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Naphthalene-1,8-diylbis(diphenylmethylium) exhibits a unique electron-transfer reduction behavior due
to the close proximity of the two triarylmethyl cations, which form aC bond while accepting two
electrons, leading to 1,1,2,2-tetraphenylacenaphthene. The preparation of the dication was readily
accomplished under anhydrous conditions starting from a cyclic bis(triarylmethyl) ether, derived from
1,8-dibromonaphthalene. The process proceeded via deoxygenation accompanying the formation of a
disiloxane on treatment with a silylating agent @8&C1O, or Me;SiOTf) in 1,1,1,3,3,3-hexafluoropropan-

2-ol. The dication was successfully employed for oxidative coupliniy,dfdialkylanilines at the para-
position to afford the corresponding benzidines in good to excellent yield.

Introduction electrochemical properties. These dications were reduced with
) ) ) ) ) two electrons leading to the corresponding stable neutral
C_:arbocapons g_enerally exist as short-lived intermediates, compounds 1,1,1,2,2,2-hexaarylethane derivatives, as exempli-
which are immediately converted to more stable compounds
via _reactions sych as rearrangement, glimina}tion, and addition. (3) Encyclopedia of Reagents for Organic SyntheBiaquette, L. A.,
While the detailed studies of carbocations with NMR, IR, and Ed.; John Wiley & Sons Ltd.: Chichester, UK, 1995; Vol. 8, pp 5348

X-ray crystal structure analysis have been accomplished by Olah5357.
yery y P Y (4) (a) Fretzen, A.; Kndig, E. P.Hels. Chim. Actal997, 80, 2023. (b)

gnql otherg, their appllpanons as_synthetlp reagents are still Rubio, A.; Liebskind, L. SJ. Am. ChemSoc 1993 115, 891. (c) Pearson,
limited. Among them, triarylmethyliums, which are rather stable A. J.; zettler, M. W.J. Am. Chem. Sod.989 111, 3908.
carbocations and are readily prepared from the corresponding (5) () Mukaiyama, T.; Tamura, M.; Kobayashi, Shem. Lett1986

; ; ; ; 1017. (b) Kobayashi, S.; Murakami, M.; Mukaiyama,dhem. Lett1985
alcohols or halide$ constitute a class of versatile carbocations 1535, (c) Mukalyama, T.: Kobayashi, S.: ShodaC8em. Lett1984 1529.

with function$ such as hydride and alkoxy abstractiand (d) Bochkov, A. F.: Kachetkov, N. KCarbohydr. Res1975 39, 355.

Lewis acid catalysis. (6) (a) Carey, K. A.; Clegg, W.; Elsegood, M. R. J.; Golding, B. T.;
Hill, M. N. S.; Maskill, H. J. ChemSoc.,Perkin Trans 1 2002 2673. (b)

_Recently, dicationic systems in which two triarylmethylium g i ' “ishida, J.; Tsuji, Them. Commuri998 2193. () Suzuki,
ions were linked by a carbon skeleton, such as-iighenyl- 7. Nishida, J.; Tsuji, TAngew Chem, Int. Ed. Engl. 1997, 36, 1329.
2,2-diyl,® 1,1-binaphthalene-2;2liyl,” and naphthalene-1,8- (7) Suzuki, T.; Yamamoto, R.; Higuchi, H.; Hirota, E.; Ohkita, M.; Tsuiji,

iv]8.9 ihi i T. J. Chem. Sog¢Perkin Trans. 22002 1937.
diyl3® groups, have been prepared and exhibited unique 8) (2) Wang, H.. GabbaF. P.Org. Lett 2005 7, 283. (b) Wang, H.:

Webster, C. E.; Perez, L. M.; Hall, M. B.; Gabb&l P.J. Am. Chem. Soc

* Author to whom correspondence should be addressed. Phone/Rak: 2004 126, 8189. (c) Wang, H.; Gabhdr. P.Angew Chem, Int. Ed. 2004
3-5841-4345. 43, 184. (d) Kawai, H.; Takeda, T.; Fujiwara, K.; Suzuki, Tretrahedron

(1) (a) Carbocation ChemistryOlah, A. G., Prakash, G. K. S., Eds.; Lett 2004 45, 8289. See also: (e) Kawai, H.; Nagasu, T.; Takeda, T.;
Wiley-Interscience: New York, 2004. (b) Olah, A. G.Org. Chem2001, Fujiwara, K.; Tsuji, T.; Ohkita, M.; Nishida, J.; Suzuki, Tetrahedron
66, 5943 and references therein. Lett. 2004 45, 4553. (f) Suzuki, T.; Nagasu, T.; Kawai, H.; Fujiwara, K.;

(2) (@) Lambert, J. B.; Schulz, W. J., Jr.; McConnell, J. A.; Schilf, V. Tsuji, T. Tetrahedron Lett2003 44, 6095.
Am. Chem. Sod988 110, 2201. (b) Fukui, K.; Ohkubo, K.; Yamabe, T. (9) (a) Saitoh, T.; Ichikawa, J. Am. Chem. So2005 127, 9696. (b)
Bull. Chem. Soc. Jprl969 42, 312. Saitoh, T.; Yoshida, S.; Ichikawa, @rg. Lett.2004 6, 4563.
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Bis(triarylmethylium) as Two-Electron Oxidant

SCHEME 1. Dication as an Organic Two-Electron Oxidant

Arg, L AT _ Ar Ar
Ar iAr 2e Ar

1 2

fied in Scheme 1. Such -@C bond formation between two

carbocation centers was not observed in the one-electron

reduction of triphenylmethylium (trityl cation), which afforded
a dimer with a quinoid structuré.

Bis(triarylmethylium)1 (Ar = Ph) with a naphthalene-1,8-
diyl tether was first introduced by Gabibas the B~ salt
and we accomplished an independent synthesis of thg CIO
and TfO salts?f Dication1 has two cationic centers in closest
proximity, which brings about an especially high reduction peak
potential compared with those of other bis(triarylmethylium)s
and triarylmethyliums in cyclic voltammogram analy&is.
Moreover, steric congestion around the cationic center$ in
prevents nucleophilic attack at the carbocation, which might

JOC Article

TABLE 1. Preparation of
Naphthylene-1,8-diylbis(diarylmethylium) Salts 1a-c

Ar [o) Ar Me3S|X Ar +2)i_ Ar
Ar Ar (300mol %) Ar Ar
Q0D 7 wze - QO
5 1
entry Ar X solvent 1%

1 CeHs ClO4 CH.Cl, no reaction
2 CeHs ClO4 toluene no reaction
3 CsHs ClOy benzene no reaction
4 CsHs ClO4 HFIP 93 (La)
5 CsHs oTf HFIP 99 (Lb)
6 CsHs-4-OMe ClQy HFIP 76 (Lo

and their application as a new organic oxidant to the coupling
reaction of aniline derivatives leading to benzidine synthesis.

Results and Discussion

allow oxidation of nucleophilic species. Despite these advantages (&) Preparation of Dications 1.Bis(triarylmethylium)s with
as a reagent for electron-transfer oxidation, there had been nca carbon tether were previously prepared on treatment of the

reports on its application in organic synthesis until our recent
reports?

N,N,N',N'-Tetraarylated benzidines have recently received
much interest because of their tunable electric conductivity,
which finds diverse applications such as organic light-emitting
diodes, organic field-effect transistors, organic solar cells, and
organic photoconductofd? Oxidative coupling of aniline
derivatives provides efficient access to benzidines. Although
several methods for the oxidative coupling with cl&a molten
salt!2 a peroxidei2© VCl,, 124 or an electrochemical procéds
have been reported, most of them are low-yielding processes
Among these methods, Tigimediated oxidative coupling

corresponding diols with aqueous HBBr HCIO, in Ac,0,
(EtCO)0, or (CRCO),0.578 These methods had a drawback
in purification of the produced dications, due to the low volatility
of water, acid anhydrides, and in situ-generated carboxylic acids.
Therefore, the development of a convenient and practical method
for the dications was still required to isolate them in a pure
form so that they could be used as synthetic reagents. Our
synthetic plan relied on the following two features: (1) dications
1 would be generated from cyclic etheBsvia deoxygenation
and (2) this process would proceed readily in 1,1,1,3,3,3-
hexafluoropropan-2-ol (HFIP) solvent (Table 1). Treatment of
5 with a strong silylating agent was expected to allow removal
of the oxygen as a disiloxane {ROSIR;), leading to the desired

seemed the most practical to afford benzidines, despite thegjcations under anhydrous conditions. HFIP would assist the

requirement of a large excess amount of starting anifibes.

These facts prompted us to use dicatibin the electron-
transfer oxidation oN,N-dialkylanilines, nucleophilic substrates.

generation of the dications and be easily removed afterward,
due to its strong ionizing power, low nucleophilicity, and high
volatility.16

We have thus achieved the synthesis of benzidines via oxidative Benzophenones were added to the dilithium species, prepared

coupling of a variety of anilines. After our preliminary rep8t,
Xi's group reported practical methods for a similar coupling
with Ce(NHy)2(NOg)s (CAN)Ma or CuBr/HO,,P although
neither approach was applied to anilines functionalized on the
benzene rings. On the other hand, reductive coupling of
4-haloanilines with a palladium catalyst (Ullmann-type coupling)
readily occurred to produce benzidines in good yield under mild
conditions, although its scope for benzidine synthesis is
uncleart®

Herein we give a full account of a convenient method for
the preparation of naphthalene-1,8-diylbis(diarylmethyliuin)s

(10) Mcbride, J. M.Tetrahedron1974 30, 2009.

(11) (a) Gerstner, P.; Rohde, D.; Hartmann, $ynthesi2002 2487
and references therein. (b) Periasamy, M.; Jayakumar, K. N.; Bharathi, P.
J. Org. Chem200Q 65, 3548.

(12) (a) Lgez-Corts, J. G.; Penieres-Carrillo, G.; Ortega-Alfaro, M.
C.; Gutierez-Peez, R.; Toscano, R. A.; Alvarez-Toledano,@an. J. Chem
200Q 78, 1299. (b) Imaizumi, H.; Sekiguchi, S.; Matsui, Bull. Chem.
Soc. Jpn1977 50, 948. (c) Naylor, F. T.; Saunders, B. @.Chem. Sac
195Q 3519. (d) Carrick, W. L.; Karapinka, G. L.; Kwiatkowski, G. J.
Org. Chem 1969 34, 2388.

(13) (a) Vettorazzi, N.; Fernandez, H.; Silber, J. J.; Seren&léctro-
chim. Actal99Q 35, 1081. (b) Mizoguchi, T.; Adams, R. N. Am. Chem.
Soc 1962 12, 178.

(14) (a) Xi, C.; Jiang, Y.; Yang, XTetrahedron Lett2005 46, 3909.
(b) Jiang, Y.; Xi, C.; Yang, XSynlett2005 1381.

by treating 1,8-dibromonaphthale®ewith n-BuLi, to afford
the crude diols4.17 On successive treatment of their &t
solution with a catalytic amount of GEO,H and then MeOH,
cyclic ethersbaand5b (the precursors of dicatiorisa—c) were
obtained as white crystals in 80% and 48% vyield fr8nby
filtration, respectively (Scheme 2). Thus, neither extraction nor
purification was needed to isola%e The procedure for cyclic
ethers5 was also applied to the preparation of cyclic etBer
(the precursor of dicatio) starting from dieste6.18

Cyclic ether5awas treated with MgSiClO;,, prepared in situ
from AgClO; and MeSiCl in toluene!® to deoxygenate it.
Whereasba was recovered unchanged in &b, toluene, or
benzene, only HFIP allowed deoxygenatiorbafsuccessfully
as expected to afford the desired dicatibe (X = CIO,) in

(15) (a) Kuroboshi, M.; Waki, Y.; Tanaka, H. Org. Chem2003 68,
3938. (b) Li, J.-H.; Xie, Y.-X.; Yin, D.-L.J. Org. Chem2003 68, 9867.

(16) (a) Schadt, F. L.; Schleyer, P. v. Retrahedron Lett1974 27,
2335. (b) For recent reports on the cationic reactions conducted in HFIP,
see: Ichikawa, J.; Jyono, H.; Kudo, T.; Fujiwara, M.; Yokota,3¢nthesis
2005 39 and references therein.

(17) Letsinger, L. R.; Gilpin, A. J.; Vulio, J. WJ. Org. Chem1962
27, 673.

(18) Kanoh, S.; Muramoto, H.; Kobayashi, N.; Motoi, M.; SudaBdll.
Chem. Soc. Jpri987, 60, 3659.

(19) Jona, H.; Mandai, H.; Chavasiri, W.; Takeuchi, K.; Mukaiyama, T.
Bull. Chem. Soc. Jpr2002 75, 291.
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SCHEME 2. Preparation of Cyclic Ethers 5 and 8 SCHEME 4. Okxidative Coupling of Enolate
(Precursors of Dications 1 and 9 i) KN(SiMe3), (110 mol%)
OH HO o —78°C,2h/ THF 9
Br Br Ar Ar Ar_O_ Ar )j\/ Ph Ph
a.b) | ar|l 9 A Ar Ph ii) HMPA (500 mol%) s
OO OO 10 i) 1a (60 mol%) 11 65%
-78°C,1h (conv. 80%)
3 4 5a Ar=CgHs 80%

5b Ar = CgHg-4-OMe 48% SCHEME 5. Reoxidation of Acenaphthene 2a to Cyclic

Ether 5a (Precursor of Dications 1a and 1b)

O O Ph ph Ph Ph Oxidant Ph._O_Ph
Me CO,Me d) Me OH Ph . Ph Ph Ph
— HO
o L o | selarTraies
g e
2a 5a
6 7 - CAN (500 mol %), 2 d : 67%
c) M O HCIO,4 / Toluene (1000 mol %), 4 d : 90%
— 0
Ph SCHEME 6. Oxidative Coupling of Anilines 12
Ph
8 73% R Oxidant RR
(\ X1
—_—
aReagents and conditions: (B)BuLi (220 mol %), rt, 2 h/EO. (b) EtzN (60 mol%) EtzNNEtz
Ar,CO (240 mol %), reflux, 4 h. (c) GEO,H (10 mol %), rt, 10 h/CHCl,. R R R
(d) PhLi (500 mol %),~78 °C, 1 h/THF. 12a R = Me 13a
12b R=Cl 13b

SCHEME 3. Synthesis of 6,6Dimethyl-1,1'-biphenyl-2,2-
diylbis(diphenylmethylium) (9) .
and 1b, after an aqueous workup was more practical. On

O Rh Ph “é'ggsml'?/‘* Rh Ph treatment with CAN or HCIQ 2a was transformed t&a in
Me o &, Me *2ci0, 67% or 90% vyield, respectively (Scheme 5). Acenaphtizme
Me 1, 1 h/ CH,Cly Me can now be recycled, which makes the dication oxidants
0 ph Ph O ph Ph .
practical.
8 9 97% (c) Synthesis of BenzidinesOxidation of anilines with

dicationsl was then investigated. On treatment\gN-diethyl-

93% yield as dark red crystals (Table 1, entry 4). Dication  3,5-dimethylanilinel2a(E> = 0.32 V vs Fc/F¢) with a small
(X = OTf) was also prepared frofa in quantitative yield on ~ excess amount (60 mol %) @& or 1b, the reaction proceeded
treatment with MgSiOTf instead of MgSiClIO; under similar ~ smoothly even at-78 °C to give exclusively the desired para-
conditions (entry 5% MesSiBF,;, MesSiPFs, MesSiSbF, and coupled bisanilineN,N,N,N'-tetraethylbenzidind.3a, in 98%
MesSiReQ gave no dications with the corresponding counter- or 93% yield, respectively (Scheme 6; Table 2, entries 1 and
cation. 2). Dications1 were quantitatively recovered as acenaphthene

We also prepared dicatidhbearing a 1,%biphenyl-2,2-diyl 2a,_ whiqh indicates. thatla al_nd 1b acted. as a two-elegtron
backbone for comparison. In contrast to dicatidasand1b, 9 oxidant in the coupling reaction df2a® Dication 1c bearing
was much more easily generated at room temperature for onlym?thOXy groups on the f_OUV benzgne rings was less effective in
1 h on treatment o8 with MesSiCIO, in CH,Cl, without HFIP this reaction, givingl3ain 57% yield (entry 3), presumably
(Scheme 3). due to its lower oxidizing powe Dication 9 with a biphenyl

(b) Dications 1 as an Oxidizing AgentWe first examined ~ Packbone gave a complex mixture, ancs®tBF4~ afforded
the oxidation behavior of dicationd toward nucleophilic ~ MO coupling products, partly due to the nucleophilic attack of
substrates in the reaction with metal enolates as an example of:-2a0n the cations (entries 4 and 5). These facts clearly suggest
an anionic species. When the potassium enolate generated fronthat two methylium ions in close proximity are essential for
propiophenone1(0) was treated with 60 mol % ofa in the efficient oxidation. . .
presence of hexamethylphosphoric triamide (HMPA)-a8 Moreover, other oxidants such as 2,3-dichloro-5,6-dicy-
°C, the expected self-coupling produtt, 2,3-dimethyl-1,4-  &nobenzoquinone (DDQ), a triarylaminium radical cation [(4-
diphenylbutane-1,4-dione, was obtained in 65% yield (80% yield BrCeHa)sN™* SbCh™], and Ce(NH)2(NOs)s (CAN), which are
based on the consumédd, dl/meso= 65/35)2 The addition widely used in organic synthesis, were also examined in the
of the enolate to dicatiohawas suppressed in contrast to trityl  ¢0UPIing factlon_. Treatment of2a with DDQ or (4-
cation, probably due to steric hindrance around the cations BrCsHa)sN™ SbCk~ gave no oxidation products or many side
(Scheme 4). Thus, dicatioha was found to act as an organic Products other tha@i3a while 13awas obtained in 83% yield
one-electron-transfer oxidant even for nucleophilic substrates.)[’;’]'thdifAN at room terpp(fragu;\?\, (ent?r:as—(?). ;rg '”V%St".t?lﬁte

During the reactionlawas reduced to acenaphthezevia e difierence in reactivity between the dicatiba and other
C—C bond formation between the two carbocation centers. 9X1dants such as CAN, Fe&Phl(OAc), and Phi(OCOCH,

While 2a regenerateda by reoxidation with HCIQ in HFIP, we examined the oxidative coupling of 3,5-dichldwgN-
isolation of cyclic etheba, a stable precursor of dicatiods

(22) Electron-rich benzenes other than anilines, such as anisole and di-
and trimethoxybenzenes, gave no dimeric products on treatment with
(20) The TfO salt1bis more moisture sensitive thdm and has to be dication la
handled and stored with care. (23) The reduction peak potentials of dicatidhgAr = Ph and GH4-
(21) Schmittel, M.; Burghart, A.; Malisch, W.; Reising, J.il8er, R. 4-OMe) were reported to be 0.20 an@®.17 V vs Fc/F¢, determined from
J. Org. Chem1998 63, 396. the cyclic voltammogram o2a and 1c, respectively?ac
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TABLE 2. Oxidative Coupling of Aniline 12a2 SCHEME 7. Plausible Reaction Mechanism for the
entry oxidant yield of 13a /% Oxidative Coupling of 12
12+ (
RoN RoN
1 1a 98 N N~ >}2
2 1b 93 12+or 1+ | 12 13
H+
____3 ______________ 1 _c ________________ 5_ 7_ ______ N 1**or 2 (
complex e
4 9 mixture [ RZN_O] [R2N+NR2]
5 PhsC*BF 4~ (120 mol%) 0 14 174
cL_cl RN ) m17or2
6 0{_0 (0DQ) 0 12 (2vor 1]
NC CN H o= . H
; (4-BrCoHg)sN"SbCls™ -0 [RzNNRz ]ﬁ' [R2NNR2]
(120 mol%) H*
15 16
gb Ce(NH,)2(NO3)e (CAN) 83
(120 mol%) TABLE 4. Synthesis of Benzidines 13 from Aniline 12
— 1a (60 mol%) —
2CI0, 2 TfO- 2CI0, 2CIO, R',N T s RN NR'
Ph Ph  Ph Ph  Ar Ar Ph_ . _Ph Y/ 2NN
Pt *Lrn PhY" fPh Ac] ffar PRSP R Th/CHCEL R R
0 Q0 Q0 QY = o
entry 12 R R" 12 temp. yield /%
1a 1b 1c 9
Ar : 4-MeOCgHy 1 R Me Me 12¢c -78°C 95
a—78°C, 1 h/CHClz. Prt, 2 h/MeCN-H;0. 2 .. Me Et 12a -78°C 98
3 2 Me Allyl 12d rt 81
TABLE 3. Oxidative Coupling of Aniline 12b2 4 R Me Bn 12¢ -78°C 7
entry oxidant time/h yield 013/% __f’ _________________ (_:I__ __E_t___1_2_b_____rf_______7i3___
1 la 1 78 6 Me — 12f -78°C 55
2 CAN (120 mol %) 24 12 _ o
3 FeCh (120 mol %) 24 24 7 OMe 129 -78°C ca. 10
4 PhI(OAC) 24 0 8 EGN Cl — 12h 74
5 PhI(OCOCE); 24 7 9 R Br — 12i t 86
art/CH,Cly. ° rt/MeCN—H,0. 10 COEt — 12j -78°C 80
diethylaniline (2b) (E> = 0.73 V vs Fc/F¢), whose oxidation " H — 12z -78°C 49
potential is higher than that d2a2* The reaction ofL2b with 122 Eth@ H — 12k -78°C 66
lawas clgmplrtlete at ror?m t(laqmperaéurelj h togﬁﬁrd 13bin 13 . Me — 121 -78°C 39
78% vyield, whereas the other oxidants used here gave poor °
; g 14 OMe — 12m -78°C 39
results (Scheme 6, Table 3). Dicatida proved far more ) o
efficient as an oxidant to produce benzidib@b from 12b. a?’6'%"te"'b”ty'py“d'”e (240 mol %) was addetia (120 mol %) was
A plausible reaction mechanism for the oxidative coupling employed.
with 1 is shown in Scheme 7. Dicatiof oxidizes N,N- _ ) )
dialkylaniline 12 to generate cation radica¥, which in turn ~ (entries 3 and 4). However, the reactionsMtinsubstituted
reacts with 12, leading to the coupled cation radicab. andN-monoethylated anilines led to complex mixtures, and no

Deprotonation ofl5 gives radicall6, which is further oxidized ~ reaction was observed witkracylated anilines. Dimerk3were
to cation17 with dication 1 or its one-electron reduced form. ~ obtained in high to excellent yield from 3,5-disubstituted and
Dimer13is finally produced after deprotonation b and exists ~ 3-halogenatedl,N-dialkylanilines12a—e, 12h, and12i (entries

in equilibrium with its ammonium salt. Overall, dicatidnis 1-5, 8, and 9). Anilinel2j bearing an ethoxycarbonyl group
transformed to acenaphther® via two-electron reduction,  atthe 3-position was transformed to the corresponding benzidine
effected by two molar amounts &,N'-dialkylaniline 12. without affecting the ester moiety (entry 10).

To expand the scope of the present oxidative coupling, several Because the oxidative coupling ®fN-diethylaniline 12k
otherN,N-dialkylanilines were treated witha. As summarized ~ resulted in 49% yield ofl3k with 36% recovery ofl2k, the
in Table 4, all of the coupling reactions occurred regioselectively addition of base was examined to scavenge the eliminated
to afford the para-coupled dimer bN-dialkylanilines without ~ protons, which might protonate the starting anilib2k and
formation of ortho- and metaoupled products\,N-Dimethyl- retard its oxidation. While triethylamine and 2,6-lutidine were
aniline 12cgave the corresponding benzidih®&cin 95% yield
without demethylation on the nitrogen atom, which has been  (24) It was reported that the CuBr/&, system did not promote the
reported to occur in its oxidatioh. Furthermore, the self- gg“cpf“g?iggfé'?ﬁeoggﬂgiecsrﬁfg'”g an electron-withdrawing group such
coupling proceeded successfully even when the aniline nitrogen 25y Hunter, D. H.; Barton, D. H. R.; Motherwell, W. Jetrahedron
had removable protecting groups such as allyl or benzyl groupsLett. 1984 25, 603.
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SCHEME 8. Coupling of Proton Sponge with 1a SCHEME 9. Synthesis of Phenanthridin-6(5)-one 21 with

Dication 1a

MeoN  NMe, MeoN  NMe,
1a (60 mol%) 1a (180 mol%)
OO 78°C. 1h OO 2,6-di-tert-butylpyridine
- ’ 240 mol%
18 / CH,Cl, 27 19 77% (240 o)

~78°C, 1 h/CH,Cl,

O, Me
N
MeoN O NMe,
20

oxidized with 1a, 2,6-ditert-butylpyridine promoted the cou-

pling reaction ofl2k as expected. The addition of the base (240 Q N'Me
mol %) and 120 mol % of dicatioda improved the yield of .\ .
13k to 66%. In addition, a diamine substrat®,N,N,N'- MeN Q Q NMe
tetramethyl-1,8-diaminonaphthaler8( Proton Sponge), was 211 76%

also subjected to the reaction to give the coupling proddct
at the 4-position in 77% yield (Scheme 8).
3,5-Disubstituted or 3-substituted anilines generally afforded yja deoxygenation on treatment with a silylating agent in HFIP.
bet.ter yields of bengldlnes, compared 'Wlth the other anilines. The oxidative coupling oN,N-dialkylanilines has been suc-
This fact was explained by the overoxidation of the products. cessfully achieved by the use Td.or 1b to provide facile access

2The reaction was carried out in 0.01 M.

Two-electron oxidation of the produced dimé3gave rise to
the formation of diiminium salt&5, which led to a decrease in
yield of 13. Benzidinesl3 having substituents at the 22,6-
positions were less easily oxidized to gii&ethan nonsubstituted
and 3,3-disubstituted benzidines, because steric inhibition of

resonance decreased the stability of the intermediary radical

cations14 and diiminium saltsl5 (Figure 1). This effect was

confirmed with cyclic voltammetry measurements: whereas the

oxidation potential ofLl4a(E>* = 0.46 V vs Fc/F¢) was higher
than that of anilinel2a (E°* = 0.32 V vs Fc/F¢), that of 14c
(E°* = 0.36 V vs Fc/F¢) was lower than that of aniliné2c
(E°* = 0.77 V vs Fc/Ft).

As an application of the oxidative benzidine synthesis, we
also tried to construct a phenanthridin-djsone skeleton, which
is found in poly(ADP-ribose) polymerase-l (PARP 1) inhibi-
tors?6 When the intramolecular coupling of amid¥® was
attempted with 120 mol % dfa under high dilution conditions
(0.01 M in CHCIy), the desired phenanthridinorl was
obtained in 46% yield. To drive the reaction to completion, the
addition of 2,6-ditert-butylpyridine (240 mol %) with 180 mol
% of la was examined (vide supra). Thus, the reaction
proceeded cleanly to improve the yield 2 to 76% (Scheme
9).

Conclusion

Naphthalene-1,8-diylbis(diphenylmethylium) sdlesand1b
were easily prepared from the corresponding cyclic e8eer

EtzN NEL,
13a

$h2

D b g Sl

E=0.08(-0.11)V
Il ifctd [l

—-a"

E=0.18(0.09) V

5o

[ OO |

X

to a variety of benzidine derivatives including a phenanthridin-
6(5H)-one. These results have clearly revealed that the salts of
dication1 (Ar = Ph) function as organic reagents for electron-
transfer oxidation involving two electrons.

Experimental Section

1,1,3,3-Tetraphenyl-H,3H-benzo[d,€elisochromene (5a)t’ To
a solution of 1,8-dibromonaphthalene (2.0 g, 7.0 mmol) isOEt
(35 mL) was added-BuLi (6.6 mL, 2.60 M in hexane, 17.2 mmol)
at 0 °C under argon. The reaction mixture was stirred at room
temperature for 2 h, and then benzophenone (3.1 g, 17.0 mmol)
was added. After heating at reflux for 5 h, the reaction was quenched
with saturated aqueous NEI. Organic materials were extracted
with EtOAc three times. The combined extracts were washed with
brine and dried over N8O,. After removal of the solvent under
reduced pressure, the residue was dissolved ipGGH10 mL),
and a catalytic amount of trifluoroacetic acid (0.05 mL, 0.7 mmol)
was added at room temperature. The reaction mixture was stirred
for 10 h, and then MeOH (20 mL) was added. After the solution
was stirred at room temperature for 1 h, the resulting precipitate
was collected by filtration, washed with MeOH, and dried under
reduced pressure to givea (2.7 g, 80%) as white crystals. Mp
244—245 °C (CH,Cl,—MeOH). 'H NMR (400 MHz, CDC}) ¢
6.95-7.15 (22H, m), 7.37 (2H, ddl = 8.0, 7.2 Hz), 7.80 (2H, d,
J = 8.0 Hz).13C NMR (100 MHz, CDC}) ¢ 84.3, 124.9, 126.4,
126.5, 126.6, 126.7, 127.0, 129.5, 132.9, 136.1, 146.5. IR (KBr)
1578, 1546, 1452, 1359, 1087, 704, 623 ¢nFAB HRMS calcd
for CgeHo7O 475.2062 (M+ 1), found 475.2067.

3
- i F

Et-N — NEt

E=046 (033)V ‘ b i

15a
Il

Et, N+ NEt,

15¢

14a

E=0.36 (0.24) V
14c .

Pt

FIGURE 1. Cyclic voltammetry analysisg§* (E*% vs Fc/F¢] and conformation analysis (DFT calculations were perforned with B3LYP/6-31G*)

of 13ac—15ac.
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(5.0 mL) at 0°C under argon. After stirring for 12 h, the reaction
a solution of AgCIQ (4.6 g, 22 mmol) in toluene (30 mL) was  was quenched with water. Organic materials were extracted with
added trimethylsilyl chloride (2.8 mL, 22 mmol) under argon. After EtOAc three times. The combined extracts were washed with brine
this mixture was stirred at room temperature for 0.5 h and then and dried over Ng&QO,. After removal of the solvent under reduced
left standing for 0.5 h without stirring, the supernatant was used as pressure, EtOH (20 mL) was added to the residue. To the resulting
a reagent (MgSiClO,4, 0.74 M in toluene) for the preparation of  suspension were added 10% Pd/C (2.18 g, 2.1 mmol) and aqueous
the dications. HCI (2.5 mL, 10 M, 25 mmol). After the reaction mixture was
Naphthalene-1,8-diylbis(diphenylmethylium) Diperchlorate stirred under H for 2 d, agueous NaHCOwas added. Organic
(1a). To a stirred solution oba (2.0 g, 4.2 mmol) in 1,1,1,3,3,3- materials were extracted with EtOAc three times. The combined
hexafluoro-2-propanol (HFIP, 30 mL) was addedsSi€10, (17.1 extracts were washed with brine and dried overd@. After
mL, 0.74 M in toluene, 12.6 mmol) at room temperature under removal of the solvent under reduced pressure, the residue and
argon, and the mixture was stirred at the same temperature for 2 diodomethane (4.5 mL, 72 mmol) were successively added to a
The solvent was removed under reduced pressure, and the crudsuspension of NaH (3.08 g, 60% dispersion in mineral oil, 77 mmol)

Trimethylsilyl Perchlorate (Me 3SiClO, toluene solution).To

product was dissolved in GBI, (3.0 mL) and EO (10 mL). After

the mixture was stirred at room temperature for 1 h, the resulting
black precipitate was collected by filtration, washed withE(10

mL) and then CHCI, (3.0 mL) under argon, and dried under
reduced pressure to giva (2.6 g, 95%) as dark red crystals. Mp
170°C dec (EfO—CH,Cl,—HFIP).*H NMR (400 MHz, C;CN)

0 6.54 (2H, brs), 6.73 (2H, br s), 7.37 (2H, br s), 74165 (10H,

m), 7.75 (2H, br s), 7.98 (2H, br s), 8.05 (2H, dd= 7.6, 7.6 Hz),
8.23 (2H, br s), 8.95 (2H, dd] = 8.4, 1.6 Hz).13C NMR (100
MHz, CDsCN) 6 127.7, 128.0, 129.7, 130.1, 131.9, 136.6, 137.5,
139.7, 144.8, 151.0, 207.6. IR (KBr) 1489, 1444, 1217, 1184, 1018,
742, 694 cm?, Crystal data: CzgH6Cl,0g, M = 657.47, mono-
clinic, a= 16.090(7) A,b = 10.544(4) A,c = 17.881(7) AU =
2936(2) B, T = 120(2) K, space group2i/a, Z = 4, u(Mo Ka)

= 0.279 mm1, 16 652 reflections measured, 5037 unigRg: &
0.0296) which were used in all calculations. The findd(F2) was

in THF (10 mL) at 0°C under argon. After being stirred at 3G

for 20 h, the reaction was quenched with water. Organic materials
were extracted with EtOAc three times. The combined extracts were
washed with brine and dried over p&0,. After removal of the
solvent under reduced pressure, the residue was purified by column
chromatography (hexane&tOAc 5:1) to give20 (0.72 g, 22%)

as pale yellow crystals. Mp 989 °C (EtOH).'H NMR (400 MHz,
CDClg) ¢ 2.80 (6H, s), 2.80 (6H, s), 3.48 (3H, s), 6.35 (1H, dd,

= 2.5, 2.5 Hz), 6.43 (1H, dd] = 8.2, 1.2 Hz), 6.48 (1H, dd] =

8.2, 2.5 Hz), 6.60 (1H, dd] = 8.2, 2.5 Hz), 6.67 (1H, d] = 8.2

Hz), 6.74-6.75 (1H, m), 7.00 (1H, dd] = 8.2, 8.2 Hz), 7.06 (1H,
dd, J = 8.2, 8.2 Hz).13C NMR (100 MHz, CDC}) ¢ 38.4, 40.5,
40.6,110.4,111.4,113.1, 113.7, 114.6, 117.0, 128.1, 129.3, 136.7,
146.0, 149.8, 151.0, 171.2. IR (neat) 2883, 2802, 1637, 1595, 1570,
1496, 1433, 1344, 1284, 1227, 1107, 993, 839, 771'crnal.
Calcd for GgH23N3O: C, 72.70; H, 7.80; N, 14.13. Found: C,

0.1467 (all data). The largest residual electron density hole was 72.55; H, 7.80; N, 13.97.

—0.773 eA-3,

Procedure for the Transformation of Acenaphthene 2a to
Cyclic Ether 5a. To a solution of2a (32.9 mg, 0.072 mmol) in
CH.CI; (2.0 mL) was added HCI©(1.7 mL, 0.42 M in toluene,
0.72 mmol: see the Supporting Information) at room temperature
under argon. After stirring for 4 d, the reaction was quenched with
saturated aqueous NaHG@rganic materials were extracted with

3,8-Bis(dimethylamino)-5-methylphenanthridin-6(34)-one (21).
To a solution of 20 (35.0 mg, 0.12 mmol) and 2,6-deért-
butylpyridine (54.1 mg, 0.28 mmol) in Gi€l, (10 mL) was added
la (141 mg, 0.21 mmol) at-78 °C under argon. The reaction
mixture was stirred at the same temperature for 1 h. After
completion of the oxidative coupling (TLC monitoring), the reaction
was quenched with saturated aqueous Nakl@®Bganic materials

EtOAc three times, and the combined extracts were washed with were extracted with EtOAc three times, and the combined extracts

brine and dried over N&O,. After removal of the solvent under
reduced pressure, the residue was purified by PTLC (toldene
hexane-CHCI; 1:3:2) to give5a (31.9 mg, 90%).
N,N,N',N'-Tetraethyl-2,2,6,6-tetramethylbenzidine (13a).To
a solution of12a(27.5 mg, 0.16 mmol) in CkCl, (2.0 mL) was
addedla (61.8 mg, 0.10 mmol) at-78 °C. The reaction mixture
was stirred at the same temperature for 1 h. After completion of
the oxidative coupling (TLC monitoring), the reaction was quenched
with saturated aqueous NaHG@@rganic materials were extracted

were washed with brine and dried overJS&. After removal of

the solvent under reduced pressure, the residue was purified by
PTLC (hexanesEtOAc 1:1) to give21 (26.5 mg, 76%) as a pale
yellow solid. Mp 209-210°C (EtOH).*H NMR (500 MHz, CDC})

0 3.06 (12H, s), 3.79 (3H, s), 6.53 (1H, s), 6.72 (1HJd+ 7.4

Hz), 7.18 (1H, dd,J = 8.9, 2.4 Hz), 7.72 (1H, s), 7.978.00 (2H,

m). 3C NMR (125 MHz, CDC}) ¢ 29.9, 40.6, 40.7, 97.5, 108.1,
109.6,109.9, 118.7, 121.8, 122.9, 124.2, 124.5, 137.8, 148.8, 150.1,
162.5. IR (neat) 2999, 2891, 2800, 1635, 1604, 1498, 1435, 1363,

with EtOAc three times and the combined extracts were washed 1321, 1234, 1105, 1063, 1005, 958, 904, 870, 804, 742, 667.cm

with brine and dried over N&QO,. After removal of the solvent
under reduced pressure, the residue was purified by PTLC (tetuene
hexane-CHCl; 1:3:2) to givel3a(26.7 mg, 98%) as white crystals
along with acenaphthen2a (42.8 mg, 99%). Mp 119120 °C
(EtOH).H NMR (400 MHz, CDC}) 6 1.18 (12H, t,J = 6.8 Hz),
1.87 (12H, s), 3.34 (8H, g] = 6.8 Hz), 6.45 (4H, s)3C NMR
(100 MHz, CDC¥}) 6 12.9, 20.8, 44.2, 111.0, 128.3, 137.0, 146.4.
IR (neat) 2964, 1601, 1473, 1373, 1286, 1198, 825crnal.
Calcd for G4HzeNo: C, 81.76; H, 10.29; N, 7.95. Found: C, 81.50;
H, 10.31; N, 7.69.
3-(Dimethylamino)-N-[3-(dimethylamino)phenyl]-N-methyl-
benzamide (20).To a solution of 3-nitroaniline (1.80 g, 13 mmol)
and triethylamine (2.5 mL, 18 mmol) in GBI, (5.0 mL) was added
a solution of 3-nitrobenzoyl chloride (2.00 g, 11 mmol) in £H

(26) Li, J.-H.; Serdyuk, L.; Rerraris, D. V.; Xiao, G.; Tays, K. L.; Kletzly,
P. W.; Li, W.; Lautar, S.; Zhang, J.; Kalish, V.Bioorg. Med. Chem. Lett
2001, 11, 1687 and references therein.

FAB HRMS calcd for GgH2N3O 296.1763 (M+ 1), found
296.1745.
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