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Secondary amines add very efficiently to 2-ethynyl-5-nitrothiophene to give f-amino vinyl nitrothiophenes, a novel class of push—pull
chromophores. According to first HRS measurements these highly solvochromic compounds with relatively short dipole axes display remarkably
high static first hyperpolarizabilities 53,; = 29-31 x 10~ esu.

A remarkable number of organic chromophores have beenboth synthesis and electronic properties of NLO target
investigated with respect to their nonlinear optical (NLO) molecules. In particular, the nitro group exerts its strong
properties, and still the practical synthesis of novel structural electron-withdrawing power through the thiophene core and
motifs is an ongoing quest, especially since the continuing concomitantly activates olefins toward Michael-type addi-
demand for tailor-made chromophores for photonic applica- tions? Although the amination of alkynes is a well-
tions is rapidly increasing Structurally and theoreticalfy, established industrial process for the preparation of amino
the prerequisite puskpull substitution of organic chro-  vinyl compounds, most alkynes and evemitrophenyl
mophores is well established; however, the design of acetylene react only at elevated temperatures or high
relatively short chromophores with highvalues overcoming  pressure§.Here we wish to communicate a quite general
the disadvantages of long and extendedystems (i.e.,

bathochromic absorption) is still a challenge. Thienyl-based _ (2) (2) Jen, A. K.-J.; Varanasi, P. R.; Wong, K. Y.; Drost, KJJChem. -
NLO chromophores display remarkably higher hyperpolar- Socs ChET: Sommutoss, 50, () Wong, . & Meer, U Ban, P
izabilities than the related benzoid systéhiand also ared-  P.; Bourhill, G.; Bréuchle, C.; Jim, Y.; Kammler, R.; Miiller, C.; Rase, J.;
shifted absorption. Even oligothienylefgsave been syn- W'?g)e(r;‘)' é#ér%':g“e-r,sgf-W%?tﬁﬁ‘ér?gﬁgngvllv?%%eﬁ%t Ed. Engl1063
thesized and shown to be excellent NLO compounds. Thus, 32, 719. (b) Wiirthner, F.; Effenberger, F.; Wortmann, R.; KramegHem.

the high polarizability of thiophenes can be exploited for Phys.1993,173, 305. (c) Bedworth, P. V.; Cai, Y.; Jen, A.; Marder, S. R.
J. Org. Chem1996,61, 2242.
(4) (a) Végh, D.; Kovac, J.; Dandarova, M.; lvanco,Collect. Czech.
§ Dedicated to Prof. Dr. Franz Effenberger on the occasion of his 70th Chem. Communi980, 45, 155. (b) Végh, D.; Kovac, J.; Dandafo\d.

birthday.
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(1) For recent reviews on NLO materials, see: (a) Long, Mnhew.
Chem., Int. Ed. Engl1995, 34, 6. (b) Marder, S. R.; Perry, J. VAdv.
Mater. 1993,5, 804. (c) Nie, WAdv. Mater.1993,5, 520. (d) Kanis, D.
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modular approach t8-amino vinyl nitrothiophenes, a class trons along the donor acceptor axis of the molecules results
of compounds with interesting nonlinear optical properties. in intense solvochromic absorption maxima (Table 1).
2-Ethynyl-5-nitrothiopherfe (1) reacts with secondary

amines2 in THF or dichloromethane at room temperature || R

in the sense of a “thienylogous” Michael additfdn furnish Table 1. Absorption Maxima [nm] (Experimental and

in reaction times between 5 mir84) and 16 h 4) the Calculated®), Dipole Moments [D] (Calculatéd), and

f3-amino vinyl nitrothiophene8 or 4 as violet microcrystals,  pyperpolarizabilities of the f-amino Vinyl Nitrothiophenega
oils, or resins 8d—f) in good to excellent yields (Scheme and3b

1).%19 This reaction largely depends on steric effects, in

. L y d ¢
analogy to Michael additions to enyndisand ynoate'$ i P’
which also proceed under mild reaction conditions to give n-CsHi, CHCls caled  ug®  ue®  Au® 1500 0
amino vinylated compounds. Hence, the conversion of 3a 450 520 400 9.73 17.72 7.99 68 31

pyrrolidine (2a) to 3ais complete within 5 min, whereas 3b 443 513 398 10.11 1815 8.04 62 29

the 'bulky d||sopropylam|ne2'(d) negds 15 h to give the aMeasured by the hyper Rayleigh scattering (HRS) technique at a
desired producBd. Even chiral amines such aR){(+) fundamental wavelength of 1500 nm in a chloroform solution; reference

_ idi i chromophore isp-dimethylamino cinnamic aldehyde (DACA). b All
2-(methoxymethyl) pyrrolidine2e) and &) proline benzyl calculated dipole moments (g, ground state; e, first excited state) are given

ester (2f) can be successfully applied in this modular jn p (1 D =3.336 x 103 Cm); Au is the change of dipole moments
approach tg8-amino vinyl nitrothiophenes. between g and €.All 5 values are given in 16° esu (10%° esu= 0.37

. . . —2\- 0 .
Since the coupling constants of the vinyl protoh( gvleﬁr;i)‘;’;i‘gn?,;;“Iiﬁgsgsﬁ'vaigﬁg‘iﬁ;{;’sﬂf‘;ﬁ2nbga"’:]%p'y'“g the two-
= 13.2-13.4 Hz) fall into the transition regime between '
typical Z- and E-coupling constants, an unambiguous as-

signment of the double bond configuration was only possible  The examination of the solvochromicity 8b (Figure 1)
after performing 2D-NOESY experiments. No cross-peaks reyeals a linear correlation between Reichardt's solvent
of the vinyl proton resonances were detected in any case,pojarity Er(30) value and the absorption maxima in various
and thus, ark-configuration can be undoubtedly deduced. gq|yents. According to the observed positive solvochromicity,

As previously observed for donor-substituted nitrothio- j e a pathochromic shift of the charge-transfer band upon
phenes26the high polarizability of the delocalized-elec-

(7) Prepared by Sonogashira coupling of 2-bromo-5-nitrothiophene and _

(trimethylsilyl)acetylene in a refluxing mixture of THF and triethylamine
in 85% yield and subsequent desilylation with 2 N agueous NaOH in 23000
methanol in 92% yield.

(8) The same reaction was reported late last year independent from our 22000
group: Wu, I.-Y,; Lin, J. T.; Li, C.-S.; Wang, W.-C.; Huang, T. H.; Wen,
Y. S.; Chow, T.; Tsai, CTetrahedronl1999,55, 13973.

(9) Typical procedure (3a): To a magnetically stirred solution of 200
mg (1.30 mmol) of 2-ethynyl-5-nitrothiophene (1) in 5 mL of THF under
nitrogen was added 1.7 g (24 mmol) of pyrrolidirga] dropwise at room 19000
temperature. After 5 min of stirring, the reaction mixture was filtered through . . . ,
a short pad of Celite, the solvents were evaporated in vacuo, and the residue 18000 + ' ) ) )
was dried under high vacuum to give 290 mg (99%) of analytically pure 30 35 40 45 50
3aas violet microcrystals.

(10) All compounds have been characterized spectroscopically and have E130 [keal/mol]
‘he(ff{(,‘f,?ﬁ,t‘;'ﬁg‘c?{fté'_;aS?;ﬁZE, ?.:;E;z/_l SE;e, 1966,99, 450. Figure 1. Correlation of Reichardt’s solvent polariit(30) values

(12) Huisgen, R.; Herbig, K.; Siegl, A.; Huber, Bhem. Ber1966,99, and the absorption maxima 8b (r = 0.985).
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increasing the solvent polarity, a significant charge-transfer mophore Disperse Red B)((83; = 43 x 1072 esu, Amax

character of the first excited state can be expected.
According to PPP-7-SCF-CI calculatiofsthe intense

(CHCIl) = 487 nm)%° the 8-amino vinyl nitrothiophenes,
although the absorption maxima are slightly red shiffegy(

longest wavelength absorption bands at 530 nm (acetonitrile) (CHCl;) = 520 nm), display a rather favorable molecular
with a large dipole moment in the first excited state stems figure of merit, 5%/M., whereM,, is the molar masé(3a,

from the HOMO—-LUMO transition (Table 1). For these

Bo%ulMy, = 1.34;3b, f%u/M,, = 1.23;5, f%IM,, = 1.69; 6,

push—pull chromophores, that means a change in thef%/M, = 1.03). This also classifie§-amino vinyl nitro-

transition dipole momenf\u of about 8 D, i.e., a charge
transfer from the HOMO localized in the amino vinyl
fragment (ground state) to the LUMO with a strong density
distribution in the nitro group (first exited state) (Figure 2).

Figure 2. HOMO (bottom) and LUMO (top) of3a (calculated
from a PM3-optimized gas-phase structure at the ZINDO/CI level
of theory)??

The first hyperpolarizabilities3 of the -amino vinyl
nitrothiophene8a and3b were measured by hyper Rayleigh
scattering (HRS}1° at a fundamental wavelength of 1500
nm in chloroform solutions (Table 1). Since neither com-

thiophenes as suitable NLO materials with a low molecular
mass.

Interestingly, some of thg-amino vinyl nitrothiophenes
3 are oils (3d,e) or amorphous glasse3f)(at room
temperature. This peculiar property is highly promising for
incorporation of these compounds at high concentration into
phototrefractive (PR) composites for holographic recording.
Some may even be used in bulk form as trifunctional
chromophores for sensitization, charge transport, and non-
linearity2® which are the properties required for photore-
fractivity.?? Note that in lowT; PR materials due to
“orientational enhancement® the birefringence contribution
Aoug? (At is the anisotropy of the linear polarizability,
is the dipole moment) overwhelms the nonlinear electrooptic
contribution fug to the index modulation induced in the
hologram. The compounds were investigated by differential
scanning calorimetry (DSC¥,revealing glass transitions for
the piperidyl compoun@b (T = —10 °C), the morpholine
derivative 3c (Tq = 6 °C), and the R)-(+)-2-(methoxy-
methyl)pyrrolidyl structure3e (T = —13 °C). The use of
these novel compounds in PR composites will be the subject
of future investigations. Because of the glass-forming proper-
ties of these chromophores, good long-term stability is
expected. Additionally, by using the racemic mixture3ef
the tendency to crystallize can be further reduced.

This amination of alkynylated nitrothiophenes can also be
conducted in the sense of a three-component reatdias.
exemplified for the reaction of phenylacetylene, diethyl-

(13) Fabian, J.; Wagner, H. U. wPSIN, PRFSCF-Singulett-Cl, Version

pound displays fluorescence around 750 nm, fluorescence;gg7 '11.
enhancement at the second-harmonic frequency can be (14) Schmalzlin, E.; Meerholz, K.; Stadler, S.; Brduchle, C.; Patzelt, H.;

excluded.

The extrapolation of the dynamic hyperpolarizabilities
Ba9dm to their static counterpari8a,, is accomplished by
using the two-level modéf Both chromophore8a and3b
display similarg values that are surprisingly large for such

Oesterhelt, D.Chem. Phys. Lettl997,280, 551.

(15) Oudar, J. L.; Chemla, D. S. Chem. Physl1977,66, 2664.

(16) (a)Effenberger, F.; Wirthner, F.; Steybe, JFOrg. Chem1995,
60, 2082. (b) Varanasi, P. R.; Jen, A. K.-Y.; Chandrasekhar, J.; Namboothiri,
I. N. N.; Rathna, AJ. Am. Chem. Sot996,118, 12443.

(17) Reichardt, CAngew. Chem., Int. Ed. Engl979,18, 98.

(18) Clays, K.; Persoons, Ahys. Rev. Lett1991,66, 2980.

(19) (a) Stadler, S.; Dietrich, R.; Bourhill, G.; Bréuchle, Qpt. Lett.

short dipoles and can be compared to the slightly red shifted1996, 21, 251. (b) Lequan, M.; Branger, C.; Simon, J.; Thami, T.;

bisthiophene compoun (Figure 3) (5;; = 54 x 10730
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Figure 3.

esU,Amax (hexane)= 466 NM,Amax (CHCIl3) = 530 nm)3a.16a
In comparison to the commercially available NLO chro-

Org. Lett., Vol. 2, No. 16, 2000

Chauchard, E.; Persoons, 8hem. Phys. Lettl994,229, 101.

(20) Lambert, C.; N6ll, G.; Schmadlzlin, E.; Meerholz, K.; Brauchle, C.
Chem. Eur. J1998,4, 2129.

(21) Quantum CAChe 3.0 Program, Oxford Molecular Group, 1997.
(22) Meerholz, K.; Kippelen, B.; Peyghambarian, N.Bfectrical and
Optical Polymer System#Vise, D. L., Wnek, G. E., Trantolo, D. J., Gresser,
J. D., Cooper, T. M., Eds.; World Scientific Plast. Eng.: New York, 1998;

p 571.

(23) (a) Lundquist, P. M.; Wortmann, R.; Geletneky, C.; Twieg, R. J.;
Jurich, M; Lee, V. Y.; Moylan, C. R.; Burland, D. Msciencel996,274,
1182. (b) Wirthner F.; Yao S.; Schilling J.; Wortmann R.; Redi-Abshiro
M.; Mecher E.; Gallego F.; Meerholz K. ATOP DyesOptimization of a
Merocyanine Chromophore for High Refractive Index Modulation in
Photorefractive Materials. Submitted.

(24) Moerner, W. E.; Silence S. M.; Hache F.; Bjorklund G.JCOpt.
Soc. Am. B1994,22, 320.

(25) The heating rate was 20 K/min.

(26) Miller, T. J. J.; Ansorge, M.; Aktah, DAngew. Chem., Int. Ed.
2000,39, 1253.
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hyperpolarizabilities, and interesting morphological stabil-
ity. This straightforward approach to novel pugtull
chromophores concomitantly sets the stage for new combi-
natorial strategies in optimizing the NLO properties of
p-amino vinyl nitrothiophenes and their application as
photorefractive materiaf&. Thus, further studies directed
toward expanding the scope of this facile amination to related
multicomponent reactions based upon coupling—nucleo-
phile—addition sequences with other suitable acceptor com-
ponents as well as the design of coupled oligomeric NLO
chromophores with lowly for photorefractive composites
are currently underway.
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In conclusion, we have show that the amination of
2-ethynyl-5-nitrothiophene efficiently gives rise to a number
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