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Synthesis of Sym metricand Unsymmetric 1,1"-Dialkenylferrocenes via
Samarium Diiodide Pro moted Reactions of 1,1"-Diacetylferrocene
with Halides

,,,,,

Yi-Hung Liu (21428, ) and Y. Wang (£ %)
Depart ment of Chemistry, National Tai wanUni ver sity, Tai pei, Tai wan 106, R.O.C.

Monoalkenylferrocenes were pre pared from 1,1-diacetylferroceneand ap pro pri ate benzyl bro midesby
thepromotionof samariumdiiodide. A practi cal methodfor preparationof bothsymmetric and unsymmetric
dialkenylferroceneswasalso ex plored. Thereactionswerestereosel ectivetogiveonly (E) doublebonds. The
unsymmetric dialkenylferrocene bear ing elec tron-donating substituent (e.g. methoxy group) and elec-
tron-withdrawing substituent (e.g. cyanogroup) ondif fer ent phenyl ringslikely ex hibitsalargenonlinear op-

tical property.

INTRODUCTION

Ferrocenyl alkenesand dienesareim por tant sub strates
forappli cationsinmaterial sci ence.> For example, 1- ferro-
cenyl-2-(4-nitrophenyl)ethene and the related ferrocenyl
alkenesex hibitlargeopti cal non-linearitiesuseful for thede-
vel opmentof opti cal infor mationprocessing.* Ferroceny!
1,3-butadieneisanimpor tant sub stratefor manufacturingco
pol y mer and homopolymer,?which are em ployed asthe coat-
ingmaterial for aerospacetranspor tationtoenhanceresis
tance against photo deg radation. Ferrocene-1,3-butadiene
canalsobeused asanenhancement fuel insolid propel lants.?

Wehavere cently re ported an ef fi cient method for the
preparationof ferrocenyl alkenes2, dienes 3 and enynes4 by
the Sml 2 pro moted conden sationreactionsof ferrocenecar-
bon ylswith benzyl bro mides, allyl bro mide and propargy!
bromide(Fig. 1).* This Sml , pro moted one-pot reaction pro-
ceedswith aBarbier-typead di tion>fol lowedby elimi nation
of HOSmL: (L = | or Br)°tofur nishthedesired prod uctsin
very highyields. By com par i sonwiththeprevi ousmeth ods
usingWittigreactions,” organometal licad di tionreactions,®
or Heck couplingreactions,” our method shows sev eral ad-
vantageousfeaturesof ssimpleoper ationandhighyields. We
describehereinanap pli cation of the Sml ;promotedreaction
to 1,1'-diacetylferrocene (5) for for mation of symmetricand
unsymmetric 1,1'-dialkenylferrocenes (Schemel).

RESULTS AND DISCUSSION

When aTHF so lution of 1,1"-diacetylferrocene (1.2
mmol) and benzyl bro mide (2 mmol) was treated with Sml >
(3.6 mmol) at am bi ent tem per aturefor 24 h, the prod uct of
monoalkenylferrocene 6a was obtained in a quantitative
yield. No dialkenylferrocenewasformed. Thesimi lar reac-
tions with p- and m-methylbenzyl bro mide also gave mono-
alkenylferrocenes 6b and 6cinquanti tativeyields, but notthe
cor responding dialkenylferrocenes. How ever, adialkenyt
ferrocene 7d could be ob tained in 19% yield along with the
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Fig. 1. Synthesis of ferrocenyl akenes, dienes and
enynes via samaruim diiodide pro moted tan-
demaddi tionanddehy drationof ferrocenyl car-
bonylswith halides.
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8a R!=p-Me, R?= p-CN; 88%
8b R!=m-Me, R? = 0-Me; 88%
8c R=0-CN, R? = p-CN; 90%

major monoalkenylferroceneprod uct6d (77%) by the Smi,
pro motedreactionwitho-cyanobenzyl bro mide. Thesere-
sultsmight reflect therel ativereluctanceof thesec ond Sm-
Barbier ad di tiontothemonoalkenylferrocene.

For tu nately, the sec ond Sm-Barbier ad di tionto mono-
alkenylferroceneswas achieved by asub se quent treat ment
withfreshly prepared Sml.andappropri atebenzyl bromides.
Thus, both sym met ric and unsymmetric dialkenylferrocenes
7b and8a-cweresynthesizedinanex pedi entmanner. A con
densation reaction of monoalkenylferrocene6b with pro-
pargyl bro mide was also car ried out by the pro mo tion of
Sml,, givingcompound9 in 88% yield.

Thedetailed NMR and X-ray anal y sesindi cated that
the dou ble bondsin the pre pared mono- and dialkenyl ferro-
cenes 6a-9 all ex isted asthe (E) configuration, presumably
duetothestabil ity of (E) iso mersover the (Z) isomers.

Crygtal data

Dialkenylferrocenes 7b, 7d, 8a and 8c wererecrys-
tallized from CHCls/hex ane. Essential crystal dataof these
compoundsappearin Tablel. Thesolid-statestructuresof 7b
(R'=R? = p-Me), 8a (R' = p-Me, R?2= p-CN) and 8c (R* =
0-CN, R? = p-CN) ex isted asthe syn con for mation, whereas
that of 7d (R* = R? = 0-CN) existed astheanti confor mation.
Thesynconfor mationof7d might be disfavored by the steric

ef fect fromtheortho-substituents.

Summary

Thedif ferentreactivity of 1,1"-acetylferrocene against
itsmonoalkenylferrocenederiv atives(e.g. 6a-d) al lowsusto
synthesizeaseriesof unsymmetric dialkenylferrocenes(e.g.
8a-c and 9) withex clusive(E) configuration. Theunsym
metric dialkenylferrocene 8a (R' = p-Me, R> = p-CN) with a
donor-acceptor char acter likely ex hibitsalargenonlinear op
ti cal property.*

EXPERIMENTAL SECTION

Melting pointsareun cor rected. Chemi cal shiftsarere-
portedrel ativeto CHCl 5 (&x 7.26) and CDCl 5 [Gc (central line
oft) 77.0]. All reactionsrequiringanhy drouscondi tionswere
conductedinflame-dried ap paratusunder anat mo sphereof
ni trogen. Sy ringesand needlesfor thetransfer of reagents
weredried at 120°Candal lowedto cool inadesic cator over
P20s beforeuse. THF wasdistilled from so dium ben zo phe-
noneketyl. Col umnchromatography wasgenerally carried
out on Kieselgel 60 (40-63pm)unlessspecified. Mercksilica
gel 60F sheetswereusedfor analyti cal thin-layer chromatog

raphy.
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ORTEP draw ing of com pound8c

Representative Procedure for the Sml> Promoted Reac
tions of 1,1'-Diacetylferrocene with Benzyl Bromides and
Propargyl Bromide

Un der an at mo sphere of ar gon, adeep blue Sml > so I
tion (0.1 M) was pre pared by treat ment of Sm (661 mg, 4.4
mmol) with 1,2-diiodoethane (1.01 g, 3.6 mmol) in an hy-
drous THF (20 mL) for 1.5 h at room tem per ature (27°C). To
the Sml; so lu tion (cooled in anice bath) were added a THF
solution (10 mL) of ap pro pri ate bro mide (2.0 mmol) and
1,1"-diacetylferrocene (1.2 mmol). The ice bath was re-
moved, and the mix ture was kept stir ring at 0-27=C for 24 h.
The sep tumwasre moved, and themix turewas stirred at room
tem per aturefor ad di tional 48 h. The mix ture was passed
throughashort sil icagel col umn by rinsewith EtOAc/hex ane
(1:1). Thefil tratewascon centrated, and chromatographed by
elutionwithEtOAc/hex ane(5:95) togivethedesired conden
sationproducts.

1-Acetyl-1-(1-methyl-2-phenyl)ethenylfer r ocene (6a)

Accordingtotherepresentativeprocedure, theSml »
promoted reaction of 1,1'-acetylferrocene (324 mg, 1.2
mmol) with benzyl bro mide (342 mg, 2.0 mmol) gavetheti tle
com pound (409 mg) in quantivative yield (99 %). 6a: Red-
brown solid, mp 92-94°C; IR (KBr) 1612 cm™; '"H NMR
(CDC1;, 300 MHz) & 2.15 (3H, d, J = 1.0 Hz), 2.32 (3H, s),
4.29 (2H,t,J=1.7Hz),4.45(2H,t,J=1.7Hz),4.49 (2H, 1,J
=1.7Hz),4.72 (2H,t. J= 1.7 Hz), 6.73 (1H, d, J = 1.0 H2),
7.37-7.20 (5H, m); *C NMR (CDCls, 75 MHz) i 16.8, 27.5,
67.0 (2 x), 70.5 (4 x), 73.3 (2 x), 80.1, 90.7, 104.7, 126.3,
128.1 (2 x), 129.0 (2 x), 133.2, 137.8, 201.8; FAB-MSm/z
344 (M™); HRMS Calcd for Cz1Hz0FeO: 344.0864. Found:
344.0876.

1-Acetyl-1"-[1-methyl-2-(4-methylphenyl)]ethenylfer rocene
(6b)

Accordingtotherepresentativeprocedure, theSml »
promoted reaction of 1,1'-acetylferrocene (324 mg, 1.2
mmol) with 4-methylbenzyl bro mide (370 mg, 2.0 mmol)
gave the title compound (409 mg) in quantivative yield
(100%). 6b: Red-brown solid; mp 60-62=C; IR (KBr) 1658
cm™®; 'H NMR (CDCls, 200 MHz) & 2.15 (3H,d, J = 1.3 HZ),
2.32(3H,s),3.35(3H, s),4.28 (2H, t, J=2.0Hz), 4.45 (2H, t,
J=2.0Hz),4.49 (2H,t,J=2.0Hz), 4.72 (2H,t, I = 2.0 HZ),
6.71(1H, s), 7.26-7.13 (4H, m); "*C NMR (CDCl3s, 50 MHz) &
16.8, 21.1, 27.5, 66.9 (2 ), 70.4 (4 x), 73.2 (2 %), 80.5, 90.9,
1245, 128.8 (4 x), 132.3, 134.9, 135.9, 201.8; FAB-MS m/z
358 (M*); HRMS Calcd for CH2.FeO: 358.1020. Found:
358.1023.
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Table 1. Crystd Dataof Compounds7b, 7d, 8a and 8c
Compound 7b 7d 8a 8c
Formula CygHyFe 2H,0 CagHosFeN, CyoHo7FeN CagHosFeN,
Diffractometer SMART CCD SMART CCD SMART CCD SMART CCD
Temperature (K) 200 295(2) 295(2) 150
A(Mo, K,), A 0.7107 0.7107 0.7107 0.7107
Space group P-1 Cc P2, P2,/n
a(A) 8.337(1) 7.966(1) 11.390(1) 15.249(1)
b (A) 10.029(1) 18.646(1) 7.527(1) 7.743(1)
c(R) 27.675(1) 16.333(1) 13.750(1) 19.959(1)
o (deg.) 84.82(1) 90 90 90
[ (deg.) 89.53(1) 100.08(2) 102.42(1) 102.62(1)
t (deg.) 88.81(1) 90 90 90
V (A% 2303.74(5) 2388.4(2) 1151.30(4) 2299.7(1)
VA 4 4 2 4
D(cdlc), g.cm™ 1.310 1.303 1.319 1.353
F(000) 960 976 480 976
Crysta sze(mm) 0300202 0.02 0.30:025%020 050x0.10x0.10 0.25x0.25x0.20
A rangefor datacollection 0.74-25.00 2.18-27.49 1.52-27.50 1.90-25.00
No. of meas Reflns. 22366 11728 15126 17933
No. of uniquerefins, Ry 8091, 0.067 5302, 0.027 5278, 0.058 4049, 0.023
No. of obs Reflns. (I>2(g)1) 7402 5091 4856 3950
No. of refined params 714 299 290 299
Goodness-of-fit on F? 1.038 1.030 1.001 1.027
Ry, WR» 0.077,0.196 0.041, 0.102 0.050, 0.102 0.037, 0.100
Extinction coeffici ent 0.010(1) 0.000(1) 0.017(2) 0.000(1)

Ru=Z|l-H/z1
R=z|F,-Flzl|Fl
WR, = @w | F 22121z wr 2y

Compound 7b has disorder part in the phenyl ring as rotation around C-C singl e bond.

1-Acetyl-1'-[1-methyl-2-(3-methylphenyl)]ethenylfer rocene
(6¢)

Accordingtotherepresentativeprocedure, theSml,
promoted reaction of 1,1%-acetylferrocene (324 mg, 1.2
mmol) with 3-methylbenzyl bro mide (370 mg, 2.0 mmol)
gavetheti tle com pound (420 mg) in 98% yield. 6¢c: Red-
brownoil; IR(KBr) 1671cm®; *H NMR (CDCl;, 200 MHZ) &
2.16 (3H, s), 2.33 (3H, s), 3.37 (3H, 5), 4.29 (2H, t,J =19
Hz),4.45(2H,t,J=1.9Hz),4.49(2H,t,J=1.9Hz),4.72 (2H,
t, J=1.9 Hz), 6.71 (1H, s), 7.29-7.03 (4H, m); *C NMR
(CDCls, 50 MHz) & 16.8, 21.4, 27.5, 66.9 (2 x), 70.4 (4 x),
73.3 (2 x), 79.9, 90.8, 124.7, 126.0, 127.0, 128.0, 129.6,
132.9, 137.6, 137.7; FAB-MSnvz 358 (M *); HRMS Calcd for
C22H2FeO: 358.1020. Found: 358.1028.

1-Acetyl-1-[1-methyl-2-(2-cyanophenyl)]ethenylferrocene
(6d) and 1,1"-Big1-methyl-2-(2-cyanophenyl)]ethenyl-
ferrocene (7d)
Accordingtotherepresentativeprocedure,theSml,
promoted reaction of 1,1"-acetylferrocene (324 mg, 1.2

mmol) with 2-cyanobenzyl bro mide (392 mg, 2.0 mmol)
gave 6d (420 mg, 77%) and 7d (110 mg, 19%).

6d: Red-brown oil; IR (KBr) 2217, 1669 cm™; "HNMR
(CDCls, 300 MHZz) & 2.06 (3H, d, J = 1.3 Hz), 2.32 (3H, ),
4.31(2H,t,J=3.7 Hz), 4.77-4.87 (6H, m), 6.85 (1H, m), 7.29
(1H,t,J=7.5Hz),7.44(1H,d,J=7.5Hz),7.53 (1H,t,J=7.5
Hz), 7.60 (1H, d, J = 7.5 Hz); 3C NMR (CDC1,, 75 MHz) &
16.9, 27.6, 67.3 (2 x), 70.6 (2 x), 70.9 (2 x), 73.7 (2 %), 80.0,
88.6, 112.0, 118.2, 120.2, 126.6, 129.8, 131.9, 132.2, 133.7,
138.5, 141.5, 201.7; FAB-MSm/z369 (M*); HRMS Cal cd for
CxH1sFeNO: 369.0816. Found: 369.0811.

7d: Red-brown solid; mp 122-124=C; IR (KBr) 2227,
1620cm™; *H NMR (CDCl3, 300 MHz) fi2.14 (6H, d, J=1.2
Hz), 4.35 (4H, t,J = 1.5 Hz), 4.54 (4H, t, J = 1.5 Hz), 6.88
(2H,s),7.26 (2H,t,J=7.5Hz),7.35(2H, d, J= 7.5 Hz), 7.47
(2H, t,J=7.5Hz),7.60 (2H, d, J= 7.5 HZ); ®*CNMR (CDCl3,
75MHz) &17.3(2 %), 67.4 (4 %), 70.9 (4 x), 88.0 (2 x), 112.1
(2x),118.4 (2 x), 119.3 (2 %), 126.2 (2 x), 129.7 (2 x), 132.1
(2 ), 133.8 (2 x), 139.7 (2 x), 141.9 (2 x); FAB-MSm/z 468
(M%); HRMS Calcd for GoH,,FeN,: 468.1289. Found:
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468.1290. The struc ture of 7d (recrystallized from CHCl4/
hex ane) wasconfirmedby anX-ray dif fractionanal y sis.

1,1"-Big 1-methyl-2-(4-methylphenyl)]ethenylferr ocene
(7b)

Accordingtotherepresentativeprocedure, theSml.
(0.9mmol) promoted reaction of thesub sti tuted acetyl ferro-
cene 6b (215 mg, 0.6 mmol) with 4-methylbenzyl bro mide
(185 mg, 1.0 mmol) gavetheti tle com pound (255 mg) in 95%
yield. 7b: Red-brown solid; mp 127-129°C; IR (KBr) 1626
cm®; "HNMR (CDCl3, 200MHz) & 2.19 (3H, 5), 2.20 (3H, 9),
2.36 (6H, s), 4.26 (4H,t,J=1.9Hz), 4.44 (4H, 1,J=1.9Hz),
6.69 (2H, ), 7.24-7.10 (8H, m); “*C NMR (CDCls, 50 MHz)
17.0(2x),21.2(2 %), 66.7 (4 x), 69.7 (5 x), 90.0 (2 x), 123.3
(2 x), 128.8 (8 x), 133.7 (2 x), 135.4 (2 x), 135.5, 152.2;
FAB-MSm/z446 (M"); HRMS Calcd for C 30H soFe: 446.1693,
Found: 446.1697. The struc ture of 7b (recrystallized from
CHCl y/hex ane) wasconfirmed by an X-ray dif fractionanal y-
sis.

1-[1-Methyl-2-(4-cyanophenyl)]ethenyl-1'-[ 1-methyl-2-(4-
methylphenyl)]ethenylferrocene (8a)

By aproceduresimi lar tothat for com pound7b, the
Sml, promoted reaction of thesub sti tuted acetylferrocene6b
(215 mg, 0.6 mmol) with 4-cyanobenzyl bro mide (196 mg,
1.0mmol) gavetheti tlecom pound8a (241 mg) in 88% yield.
8a Red-brown solid, mp 157-159 =C; IR (KBr) 2223, 1606
cm; 'HNMR (CDCl3, 300 MHZz) & 2.18 (3H, d, J = 1.1 HZ),
2.20(3H,d,J=1.1Hz),2.38(3H, s), 4.28 (2H, 1,J=2.0Hz),
4.33 (2H, t,J=2.0Hz), 4.48-4.46 (4H, m), 6.64 (1H, s), 6.68
(IH, ), 7.17-7.10 (3H, m), 7.27 (2H, d,J= 8.5 HZz); *C NMR
(CDCls, 75 MHz) & 17.0, 17.2, 21.1, 66.7 (2 %), 66.9 (2 x),
69.7 (2 x), 70.2 (2 x), 88.6, 90.3, 108.7, 119.2, 121.6, 123.6,
128.7,128.8 (2 x), 129.2 (2 x), 131.7 (2 x), 131.9, 133.1,
135.1, 135.7, 138.6, 142.8; FAB-MS m/z 457 (M*); HRMS
Calcdfor C4H,7FeN: 457.1493, Found: 457.1496. The struc-
ture of 8a (recrystallized from CHCls/hex ane) wasconfirmed
by anX-ray dif fractionanal y sis.

1-[1-Methyl-2-(2-methylphenyl)]ethenyl-1-[ 1-methyl-2-(3-
methylphenyl)]ethenylferrocene (8b)

By aproceduresimi lar tothat for com pound7b, the
Sml, promoted reaction of thesub sti tuted acetylferrocene 6¢
(215 mg, 0.6 mmol) with 2-methylbenzyl bro mide (185 mg,
1.0mmol) gavetheti tlecompound8b (241 mg) in 88% yield.
8b: Red-brown oil; IR (KBr) 1630, 1602 cm'!; *H NMR
(CDCl3, 300 MHz) & 1.97 (3H, s), 2.14 (3H, 5), 2.17 (3H, 9),
2.25(3H, s), 4.18 (4H, m), 4.36 (4H, m), 6.63 (2H, 9), 7.14-
6.93 (8H, m); **C NMR (CDCl;, 75 MHz) & 16.8, 17.1, 20.1,
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21.5,66.7 (2 X), 66.8 (2 x), 70.0 (2 x), 70.1 (2 x), 89.4, 89.9,
122.4,123.6, 125.3, 126.0, 126.4, 126.7, 128.0, 129.4, 129.6,
129.8, 134.3, 134.4, 136.3. 137.5, 137.6, 138.3; FAB-MSm/z
446 (M*); HRMS Calcd for CaoHsoFe: 446.1697. Found:
446.1678.

1-[1-Methyl-2-(2-cyanophenyl)]ethenyl-1'-[1-methyl-2-(4-
cyanophenyl)]ethenylferrocene (8c)

By aproceduresimi lar tothat for com pound 7b, the
Sml, promoted reaction of thesub sti tuted acetylferrocene6d
(221 mg, 0.6 mmol) with 4-cyanobenzyl bro mide (196 mg,
1.0mmol) gavetheti tlecom pound 8c (253 mg) in 90% yield.
8c: Red-brown solid, mp 123-125°C; IR (KBr) 2226, 1622,
1602cm™; *"H NMR (CDC1s, 300 MHZz)# 2.10 (3H, d,J=1.1
Hz), 2.20 (3H, d, J = 1.1 Hz), 4.30 (2H, t,J = 1.7 Hz), 4.35
(2H, t,J = 1.7 HZ), 4.50 (4H, m), 6.67 (1H, s), 6.85 (1H, 9),
7.63-7.28 (8H, m); ®C NMR (CDCls, 75 MHz) & 17.1,17.3,
67.2 (5 x), 70.4 (2 x), 70.7 (2 x), 88.0, 88.8, 108.7, 111.9,
118.3,119.2,119.3, 121.8, 126.3,129.2 (2 x), 129.4, 131.7 (2
x), 132.0, 132.7, 138.4, 139.3, 141.6, 142.8; FAB-MSm/z
468 (M™); HRMS Calcd for CsoH24FeN2: 468.1289. Found:
468.1304. The struc ture of 8c (recrystallized from CHCls/
hex ane) wasconfirmedby an X -ray dif fractionanal y sis.

1-[1-M ethyl-2-(4-methylphenyl)]ethenyl-1'-(pent-1-yn-3-
en-4-yferrocene (9)

By aproceduresimi lar to that for com pound 7b, the
Sml, promotedreaction of thesub sti tuted acetylferrocene6b
(430 mg, 1.2 mmol) with propargyl bro mide (297 mg, 2.0
mmol) gavetheti tle com pound9 (402 mg) in 88% yield. 9:
Red-brown oil; IR (KBr) 1625, 1604 cm'®; *H NMR (CDCl ,
300 MHz) &2.22 (3H, s), 2.27 (3H, 5), 2.41 (3H, 5), 3.28 (1H,
d, J=2.3Hz), 4.28 (2H, m), 4.31 (2H,m), 4.41 (2H, m), 4.46
(2H,m),5.70 (1H,d,J=2.3Hz),6.75(1H, s), 7.22 (2H,d,J =
8.0Hz), 7.31(2H, d, J= 8.0 Hz); ®*C NMR (CDCls, 75 MHz)
§16.9,18.2,21.1,66.8(2x), 66.9 (2 %), 70.0 (2 %), 70.5 (2 x),
81.3 (2 x), 82.7, 85.8, 90.2, 101.0, 123.7, 128.8 (2 x), 128.9
(2 x), 133.1, 135.2, 135.6, 149.4; FAB-MSm/z 380 (M"),
HRMS Calcd for CasH24Fe: 380.1227. Found: 380.1224.
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