J. Am. Chem. S0d.999,121,6515-6516 6515

Two-Dimensional Chirality: Self-Assembled
Monolayer of an Atropisomeric Compound
Covalently Bound to a Gold Surface

Bunsho Ohtani,# Akiko Shintani¥ and Kohei Uosaki

Catalysis Research Center and:&xion of Chemistry
Graduate School of Science
Hokkaido Unversity, Sapporo 060-0811, Japan

Receied March 26, 1999

Stereoselective syntheses or sensing of chiral organic com-
pounds is one of the most important and attractive areas of
chemistry. Chiral discrimination should be the key step in these
processes. The use of the surface of a solid, e.g., catalyst
electrode’* modified with chiral components has provided a
feasible approach for discrimination which is applicable to
industrial processes. Such discrimination, however, may arise from
interaction between the surface-bound compound and the reaction
substrate, i.e., the modified surface may be a simple assembly of
host-guest complexes without any two-dimensional orders.
Several reporés® have claimed that the attachment of chiral
molecules forms a surface consisting of “chiral structure” which
is different from that with racemic molecules, but its two-

dimensional order has not yet been detected. We are aiming at 8, 1 Unenh 4 STM i ¢ ; W f d (111
feasible preparation of a stable chiral surface consisting not of a ¢ \gure 1. nenhance _Images of a spontaneously formed (111)

- . acet on a gold substrate modified witR{BNSH, the molecular structure
s!mple .random assembly of chiral compounds but of a two- of which is superimposed, in the size of (a) 100 nm and (b) 25 nm square.
dlanS|0naIIy ordered arrangem_ent of mOI_ecuIes. Here, we ShOWThe gold substrate was prepared by following a method developed by
the first example of the preparation and direct STM observation cj,yilier20 and it was dipped in an ethanolic solution &BNSH7 (1
of two-dimensional chirality induced by an atropisomeric com- ;;mq| dn3) and potassium hydroxié&(10 mmol dnt?) for 10 min and
pound anchored covalently on a gold surface. Although recent {hen rinsed several times with ethanol. STM observation was performed
studies have succeeded in direct STM or AFM detection of the in air using a probe unit (Molecular Imaging PicoSPM) controlled by
two-dimensional chirality of physisorbed monolayer films of Digital Instruments Nanoscope E. Representative conditions for the STM
enantiomers of chiral organic molecufés!® such observations  measurement were bias voltage of 2800 mV and tip (platinurs
are quite natural and easily expected since they were assembledtidium alloy) current of 506-800 pA.
chiral molecules similar to the surface of their molecular crystals.

Our strategy has been to use self-assembling and covalent binding=igure 1), and they are attached to a gold (111) surface. The use
on metal surfaces of compounds having thiol group(s) to fabricate of an atropisomeric compound having two twisted aryl groups
a monolayer film of chiral organic compounds. The stability and enabled us to detect the shape of the molecule in STM observa-
potential ability as a functionalized surface of a self-assembled tions even without atomic resolution.

monolayer have already been well-documerifefior the chiral  gjgure 1a shows a representative unenhanced (i.e., obtained
component, we used two enantiomers of an atropiSOmeric yithout any data processing) STM image of the facet of a gold
compound, R)- and §)-1,1-binaphthalene-2;aithiol*” (BNSH, substrate dipped in an ethanolic solution®Rf-BNSH. The image

* To whom correspondence should be addressed. Telephs8i:11-706- was categorized into a honeycomb-like ordered part (Figure 1b)
3673. Facsimile:+81-11-706-4925. E-mail: ohtani@cat.hokudai.ac.jp. and a disordered part. The former layer was thinner than the latter.
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Chemicals Ij Guisnet, M., Ed.; Elsevier Science Publishers B. V.: Amsterdam, .
1991; Vol. 59; p 73. expanded the ordered part suggests the formation of an ordered
(2) Blaser, H.-U.Tetrahedron: Asymmetr§991, 2, 843. monolayer and disordered multilayer structure. The high-resolu-
30?}2%?'395’35549F'; Behling, J. R.; Kariv, E.; Miller, L. L. Am. Chem.  tjon images in Figure 2 show that the ordered surface structure
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(5) Kakiuchi, T.; Senda, MBull. Chem. Soc. Jpri981, 54, 535. roughly corresponds to one naphthalene moiety) and holes (red-
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(8) Inose, Y.; Moniwa, S.; Aramata, A.; Yamagishi, A.; Kyaw-Na@gem. unit cells were of reflected images by considering the disposition
COfgmMunéggg 11&-_ Theodlitou. ME- R T Abell Rature199 of, e.g., the balls; that is to say, modification of the surface with
39£ LMcKendry, R.; Theoclitou, M.-E.; Rayment, T.; Abell, Bature1998 BNSH induces two-dimensional chirality. To distinguish these
(10) Walba, D. M.; Stevens, F.; Clark, N. A.; Parks, D. &c. Chem. two surface structures clearly, we paid attention to the assembly
Re(sill?%?: ﬁ%lrdt C. 1 Peachev. N. M. Swanson. b. R Takacs. J. M.: Khan of balls surrounding the hole. As shown in Figure 2, three triangles
Y, N. M.; Swi , i ;
M. A.;'Gong, X.; Kim, J.-H.; Wang, J.; Uphaus, R. Nature1993 362, 614. composeq of six bglls (colored whlte) surround a hole, and the
(12) Yamagishi, A.; Goto, Y.; Taniguchi, Ml. Phys. Chem1996 100, rotating direction differed according to the stereo structure. In
1827 this report, we call the rotating directions, for convenience,

73913) Fang, H.; Giancarlo, L. C.; Flynn, G. W. Phys. Chem. 899§ 102 counterclockwise (a) and clockwise (b). In our STM measure-

(14) Charra, F.; Cousty, Phys. Re. Lett. 1998 80, 1682. ments, R)- and ©-BNSH gave only counterclockwise and

(15) Kunitake, M.; Miyano, S.; Itaya, K., International Conference on clockwise arrangements, respectively; no exceptions were seen.
Electrochemistry of Ordered Interfaces, Sapporo, Japan, 1998, PB14. . -
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(17) Fabbri, D.; Delogu, G.; De Lucchi, @. Org. Chem1993 58, 1748. with a racemic mixture of the two enantiomers, domains of the
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of one of the enantiomersR) or (S. These STM images also
provided information on the azimuthal angle of the ordered
structure; it can be concluded that each enantiomer makes the
ordered-structure domains on the same crystal terrace with the
same direction, and linear lines connecting the neighboring holes
in the counterclockwise and clockwise structures cross at ¢a. 20
These facts are a strong indication that the chiral surface is
commensurate with the structure of an underlying gold (111)
surface. This is also supported by the observation that the angles
of step lines to the hole-connecting-lines were ca. 10 -ah@®

for the cases ofR)- and §-domains, respectively.

Electrochemical measurements confirmed chemical bonding of
BNSH with the gold surface, as cathodic current peaks at ca. 700
mV due to reductive desorption of thiols self-assembled on the
gold surface (RSAu + e = RS + Au)'® were observed.
Consistent with the STM observations, both enantiomers showed
almost the same desorption behavior, while their racemic mixture
tended to desorb at the negative potential. Since the electric charge
of these desorption peaks should be proportional to the number
of cleaved Au-S bonds, comparison of the relative peak area of
these two desorption peaks with the ratio of ordered and
disordered areas in STM images leads to a hypothesis that the
positive and negative peaks are attributed to the ordered and
disordered areas, respectively. In all cases, the total electric charge
was 32-35 uC cnm’?, i.e., (1.0-1.1) x 10* molecules cm?,
Figure 2. Unenhanced high-resolution STM image of the ordered part corresponding to the close packing of BNSH molecules of cross
of a gold (111) surface modified with (aR(- and (b) §-BNSH. The section of 1 nr bound via two S-Au bonds. This fact is
size of a white ball-like image corresponds to one naphthalene moiety in reasonable if we assume that the disordered part consists of
BNSH. The pattern of arrangements were apparently independent of theordered underlying layer covered with physisorbed, i.e., electro-
bias and tip current. chemically inert, upper layer.

The proposed surface structure which is consistent with all of
the above results is shown in Figure 3a, b. We assumed the
binding of a thiol group at the 3-fold hollow site of surface gold
atoms!® The distance between neighboring sulfur binding sites
is almost the same as that of two thiol groups in BNSH (6.40
0.45 nm) if the angle between two naphthyl groups in BNSH is
assumed to be 94 a little larger than that of unsubstituted
binaphthyl (68).1° The distribution of BNSH molecules shown
in Figure 3a, b makes the hole-connecting line cross with the
(111) step at ca. F0An oblique unit cell with sides of 1.62 nm
contains three BNSH molecules, giving a surface density of ca.
1.3 x 10" molecules cm?. As shown in Figure 3c, d, the
arrangement of the surface-bound sulfur atomsR)fand -
BNSH also forms reflected images, i.e., the chiral molecular
structure made a two-dimensional chiral arrangement of attached
molecules. Although the reason the holes are made in this surface
structure is not clear at present, such a chiral structure in
supermolecular size should be preferable for catching and
discriminating guest organic molecules.

In conclusion, we demonstrated the preparation of a two-
dimensional chiral structure via self-assembling and covalent
binding of atropisomeric molecules onto gold. Modification of
BNSH with various functional groups and application of this chiral
surface to stereoselective catalytic and electrochemical reactions
are now in progress.
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Figure 3. Proposed structure of two-dimensionally chiral surfaces
induced by (a)R)- and (b) §-BNSH. Naphthalene moiety (white circle)
and hole (blue circle) are shown. Arrangement of naphthalene moiety
(orange circle) and sulfur atoms (dumbbell) bound at a 3-fold hollow
site of surface gold atoms (circle) are shown in (c) and (d). JA990981J
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