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6,13-Bis(alkylthio)pentacenes directed toward organic field-effect transistors (OFETSs) were synthesized by the Znl
6,13-dihydroxy-6,13-dihydropentacene with alkylthiols, followed by the dehydrogenative aromatization of the resulting

,-mediated reaction of  trans-
trans -6,13-bis(alkylthio)-

6,13-dihydropentacenes with  p-chloranil. The X-ray crystallographic analysis of 6,13-bis(methylthio)pentacene reveals that this compound is

arranged as a result of cofacial

zr-stacking with S =S and S— interactions.

Sulfur-containing aromatics are attractive candidates for although the herringbone-packed pentacene still holds the

organic semiconductofs. Pentacene is another promising

highest hole mobility among organic semiconducfdrs.

candidate for organic semiconductors, especially organic Realization of a 2-D cofaciat-stacked packing arrangement

field-effect transistors (OFETS$)lt is generally recognized

that the charge-carrier mobility in organic semiconductors

depends ont—x interactions between molecules. Acenes

such as pentacene, however, tend to be susceptible tq;

herringbone packing arrangements with minimeatacking’
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efficiency because this molecular ordering would permit good || A

overlapping of the intermolecularr-orbitals®**® Thus, Scheme 1. Formation of2 by a Znb-Mediated Reaction of
control of molecular orientation and arrangement is a very with Thiols
important subject for OFETs. Several groups have reported -R

. . . . R-SH ¢ 22equw
strategies for molecular design to achieve the cofacial ZnI2 (1 equiv)
z-stacked packing arrangement of aceh@dn which the @‘@ ~ ohoL @‘@
introduction of aryl'®bulky trialkylsilylethynyl & or halogen t, 2 h, Ar SR 2
group$ into acenes at the appropriate positions changes the 7

2a: R =CHjg, 70% yield

packing structure from a herringbone to a cofagiatacking 2b:R = n-CoH, ;. 85% yield
motif. Recently, we have demonstrated thatSSinteractions 2¢: R = n-CgH 7, 88% yield .
assist a cofacialz-stacking of 9,10-bis(methylthio)an- 2d: R= CHyCH,Si{(CH )3, 84% yield

. : 2e: R = Ph, 73% yield
thracené%!! Here, we report the synthesis of 6,13-bis- ° yie

(alkylthio)pentacenes (3) and the X-ray crystal packing
structure of 6,13-bis(methylthio)pentaceBa), whereir3a

is arranged by cofaciaf-stacking with S—S and S—x
interactions.

(2e), respectively, in good yields (Scheme 1). These com-
pounds are freely soluble in CHLIThis reaction is
applicable to a variety of thioléand scarcely produces any
of the cis isomer o2. In contrast, reaction of the dimesylate
R 3a:R=CHs of 1 with n-CgH17SNa (4 equiv) in CHCl,—DMF gave a
@@@@@ Fwed :ngg” mixture of 2c andcis-2cin a 2:1 ratio (total 57% yield).
3d:R = CHZCHZSI(CHs)a The final step in the synthesis of 6,13-bis(alkylthio)-
S—R Je:R=P pentacenes (3) is dehydrogenative aromatizatiof. dfhe
results are summarized in Table 1. With the goal of
The direct method for the synthesis 8fmay be the

reaction of 6,13-dilithiopentacene with a dialkyl disulfide. _

Howe_ver, 6,13-d||_|th|0pentacene CannOt b_e_ prepared. TheTable 1. Formation of3 by Dehydrogenative Aromatization of
reaction of 6,13-dihydropentacene witkBuLi in the pres- 2 with p-ChIoraniI

ence of TMEDA also did not generate 6,13-dilithio-6,13-

dihydropentacene. We devised a general synthetic route to Pfh'oran” R
3, the key step of which utilizes the Zninediated reaction @‘@ equ1v @@@
of a benzylic alcohol with alkylthiol to provide a benzylic Y Arinthedark

SR 2

alkyl sulfide??
The reduction of 6,13-pentacenequinone with NaB# a:R =CHs, b: R= nCsHiy, ¢ R = n-CgHy7,
equiv) in MeOH at room temperature gaveans-6,13- d: R =CH,CHzSi(CHs)s, e: R = Ph
dihydroxy-6,13-dihydropentacené)(in 77% yield!® The
reaction ofl with alkylthiols or thiophenol (2.2 equiv) in

temp/time KoCOg3 yield of 3

o entry R  solvent (°C/days) (10 equiv) (%)
the presence of Zp[1 equiv) in CHCI, at room temperature 1 on 5073 o
producedtrans-6,13-bis(alkylthio)-6,13-dihydropentacenes a. mere yes
2a—d bis(oh ithi dihvd 2 b  CeHs 60/2 yes 85
(2a—d) or trans-6,13-bis(phenylthio)-6,13-dihydropentacene 3 ¢ CHCl,  40/3 o 40
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carried out under an argon atmosphere in the dark.
Chloranil (2 equiv) was the best dehydrogenative aromati-
zation reagent foRc® In entry 3, the reaction o2c with
p-chloranil in CHC} at 40°C for 3 days gave3c in 40%
yield, along with 6,13-dihydro-13,13-bis{octylthio)penta-
cen-6-one4c: 42% yield) as a rearrangement prodtiand
the Diels—Alder adduct o8c with p-chloranil at the 6,13-
positions (5¢c: 16% vyield). In benzene at B0 for 2 days
(entry 4), although overreactions towadd and 5¢ were
almost inhibited, the reaction gage in 10% vyield, together
with cis-2c and recoveredc, whereincis-2c had no reactivity
with respect tg-chloranil. The use of BCO; as an additive
was effective in inhibiting the formation of undesiralglis-
2c1” Thus, the best result for the synthesis3of(entry 5:
68% vyield) was obtained under the conditions 2¢,
p-chloranil (2 equiv), and ¥CO; (10 equiv) in benzene at
60 °C for 2 days. On the basis of this procedu?e, 2b,
and 2d were transformed int8a (entry 1: R= CHa, 66%
yield), 3b (entry 2: R= n-CsHy3, 85% yield), andBd (entry
6: R = (CH,).:Si(CHy)s, 45% yield), respectively. The
transformation oReinto 3e (entry 7: R= Ph, 79% vyield)
was carried out in CHGbecause hardly ardeand5ewere
produced. Compound3a and3e are less soluble in CHEI

and benzene (ca. 0.3 mg/mL at room temperature), Wherea{

3b—d are freely soluble in these solvents. The BWs
spectrum of3c in CH,Cl, showedAmax = 617 nm, which is
red-shifted by 39 nm relative ty.x of pentacené?18Under
both air and room light3a—ein solution gradually decom-
posed to 6,13-pentacenequinone. In contrast to pentatene,
without lights,3a—e can be handled and purified under ir.

Single crystals of 6,13-bis(methylthio)pentaceda) cuit-
able for X-ray diffraction analysis were obtained by allowing
a hot solution oBBain 1,2,4-trichlorobenzene under an argon
atmosphere in the dark to slowly cool to room temperature.

(10) Kobayashi, K.; Masu, H.; Shuto, A.; Yamaguchi,8hem. Mater.
2005,17, 6666—6673.

(11) For S-S interactions for molecular ordering, see: (a) Werz, D. B;
Gleiter, R.; Rominger, FJ. Am. Chem. So2002,124, 10638—10639. (b)
Gleiter, R.; Werz, D. BChem. Lett2005,34, 126—131.

(12) Guindon, Y.; Frenette, R.; Fortin, R.; Rokach].JOrg. Chem1983
48, 1357—1359.

(13) The reduction of 6,13-pentacenequinone with NaBHrefluxing
THF gives the trans and cis isomersloin a 65:35 ratio. Vets, N.; Smet,
M.; Dehaen, WTetrahedron Lett2004,45, 7287—7289.

(14) For the synthesis &fa, a 1:1 mixture of CESNa and acetic acid
in CH.Cl, was used as C4$H without any purification.

(15) The reaction o2c with DDQ in CHCk gave3cin very low yield,
wherein the main product wak.

(16) For an anthracene analoguedaf, see: Koyama, E.; Kobayashi,
K.; Horn, E.; Furukawa, NTetrahedron Lett1999,40, 8833—8836.

(17) A 1:1 mixture of3c with tetrachlorohydroguinone in¢Ds at 60
°C for 2 days remained intact. The isomerizatior2ofo cis-2c could occur
at the back reaction of a 6,13-hisfctylthio)-6-hydropentacene radical with

The X-ray crystal packing structure 8areveals thaBais
arranged by cofaciat-stacking along tha axis with S—S
and S—uinteractions (Figures 1 and 2).

(a) Front view

r
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igure 1. 2-D network sheet o8a in the crystal structure: (a)
ont and (b) top views.

Figure 1 shows one 2-D network sheet 8&. The
pentacene ring d3aforms the pentacene column through a
slipped-cofacialzr-stacking motif along tha axis&°with
a face-to-face pentacenpentacene distance of 3.39 A. The
pentacene rings in one column are slipped relative to each
other along the long molecular axis by 3.64 A and along the
short molecular axis by 1.19 A. This molecular ordering
would permit good overlapping of the intermolecutaor-
bitals of the pentacene rings. There is nesinteraction
(5.128 A) in the pentacene column. Instead, there are weak
intermolecular S interactions between the sulfur atom and
the neighboring pentacene ring in the pentacene column, with
the interatomic distances of--8C3' = 3.610, S--C4'
3.611, and S---C5= 3.652 A2 The intermolecular S-S’
closest distance between the neighboring pentacene columns
in 3ais 4.297 A (the second closest distance is 4.563 A).
Although this intermolecular S---Slistance is 16% longer

a phenoxy radical of tetrachlorohydroquinone as intermediates in the reactionFigure 2. 3-D packing structure da: perspective views looking

of 2cwith p-chloranil. K,COs; as an additive would be effective in trapping
of the hydroquinone or its phenoxy radical.

Org. Lett, Vol. 8, No. 11, 2006

down (a) thea axis and (b) thet axis.
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than the van der Waals distarf®ethis value is still neighboring 2-D network sheets are packed relative to each
sufficiently in the range of van der Waals interactidh&! other with a large tilt angle of 84%4in what is called the
The contact angles of-8S'—Cuentacenednd S++*S'— (e are y-motif 42

119.88 and 70.92respectively. Thus, the pentacene columns  In summary, we have developed a general method for the
of 3a formed by slipped-cofacialz-stacking and S—sz  synthesis of 6,13-bis(alkylthio)pentacenes (3) and demon-
interactions are parallel to each other and are linked by thestrated that the intermolecular S—S and Sinteractions
S—S interactions to self-assemble into a 2-D network sheetassist the cofaciat-stacked packing arrangement of the
(Figure 1). Figure 2 shows the 3-D packing structur@af pentacene rings da. It is noted that the introduction of a
The 3a molecules in one 2-D network sheet and in the small methylthio group into pentacene at the 6,13-positions
changes the packing structure from a herringbone to a
(18) Maliakal, A.; Raghavachari, K.; Katz, H.; Chandross, E.; Siegrist, cofacialzr-stacking motif. Studies on the preparation of thin

T. Chem. Mater2004,16, 4980—4986. : ; ;
(19) Decomposition of3c to 6,13-pentacenequinone in air-saturated films and OFET properties o3 are Curremly In progress.

CDClin the dark at room temperature was monitored\NMR, wherein . . . . .
3c survived in 93, 88, 82, and 66% yields after 13, 25, 48, and 168 h, ~ Supporting Information Available: Synthetic procedures
respectively. and spectral data fdt—3, 4c, and5c and ORTEP drawing

(20) Pauling, L.The Nature of the Chemical Bon8rd ed.; Cornell . . T .
University Press: lIthaca, NY, 1973. The sum of van der Waals radii of and CIF file of3a. This material is available free of charge

two atoms is as follows: $S=3.70 A; $--C = 3.55 A. via the Internet at http://pubs.acs.org.
(21) Maitland, G. C.; Rigby, M.; Smith, E. B.; Wakeham, W. A.
Intermolecular Forces; Clarendon Press: Oxford, 1981. OL060679X
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