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n-rich Reactlve Tetraarylallene and a
Remarkably Stable Tetraaryl-substituted Allyl Cation
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Abstract: Tetrakis(2-thienyl)allene was synthesized as an acid-sensitive tetraarylallene by dehydration of the
corresponding tetrathienylallyl alcohol with anhydrous copper(Il) sulfate. This electron-rich allene forms a
remarkably stable tetrathienylallyl cation by protonation, undergoes Diels-Alder reaction with tetracyanoethylene,
and is canable of tetrafold lithiation and functionalization. © 1998 Elsevier Science Ltd. All rights reserved.
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While tetrakis(2-thienyl)-ethene and -butatriene, 1 and 2, have been synthesized recently,
1,1,3,3-tetrakis(2-thienyl)-1,2-propadiene (tetrathienylallene: TTA) 3 has remained
unknown.!>2 In view of electron-donating property of 2-thienyl group, 3 would be an
electron-rich allene and form 1,1,3,3-tetrakis(2-thienyl)allyl cation 4 (TTAC) as a

considerably stable allyl cation upon protonation. In addition, possible lithiation and
functionalization of the 2-thienyl groups would make 3 a potential building block for novel
conjugated molecules containing allene moieties. As a part of our studies on novel conjugated
molecules based on thiophene chemistry,2,3 we have synthesized 3 to examine its properties

and synthetic utility. Here we report the synthesis and properties of 3 and 4.
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Tetraaryl-substltuted allenes have been synthesized by either acid-catalyzed dehydration of
the corresponding allyl alcohols*5 or base-induced dehydrohalogenation of 2-

halogenopropenes.® We here employed the dehydration procedure for the synthesis of 3
because of short svnthetic steps. However. initial attemnts of acid-catalvzed dehvdration of
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resuits: while treatment of 7 with p-toluenesufonic acid in benzene or ethyl acetate at room
temperature for two days afforded TTA 37 in poor yields of about 5%, heating the mixtures
led to decomposition of both 3 and 7 to suggest the acid-sensitive nature of 3. Attempted
dehydration of 7 with phosphoryl chloride or methanesulfonyl chloride in pyridine also failed,
yielding 3 in only trace amount. The most successful result (62% yield) was obtained by
heating of 7 with anhydrous copper(II) sulfate®(10 molar equiv.) in THF at reflux for 3 h.

This procedure was also s uccessful for the preparation of 1,1-diphenyl-3,3-bis(2-thienyl)allene
99 (72% from allyl alco..ol 8).
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Reagents and conditions (for 3): a) NaH/benzene, reflux, 1 d, 92%; b) 2-thienyllithium
fTHF, 0 °C - r.t., 70% ; c) anhyd. CuSO, (10 molar eq.)/THF, reﬂux 3h, 62%.
TTA 3 is a pale yellow crystalline substance, stable ate and in neutral solutions,

ds.10 U
dichloromethane, the pale yellow solutio

n of 3 turned to greenish forming TTAC 4 which
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1% (vfv) concentration of TFA is nearly enough for full spectral change at the UV spectral
concentration (10-3 M). TTAC 4 is significantly stable surviving for a few days in the solution
at room temperature in contrast to much lower stability of 1,1,3,3-tetraphenylallyl cation (due
to intramolecular cyclization3.11). In our experiment, tetraphenylallene needed more than 5%
(v/v) of TFA for sufficient protonation, and the absorptions of tetraphenylallyl cation (Amax =
399, 473 and 578 nm in TFA-CHCly) disappeared in about 1 h. lH NMR spectrum!2 of 4 at
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to form, in good yield, the Diels-Alder adduct 1014 in wh1ch ne of the thienyl groups takes



part (Scheme 2). Under the similar condition, diphenyidithienylailene 8 yielded regioselective
adduct 1114, indicating higher reactivity of the diene at the thienyl side than the diene at the
phenyl side.
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Figure 1. UV-vis spectral change of TTA3 upon  Figure 2. 'H NMR spectrum of TTAC 4 in

gradual addition of CF3COOH in CH,Cl,. CD,Cl,-TFA at 30 <C.
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12: TMS = Si(CH3)3

Reagents and conditions: a) CF;COOH/CH,Cl,; b) TCNE/benzene, 1t, 72% (10), 55% (11);
c) 1) 4.4 eq. n-BuLV/THF, -78 °C, 30 min, ii) 6 eq. (CH;3),3SiCl, -78-0 °C, 1 h, 91%.

In view of ready metallation of thiophene at 2 (5)-position(s) and stabilizing effects of 2-
thienyl group on both carbocations and carbanions,3 it is an interesting question whether strong
bases effect selective metallation of 5-position of the thienyl groups or preferentially add to the
sp carbon of TTA 3 to form 1,1,3,3-tetrathienylallyl anions. In fact, treatment of 3 with n-
BuLi (4.4 equiv.) in THF at -78 °C followed by addition of excess chlorotrimethylsilane
afforded tetra-silylated compound 1215 in high yield (Scheme 2). This successful tetrafold
ithiation of 3 should allow the syntheses of novel conjugated systems containing

14 1 1 =7 SV St )y ollllo ontaliniid



7138

Arlnawladoormant: Thic vwnrl griac aimnnrtad ha o Cleant 32 At d e (‘ql,\_“ ......
AVRAIUWICTUZCUHICHL, 11D WULR wad suppuiicu 0y 4 Ul dlit-1ii-Aid 101 OCientl l\CbchLll on
Theol neZbe; A o ANT_ TN1ALINAN £ . L WA . . l o 1N T

FIIOIItY AItdsS (INO. 1UI401UL) 11O UIC MITIUSIrY OI ULd[lOH DC]CHC € and culiture, Japanese
Government.

References and Notes

1. Suzuki, T.; Shiohara, H.; Monobe, M.; Sakimura, T.; Tanaka, S.; Yamashita, Y.; Miyashi, T. Angew.
Chem., Int. Ed. Engl., 1992, 31, 455-458

Kawase, T.; Muro, S ) Kurata, H., Oda, M. J. Chem. Soc., Chem. Commun., 1992, 778-779.
Kawase, T.; Kurata, H.; Morikawa, T; Oda, M. Tetrahedron Lett., 1993, 34, 3449-3452; Kawase, T.;
Enomoto, T.; Wei, C.; Oda, M. Tetrahedron Lett., 1993, 34, 8143-8146; Kawase, T.; Ohsawa, T.;
Enomoto, T.; Oda, M. Chem. Lett., 1994, 1333-1336.; Kawase, T.; Wei, C.; Ueno, N.; Oda, M.

- 0 nq 1/\:\‘ 1 7.4 o s

Chem. Leii., 1994, 1 994, Kurata, H.; Kawase, T.; Oda, M. Chem. Lett., 1994, 2219-2222;

19Ul
s D« lahimiva D NAa M M langas fnff 1
1, f1.0hn., Ubllilillya, i\, \Iua iVI. e, L., L

T.; Wei, C. Pure & Appl. Chem., 1996, 68, 267-274; Oda M Enomoto,

iy R Dl K A .y AYiey ad

Phosphorus, Sulfur, and Silicon, 1997, ]20 & 121, 401402 Enomoto, T; Kawase T Kurata H

Oda, M. Tetrahedron Lett., 1997,38, 2693-2696; Kurata, H.; Hisamitsu, A.; Oda, M. Tetrahedron
., 1997, 38, 8875-8878.

Vorlander, D.; Siebert, C. Chem. Ber., 1906, 39, 1024-1035; Vorlander, D.; Osterberg, J.; Meye, O.

Chem. Ber., 1923, 56, 1136-1145; Maitland, P.; Mills, W.H. J. Chem. Soc., 1936, 987-998.

T7T 1L 3. A D . Dicernaoe D\ 107N 11
UDLDCIONUC, A I\ Dulgcbb, J 1‘\ J b’le!ﬂ L)U Jy A TVY, 11
n, , 1

¢
- (D
W Sakla. S A.: nplmv AAA. T f‘hgw) Son

YV .y DA8aa, DR, dAVANRY, SRS nm. JocC

W N

_i
"N
SD
&
0
w

&

QN h
:.7
{2
-
2

Goldberg 1. Chem. Ber., 1990 123, 811-820.

mp 109-110 <C; 'H NMR (270 MHz, acetone-dg) 8 7.12 (4H, dd, J = 3.8, 5.2 Hz), 7.34 (4H, dd,
1.3,.3.8 Hz), 7.51 (4H, dd, 1.3, 5.2 Hz) (8 7.10, 7.32, 7.36 respectively in CDrCly); 13C NMR (67.8
MHz, acetone-dg) & 103.98, 127.28, 127.73, 128.56, 138.64, 206.32 (spC); UV (log &) Amax 267

(4.47), 299 (sh, 4.21), 334 nm (sh, 3.93).
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9. mp 105-106 <C; IH NMR (270 MHz, CDCl3) § 7.04 (m, 2H), 7.26 (m, 4H), 7.34 (m, 6H), 7.46 (m,
4H); 13C NMR (67.8 MHz, CDCl3) § 102.36, 113.66, 125.20, 126.13, 127.50, 127.87, 128.57,
128.74, 135.96, 138.92, 208.20 (spC); UV (log €) Amax 259 nm (4.39).

10.  X-Ray analysis on a single crystal of 3 confirmed the allene structure, although disorder at the thienyl

group did not allow to give exact bond angles and lengths.

~

o

11 Waynar MNMDM: Arnnld DR T Thom Chn Tho: Capmmeyy 10872 10071029
11, vy AyTicl, 1. .ivi., Alfilil, V.R. v, LAein. 00«0, Lrnicii. LUMMun., 1704, 1V0/-1VUGO0.
12. TH NMR (270 M.Hz, CDCl,-TFA) § 7.35 (4H, dd, 1 = 4.0, 5.0 Hz), 7.79 (1H, s), 7.85 (4H, dd, 1.3,

4.0 Hz), 8.18 (4H, dd, 1.3, 5.0 Hz).
13.  The 'H NMR spectrum remained essentially unchanged down to -40 C except only slight broadening,
and further studies on the dynamic process of 4 are undergoing.
14.  10: yellow needles, mp 178-179 °C (decomp.); IH NMR (600 MHz, CDCl3) §4.39 (1H, dd, J = 1.7,
3.0 Hz), 6.16 (1H, dd, 3.0, 6.3 Hz), 6.77 (1H, dd, 3.9, 5.0 Hz), 6.84 (1H, dd, 3.9, 5.0 Hz), 6.88
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(11,  Qaq, 1.1, 5.7 11L}, O0.72 (111, GG, 1.1, 3.7 112}, 0.7 (111, GG, 1./, 0.5 n1Z), /.17 (111, GG, 1.1,
5.0 Hz), 7.24 (1H. dd, 3.6, 5.2 Hz), 730 (1H. dd, 1.1, 5.0 Hz), 7.71 (1H, dd, 1.1, 5.2 Hz), 7.81
(1H, dd, 1.1, 3.6 Hz); 13C NMR (150 MHz, DClq)S 1.25, 50.57, 57.23, and 22 signals for sp2 (18)

sp (4) carbons between & 108.80-142.91.
11: pale yellow needles; mp 173-174 C (dccomp ); 'TH NMR (270 MHz, CDCl3) & 4.48 (1
1.7, 3.0 Hz), 6.12 (1H, dd, 3.0, 60Hz) 68( , m), 6.89 (3H, m), 7.07 (4H m), 7
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