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Control of Substituents on Aromatic Rings Using Zirconocene
and Its Application to
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Introduction

It is well-known that benzene derivatives have been synthesized by cyclotrimerization of
alkynes using transition metal complexes.1 One of the major problems of the reactions is
the difficulty in regioselective intermolecular cyclotrimerization with unsymmetrical
alkynes to give multi-substituted benzene derivatives with high regioselectivity. For
example, when two terminal alkynes react with transition metals, the corresponding
metalacycles are obtained as a mixture of three possible regioisomers. The followiflg
cyclization with one internal alkyne affords a mixture of three benzene derivatives.

Previously, our group reported a zirconium-mediated cyclotrimerization of three different
alkynes with excellent selectivity in high yields.2 If the reaction is carried out, however,
with terminal alkynes, such high efficiency can not be achieved because of the poor
regioselectivity in the zirconacycle formation and intolerance of the low valent zirconocene
species for the acidic hydrogen of the terminal alkyne employed.

To develop a method to synthesize 1,2,4,5-tetrasubstituted benzenes as a single product,
silylalkynes seem to be suitable because of their characteristic properties. The reaction of
Cp2Zr (I1) species with silylalkynes proceeds with excellent regioselectivity to afford the
corresponding 2,5-disilyl-substituted zirconacyclopentadiene in high yield.3 Furthermore,
after cyclization with one internal alkyne, the introduced silyl groups can be easily removed
from the formed benzene by simple treatment with acid. This can be a strategy for the

. formation of 1,2,4,5-tetrasubstituted benzenes as a single product.

Along this strategy, the reaction of a zirconocene complex with silylalkynes was
examined to develop the selective synthesis of 1,2,4,5-tetrasubstitued benzenes.
Furthermore, the developed method was applied for control of substituents of a series of

substituted naphthacenes and pentacenes.*
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1. Zirconium-Mediated Dewar Benzene Formation from Silvlalkynes and Preparation of

1.2.4.5-Tetrasubstituted Benzene.

Silylalkynes reacted with Cp,Zr(Il) species to afford the corresponding
2,5-disilyl-substituted zirconacyclopentadiene in high yield. Then it was cyclized with
dimethyl acetylenedicarboxylate (DMAD) in the presence of CuCl. Unexpectedly the
corresponding Dewar benzenes were obtained as a major product along with the expected
benzene derivatives. The Dewar benzene could be quantitatively converted to the desired
benzene after heating. The introduced silyl groups could be easily removed from the
formed benzene by simple treatment with acid. This can be regarded as the
transition-metal-mediated regioselective synthesis of 1,2,4,5-tetrasubstituted benzenes from
two terminal alkynes and one internal alkyne (DMAD). On the other hand, from
disilyl-substitued bicyclic zirconacyclopentadienes prepared from silylated diynes, the
correspoding benzenes were formed as main products under the same cyclization

conditions.

2. Control of Substituents on Substituted Pentacenes by Zirconium-Mediated

Homologation. .
Multi-substituted pentacenes, such as 1,2,34,6,13-hexasubstituted pentacenes,

1,2,3,4-tetrasubstituted pentacenes, 2,3-disubstituted pentacenes, and
1,2,3 4-tetrasubstituted naphthacenes, were prepared by a zirconium-mediated
homologation method. The homologation method involved the conversion of phthalic acid
ester derivatives to two ring extended phthalic acid ester derivatives via diynes and
metallacyclopentadienes using transition metals, such as Zr and Rh. For the formation of
1,2,3 4-tetrasubstituted and 2,3-disubstituted pentacenes, trimethylsilyl-substituted diynes
were used for zirconocene-mediated cyclization. Elimination of the trimethylsilyl groups

after the cyclization afforded non-substituted position on pentacenes or naphthacenes.

3. Functionalization of 2,3-Bis(alkoxycarbonyl)naphthacene and -pentacene Derivatives.

Functionalization of 2,3-bis(alkoxycarbonyl)naphthacenes and -pentacenes, which were
obtained by zirconium-mediated homologation, was described. Various substituents were
introduced into polyacenes. The two ester groups were reduced with LiAlH, in diethyl ether
to give the corresponding diol in quantitative yield. In contrast, when the reaction was
carried out with a mixture of LiAlH, and AlCl;, the corresponding cyclic ether was formed
in excellent yield. 2,3-Bis(bromomethyl)naphthacenes and -pentacenes were obtained from
the corresponding diols by bromination with PBr; and DDQ aromatization. Similarly,
pentacene with cyclic ether moiety was also obtained. Finally, pentacene imides were
prepared from dihydro- or tetrahydropentacenes by hydrolysis of ester groups with Lil,
treatment with primary amines and DDQ aromatization. The solubility of the pentacene
imides was much lower than the corresponding pentacene 2,3-diesters, even long alkyl

chains existed in the imide moieties.
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4. Preparation of Symmetrically Substituted Pentacenes by Double Homologation

Symmetrically substituted pentacenes were synthesized by double homologation of
1,2,4,5-tetrakis(propargyf)benzene derivatives. Although the product yields were low, the
number of the synthetic steps was dramatically reduced compared with the single
homologation method. Interestingly, at the final DDQ aromatization for the synthesis of
1,4,8,11-tetrabutyl-2,3,9,10-tetrakis(methoxycarbonyl)pentacene, its dimer was also
obtained along with the desired monomer. On the other hand,
1,4,8,11-tetrabutyl-2,3,9,10-tetrakis(methoxycarbonyl)-6,13-dimethoxypentacene did not
give such dimer. The dimer was cleanly converted to monomer at 150 °C in
dichlorobenzene in the dark. On the contrary, the monomer was changed into dimer in
dodecane at 150 °C.

5. Alkyl Substituted Acene Formation by Stepwise DDQ Aromatization.

To improve the yields of alkyl-substituted acenes, a stepwise DDQ aromatization was
developed. First, a dihydropentacene reacted with 2 equiv of DDQ at room temperature,
and the corresponding DDQ adduct was obtained in very high yield. Next, the adduct was
treated with DDQ acceptor reagent, and DDQ was released from the adduct. Then, the
desired pentacene was obtained in a good yield. The total yield of the stepwise DDQ

aromatization is much better than that of the direct aromatization with DDQ.

Conclusion

In this work, a new method for selective synthesis of 1,2,4,5-tetrasubstituted benzenes
using zirconocene and silylalkynes was developed. Then this method was applied for the
control of substituents of substituted naphthacene and pentacene derivatives by introduction
and removal of silyl groups. And derivatization of acene 2,3-diesters was achieved to afford
a series of functionalized naphthacenes and pentacenes. By the double homologation,
symmetrically substituted pentacenes were obtained. Finally, the yields of highly alkyl
substituted pentacenes were improved by alternate pathway including the formation of
DDQ adduct followed by efficient removal of it by the DDQ acceptor.
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FAEOWELH/TIL., FREARSEDLZ6ENLRY, Pra /U2
WeBRA 2 2 BRFFEILEH DO ERIEIZ DN TRAS TV,

FFTid, XRXOER, BIUHROBHBRRENATVWS, BBEEHE
B2 RAWTETNVF O FRERIEEZEBCRISEO K & RBEAD—2I%, JEHT
NEVERWCEOMERIRETH D | BIRMIZZBHBASV P U 2E/KT 501
HEETHD, RICEEOSOMRETIE, Vva=yrhz2AW3 20RRBT L
FUEBVEBRETRICEZEUESE, MET 0P HiEk:EmINERTE
BT DRISZ®|E L TWD, LML, ZORIGERET VX S LB,
EDXIBREVBEBREIIB LN TV o7,

IDRERETHEDIZ, SIATAZFUVERAVWERIGICEBEL, 2haey
Na=yg ML LSBRICBINIZGATIUEL, 1,24,5-T0BBRAV B 2BRRHICE
RTEDEEZT, e, ZOFEREGCHTNWI. B o228y, BIUR
Y OBBEOHENTEL 25, |

FB1ETE IVracyrzB0ErvIATAZ U NEDT 2T —_U P
DAERE : 1,24,5-WBERAS BV DERIZOVWTHERENATWS, YU ATLF
vE2MTNT )RR E ORISIZE D, ST D 2,5-PL U aFy s
ONREDPTUEEHR L, T, TEFLUVCHILNRVBS AFAEMZT &
ZAH HMETDT 2V _UB U ERVEVBERBRESHLE LTELNRE, &
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DT 2T —=_PUHEEL, MBUC L > THIET AR B FEEA~LEHBT
fr, BAINEVINVERRET DI LT, 1245-UERSVP U HEELH
BRAICEBL Z LITRIILEE, ZOFERIT. BBEBEZHWE, 2 DOXRET
NELE 1 DOWNETAF b OMERRIAE 124,5- BBV Y U OARK
LB T LR TES,

2 ETE, VramvrsrAnistEa s —va kil avierg
ROBBREHBIZOVTRNLNTWVD, 7INVBRTRT VEFHEEE HREFR L
LT, Pha=y sz AVERIEMNKSIC L > TEHEFROEREZITV, B4 D
BRI, BIXORUVEEVEER L, 72, P AFATIALVEDOE
ALBHEERZ WD Z LT, RuUFdy, BT 7220 0BH#ELZHIET S
TENTETR,

3 ETIR, FUEEY, BIURVIEBEVL-PERATILDEREERK
IZ OV TIHRRENT WS, 23 AT A DOEREERIZL Y, 2,3 EBEH
EEToe A FLE BRZ—FTNL, A I RREANEEHBRTHZLITERIILT,
INROERELINTZRVFEY BEOYT 72 U BHEAOBEMBEIT, BRE
OHEBIZEI DV RESETHZ LB ahoT,

B4 ETR, ZEFEuS—va VEERBOEIHTEREAR L Z DA
IZOWNWTRRENTWS, 1,24,5-7 b T FA(Fria X )80k HEBEE
L7, ZERERT—Va UEICE D JAFFBERER I UFERRELN
7re 6,13-fLIZBWMEL RV 20T, BH% DO DDQ Ik 5 EFELDB
BT, BRHORVZE BHEEKLE FOZEBEENEESYME LTER L, Zh
WZRFL, 6,13-fLIZ A FFVEDPBHRLEGEICIE. ZEIEFZBHRI SR T,

=5 BETIL, BB DDQ BHFHELIZ L AT LR NAEBBRT L HOARKIZOW
TR TWD, Yk FaxXr 2 FlEAksr 2 4580 DDQ L ERTRIGE
¥T, T HFE—DDQ fMEEZERETERK L, WIZ, Z O
12 DDQ ZFE I FH#RKIE I ¥ 5 Z & T, 2T DDQ BrEI N, BEHD
VEARCEBRETEDL LN TERE, TOBRBNRFEICLY, EENLRFE
IV L KIBICEEFRILORERKE SN,

BHBIZ, #imE LT, KRXOBENRE LD LN TS,

UED X 5T, ZEEOHETIE, BEREGRLAVWERRH &
RIS &, ENEGALET BV EOGRIZEBIT 2BHRERIEEORRE. S HIC
T—EOT U BEEDOEHA~LBIES BEAS, TR bI%, BHRERILED
SBOERDIERBIIFETHLOLEELZOND, - T, BLOEMIZHHET
b0 EHET D,
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