 3J=7.2 Hz, ‘J=1.1 He, H,.
COSY Hd¥o® o] Hags 838 + I

1,1’ -Bis- (4-decyl-8-iodo-1-naphthyl) -ferrocene
(12 in Scheme 2): 50 mL.9] Schienk Z&tA39)
611 mg (1.33 mmol)2] 99] 10mlLe] THFE 49
A o2 g 0 C7A ¥z theol 1.4
mL2 NaN(SiMe3); (1.4mmol in 1.0M in
THF) §94& FApl2 & 34 F78idg. =71
o x@d golo] Bvlz AEe Moz Wk
oF 2087t A& oL, 10 mLe] THFd] deso] o
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= 337 mg (2.66 mmol) 2] FeCl,ell A71ddn. o]
EYES 0TCAAM 1A T AR olofA
A 13717 B3t A& g Celiteg $HAA A E
WAl gYo2RE Lojg Ed Fo HIR
ZY (5% (v/v) CHLL, in hexane)d|A A|ZHE72
Q98 A A 366 mg (58 57 %) HS £
4l 128 JACH(HFA/HAq AN R=0.18).
(47l e i JHsd JU=Zg 3] o]dAAR

12a0] dislelT 71289ch); 'H NMR (300 MHz,

CDCl;) 8 0.86-0.91 (t, 6H, methyl), 1.05-1.50 (m,
28H, methylenes), 1.55-1.80 (m, 4H, A-methyl-
ene), 2.92-2.99 (m, 4H, o-methylene), 4.25-4.28
(m, 4H, B-Cp H’s), 4.38-4.43 (m, 4H, &-Cp H’s),
6.83-6.87 (d, 2H, J=7.4 Hz, Hy), 6.97-7.03 (dd,
2H, 3J=8.5 Hg, 3J=7.3 Hz, Hg), 7.95-7.98 (d, 2H,
J=7.4 Hz, H,), 8.01-8.04 (dd, 2H, 3J=7.3 Hz, ¥
=1.1 Hz, Hy); 3C NMR (75 MHz, CDCly) & 14.1
(methyl), 22.7 (w-methylene), 29.3-33.5 (8C,

xo‘.

methylenes), 69.6 (£-Cp), 75.5 (a-Cp), 90.0-93.6

(2C, ipso Cp and Cg), 124.5-125.6 (3C, C; 5 6),
133.1 (C,), 133.6-139.6 (4C, C, 4 4. 82)» 1411 (C)).
'H NMR 2#Ege COSY 4¥¢e $3l9 ¥93st
Atk

1,1 -Bis- (8-cyclopentadienyl-4-decyl-1-naphthyl) -
ferrocene (14 in Scheme 2): QAglsiy WA
25 mLe] Egk230] 10 mLe] THF¢} N §A RAA
% 0.46 mL (5.65 mmol)2] CpHE H7}slo] L9948
Y3 0 C7R B3 o] g9 0.90
mL2] Buli €9 (2.26 mmol in 2.5 M in hexane)
€ ol2F @34A Hrista 1A% §¢ A 2
o) 9xel§ Kieldahl Schlenk &Eglx39)
953 mg (4.64 mmol)2] copper {I) bromide-di-
methyl sulfide& YW1 ol2&og AH 3. of
224 10mLe] THFE ¥3 3087 AR,
BEHEE /% ¥4 gedg -30 TAN ¥

& ¥, g4 e Cp £ £49& cannulaZ Ao| -

AZAT §9E 1A §¢ Aod 9] Weloo)
A3 FEA LT ¥ =] gojoz
o). o] F<dol 10 mLe] THF9)] 366 mg (0.377
mmol) e} 12& $8IAA -40 T2 vja] Y@AA 5
AW goig oko] g4 cannulaz &7 &, o] &

786

2+

HES -25 CoAlA 204 T AU wg EF
2 NHCl E3gdo] FojA ¥3-g& Fx|Al9|n
A2z §715& & o]2AE MgSO2 2
g FHAY o del7H2dA Qaos FHAA
307mg (F5& 97%)9 HE& 2dg A,
Anal. caled. for CgHFe: %C=85.08, %$H=38.
33. Found: %C=85.01, %H=8.10; 'H NMR
(300 MHz, CDCl;) & 0.83-0.90 (t, 3H, methyl),
1.10-1.55 (m, 16H, methylenes), 1.60-1.95 (m,
2H, a-methyvlene) 2.08-3.10 (m, 2H, Cp methy-
lene), 3.65-3.75 (m, 2H, B-ferrocenyl Cp H's),
3.85-4.05 (m, 2H, a-ferrocenyl Cp H’s), 5.70-6.15
(m, 3H, olefinic Cp H’s), 6.95-7.40 (m, 3H,
Hj g, 7), 7.62-8.00 (m, 2H, H, ;).

o2l vjzEio| X|gtE HZ24 a9 g,

Ferrocene-Sustituted Naphthalene Copolymer (7
in Scheme 1 and Scheme 2): 93} o}2 & 2|3
23l 50 mLe] Kjeldahl E2t23 QA ol22
7ol 10mLe THF$} 23.7 mg (0.19 mmol) 9]
FeCl,& 93 1417t < Atk o] Fbd 434 o}
23 Al W) ® el 50mL T2 EF&f23a
o], 96 g (0.11 mmol)¢] 149} 10 mLe] THFE ¥
oA g4 e ¥ 0 CE ¥4sia, 0.24 mL (0.24
mmol of 1.0M in THF)¢] NaN(SiMe;), & FAl7]
2 A3 Frleigict §4& F43oz AEL A
o2 WYt o] 30 T 9 AL vk o)
o, 2dlA mE] TEAY §4& 0 TE IFAA
cannulag HojA7| 1 71X o2&

18413t o] %o utg-& HPLCZ Ay &2
¥ Qs Vp=234mLoA Jehgon o e
Ve 222 olF3e Aol ¥ 59 Y A=
7} =Y. o] AFHdAM  0.02 mL (0.02 mmol
of 1.0M in THF)2] NaN(SiMe;),¢} 2 mg (0.02
mmol)9] FeCl,& & ©] Arisiict. whg-e of 24
Aztelo} A, e W=7t o) @
3 9 o4 pavt o|gdx ¥ o (BF 1499
uhg AZte] AR}, WeAlvich g3} o] 9y
FeCL,E t] ¥713i9 0. RAEL CeliteE SN A
FFe] FeCL,E A ¥ G LAdM gujs
AAZ Y AU o] WHYEE vid2d] FyAsn
chemical funnel& AM3ld Fo} Je=xt 2=
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£ FeCLE 943 AA3LA dd22 Hoplo] ¥
& 2R e aEAE $edd (65 mg, O
A &9 71F 65% F5&). WAL AR &3
52 gt 1A E 22l3ged o o= f7] &
o & g @gtes I ¢ 16 mgo|t. W
A Ao 2RE 19mg (F5& 19%, TFA 71¥)
o] AEAR T& H& 2o uH 2 AAY; Anal
caled. for CgpoHggoF ey (n=10 of 7): %C=79.68,
%H="17.56, and for CgyoHesol €2 (n=100 of 7);
%C=79.96, %H=7.60. Found: %C=81.06, %H
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Figure 2. Various by-products in the preparation of
compound 9.
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