1. Supplementary Figures
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Supplementary Figure 1 | CD and absorption spectra of (R,R)-1a, -2a, -1b-OMe and
-2b-OMe in CDCl,; and DMSO. (a) CD and absorption spectra of (R,R)-1la (0.50 mM, red
dashed lines) in DMSO, (R,R)-1a (red solid lines) in CDCl,, and (R,R)-1b-OMe (0.50 mM, blue)
in CHCI, at ambient temperature. (b) CD and absorption spectra of (R,R)-2a (0.50 mM, red
dashed lines) in DMSO, (R,R)-2a in CDCI, (red solid lines), and (R,R)-2b-OMe (0.50 mM, blue)
in CHCI, at ambient temperature. It should be noted that the split-type Cotton effects were still
observed for (R,R)-1a and -2a even in the monomeric state in DMSO because of the rigid chiral
cyclohexyl skeleton with a twisted orientation of the two identical st-conjugated chromophores'.
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Supplementary Figure 2 | MALDI-TOF-MS spectra of (R,R)-l1a and (R,R)-2a. Partial
MALDI-TOF-MS spectra (positive mode; matrix: THAP) of (a) [(R,R)-1a], and (b) [(R,R)-2a],.
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Supplementary Figure 3 | Determination of K, ,; .. for (R,R)-1a and (S,5)-2a in CHCI,. Plots
of the Ae,,s values versus the logarithm of the concentrations of (R,R)-1a (a) and (S,5)-2a (b) in
various CHCL,/THF and CHCI,/CH,CN mixtures, respectively. Plots of In K ,5.c of (R,R)-1a (c)
and (S5,5)-2a (d) versus vol% of THF and CH,;CN in CHCl,, respectively.
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Supplementary Figure 4 | Determination of K, for (R,R)-M1 and (R,R)-M2 in CDClI,. Partial
concentration-dependent 'H NMR spectra (500 MHz) of (R,R)-M1 (a) and (R,R)-M2 (c¢) in
CDCl, at 25 °C. * denotes the satellite peaks of the solvent. Plots of the NH chemical shifts
versus the concentration of (R,R)-M1 (b) and (R,R)-M2 (d) in CDCl,. The curves in the plots
were obtained by the curve-fitting method, giving the self-association constants (K,) of (R,R)-M1
and (R,R)-M2 to be 17 £ 12 M and 23 + 15 M, respectively.
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Supplementary Figure 5 | Variable-temperature (VT) 'H NMR spectra of (R,R)-1a in
CDCL,. Full (a) and partial (b) variable-temperature 'H NMR spectra (500 MHz, 1.0 mM) of
(R,R)-1a in CDCI, from —50 °C to 50 °C. (¢) Plots of NH chemical shifts of (R,R)-1a in the 'H
NMR spectra versus temperature in CDCl;.
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Supplementary Figure 6 | VT "H NMR spectra of (R,R)-1a in DMSO-d,. Full (a) and partial
(b) variable-temperature 'H NMR spectra (500 MHz, 1.0 mM) of (R.R)-1a in DMSO-d, from
25 °C to 50 °C. (¢) Plots of NH chemical shifts of (R,R)-1a in the '"H NMR spectra versus

temperature in DMSO-d;.

S5



STvs

R = 1-octynyl

50 °C
40 °C
30 °C
25°C
20 °C

I

r
S -
L

10 °C

0°C

=
=

-10°C
—20°C
-30°C ,

-40°C |
_50°C

50 °C M
40 °C M
30 °C MO
25°C M
20 °C Mo
10°C Mo
0°C M
M
AN
N
AW
N

8.5

8.4

AS/AT (ppb/°C)
-3.1 (CDCly)

8.3 |

6/ ppm

8.2 -

-10°C
—20 °C
-30°C
—40 °C
-50 °C

8.1

8.0 | | |
-60 -40 -20 0 20 40 60

Temperature (°C)

6 /ppm
Supplementary Figure 7 | VT '"H NMR spectra of (R,R)-2a in CDCL,. Full (a) and partial (b)
variable-temperature 'H NMR spectra (500 MHz, 1.0 mM) of (R,R)-2a in CDCI, from —50 °C to
50 °C. (¢) Plots of NH chemical shifts of (R,R)-2a in the 'H NMR spectra versus temperature in
CDClL.
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Supplementary Figure 8 | VT "H NMR spectra of (R,R)-2a in DMSO-d,. Full (a) and partial
(b) variable-temperature 'H NMR spectra (500 MHz, 1.0 mM) of (R.R)-2a in DMSO-d, from
25 °C to 50 °C. (¢) Plots of NH chemical shifts of (R,R)-2a in the 'H NMR spectra versus
temperature in DMSO-d.
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Supplementary Figure 9 | NOESY spectra of (R,R)-1a and (S,5)-2a in CDCIl,. Partial
NOESY (500 MHz, CDCl,, 25 °C, mixing time = 500 ms) spectra of (a) (R,R)-1a (2.0 mM) and
(b) (S.5)-2a (2.0 mM). The proton resonances were assigned by the combination of gCOSY and
NOESY measurements (Supplementary Figs 10-13).

S8



-
© C :'
= Lo :
CHCl3 §—— s
% A
= ’
P
g 1
18 2 il
b ¢ CHClg
b q s (o
. ¢) (b .
0 Poko#p o1k ARSIl '
T pom{'H)
26 24 22 X 76 75 74 7.3 7.2 71 70 69 68 67 66
@
0

18 16 14 1.2

2

76 75 74 73 72 71 70 69 68 6.7 6.6

pEmiH}

BEm'H)
26 24 22

Supplementary Figure 10 | gCOSY spectra of (R,R)-1a in CDC]l,. Full (a) and partial (b and
¢) gCOSY (500 MHz, CDCl,, 25 °C) spectra of (R,R)-1a (2.0 mM). # denotes the protons from
H,0.
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Supplementary Figure 11 | NOESY spectra of (R,R)-1a in CDCl,. Full (a) and partial (b and
¢) NOESY (500 MHz, CDCl,, 25 °C, mixing time = 500 ms) spectra of (R,R)-1a (2.0 mM). #
denotes the protons from H,0.
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Supplementary Figure 12 | gCOSY spectra of (S,5)-2a in CDCIl,. Full (a) and partial (b and ¢)
gCOSY (500 MHz, CDCl,, 25 °C) spectrum of (§5,5)-2a (2.0 mM). # denotes the protons from
H,0.
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Supplementary Figure 13 | NOESY spectra of (5,5)-2a in CDCl,. Full (a) and partial (b and
¢) NOESY (500 MHz, CDCl,, 25 °C, mixing time = 500 ms) spectrum of (§,5)-2a (2.0 mM). #
denotes the protons from H,0.
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Supplementary Figure 14 | VT '"H NMR spectra of rac-1a in CDCI,. Full (a) and partial (b)
variable-temperature 'H NMR spectra (1.0 mM) of rac-1a in CDCI, from —50 °C to 50 °C. (¢)
Plots of NH chemical shifts of rac-1a in the '"H NMR spectra versus temperature in CDCl;. (d)
Plots of ([homola,]/[heterola,]) versus temperature of rac-1a in CDCl,.
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Supplementary Figure 15 | VT '"H NMR spectra of rac-1a in DMSO-d,. Full (a) and partial
(b) variable-temperature 'H NMR spectra (1.0 mM) of rac-1a in DMSO-d, from 25 °C to 50 °C.
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Supplementary Figure 16 | NOESY spectra of rac-1a in CDCl,. Full (a) and partial (b, ¢, d, e,
and f) NOESY (500 MHz, CDCl,, 25 °C, mixing time = 500 ms) spectrum of rac-1a (2.0 mM),
where the subscripts 1 and 2 denote the protons corresponding to the homochiral and
heterochiral complexes, respectively. # denotes the protons from H,O.
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Supplementary Figure 17 | gCOSY spectra of rac-1a in CDCl,. Full (a) and partial (b and ¢)
gCOSY (500 MHz, CDCl,, 25 °C) spectrum of rac-1a (2.0 mM), where the subscripts 1 and 2
denote the protons corresponding to the homochiral and heterochiral complexes, respectively. #
denotes the protons from H,O.
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Supplementary Figure 18 |'"H NMR spectra of 1a and 2a with different % e.e. in CDCl,.
Full 'H NMR spectra of 1a (a) and 2a (b) (0.50 mM) with different % e.e. in CDCIl, at 25 °C (see
Fig. 3a and c¢ for expanded spectra of CO,H and amide NH proton resonance regions,
respectively). The asterisks denote impurities contained in the solvent CDCl,.
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Supplementary Figure 19 | VT '"H NMR spectra of rac-2a in CDCI,. Full (a) and partial (b)
variable-temperature '"H NMR spectra (1.0 mM) of rac-2a in CDCI, from —-50 °C to 50 °C. (c)
Plots of NH chemical shifts of rac-2a in the '"H NMR spectra versus temperature in CDCl,. A
very small peak marked by * appeared at low temperatures (below —30 °C), which was also
observed for enantiopure (R,R)-2a at below —30 °C (Supplementary Fig. 7a). These minor peaks
are most likely due to a minor conformer resulting from slow rotation of phenyl rings.
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Supplementary Figure 20 | Chiral self-sorting behavior of rac-1a and rac-2a. Full 'H NMR
spectra (0.50 mM) of (S,5)-2a, (§,5)-2¢, an equimolar mixture (1.0 mM) of ($,5)-2a and (S,5)-2c,
and an equimolar mixture (1.0 mM) of (R,R)-2a and (S,S)-2¢ in CDCl;at 25 °C (see Fig. 3d for
expanded spectra of CO,H, amide NH, C=CH, and TMS proton resonance regions, respectively).
The asterisks denote impurities contained in the solvent CDCl,.
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Homochiral duplex ((S,S)-2a): d Heterochiral duplex (R,R)-2a:(S,S)-2a
Front view Front view

EHomo =—-7841.7993 a.u. EHetero=—7841.7796 a.u.
Etomo — EHetero = —=1.97 x 10-2a.u. = =51.7 kJ mol-!

(Supplementary Fig. 21 to be continued)
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Supplementary Figure 21 | Theoretical studies on the structures of the homochiral duplexes
((S,5)-1a), and ((S,5)-2a),, heterochiral duplexes (S,5)-1a*(R,R)-1a and (S,5)-2a*(R,R)-2a,
and hetero-sequenced duplex (5,5)-1a+(S,5)-2a. Capped-stick drawings of the structures for
the homochiral duplexes ((S,5)-1a), (a) and ((S.5)-2a), (c), heterochiral duplexes
(R,R)-1a:(5,5)-1a (b), (R,R)-2a:(S.,5)-2a (d), and hetero-sequenced duplex (§,5)-1a:(S,5)-2a (e)
optimized by DFT calculations. DFT calculated energies are also shown in the bottom.
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Supplementary Figure 22 | Sequence-selective chiral self-sorting behavior of rac-la and
rac-2a. Full '"H NMR spectra of rac-1a (1.0 mM), rac-2a (1.0 mM), an equimolar mixture (1.0
mM) of rac-1a and rac-2a, (§,5)-1a (0.50 mM), (S,5)-2a (0.50 mM), and an equimolar mixture
(1.0 mM) of (§,5)-1a and (S.5)-2a in CDCl, at 25 °C (see Fig. 4a for expanded CO,H and NH
amide proton resonance regions). The asterisk denotes impurities contained in the solvent CDCl,.
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Supplementary Figure 23 | The crystal structure of (5,5)-1a’. ORTEP drawing of the crystal
structure of (5,5)-1a’ with thermal ellipsoids at 50% probability.

Supplementary Figure 24 | The crystal structure of (5,5)-2a’. ORTEP drawing of the crystal
structure of (5,5)-2a’ with thermal ellipsoids at 50% probability.
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Supplementary Figure 25 | Diastereoselective duplex formation between 3a.,yy; and
rac-2acony (run 1, Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3a (0.50 mM),
rac-2a (0.50 mM), 3a-(R,R)-2a (0.50 mM), 3a-(§,5)-2a (0.50 mM), and a mixture of 3a (0.50
mM) and rac-2a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 26 | Diastereoselective duplex formation between 3a.,yy; and
rac-2a.ony- (@) CD and absorption spectra (0.50 mM) of 3a, (R,R)-2a, (S,5)-2a, 3a:(R,R)-2a, and
3a:(5,5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 58%)
and absorption spectra for a mixture of 3a (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient
temperature.
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Supplementary Figure 27 | Diastereoselective duplex formation between 3b .,y and
rac-2acqny (run 2, Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3b (0.50 mM),
rac-2a (0.50 mM), 3b-(R,R)-2a (0.50 mM), 3b-(S,5)-2a (0.50 mM), and a mixture of 3b (0.50
mM) and rac-2a (1.0 mM) in CDCI, at 25 °C (see also Fig. 5a).
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Supplementary Figure 28 | Diastereoselective duplex formation between 3b .,y and
rac-2a.ony- (@) CD and absorption spectra (0.50 mM) of 3b, (R,R)-2a, (S,5)-2a, 3b-(R,R)-2a, and
3b-(S,5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 100%)
and absorption spectra for a mixture of 3b (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient
temperature.
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Supplementary Figure 29 | Diastereoselective duplex formation between 3b .,y and
(S,S)-2a.ony in the presence of a large excess (R,R)-2a.ony- Full (a) and partial (b) 'H NMR
spectra of (R,R)-2a (0.50 mM), 3b-(R,R)-2a (0.50 mM), 3b-(S.S5)-2a (0.50 mM), and mixtures of
3b (0.50 mM) and (§,5)-2a (0.50 mM) in the presence of an excess amount of (R,R)-2a (3.0,5.0,
and 6.0 mM, respectively) in CDCI, at 25 °C. (R,R,S,S,R,R)-3b formed a duplex in an extremely
high diastereoselectivity with (5,5)-2a even in the presence of 12 equivalents of (R,R)-2a.
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Supplementary Figure 30 | Optical resolution of rac-2a via complementary duplex
formation. CD and absorption spectra of (a) 3b-(S,5)-2a (1st fraction, 0.44 mM) separated from
a mixture of 3b and 2 equivalents of rac-2a and (b) (R,R)-2a (2nd fraction, 0.48 mM) separated
from a mixture of 3b and 2 equivalents of rac-2a in CDCl; at ambient temperature. CD and
absorption spectra of diastereopure 3b-(S,5)-2a (0.50 mM) and enantiopure (R,R)-2a (0.50 mM)
separately prepared are also shown. (¢) 'H NMR spectra of (top) a mixture of 3b (0.50 mM) and
rac-2a (1.0 mM), (middle) 3b-(S,5)-2a (1st fraction), and (bottom) (R,R)-2a (2nd fraction) in
CDCl, at 25 °C. = denotes signals from the impurities contained in eluents (CHCl;/MeOH) used
for column chromatography.
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Supplementary Figure 31 | ESI-MS spectrum of duplex (R,R,S,S,R,R)-3b:(S,5)-2a. Positive
mode ESI-MS (CHCI,/MeOH = 1/1 (v/v) as eluent) spectrum of 3b-(§,5)-2a.
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Supplementary Figure 32 | VPO measurement of duplex (R,R,S,S,R,R)-3b-(S,5)-2a. Plots of
R/C versus concentration of the duplex ((R,R,S.S,R,R)-3b-(§,5)-2a) in CHCl, at 40 °C (R: VPO
response, arbitrary unit; C: initial concentration of the duplex). [Duplex] = 4.05, 8.10, 12.2, and

16.2 mmol kg™
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Supplementary Figure 33 | ESI-MS spectra of complementary duplexes. Positive mode
ESI-MS (CHCL;/MeOH = 1/1 (v/v) as eluent) spectra of 3a-2a, 3a-1a, 3b-1a, 3c-2a, 3c-1a, 3d-2a,
3d-1a, 3e-2a, 3e-1a, 4a-2a, 4a-1a, 4b-2a, 4b-1a, 4c-2a, and 4c-1a. The ESI-MS spectrum of
3b-(S,5)-2a is shown in Supplementary Fig. 31.
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Supplementary Figure 34 | Diastereoselective duplex formation between 3c.,ny and
rac-2acony (run 3, Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3¢ (0.50 mM),
rac-2a (0.50 mM), 3c¢:(R,R)-2a (0.50 mM), 3¢c-(S,5)-2a (0.50 mM), and a mixture of 3¢ (0.50
mM) and rac-2a (1.0 mM) in CDCl; at 25 °C. * denotes peaks due to an unknown complex
probably formed between 3¢ and (R,R)-2a (7.3%).
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Supplementary Figure 35. | Diastereoselective duplex formation between 3c oy and
rac-2a.qny- (@) CD and absorption spectra (0.50 mM) of 3¢, (R,R)-2a, (S.5)-2a, 3¢:(R,R)-2a, and
3c:(S.,5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 100%)
and absorption spectra for a mixture of 3¢ (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 36 | Diastereoselective duplex formation between 3d .y and
rac-2acqny (rund, Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3d (0.50 mM),
rac-2a (0.50 mM), 3d-(R,R)-2a (0.50 mM), 3d-(S,5)-2a (0.50 mM), and a mixture of 3d (0.50
mM) and rac-2a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 37 | Diastereoselective duplex formation between 3d.,n; and
rac-2a.qny- (@) CD and absorption spectra (0.50 mM) of 3d, (R,R)-2a, (S,5)-2a, 3d-(R,R)-2a, and
3d-(S,5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 100%)
and absorption spectra for a mixture of 3d (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 38 | Diastereoselective duplex formation between 3e.,ny and
rac-2acqny (run5, Table 1). Full (a) and partial (b and ¢) 'H NMR spectra of 3e (0.50 mM),
rac-2a (0.50 mM), 3e:(R,R)-2a (0.50 mM), 3e-(S,5)-2a (0.50 mM), and a mixture of 3e (0.50
mM) and rac-2a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 39 | Diastereoselective duplex formation between 3e.,yy and
rac-2a.ony- (@) CD and absorption spectra (0.50 mM) of 3e, (R,R)-2a, (S.5)-2a, 3e:(R,R)-2a, and
3e:(5.5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 0%)
and absorption spectra for a mixture of 3e (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient

temperature.
S32



TR %3:;0 ’ : HgH R2 = 1-octynyl
(R,R,R,R,R,R)-3a rac-1a
a b c
3a Mﬂ i A e 1‘L. .JH
rac1a _ij ) MI l 5 L M
sa(RA1a i, . JMM "
sa(S.91a |, - J" WU ._.J_A.*J_KLW“‘I“UW
3a+2xracla _ iy, l " Jm.}l ; umw

| |
14 12 10 8 5/ ppm 6 4 2 0
b (o a_ c
H H
3a an NRe

-CO,H Homoochiral
rac-1a A [~ Heterochiral Haﬁxj
Salt Bridge Ph N N_Ph
A — o _/L/"‘LJML v
H ‘ T

3a:(5,5)1a N .._._/\h.____/vk_
a-(S,S)-1a : 3a:(R,R)-1 o,
3a + 2 x racemic-1a _NwM_n___ W ( 31 g)ﬁg'?i'ch
S —
136 133 13 42 40 38
5/ppm 6/ ppm

Supplementary Figure 40 | Diastereoselective duplex formation between 3a.,y; and
rac-1ayyco (run6, Table 1). Full (a) and partial (b and ¢) 'H NMR spectra of 3a (0.50 mM),
rac-1a (0.50 mM), 3a-(R,R)-1a (0.50 mM), 3a-:(S,5)-1a (0.50 mM), and a mixture of 3a (0.50
mM) and rac-1a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 41 | Diastereoselective Duplex Formation between 3a.,yy; and
rac-lay,qo- (@) CD and absorption spectra (0.50 mM) of 3a, (R,R)-1a, (5,5)-1a, 3a:(R,R)-1a, and
3a:(5,5)-1a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 14%)
and absorption spectra for a mixture of 3a (0.50 mM) and rac-1a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 42 | Diastereoselective duplex formation between 3b .,y and
rac-1ayyco (run7, Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3b (0.50 mM),
rac-1a (0.50 mM), 3b-(R,R)-1a (0.50 mM), 3b-(S,5)-1a (0.50 mM), and a mixture of 3b (0.50
mM) and rac-1a (1.0 mM) in CDCl, at 25 °C. * denotes peaks due to an unknown complex

probably formed between 3b and (R,R)-la (14%). X denotes signals from the impurities
contained in CDCl,.
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Supplementary Figure 43 | Diastereoselective duplex formation between 3b .,y and
rac-lay,co- (@) CD and absorption spectra (0.50 mM) of 3b, (R,R)-1a, (5,5)-1a, 3b-(R,R)-1a,
and 3b-(5,5)-1a in CDCl, at ambient temperature. (b) Experimental and simulated CD (d.e. =

64%) and absorption spectra for a mixture of 3b (0.50 mM) and rac-1a(1.0 mM) in CDCl,at
ambient temperature.
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Supplementary Figure 44 | Diastereoselective duplex formation between 3c.,ny and
rac-1ayyco (run8, Table 1). Full (a) and partial (b and ¢) 'H NMR spectra of 3¢ (0.50 mM),
rac-1a (0.50 mM), 3c¢:(R,R)-1a (0.50 mM), 3¢c-(S,5)-1a (0.50 mM), and a mixture of 3¢ (0.50
mM) and rac-1a (1.0 mM) in CDCI, at 25 °C. * denotes peaks due to an unknown complex

probably formed between 3¢ and (§,5)-1a (16%).
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Supplementary Figure 45 | Diastereoselective duplex formation between 3c.,ny and
rac-lay,qo- (@) CD and absorption spectra (0.50 mM) of 3¢, (R,R)-1a, (S.5)-1a, 3¢:(R,R)-1a, and
3c:(S.5)-1a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 64%)
and absorption spectra for a mixture of 3¢ (0.50 mM) and rac-1a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 46 | Diastereoselective duplex formation between 3d.,n; and
rac-l1ayyco (run9, Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3d (0.50 mM),
rac-1a (0.50 mM), 3d-(R,R)-1a (0.50 mM), 3d-(S,S)-1a (0.50 mM), and a mixture of 3d (0.50
mM) and rac-1a (1.0 mM) in CDCl, at 25 °C. * denotes peaks due to an unknown complex
probably formed between 3b and (S,S)-1a (13%).
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Supplementary Figure 47 | Diastereoselective duplex formation between 3d .y and
rac-lay,co. (@) CD and absorption spectra (0.50 mM) of 3d, (R.R)-1a, (5,5)-1a, 3d-(R.,R)-1a,
and 3d-(S,5)-1a in CDCl, at ambient temperature. (b) Experimental and simulated CD (d.e. =
68%) and absorption spectra for a mixture of 3d (0.50 mM) and rac-1a(1.0 mM) in CDCl,at
ambient temperature.
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Supplementary Figure 48 | Diastereoselective duplex formation between 3e.,ny and
rac-1ayyco (run10,Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 3e (0.50 mM),
rac-1a (0.50 mM), 3e:(R,R)-1a (0.50 mM), 3e-(S,S)-1a (0.50 mM), and a mixture of 3e (0.50
mM) and rac-1a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 49 | Diastereoselective duplex formation between 3e.,ny and
rac-lay,qo- (@) CD and absorption spectra (0.50 mM) of 3e, (R,R)-1a, (S.5)-1a, 3e:(R,R)-1a, and
3e:(5.5)-1a in CDCl, at ambient temperature. (b) Experimental and simulated CD (d.e. = 0%)
and absorption spectra for a mixture of 3e (0.50 mM) and rac-1a (1.0 mM) in CDCl,at ambient
temperature.
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Supplementary Figure 50 | Diastereoselective duplex formation between 4a,,., and
rac-2acqny (run 11, Table 1). Full (a) and partial (b and ¢)'H NMR spectra of 4a (0.50 mM),
rac-2a (0.50 mM), 4a-(R,R)-2a (0.50 mM), 4a-(5,5)-2a (0.50 mM), and a mixture of 4a (0.50

mM) and rac-2a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 51 | Diastereoselective duplex formation between 4a,,., and
rac-2a.qng- (@) CD and absorption spectra (0.50 mM) of 4a, (R,R)-2a, (S,5)-2a, 4a-(R,R)-2a, and
4a-(5,5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 70%)
and absorption spectra for a mixture of 4a (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 52 | Diastereoselective duplex formation between 4b,,., and
rac-2acqny (run 12, Table 1). Full (a) and partial (b and ¢) 'H NMR spectra of 4b (0.50 mM),
rac-2a (0.50 mM), 4b-(R,R)-2a (0.50 mM), 4b-(S,5)-2a (0.50 mM), and a mixture of 4b (0.50
mM) and rac-2a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 53 | Diastereoselective duplex formation between 4b,,., and
rac-2a.ony- (@) CD and absorption spectra (0.50 mM) of 4b, (R,R)-2a, (S,5)-2a, 4b-(R,R)-2a, and
4b-(S,5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 34%)
and absorption spectra for a mixture of 4b (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 54 | Diastereoselective duplex formation between d4cyyc, and
rac-2acqny (run13,Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 4¢ (0.50 mM),
rac-2a (0.50 mM), 4c¢-(R,R)-2a (0.50 mM), 4¢-(S,5)-2a (0.50 mM), and a mixture of 4c¢ (0.50
mM) and rac-2a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 55 | Diastereoselective duplex formation between d4cyyc, and
rac-2a.ony- (@) CD and absorption spectra (0.50 mM) of 4¢, (R,R)-2a, (S.5)-2a, 4¢:(R,R)-2a, and
4c-(S.5)-2a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 80%)
and absorption spectra for a mixture of 4¢ (0.50 mM) and rac-2a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 56 | Diastereoselective duplex formation between 4ay,., and
rac-1ayyco (run14,Table 1). Full (a) and partial (b and ¢) 'H NMR spectra of 4a (0.50 mM),
rac-1a (0.50 mM), 4a-(R,R)-1a (0.50 mM), 4a-(5,5)-1a (0.50 mM), and a mixture of 4a (0.50
mM) and rac-1a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 57 | Diastereoselective duplex formation between 4ay,;., and
rac-lay,qo- (@) CD and absorption spectra (0.50 mM) of 4a, (R.,R)-1a, (5,5)-1a, 4a-(R,R)-1a, and
4a-(5,5)-1a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 64%)
and absorption spectra for a mixture of 4a (0.50 mM) and rac-1a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 58 | Diastereoselective duplex formation between 4by,., and
rac-1ayyco (run15,Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 4b (0.50 mM),
rac-1a (0.50 mM), 4b-(R,R)-1a (0.50 mM), 4b-(S,S)-1a (0.50 mM), and a mixture of 4b (0.50
mM) and rac-1a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 59 | Diastereoselective duplex formation between 4by,., and
rac-lay,qo- (2) CD and absorption spectra (0.50 mM) of 4b, (R,R)-1a, (S,5)-1a, 4b-(R,R)-1a, and
4b-(S,5)-1a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 74%)
and absorption spectra for a mixture of 4b (0.50 mM) and rac-1a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 60 | Diastereoselective duplex formation between d4cyyc, and
rac-1ayyco (run16,Table 1). Full (a) and partial (b and ¢) '"H NMR spectra of 4¢ (0.50 mM),
rac-1a (0.50 mM), 4c¢:(R,R)-1a (0.50 mM), 4¢-(S,5)-1a (0.50 mM), and a mixture of 4¢ (0.50

mM) and rac-1a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 61 | Diastereoselective duplex formation between d4cyyc, and
rac-lay,qo- (@) CD and absorption spectra (0.50 mM) of 4¢, (R,R)-1a, (S.5)-1a, 4¢-(R,R)-1a, and
4c-(S.5)-1a in CDCl,at ambient temperature. (b) Experimental and simulated CD (d.e. = 70%)
and absorption spectra for a mixture of 4¢ (0.50 mM) and rac-1a (1.0 mM) in CDCl, at ambient

temperature.
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Supplementary Figure 62 | Amide NH proton assignments for 3b-(R,R)-2a (CONH-CONH)
and 3b-(S,5)-2a (CONH-CONH). Full (a and ¢) and partial (b and d) gCOSY spectra (1.0 mM)
of 3b-(R,R)-2a (a, b) and 3b-(S,5)-2a (¢, d) in CDClI, at 25 °C.
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Supplementary Figure 63 | Amide NH proton assignments for 3b-(R,R)-1a (CONH-NHCO)
and 3b-(S,5)-1a (CONH-NHCO). Full (a and ¢) and partial (b and d) gCOSY spectra (1.0 mM)
of 3b:(R,R)-1a (a, b) and 3b-(S,5)-1a (¢, d) in CDClI, at 25 °C.
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Supplementary Figure 64 | Amide NH proton assignments for 3b-(R,R)-1a (CONH-NHCO)
and 3b:(S,S)-1a (CONH-NHCO). Full (a) and partial (b) 'H NMR spectra (1.0 mM) of 3b,
3b:(R,R)-1a, and 3b-(§5,5)-1a in CDCl, at 25 °C. The signals for the NH, protons of 1la in
3b:(R,R)-1a and 3b-(S.5)-1a were identified upon the addition of CD,OD. The NH, proton

assignments were done by gCOSY measurements (see Supplementary Fig. 63).
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Supplementary Figure 65 | Amide NH proton assignments for 4b-(R,R)-2a (NHCO-CONH)
and 4b-(S,S)-2a (NHCO-CONH). Full (a and ¢) and partial (b and d) gCOSY NMR spectra (1.0
mM) of 4b-(R,R)-2a (a, b) and 4b-(S,5)-2a (c, d) in CDCI, at 25 °C.
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Supplementary Figure 66 | Amide NH proton assignments for 4b-(R,R)-2a (NHCO-CONH)

and 4b-(S,5)-2a (NHCO-CONH). Full (a) and partial (b) 'H NMR spectra (1.0 mM) of 4b,
4b-(R.R)-2a, and 4b-(S5,5)-2a in CDCl, at 25 °C. The signals for the NH_ protons of 4b in
4b-(R.,R)-2a and 4b-(S.5)-2a were identified upon the addition of CD,OD. The NH, proton

assignments were done by gCOSY measurements (see Supplementary Fig. 65).
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Supplementary Figure 67 | Amide NH proton assignments for 4b-(R,R)-1a (NHCO-NHCO)
and 4b-(S,S)-1a (NHCO-NHCO). Full (a) and partial (b) 'H NMR spectra (1.0 mM) of 4b,
4b-(R.R)-1a, and 4b-(S,5)-1a in CDCl, at 25 °C. The signals for the NH, protons of 4b and 1a in
4b-(R,R)-1a and 4b-(S,S)-1a were identified upon the addition of CD,0D.
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Supplementary Figure 68 | 2D NMR spectra of (R,R,S,S,R,R)-3b:(S,5)-2a with the same
amide sequence (CONH-CONH). Full (a) and Partial (b) gCOSY spectra of 3b-(S,S)-2a (2.0
mM) in CDCI, at 25 °C.
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Supplementary Figure 69 | 2D NMR spectra of (R,R,S,S,R,R)-3b-(S,5)-2a with the same
amide sequence (CONH-CONH). Full (a) and partial (b) NOESY spectra (mixing time = 500
ms) of 3b-(S5,5)-2a (2.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 70 | 2D NMR spectra of (R,R,S,S,R,R)-3b:(S,5)-2a with the same
amide sequence (CONH-CONH). Partial NOESY spectra (mixing time = 500 ms) of
3b-(S,5)-2a (2.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 71 | 2D NMR spectra of (R,R,S,S,R,R)-4b-(R ,R)-2a with the different
amide sequence (NHCO-CONH). Full (a) and Partial (b) gCOSY spectrum of 4b-(R,R)-2a (2.0
mM) in CDCI, at 25 °C.
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Supplementary Figure 72 | 2D NMR spectra of (R,R,S,S.R,R)-4b-(R,R)-2a with the different

amide sequence (NHCO-CONH). Full (a) and partial (b) NOESY spectra (mixing time = 500
ms) of 4b-(R,R)-2a (2.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 73 | Diastereo- and sequence-selective duplex formation between
3bconn and a mixture of rac-2aqny and rac-layyco. Full 'H NMR spectra of rac-2a (0.50 mM),
rac-1a (0.50 mM), 3b-(R.,R)-2a (0.50 mM), 3b-(S.,5)-2a (0.50 mM), 3b-(R,R)-1a (0.50 mM),
3b-(§5,5)-1a (0.50 mM), and a mixture of 3b (0.50 mM), rac-2a (1.0 mM), and rac-1a (1.0 mM)
in CDClI, at 25 °C. For expanded 'H NMR spectra indicated by the squares, see Fig. 7a.
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Supplementary Figure 74 | Diastereo- and sequence-selective duplex formation between
3dcong and a mixture of rac-2acony and rac-lagco. Full (a) and partial (b, ¢, and d) '"H NMR
spectra of rac-2a (0.50 mM), rac-1a (0.50 mM), 3d-(R,R)-2a (0.50 mM), 3d-(S,S)-2a (0.50 mM),
3d:(R,R)-1a (0.50 mM), 3d-(S.,S)-1a (0.50 mM), and a mixture of 3d (0.50 mM), rac-2a (1.0
mM), and rac-1a (1.0 mM) in CDCI, at 25 °C.
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Supplementary Figure 75 | Diastereo- and sequence-selective duplex formation between

3d ong @and a mixture of rac-2a oy and rac-lag,co. (@) CD and absorption spectra (0.50 mM)

of 3d-(R,R)-2a, (S5,5)-2a, and rac-1a in CDCI, at ambient temperature. (b) Experimental and

simulated CD and absorption spectra for a mixture of 3d (0.50 mM), rac-2a (1.0 mM), and

rac-1a (1.0 mM) in CDCl, at ambient temperature.
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Supplementary Figure 76 | 'H NMR (DMSO-d,, 500 MHz) spectrum of (R,R)-1a.
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Supplementary Figure 77 | °C NMR (DMSO-d,, 125 MHz) spectrum of (R,R)-1a.

S58



= DOONOITODRMTOOO~ NGO — IO r o0 m%rscﬂ bmmmmmcamgmmmmmmc:
o3 LOD~VOO=MTNONOM~ OO~ O W o3 =D OO oOMm RO~ IR
o3 N= O RO =0~ O = 030 =— =00 o4 OO N OO O LY 0O M= Ly = =
—_— NMooOWwNnUOUWnLSTS TS ST T MmN~ OmMS T OO - = — 00 00 0 o
ac) E'oun-'r-éré:-ér-'hir-ir‘érirérir‘érér-ihir-ir-'rir-'h MRccrecce o oo o
[ o e | Jd 1 et Dt LE L0 )a) 0 OB S B2 i
\ = S I ;
O\
Date 17Janf2012 13:01:18
Comment
1H NMR
Varian UNITY-INOVA
ObsMuc H
ExMode NON E
ObsFreq 499,78 MHz 8 =
ObsSet 0.0 kHz ~ =
ObsFine 11,6203 Hz -4 k
Point 65536 f
Frequecy{Span) 9000.9 Hz
Scan 32
AcqTime T.281s
PD 2.3585s
Pulse1 3675 ps
Irfiuc “C
FrobeHeaD
Instrument Varian UNITY =
Pulse Program | 8
Gradient Program -l @
Temperature 250°C B Bl
Solvent DMSO i s ==
Reference 25 = = 831/
Broad Factor 0.0687 Hz = oy P
Window Exponential r f 1o
RGain 12 I |
Op
L | - _._JL__,'JJ‘J.._MUIL]ILL..J'__J_“M___.
14 12 10 8 [ 4 2 ] 2

&1 ppm

Supplementary Figure 78 | 'H NMR (DMSO-d,, 500 MHz) spectrum of (S,5)-1a.
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Supplementary Figure 79 | °C NMR (DMSO-d,, 125 MHz) spectrum of (5.5)-1a.
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Supplementary Figure 80 | 'H NMR (DMSO-d,, 500 MHz) spectrum of rac-1a.
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Supplementary Figure 81 | °C NMR (DMSO-d,, 125 MHz) spectrum of rac-1a.
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Supplementary Figure 82 | 'H NMR (DMSO-d,, 500 MHz) spectrum of (S,5)-1a’.
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Supplementary Figure 83 | °C NMR (DMSO-d,, 125 MHz) spectrum of (S.5)-1a’.
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Supplementary Figure 84 | 'H NMR (CDCl,, 500 MHz) spectrum of (R,R)-1b-OMe.
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Supplementary Figure 85 | °C NMR (CDCl;, 125 MHz) spectrum of (R,R)-1b-OMe.
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Supplementary Figure 86 | 'H NMR (CDCl,, 500 MHz) spectrum of (S,5)-1b-OMe.
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Supplementary Figure 87 | °C NMR (CDCl,, 125 MHz) spectrum of (S,S)-1b-OMe.
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Supplementary Figure 89 | °C NMR (DMSO-d,, 125 MHz) spectrum of (R,R)-2a.
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Supplementary Figure 91 | °C NMR (DMSO-d,, 125 MHz) spectrum of (5.5)-2a.
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Supplementary Figure 93 | °C NMR (DMSO-d,, 125 MHz) spectrum of rac-2a.
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Supplementary Figure 94 | 'H NMR (DMSO-d,, 500 MHz) spectrum of (S,5)-2a’.
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Supplementary Figure 95 | C NMR (DMSO-d,, 125 MHz) spectrum of (S.5)-2a’.
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Supplementary Figure 96 | 'H NMR (DMSO-d;, 500 MHz) spectrum of (S,5)-2a’-TMS.
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Supplementary Figure 97 | °C NMR (DMSO-d,, 125 MHz) spectrum of (S,5)-2a’-TMS.
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Supplementary Figure 98 | 'H NMR (CDCl,, 500 MHz) spectrum of (R,R)-2b-OMe.
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Supplementary Figure 99 | °C NMR (CDCl;, 125 MHz) spectrum of (R,R)-2b-OMe.
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Supplementary Figure 100 | 'H NMR (CDCl,, 500 MHz) spectrum of (S,5)-2b-OMe.
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Supplementary Figure 103 | C NMR (DMSO-d,, 125 MHz) spectrum of (S,5)-2¢.
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Supplementary Figure 106 | 'H NMR (CDCl,, 500 MHz) spectrum of (R,R)-4¢:(CH,CO,H),.
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Supplementary Figure 107 | °C NMR (CDCl;, 125 MHz) spectrum of (R,R)-4¢:(CH,CO,H),.
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Supplementary Figure 108 | 'H NMR (DMSO-d,, 500 MHz) spectrum of (R,R)-M1.
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Supplementary Figure 109 | °C NMR (DMSO-d,, 125 MHz) spectrum of (R,R)-M1.
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Supplementary Figure 110 | 'H NMR (CDCl,, 500 MHz) spectrum of (R,R)-M2.
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Supplementary Figure 111 | °C NMR (CDCl;, 125 MHz) spectrum of (R,R)-M2.
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Supplementary Figure 112 | 'H NMR (DMSO-d,, 500 MHz) spectrum of rac-7.
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Supplementary Figure 113 | °C NMR (DMSO-d,, 125 MHz) spectrum of rac-17.
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Supplementary Figure 114 | 'H NMR (DMSO-d,, 500 MHz) spectrum of rac-8.
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Supplementary Figure 115 | °C NMR (DMSO-d,, 125 MHz) spectrum of rac-8.
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Supplementary Figure 116 | 'H NMR (DMSO-d,, 500 MHz) spectrum of meso-8.
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Supplementary Figure 117 | °C NMR (DMSO-d,, 125 MHz) spectrum of meso-8.
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2. Supplementary Tables

Supplementary Table 1. Crystal Data and Structure Refinement for (§,5)-1a’

Elemental formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficien
F(000)

Crystal size

Theta range for data collection

Index ranges
Reflections collected

t

Independent reflections

Completeness to theta = 26.00°

Absorption correction
Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F*

Final R indices [/>2sigma(/)]

R indices (all data)

Largest diff. peak and hole

Flack parameter

0.0(3)

C144H,24N40,,81,, CHy6

2399.10

103(2) K

0.71075 A

Orthorhombic

P2,2,2,

a=15990(2) A a=90°
b=128.164(4) A B =90°
c=30.875(4) A y=90°
13905(3) A’

4

1.146 g/cm’

0.104 mm™

5,072

0.15x0.12 x 0.04 mm’

3.00 to 26.00°
-19=<h=<19,-31<k=<34,-37<1<37
104,237

27,226 [R;,, = 0.0515]

99.5 %

Semi-empirical from equivalents
0.9959 and 0.9846

Full-matrix least-squares on F*
27,226/71/1,613

1.125

R, =0.1342, wR, = 0.3443

R, =0.1431,wR, = 0.3520

1.641 and —1.005 eA™
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Supplementary Table 2. Crystal Data and Structure Refinement for (S,5)-2a’.

Elemental formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/>2sigma(/)]
R indices (all data)

Largest diff. peak and hole
Flack parameter

Ci30H100N4O15, C4H g

2202.50

103(2) K

0.71075 A

Monoclinic

P2,

a=12.650(5) A a=90°
b=30.179(11) A p=111.130(7)°
c =16.608(6) A y =90°
5914(4) A3

2

1.237 g/em’

0.078 mm''

2,316

0.20 x 0.06 x 0.02 mm’

3.00 to 26.00°
-15=h=15,-30=<k=<37,-20=<1=<20
43,813

18,248 [R;,, = 0.0616]

99.0 %

Semi-empirical from equivalents
0.9984 and 0.9846

Full-matrix least-squares on F*
18,248 / 140/ 1,603

1.149

R, =0.1239, wR, = 0.2942

R, =0.1630, wR, = 0.3296

0.333 and -0.341 eA

2(2)
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3. Supplementary Methods

3-1. Materials. All starting materials and dehydrated solvents were purchased from Aldrich,
Wako Pure Chemical Industries (Osaka, Japan), and Tokyo Kasei Kogyo (TCI) (Tokyo, Japan)
unless otherwise noted. Silica gel (Si0,) and aminopropyl-modified silica gel (NH-Si10,) for the
flash chromatography were purchased from Merck and Fuji Silysia Chemical Ltd. (Kusanagi,
Japan), respectively. Bio-Beads (SX-1) for the size exclusion chromatography (SEC) was
purchesed from Bio-Rad Laboratories. The monoethynyl carboxylic acid monomers (S and 6),
monoethynyl amidine monomers ((R,R)-9 and 10), chiral linkers ((R,R)- and (S.5)-7, (R,R)- and
(5,9)-8), and amidine dimers ((R.,R.R.R.RR)-3a, (R.RS,S.R.R)-3b, (R.R)-3c, (R.R)-3d,
(R.,R.R.R.R,R)-4a, and (R,R,S.S.R,R)-4b) were synthesized according to refs 47, 50, and 53 in the

main text.

3-2. Instruments. The melting points were measured using a Yanaco MP-500D melting point
apparatus (Kyoto, Japan) and were uncorrected. The NMR spectra were obtained using a Varian
UNITY INOVA 500AS spectrometer operating at 500 MHz for 'H and 125 MHz for "C.
Chemical shifts are reported in parts per million (&) downfield from tetramethylsilane (TMS) as
the internal standard in CDCl; or DMSO-d,. The recycling preparative HPLC was performed
with an LC-928R liquid chromatograph (Japan Analytical Industry, Tokyo, Japan) equipped with
two SEC columns (JAIGEL-I1H (1 x 60 cm) and JAIGEL-2H (1 x 60 cm)) in series and a
UV-visible detector (254 nm, JAI UV-310), and CHCI, was used as the eluent. The electron
spray ionization (ESI) mass spectra were recorded using a JEOL JMS-T100CS spectrometer
(Akishima, Japan). The matrix-assisted laser desorption-ionization time-of-flight mass spectra
(MALDI-TOF-MS) were obtained using a SHIMADZU AXIMA-CFR Plus mass spectrometer
(Kyoto, Japan) with a positive mode using 2,4,6-trihydroxyacetophenone (THAP) as the matrix.
The elemental analyses were performed by the laboratory of elemental analyses in the
Department of Agriculture, Nagoya University. The IR spectra were recorded using a JASCO
Fourier Transform IR-680 spectrophotometer (Hachioji, Japan). The absorption and CD spectra
were measured in a 0.01-, 0.05-, 0.1-, 1-, 5-, or 10-cm quartz cell on a JASCO V-570
spectrophotometer and a JASCO J-820 spectropolarimeter, respectively. The optical rotations
were taken using a JASCO P-1030 polarimeter in a 2-cm quartz cell equipped with a temperature
controller (EYELA NCB-2100). The single-crystal X-ray data were collected on a Rigaku Saturn
724+ CCD diffractometer with Mo Ka radiation (A = 0.71075 A) at 103 K. The molecular
weight of the duplex ((R,R.S,S,R,R)-3b-(S.,5)-2a) in CHCI, was estimated using a Gonotec 070
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vapor pressure osmometer (VPO) (Berlin, Germany) with benzil as the standard. The samples

were prepared in the range of 4-16 mmol kg

3-3. Synthetic Procedures

O Pd(PPhg),/Cul
& Q o+ )X )
™s”  OoH toluene/iProNH %
R = 1-octynyl : 5 R =1-octynyl X=L1:1a
+ X=L1:(RAR)-70r(S,S)-70rrac:7 ——>
R=H :6 ] (R.A) (5.5) [R=H X=L1:1a'
R =1-octynyl : 5 ] + X=L2: (RR)-8 or (S,5)-8 or rac-8 R =1-octynyl X=L2:2a
R=H :6 R=H X=L2:2a'-TMS
O o0 H H
N N
X= AN N TN
H H 0
L1 L2

Rac-7. Thionyl chloride (1.06 mL, 14.5 mmol) and a catalytic amount of DMF were added to
rac-1,2-cyclohexanedicarboxylic acid (500 mg, 2.90 mmol), and the mixture was stirred at
ambient temperature for 3.5 h. After removing the excess amount of thionyl chloride, the residue
was dissolved in anhydrous CHCI; (5.0 mL), and to this was added an anhydrous CHCl, solution
(2.5 mL) of 4-iodoaniline (1.30 g, 5.94 mmol) and diisopropylamine (2.53 mL, 14.5 mmol) at
0 °C. After the mixture was stirred at ambient temperature for 12 h, the obtained precipitate was
collected and washed with water and CHCI, to afford rac-7 (0.24 g, 14% yield) as a white solid.
Mp: 302-304 °C. 'H NMR (500 MHz, DMSO-d,, 25 °C): 6 10.07 (s, 2H, NH),7.57 (d,J =9.0
Hz,4H, ArH), 7.39 (d,J =9.0 Hz, 4H, ArH), 2.75-2.63 (m, 2H, COCH), 2.01-1.91 (m, 2H, CH),
1.83-1.73 (m, 2H, CH), 1.41-1.22 (m, 4H, CH). "C NMR (125 MHz, DMSO-d;, 25 °C): ¢
173.87, 139.30, 137.31, 121.18, 86.16, 46.29, 29.70, 25.23. IR (KBr, cm™): 3279 (vyy), 1656
(Vco). Anal. Caled for C,,H,,I,N,0O,: C, 41.83; H, 3.51; N, 4.88. Found: C, 41.83; H, 3.48; N,
4.94.

Rac-8. 4-N,N-dimethylaminopyridine (350 mg, 0.286 mmol) and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (647 mg, 3.38 mmol) were added
to a suspension of p-iodobenzoic acid (745 mg, 3.00 mmol) and rac-1,2-cyclohexanediamine

(153 mg, 1.34 mmol) in dichloromethane (10 mL) at O °C. After the mixture was stirred at
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ambient temperature for 4 h, the obtained precipitate was collected and washed with water and
CHCI, to afford rac-8 (0.50 g, 65% yield) as a white solid. Mp: 314-317 °C. '"H NMR (500 MHz,
DMSO-d;, 25 °C): 68.30 (d,J =8.1 Hz,2H,NH), 7.77 (d,J = 8.5 Hz,4H, ArH), 747 (d,J=8.5
Hz, 4H, ArH), 3.96-3.85 (m, 2H, NCH), 1.91-1.81 (m, 2H, CH), 1.77-1.67 (m, 2H, CH),
1.55-1.42 (m, 2H, CH), 1.35-1.19 (m, 2H, CH). "C NMR (125 MHz, DMSO-d;, 25 °C): ¢
165.63, 136.98, 134.34, 129.13, 98.41, 52.92, 31.50, 24.67. IR (KBr, cm™): 3278 (vyy), 1639
(Veoo)s 1550 (vey)- Anal. Caled for C, H,,I,N,O,: C,41.83; H,3.51; N, 4.88. Found: C, 41.72; H,
3.51; N, 4.90.

General Procedures for the Preparation of Carboxylic Acid Dimers (1a and 2a). A typical
experimental procedure is described below. Cul (2.8 mg, 0.015 mmol) was added to a solution of
monoethynyl carboxylic acid monomer (5) (74.4 mg, 0.148 mmol), rac-8 (42.8 mg, 0.0745
mmol), and Pd(PPh;), (17 mg, 0.015 mmol) in toluene-diisopropylamine (8/2 (v/v), 3.0 mL).
After the mixture was stirred at 65 °C for 10 h under nitrogen, the solvents were evaporated to
dryness. The residue was then dissolved in CHCI,, and the solution was washed with 1 M HCl
and brine, and dried over anhydrous Na,SO,. After filtration, the solvent was evaporated to
dryness and the residue was purified by column chromatography (Si0,, CHCl;/MeOH = 99/1
(v/v)), Bio-Beads (SX-1, CHCl,), and preparative recycling HPLC (CHCL,) to afford rac-2a (22
mg, 24% yield) as a pale yellow solid. In the same way, rac-1a, (R,R)-1a, (S.,5)-1a, (S.,5)-1a’,
(R,R)-2a, (5,5)-2a, and (S.5)-2a’-TMS were prepared.

Rac-1a. 60% yield. Mp: 200 °C (dec.). 'H NMR (500 MHz, DMSO-d,, 25 °C): 6 13.11 (s, 2H,
CO,H), 10.21 (s, 2H, NH), 7.65 (d,J = 8.7 Hz, 4H, ArH), 7.57 (d, J = 8.4 Hz, 4H, ArH), 7.51 (d,
J =84 Hz, 4H, AtH), 747 (d, J = 8.4 Hz, 4H, ArH), 7.45 (d, J = 8.7 Hz, 4H, ArH), 742 (d, J =
8.4 Hz, 4H, ArH), 7.38 (s, 2H, ArH), 7.36 (s, 2H, ArH), 2.80-2.70 (m, 2H, COCH), 2.44 (t, J =
7.0 Hz, 4H, C=CCH,), 2.09-1.96 (m, 2H, CH), 1.88-1.75 (m, 2H, CH), 1.57-1.49 (m, 4H, CH,),
1.46-1.20 (m, 16H, CH and CH,), 0.86 (t, J = 6.5 Hz, 6H, CH,), 0.24 (s, 18H, SiCH,). *C NMR
(125 MHz, DMSO-d,, 25 °C): 5 173.88, 169.41, 139.96, 139.83, 139.27, 138.69, 138.56, 132.99,
132.05, 131.58, 131.40, 13131, 131.20, 128.62, 128.59, 124.24, 122.09, 121.65, 118.77, 116.10,
104.80,95.11,92.73,90.43, 88.08, 79.45, 46.26, 30.72, 29.66, 27.94, 27.94, 25.18, 21.96, 18.65,

13.89, -0.12. IR (KBr, cm™): 3296 (vy_y), 2157 (Veee), 1701 (Vo). HRMS (ESI): m/z calced for
[M(CygHgN,O(Si,)-H]~, 1321.5946; found 1321.5936.
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(R,R)-1a. 49% yield. Mp: 200 °C (dec.). [a],>* =586 (¢ = 0.1 in CHCL,;). '"H NMR (500 MHz,
DMSO-d,, 25 °C): 613.11 (s, 2H, CO,H), 10.21 (s, 2H, NH), 7.65 (d, J = 8.7 Hz, 4H, ArH),
7.57 (d,J=82Hz,4H, ArH), 7.50 (d, J = 8.0 Hz, 4H, ArH), 7.46 (d, /= 8.4 Hz, 4H, ArH), 7.45
(d, J = 8.1 Hz, 4H, ArH), 742 (d, J = 8.4 Hz, 4H, ArH), 7.38 (s, 2H, ArH), 7.36 (s, 2H,
ArH),2.83-2.68 (m, 2H, COCH), 244 (t, J = 7.0 Hz, 4H, C=CCH,), 2.10-1.94 (m, 2H, CH),
1.88-1.74 (m, 2H, CH), 1.61-1.49 (m, 4H, CH,), 1.47-1.20 (m, 16H, CH and CH,), 0.86 (t, J =
6.5 Hz, 6H, CH,), 0.24 (s, 18H, SiCH,). "C NMR (125 MHz, DMSO-d,, 25 °C): 6 173.90,
16941, 139.98, 139.82, 139.26, 138.72, 138.60, 132.96, 132.07, 131.60, 131.42, 131.33, 131.22,
128.63, 128.60, 124.29, 122.12, 121.67, 118.78, 116.11, 104.80, 95.14, 92.77, 90.45, 88.09,
79.45,46.26,30.73,29.69, 27.96, 27.96,25.21,21.97, 18.66, 13.90, -0.11. IR (KBr, cm™): 3301
(Vo) s 2158 (Veee), 1701 (veoo). HRMS (ESI): m/z caled for [M(CygHg N,O(Si,)-H] ", 1321.5946;
found 1321.5975.

(S.5)-1a. 51% yield. Mp: 200 °C (dec.). [a],® 590 (¢ = 0.1 in CHCLy). 'H NMR (500 MHz,
DMSO-d,, 25 °C): §13.13 (s, 2H, CO,H), 1023 (s, 2H, NH), 7.65 (d, J = 8.6 Hz, 4H, ArH),
7.57 (d,J = 8.2 Hz, 4H, ArH), 7.51 (d, J = 8.2 Hz, 4H, ArH), 7.47 (d, J = 8.7 Hz, 4H, ArH), 7.45
(d, J = 8.6 Hz, 4H, ArH), 742 (d, J = 8.3 Hz, 4H, ArH), 7.39 (s, 2H, ArH), 7.36 (s, 2H,
ArH), 2.79-2.69 (m, 2H, COCH), 2.44 (t, J = 7.0 Hz, 4H, C=CCH,), 2.07-1.96 (m, 2H, CH),
1.88-1.75 (m, 2H, CH), 1.59-1.49 (m, 4H, CH,), 1.46-1.19 (m, 16H, CH and CH,), 0.86 (t, J =
6.5 Hz, 6H, CH,), 0.24 (s, 18H, SiCH,). *C NMR (125 MHz, DMSO-d,, 25 °C): & 173.90,
169.41, 139.98, 139.82, 139.25, 138.73, 138.61, 132.96, 132.07, 131.60, 131.42, 131.32, 131.22,
128.63, 128.60, 124.29, 122.12, 121.67, 118.78, 116.11, 104.80 95.14, 92.77, 90.46, 88.09,
79.45,46.25,30.73,29.68, 27.96, 27.96,25.21,21.97, 18.66, 13.90, =0.12. IR (KBr, cm™): 3301

(Vas)s 2158 (Vewe), 1701 (V). HRMS (ESI): m/z caled for [M(CgHgoN,O,Si,)-H]", 1321.5946;
found 1321.5942.

(S.5)-1a’. 67% yield. Mp: 211 °C (dec.). [a],® 718 (c = 0.1 in CHCL,). 'H NMR (500 MHz,
DMSO-d,, 25 °C): § 13.00 (br s, 2H, CO,H), 10.22 (s, 2H, NH), 7.65 (d, J = 8.7 Hz, 4H, ArH),
7.61-7.55 (m, 6H, ArH), 7.51 (d, J = 8.5 Hz, 4H, ArH), 7.49-7.37 (m, 16H, ArH), 2.82-2.70 (m,
2H, COCH), 2.11-1.94 (m, 2H, CH), 1.89-1.74 (m, 2H, CH), 1.51-1.26 (m, 4H, CH), 0.24 (s,
18H, SiCH,). *C NMR (125 MHz, DMSO-d,, 25 °C): 5 173.91, 169.88, 140.69, 140.13, 139.95,
138.17, 138.04, 133.67, 132.06, 131.58, 131.19, 129.29, 129.13, 129.02, 128.67, 128.64, 121.84,
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12140, 118.78, 116.14, 104.88, 94.99, 90.31, 88.15, 46.25, 29.70, 25.21, =0.09. IR (KBr, cm™):
3312 (Vag), 2156 (Veeo), 1702 (Veoo). HRMS (ESI): m/z caled for [M(C,,H,N,0,Si,)-H]",
1105.4068; found 1105.4024.

Rac-2a. 24% yield. Mp: 200 °C (dec.). 'H NMR (500 MHz, DMSO-d,, 25 °C): 5 13.13 (br s, 2H,
CO,H), 8.37 (d, J = 7.0 Hz, 2H, NH), 7.77 (d, J = 8.5 Hz, 4H, ArH), 7.61 (d, J = 7.2 Hz, 4H,
ArH), 7.60 (d, J = 8.5 Hz, 4H, ArH), 7.50 (d, J = 8.2 Hz, 4H, ArH), 7.48 (d, J = 7.2 Hz, 4H,
ArH), 743 (d, J = 8.2 Hz, 4H, ArH), 7.38 (s, 2H, ArH), 7.36 (s, 2H, ArH), 4.02-3.91 (m, 2H,
NCH), 2.44 (t, J = 7.0 Hz, 4H, C=CCH,), 1.96-1.86 (m, 2H, CH), 1.82-1.70 (m, 2H, CH),
1.61-1.48 (m, 6H, CH,), 1.46-1.37 (m, 4H, CH and CH,), 1.35-1.19 (m, 10H, CH,), 0.86 (t, J =
7.0 Hz, 6H, CH,), 0.24 (s, 18H, SiCH,). *C NMR (125 MHz, DMSO-d,, 25 °C): & 169.48,
165.60, 139.93, 139.91, 138.53, 138.51, 134.77, 133.26, 131.62, 131.57, 131.43, 131.39, 131.16,
128.73, 128.61, 127.55, 124.62, 124.12, 121.62, 121.41, 104.83, 95.08, 92.66, 90.74, 89.54,
79.48,53.04, 31.55,30.73,27.96, 27.96, 24.71,21.97, 18.66, 13.89, =0.12. IR (KBr, cm™): 3338
(Vas)s 2157 (Veoe), 1708 (Vo). HRMS (ESI): m/z caled for [M(CgHgoN,O,Si,)-H]", 1321.5946;
found 1321.5966.

(R,R)-2a. 30% yield. Mp: 200 °C (dec.). [a],* =516 (¢ = 0.1 in CHCL,;). '"H NMR (500 MHz,
DMSO-d;, 25 °C): 613.12 (br s, 2H, CO,H), 8.37 (d, J = 7.0 Hz, 2H, NH), 7.77 (d, J = 8.4 Hz,
4H, ArH), 7.61 (d,J = 8.0 Hz, 4H, ArH), 7.60 (d, J = 8.0 Hz, 4H, ArH), 7.50 (d,J = 7.5 Hz, 4H,
ArH), 748 (d,J =7.5 Hz, 4H, ArH), 743 (d, J = 8.4 Hz, 4H, ArH), 7.38 (s, 2H, ArH), 7.36 (s,
2H, ArH), 4.04-3.88 (m, 2H, NCH), 2.44 (t,J = 7.0 Hz, 4H, C=CCH,), 1.98-1.85 (m, 2H, CH),
1.82-1.69 (m, 2H, CH), 1.60-1.48 (m, 6H, CH,), 1.45-1.37 (m, 4H, CH and CH,), 1.34-1.22 (m,
10H, CH,), 0.86 (t, J = 7.0 Hz, 6H, CH,), 0.24 (s, 18H, SiCH,)."C NMR (125 MHz, DMSO-d,,
25 °C): 6 169.39, 165.59, 139.84, 139.81, 138.64, 138.61, 134.80, 133.00, 131.68, 131.60,
131.46, 13142, 131.17, 128.72, 128.60, 127.55, 124.60, 124.29, 121.67, 121.47, 104.80, 95.14,
92.79,90.71, 89.57,79.44, 53.04, 31.55, 30.73, 27.96, 27.96, 2471, 21.97, 18.66, 13.89, —-0.12.
IR (KBr, cm™): 3338 (vyu), 2157 (Veee)s 1703 (veo). HRMS (ESI): m/z caled for
[M(CgHN,O4S1,)-H] ™, 1321.5946; found 1321.5943.

(S.5)-2a. 55% yield. Mp: 200 °C (dec.). [a],® 519 (¢ = 0.1 in CHCLy). 'H NMR (500 MHz,
DMSO-d,, 25 °C): §13.17 (br s, 2H, CO,H), 8.39 (d, J = 7.2 Hz, 2H, NH), 7.77 (d, J = 8.3 Hz,
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4H, ArH), 7.61 (d,J =8.0 Hz, 4H, ArH), 7.60 (d, J = 8.0 Hz, 4H, ArH), 7.50 (d, J = 8.2 Hz, 4H,
ArH), 747 (d,J = 8.3 Hz, 4H, ArH), 742 (d, J = 8.3 Hz, 4H, ArH), 7.38 (s, 2H, ArH), 7.36 (s,
2H, ArH), 4.05-3.86 (m, 2H, NCH), 243 (t,J = 7.0 Hz, 4H, C=CCH,), 1.98-1.85 (m, 2H, CH),
1.82-1.70 (m, 2H, CH), 1.61-1.48 (m, 6H, CH,), 1.46-1.36 (m, 4H, CH and CH,), 1.34-1.21 (m,
10H, CH,), 0.85 (t,J = 7.0 Hz, 6H, CH,), 0.24 (s, 18H, SiCH,). °C NMR (125 MHz, DMSO-d,,
25 °C): 6 16945, 165.60, 139.90, 139.87, 138.57, 138.55, 134.79, 133.19, 131.69, 131.58,
131.45, 13140, 131.17, 128.73, 128.60, 127.55, 124.61, 124.20, 121.64, 121.44, 104.82, 95.11,
92.71,90.73, 89.56, 79.47, 53.05, 31.55, 30.73, 27.96, 27.96, 2471, 21.97, 18.66, 13.89, —-0.12.
IR (KBr, cm™): 3314 (vyy), 2157 (Veee), 1705 (vep). HRMS (ESI): m/z calcd for
[M(CgHgN,O4S1,)-H]™, 1321.5946; found 1321.5965.

(S.5)-2a’>-TMS. 57% yield. Mp: 200 °C (dec.). [a],* 603 (c = 0.2 in CHCL,). '"H NMR (500
MHz, DMSO-d,, 25 °C): 8 13.02 (br s, 2H, CO,H), 8.39 (d, J = 7.7 Hz, 2H, NH), 7.78 (d, ] = 8.6
Hz, 4H, ArH), 7.65-7.56 (m, 10H, ArH), 7.52 (d, J = 8.5 Hz, 4H, ArH), 7.48 (d, J = 8.5 Hz, 4H,
ArH), 7.46-7.39 (m, 8H, ArH), 4.04-3.88 (m, 2H, NCH), 1.98-1.85 (m, 2H, CH), 1.82-1.69 (m,
2H, CH), 1.62-1.46 (m, 2H, CH), 1.38-1.21 (m, 2H, CH), 0.24 (s, 18H, SiCH,). *C NMR (125
MHz, DMSO-d,, 25 °C): & 169.87, 165.60, 140.71, 140.67, 138.10, 138.08, 134.79, 133.65,
131.59, 131.45, 131.18, 129.33, 129.13, 128.76, 128.64, 127.57, 124.64, 121.42, 12121, 104.88,
95.00, 90.79, 89.46, 79.17, 53.03, 31.56, 24.70, —0.09. IR (KBr, cm™): 3337 (Va.11), 2156 (Veoo),
1707 (Vewo). HRMS (ESI): m/z calcd for [M(C,,H,,N,O,Si,)—HI", 1105.4068; found 1105.4069.

toluene/i-ProNH

. . TMS
l. O O _._| timethylsilylacetylene \@\
LA LT raeprgyca
H H
(RR)-7

(R,R)-M1

| H H I trimethylsilylacetylene
Q(N Np Pd(PPhg)4/Cul
) @)

toluene/i-ProNH
(R,R)-8 (R, R) M2

General Procedures for the Preparation of Model Compounds M1 and M2. A typical
experimental procedure is described below. Trimethylsilylacetylene (26 uL, 0.18 mmol) was

added to a suspension of Cul (2.5 mg, 13 ygmol), Pd(PPh,), (15.1 mg, 13.1 gmol), and (R,R)-8
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(50.0 mg, 87.1 ymol) in toluene-diisopropylamine (8/2 (v/v), 5.0 mL) at 0 °C. After the mixture
was stirred at room tenmperature for 10 h under nitrogen, the solvents were evaporated to
dryness. The residue was then purified by column chromatography (SiO,, CHCl;/MeOH = 100/4
(v/v)) to afford (R,R)-M2 (26 mg, 60% yield) as a white solid. In the same way, (R,R)-M1 was
prepared.

(R,R)-M1. 46% yield. Mp: 310-311 °C. [a],” =197 (¢ = 0.5 in CHCL,). '"H NMR (500 MHz,
DMSO-d;, 25 °C): 6 10.16 (s, 2H, NH), 7.56 (d, J = 8.8 Hz, 4H, ArH), 7.33 (d, J = 8.8 Hz, 4H,
ArH),2.75-2.68 (m, 2H, COCH), 2.05-1.93 (m, 2H, CH), 1.85-1.75 (m, 2H, CH), 1.40-1.25
(m, 4H, CH), 0.20 (s, 18H, SiCH,)."°C NMR (125 MHz, DMSO-d,, 25 °C): 6 173.87, 139.99,
13223, 118.60, 116.14, 105.48, 92.86, 46.18, 29.64, 25.18, —0.04. IR (KBr, cm™): 3296 (vy 1),
2157 (Veee), 1659 (Vo). HRMS (ESI): m/z caled for [M(C;,H;3N,0,Si,)+Na]*, 537.2369; found
537.2376.

(R,R)-M2. 60% yield. Mp: 310-313 °C. [a],” =332 (¢ = 0.2 in CHCL,). '"H NMR (500 MHz,
CDCl,, 25 °C, 10 mM): 6 7.64 (d, J = 8.5 Hz, 4H, ArH), 7.45 (d,J = 8.5 Hz, 4H, ArH), 6.75 (d,
J =69 Hz,2H,NH), 4.04-3.93 (m, 2H, NCH), 2.28-2.16 (m, 2H, CH), 1.91-1.79 (m, 2H, CH),
1.50-1.36 (m, 4H, CH), 0.25 (s, 18H, SiCH,)."”C NMR (125 MHz, CDCL,, 25 °C, 10 mM): §
167.63,133.72,132.21, 126.94, 126.59, 104.19, 97.12, 54.83, 32.50, 24.93,0.00. IR (KBr,cm™):
3304 (Vay), 2159 (Veoe), 1633 (vep). HRMS (ESI): m/z caled for [M(C;,H4N,O,Si,)+Na]*,
537.2369; found 537.2349.

-octynyl : (S,S)-2¢

-octynyl : (S,S)-2a 1-
H 1(S5,9)-2a’

1- R
H : (S.9)-2a"-TMS R

R
General Procedures for the Preparation of 2c¢ and 2a’. To a solution of (S.,5)-2a (25.2 mg,
19.0 umol) in THF (2.0 mL) was added tetrabutylammonium fluoride (TBAF) in THF (1.0 M,
60.0 uL, 60.0 umol) at 0 °C. After the mixture was stirred at ambient temperature for 2 h, the
solvent was evaporated to dryness. The residue was then dissolved in CHCIl; and the solution

was washed with 1M HCI and brine, and dried over anhydrous Na,SO,. After filtration, the
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solvent was evaporated to dryness and the residue was purified by column chromatography (SiO,,
CHCIy/MeOH = 9/1 (v/v)) and preparative recycling HPLC (CHCl,) to afford (S,5)-2¢ (7.8 mg,
35% yield) as a pale yellow solid. In the same way, (S,5)-2a’ was also prepared.

(8,9)-2¢. 35% yield. Mp: 200 °C (dec.). [a],™ 512 (¢ = 0.1 in CHCI;). 'H NMR (500 MHz,
DMSO-dq, 25 °C): 613.13 (br s, 2H, CO,H), 8.39 (d, J = 7.3 Hz, 2H, NH), 7.78 (d, J = 8.4 Hz,
4H, ArH), 7.62 (d,J =7.8 Hz, 4H, ArH), 7.60 (d, J = 7.5 Hz, 4H, ArH), 7.54 (d, J = 8.2 Hz, 4H,
ArH), 748 (d,J = 8.3 Hz, 4H, ArH), 743 (d, J = 8.3 Hz, 4H, ArH), 7.39 (s, 2H, ArH), 7.37 (s,
2H, ArH), 4.26 (s, 2H, C=CH), 4.03-3.89 (m, 2H, NCH), 244 (t, J = 7.0 Hz, 4H, C=CCH,),
1.96-1.86 (m, 2H, CH), 1.80-1.71 (m, 2H, CH), 1.59-1.48 (m, 6H, CH,), 1.45-1.36 (m, 4H, CH
and CH,), 1.34-1.19 (m, 10H, CH,), 0.86 (t, J = 6.9 Hz, 6H, CH;). "C NMR (125 MHz,
DMSO-d;, 25 °C): 6 169.39, 165.58, 139.85, 139.80, 138.63, 138.59, 134.80, 131.70, 131.46,
131.43, 13141, 131.17, 131.15, 128.73, 128.61, 127.55, 124.60, 124.26, 121 .46, 121.26, 92.77,
90.71, 89.56, 83.09, 81.60, 79.46, 53.03, 31.55, 30.72, 27.04, 27.04, 24.70, 21.97, 18.66, 13.89.
IR (KBr, cm™): 3297 (Ve—en)s 2228 (Veoe), 1704 (ve_o). HRMS (ESI): m/z calcd for
[M(Cq,H,(N,O0)-H] ", 1177.5156; found 1177.5109.

(5,5)-2a’. 86% yield. Mp: 237 °C (dec.). [a],” 289 (¢ = 0.1 in THF). '"H NMR (500 MHz,
DMSO-d;, 25 °C): 612.98 (br s, 2H, CO,H), 8.40 (d, J = 7.6 Hz, 2H, NH), 7.77 (d, J = 8.5 Hz,
4H, ArH), 7.65-7.57 (m, 8H, ArH), 7.56-7.48 (m, 10H, ArH), 7.46 (d, J = 8.1 Hz, 4H, ArH),
7.43-7.34 (m, 4H, ArH), 4.23 (s, 2H, C=CH), 4.01-3.92 (m, 2H, NCH), 1.97-1.85 (m, 2H, CH),
1.82-1.69 (m, 2H, CH), 1.61-1.46 (m, 2H, CH), 1.38-1.26 (m, 2H, CH)."”C NMR (125 MHz,
DMSO-d,, 25 °C): 6 170.31, 165.82, 141.11, 141.06, 137.89, 137.85, 134.78, 131.73, 131.50,
131.28, 129.15, 128.92, 128.80, 127.68, 127.65, 127.60, 124.82, 121.11, 12091, 91.01, 89 .46,
83.36, 81.41,53.17,41.43,31.65,24.79. IR (film, cm™): 3292 (Veoep)» 2217 (Veoe), 1698 (Veo).
HRMS (ESI): m/z calcd for [M(C¢H,.N,Oq)-H] ™, 961.3278; found 961.3280.
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R R
(trimethylsilyl)diazomethane L ﬁ%\
7 B P o - X

CHCl3/MeOH

(trimethylsilyl)diazomethane

CHCly/MeOH

R = 1-octynyl

General Procedures for Methyl Esterification of 1 and 2. To a solution of (R,R)-2a (13.0 mg,
9.82 umol) in CHCL/MeOH (1/1 (v/v), 1 mL) was added (trimethylsilyl)diazomethane in
n-hexane (0.6 M, 91 uL, 55 umol) at ambient temperature. After the mixture was stirred at
ambient temperature for 4 h, the solvents were evaporated to dryness. The residue was then
purified by column chromatography (NH-SiO,, CHCl,) to afford (R,R)-2b-OMe (12 mg, 90%
yield) as a pale yellow solid. In the same way, (R,R)-1b-OMe, (S,5)-1b-OMe, and
(5.,5)-2b-OMe were prepared.

(R.R)-1b-OMe. 68% yield. Mp: 220 °C (dec.). [a],® =146 (c = 0.2 in CHCL,). 'H NMR (500
MHz, CDCl,, 25 °C, 5.1 mM): §7.61 (br s, 2H, NH), 7.52 (d, J = 8.4 Hz, 4H, ArH), 7.49 (d,J =
8.5 Hz, 4H, ArH), 7.43 (br s, 8H, ArH), 7.39 (s, 2H, ArH), 7.37 (s, 2H, ArH), 7.33 (d, J = 8.5 Hz,
4H, ArH), 7.30 (d, J = 8.5 Hz, 4H, ArH), 3.37 (s, 6H, CH,CO,), 2.73-2.59 (m, 2H, COCH), 2.40
(t,J =7.1 Hz, 4H, C=CCH,), 2.11-1.99 (m, 2H, CH), 1.96-1.81 (m, 2H, CH), 1.76-1.53 (m, 8H,
CH and CH,), 1.50-1.21 (m, 16H, CH and CH,), 0.89 (t, J = 7.0 Hz, 6H, CH,), 0.26 (s, 18H,
SiCH,).*C NMR (125 MHz, CDCl,, 25 °C, 5.1 mM): & 173.62, 169.34, 140.13, 140.12, 140.06,
139.74, 137.85, 132.50, 132.11, 131.97, 131.89, 131.67, 131.57, 128.46, 128.35, 125.79, 122.98,
12273, 119.81, 119.09, 104.89, 95.26, 92.95, 90.15, 88.92, 79.67, 52.16, 48.51, 31.49, 29.49,

28.77, 2871, 25.07, 22.68, 19.60, 14.20, 0.10. IR (film, cm™): 3304 (vy ), 2158 (Veoo), 1733
(Vewo). HRMS (ESI): m/z caled for [M(CyoHooN,O,Si,)+CI]", 1385.6026; found 1385.5984.

(S.5)-1b-OMe. 97% yield. Mp: 223 °C (dec.). [a],2 146 (¢ =0.2 in CHCL,). 'H NMR (500 MHz,
CDCl,, 25 °C, 5.2 mM): 7.68 (br s, 2H, NH), 7.51 (d, J = 8.5 Hz, 4H, ArH), 7.48 (d,J = 8.5
Hz, 4H, ArH), 7.42 (br s, SH, ArH), 7.38 (s, 2H, ArH), 7.37 (s, 2H, ArH), 7.32 (d, J = 8.5 Hz,
4H, ArH), 730 (d, J = 8.5 Hz, 4H, ArH), 3.37 (s, 6H, CH,CO,), 2.74-2.61 (m, 2H, COCH), 2.40
(t,J =7.1 Hz, 4H, C=CCH,), 2.12-1.99 (m, 2H, CH), 1.97-1.83 (m, 2H, CH), 1.74-1.55 (m, 8H,
CH and CH,), 1.48-1.23 (m, 16H, CH and CH,), 0.89 (t, J = 7.0 Hz, 6H, CH,), 0.26 (s, 18H,
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SiCH;).""C NMR (125 MHz, CDCl,, 25 °C, 5.2 mM): § 173.68, 169.34, 140.13, 140.12, 140.06,
139.73,137.86,132.49, 132.11, 131.96, 131.89, 131.67, 131.56, 128 45, 128.35, 125.79, 122 .98,
122.73, 119.82, 119.07, 104.90, 95.25, 92.95, 90.17, 88.91, 79.67, 52.16, 48.48, 31.49, 29.53,

28.77, 2871, 25.10, 22.68, 19.60, 14.20, 0.10. IR (film, cm™): 3303 (vy 1), 2158 (Veoo), 1733
(Vewo). HRMS (ESI): m/z caled for [M(CyoHooN,0,Si,)+CI]", 1385.6026; found 1385.6089.

(R.R)-2b-OMe. 90% yield. Mp: 210 °C (dec.). [a],® =233 (c = 0.2 in CHCI,). 'H NMR (500
MHz, CDCl,, 25 °C, 5.0 mM): 67.73 (d, J = 8.5 Hz, 4H, ArH), 7.55 (d, J = 8.1 Hz, 8H, ArH),

749 (d, J = 8.4 Hz, 4H, ArH), 7.40 (s, 2H, ArH), 7.38 (s, 2H, ArH), 7.36 (d, J = 8.4 Hz, 4H,
ArH), 731 (d, J = 8.4 Hz, 4H, ArH), 6.81 (d, J = 7.5 Hz, 2H, NH), 4.10-3.91 (m, 2H, NCH),
3.39 (s, 6H, CH,CO,), 2.41 (t,J = 7.1 Hz, 4H, C=CCH,), 2.31-2.16 (m, 2H, CH), 1.93-1.78 (m,
2H, CH), 1.65-1.55 (m, 6H, CH,), 1.51-1.23 (m, 18H, CH and CH,), 0.89 (t, J = 7.0 Hz, 6H,
CH,), 0.26 (s, 18H, SiCH,)."*C NMR (125 MHz, CDCl, 25 °C, 6.5 mM): & 169.29, 167.64,
140.29, 140.11, 140.09, 140.01, 133.63, 132.12, 131.98, 131.94, 131.89, 131.85, 131.56, 128.55,
128.33, 127.14, 126.68, 125.83, 122.76, 122.43, 104.87,95.29, 93.03, 91.59, 89.57, 79.64, 54.89,

52.17,32.53,31.49, 28.77,28.71, 24.94, 22 .68, 19.60, 14.20, 0.10. IR (film, cm™): 3291 (vy 1),
2158 (Veoe), 1732 (veoo). HRMS (ESI): m/z caled for [M(Cy HyN,0O451,)+Cl1] ", 1385.6026; found
1385.5982.

(S.5)-2b-OMe. 91% yield. Mp: 211 °C (dec.). [a],2 241 (¢ =0.2 in CHCL,). 'H NMR (500 MHz,
CDCl, 25 °C, 5.2 mM): §7.73 (d, J = 8.5 Hz, 4H, ArH), 7.55 (d, J = 8.1 Hz, 8H, ArH), 7.49 (d,
J =84 Hz, 4H, ArH), 7.40 (s, 2H, ArH), 7.38 (s, 2H, ArH), 7.36 (d, J = 8.4 Hz, 4H, ArH), 7.31
(d, J = 8.4 Hz, 4H, ArH), 6.80 (d, J = 7.5 Hz, 2H, NH), 4.08-3.93 (m, 2H, NCH), 3.39 (s, 6H,
CH,CO,), 241 (t, J = 7.1 Hz, 4H, C=CCH,), 2.31-2.16 (m, 2H, CH), 1.95-1.76 (m, 2H, CH),
1.65-1.54 (m, 6H, CH,), 1.50~1.27 (m, 18H, CH and CH,), 0.89 (t, J = 7.0 Hz, 6H, CH,), 0.26 (s,
18H, SiCH,)."*C NMR (125 MHz, CDCl,, 25 °C, 5.2 mM): & 169.31, 167.67, 140.29, 140.11,
140.09, 140.02, 133.63, 132.12, 131.98, 131.94, 131.90 131.85, 131.56, 128.54, 128.33, 127.14,
126.69, 125.83, 122.76, 122.42, 104.86, 95.30, 93.03, 91.59, 89.57, 79.64, 54.87, 52.17, 32.55,
31.48,28.77, 28.70, 24.93, 22.68, 19.60, 14.20, 0.10. IR (film, cm™): 3291 (vy4,), 2158 (Veeo),
1733 (Veoo). HRMS (ESI): m/z calcd for [M(CooHyoN,O,Si,)+Cl], 1385.6026; found 1385.5963.
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meso-8. Dimethylamino pyridine (350 mg, 0.286 mmol) and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (647 mg, 3.38 mmol) were added
to a suspension of p-iodobenzoic acid (745 mg, 3.00 mmol) and cis-1,2-cyclohexanediamine
(153 mg, 1.34 mmol) in dichloromethane (10 mL) at O °C. After the mixture was stirred at
ambient temperature for 8.5 h, the obtained precipitate was collected and washed with water and
CHCI, to afford meso-8 (0.73 g, 98% yield) as a white solid. This was used in the next step
without further purification. Mp: 211-213 °C. 'H NMR (500 MHz, DMSO-d;, 25 °C): §8.02 (d,
J=72Hz,2H,NH),7.83 (d,/J=6.7Hz,4H, ArH), 7.58 (d, J = 6.7 Hz, 4H, ArH), 4.23-4.17 (m,
2H, NCH), 1.91-1.82 (m, 2H, CH), 1.72-1.63 (m, 2H, CH), 1.62-1.54 (m, 2H, CH), 1.44-1.35
(m, 2H, CH). "C NMR (125 MHz, DMSO-d;, 25 °C): 6 165.87, 136.99, 134.39, 129.43, 98.47,
4920, 27.61, 21.97. IR (KBr, cm™): 3303 (vn-n), 1637 (vc=0), 1536 (vc-n). Anal. Calcd for
C,0H,LN,O,: C,41.83; H, 3.51; N, 4.88. Found: C,41.93; H,3.41; N, 4.86.

General Procedures for the Preparation of Amidine Dimers. A typical experimental
procedure is described below. Cul (3.60 mg, 0.0189 mmol) was added to a solution of
monoethynyl amidine (R,R)-9 (126 mg, 0.210 mmol), meso-8 (60.0 mg, 0.105 mmol), and
Pd(PPh;), (15.6 mg, 0.0135 mmol) in toluene-diisopropylamine (8/2 (v/v), 6.0 mL). After the
mixture was stirred at 65 °C for 11 h under nitrogen, the solvents were evaporated to dryness.
The residue was then purified by column chromatography (NH-SiO,, n-hexane/EtOAc) and
Bio-Beads (SX-1, CHCl,) to afford (R,R,meso,R,R)-3e (42 mg, 27% yield) as a pale yellow solid.
In the same way, (R,R)-4C was prepared.
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(R R meso R R)-3e. 27% yield. Mp: 169-171 °C. [a],® —143 (c = 0.1 in CHCL,). 'H NMR (500
MHz, CDCL,, 25 °C, as (R,Rmeso,R,R)-3e-(CH,CO,H),): §13.50 (br s, 4H, NH), 7.86 (d, J =
8.45 Hz, 4H, ArH), 7.75 (t,J = 7.75 Hz, 2H, ArH), 7.62 (d, J = 7.85 Hz, 4H, ArH), 7.33-7.20 (m,
24H, ArH), 7.09-7.03 (m, 8H, ArH), 6.74 (d, J = 8.10 Hz, 4H, ArH), 6.68 (d, J = 8.20 Hz, 4H,
ArH), 433 (m, 2H, CHNH), 3.92 (m, 4H, CHN), 2.12 (s, CH,CO,), 1.76-1.58 (m, 8H, CH), 0.73
(d, J = 5.50 Hz, 12H, CH,CHN), 0.25 (s, 18H, SiCH,). *C NMR (125 MHz, CDCl,, 25 °C, as
(R.R,meso,R.R)-3e -(CH,CO,H),): 8 17943, 167.72, 162.64, 143.05, 142.97, 141.79, 141.65,
138.43, 138.20, 133.86, 132.38, 132.13, 132.00, 131.95, 130.75, 130.65, 129.18, 129.15, 128.82,
128.60, 128.06, 127.32, 126.74, 126.70, 126.59, 123.46, 123.09, 122.76, 104.34, 96.19, 91.21,

90.31, 55.56, 52.51, 28.60, 24.55, 22.45, 0.05. IR (KBr, cm™): 3433 (vn-n), 2156 (ve=c), 1638
(ve=0). HRMS (ESI): m/z caled for [M(C,,,HosN,O,Si,)+H]", 1519.7368; found 1519.7365.

(R,R)-4c. 29% yield. Mp: 177-179 °C. [e],® —139 (c = 0.1 in CHCL,). 'H NMR (500 MHz,
CDCl,, 25 °C, as (R.,R)-4c-(CH,CO,H),): 6 12.00 (br s, 4H, NH), 8.06 (br s, 2H, NH), 7.71 (t,J =
8.0 Hz, 2H, ArH), 7.76-7.53 (m, 12H, ArH), 7.52-7.48 (m, 12H, ArH), 7.45 (d, J = 8.5 Hz, 4H,
ArH), 2.72-2.60 (m, 6H, CHNH, CHCO), 2.04 (s, CH,CO,), 1.91-1.85 (m, 2H, CH), 1.72-1.62
(m, 2H, CH), 1.57-1.49 (m, 8H, CH), 1.42-1.34 (m, 6H, CH), 1.28-1.17 (m, 10H, CH), 1.06-
~0.95 (m, 4H, CH), 0.90-0.72 (m, 16H, CH), 0.27 (s, 18H, SiCH,). °C NMR (125 MHz, CDCl,,
25 °C, as (R,R)-4c-(CH,CO,H),): 8 176.62, 173.88, 16136, 140.95, 140.86, 138.68, 138.23,
138.13, 132.73, 132.57, 13231, 131.89, 130.88, 130.80, 128.82, 128.70, 124.22, 123.94, 122 44,
11991, 118.78, 104.19, 96.51, 91.27, 88.37, 54.71, 48.48, 32.43, 29.47, 25.40, 25.08, 24.57,

22.33,0.05. IR (KBr, cm™): 3431 (vn-n), 2157 (vc=c), 1637 (vc-0). HRMS (ESI): m/z calcd for
[M(CyH,(xNO,Si,)+H]", 1431.7994; found 1431.7945.
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3-4. Theoretical Studies on the Structures of the Homochiral Duplexes ((S,5)-1a), and
((S,S)-2a),, Heterochiral Duplexes (5,5)-1a*(R,R)-1a and (S,S)-2a*(R,R)-2a, and
Hetero-Sequenced Duplex (S,5)-1a*(S,S)-2a

The molecular modeling was performed on a Windows XP PC with the ArgusLab software.
The initial structures, in which the pendant 1-octynyl groups are replaced by hydrogen atoms,
were constructed based on the crystal structure of (S,S)-1a’ or (S,S)-2a’. The initial models were
then fully optimized by the semi-empirical molecular orbital (MO) calculations (PM6 method” in
MOPAC2012% and further DFT calculations at the B3LYP/6-31G™ level using Gaussian 09
software (Gaussian, Inc., Pittsburgh, PA)’. Computer resources for the DFT calculations were
provided by the Information Technology Center of Nagoya University. The resultant
energy-minimized structures with their total energies are depicted in Supplementary Fig. 21.

3-5. Theoretical Formulae (Fig. 3b)
When the concentrations of (S,5)-1a and (R,R)-1a are s, and r, (s, + 7, = 0.50 mM = a, s, = r,),

respectively, the enantiomeric excess x (0 < x < 1) is given by the following equation.

X=(8y—1r)/(sy+ 1y =(sy—1y)a (1)
then s, and r, are expressed as

so=a(l +x)/2 (2)

ro=a(l —x)/2 3)

(5,9)-1a and (R,R)-1a are assumed to exist as a homochiral- or heterochiral-duplex because
their dimerization constants are extremely high (over 10° M™) and then,

so = 2[SS] + [RS] 4)

ro =2[RR] + [RS] (5)
where [SS], [RR], and [RS] are the concentrations of homochiral duplexes ((S,5)-1a), and
((R,R)-1a), and a heterochiral duplex (R,R)-1a:(S,5)-1a, respectively. Therefore, [RS] and [RR]
are expressed as

[RS] = s, —2[SS] (6)

[RR] = (ry— s,)/2 + [SS] (7)

When the dimerization constants for homochiral duplexes (SS and RR) and a heterochiral

duplex (RS) are K, and Kj..., respectively, the equilibrium constant (K) is given by the
following equation.
RR + S8S = 2RS
K = [RST/[RR][SS] (8)
= (Kiereto ! Kitomo)” 9)
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From eqgs (6) — (8),
K = (a*(1 + x)* — 8a(1 + x)[SS] + 16[SST*) / (4[SS]* — 2ax[SS])
therefore
(4K — 16)[SS]* — (2Kx — 8x — 8)a[SS] — a*(1 +x)* =0
then
[SS] = [(Kx — 4x — 4) — (K> — 4K)x* + 4K)7|a/4(K — 4) (10)
Given that y = ([homochiral duplex] — [heterochiral duplex]) / ([homochiral duplex] +
[heterochiral duplex]) and then,
y =([SST+ [RR] - [RS]) / ([SS] + [RR] + [RS])

= 8[SS)/a-2x—-1 (11)
By using eq (10),
y=2[(Kx —4x —4) — (K* = 4K)x* + 4K)*°1/(K — 4) — 2x — 1 (12)

From Fig. 3a (0% e.e.) (x = 0), rac-1a forms homochiral and heterochiral duplexes in 2 : 1
ratio.
Therefore, eqs (11) and (12) are written by the following equations, respectively,
y=Q2-1)/2+1)
=1/3 (13)
y=2Q2K"” 4)/ (K-4)-1 (14)
From eqs (13) and (14),
(K-1)(K-4)=0
On the basis of the experimental results (Fig. 3a), K # 4 and then,
K = (Kjerero ! Kitomo)” = 1 (15)
Therefore,
Kiereto = Ktiomo
By using eq (15), eq (12) is expressed as
y=[-2(4-3x)" +5]/3
(16)
y 1s also expressed as
y = Y/100 = [-2(4 — 3(X/100)*)*° + 5]/3 17)
where X and Y are the % e.e. of 1a and the % d.e. of 1a,, respectively. Therefore, Y is

expressed as

Y = 100[=2(4 — 3(X/1002)°° + 51/3 (A)
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3-6. X-ray Crystallographic Data

Crystallographic Data of (§,5)-1a’. X-ray diffraction data set for (S,5)-1a’ was collected on a
Rigaku Saturn 724+ CCD diffractometer with Mo K radiation (A =0.71075 A) at 103 K. Single
crystals of (§,5)-1a’ [C,5;H,,N,0,,51,, MW = 2399.10] suitable for X-ray analysis were obtained
by the slow diffusion of acetonitrile into a toluene solution of (S,5)-1a’, and a single colorless
crystal with dimensions 0.15 x 0.12 x 0.04 mm’ was selected for intensity measurements. The
unit cell was orthorhombic with the space group P2,2,2,. Lattice constants with Z = 4, 0.4 =
1.146 g cm™, u(Moy,,) = 0.104 mm™, F(000) = 5,072, 20,,,. = 54.97° were a = 15.990(2) A, b =
28.164(4) A, ¢ =30.875(4) A, and V = 13,905(3) A®. A total of 104,237 reflections was collected,
of which 27,226 reflections were independent (R,,, = 0.0515). The structure was refined to final
R, =0.1342 and wR, = 0.3443 for 24,265 data [I>20(])] with 1,613 parameters, and R, = 0.1431
and wR, = 0.3520 for all data, GOF = 1.125, and residual electron density max/min =
1.641/-1.005 e A, The ORTEP drawing is shown in Supplementary Fig. 23, and crystal data
and structure refinement are listed in Supplementary Table 1.

Data collection and processing were conducted using the Rigaku CrystalClear software
package®. The structure was solved by direct methods using Sir2004’ and refined by full-matrix
least squares methods on F° with SHELXL-97 program®’ using Yadokari-XG 2009'*''. All
non-hydrogen atoms were refined anisotropically. All hydrogen atoms were calculated
geometrically and refined using the riding model. Crystallographic data have been deposited at
the CCDC (12 Union Road, Cambridge CB2 1EZ, UK) and copies can be obtained on request,
free of charge, by quoting the publication citation and the deposition number 1036590 (For x-ray
data see Supplementary Data 1).

Crystallographic Data of (§,5)-2a’. X-ray diffraction data set for (S,5)-2a’ was collected on a
Rigaku Saturn 724+ CCD diffractometer with Mo K¢ radiation (A =0.71075 A) at 103 K. Single
crystals of (5,5)-2a’ [C,5;H,,,N,O,,, MW = 2202.50] suitable for X-ray analysis were obtained by
the slow diffusion of acetonitrile into a toluene solution of (§,5)-2a’, and a single colorless
crystal with dimensions 0.20 x 0.06 x 0.02 mm’ was selected for intensity measurements. The
unit cell was monoclinic with the space group P2,. Lattice constants with Z =2, p_,.s = 1.237 g
cm™, u(Moy,) = 0.078 mm™, F(000) = 2,316, 20, = 54.96° were a = 12.650(5) A, b =
30.179(11) A, ¢ = 16.608(6) A, and V = 5914(4) A>. A total of 43,813 reflections was collected,
of which 18,248 reflections were independent (R,,, = 0.0616). The structure was refined to final
R, =0.1239 and wR, = 0.2942 for 12,226 data [I>20(])] with 1,603 parameters, and R, = 0.1630
and wR, = 0.3296 for all data, GOF = 1.149, and residual electron density max/min =
0.333/-0.341 e A, The ORTEP drawing is shown in Supplementary Fig. 24, and crystal data
and structure refinement are listed in Supplementary Table 2.

Data collection and processing were conducted using the Rigaku CrystalClear software
package®. The structure was solved by direct methods using Sir2004’ and refined by full-matrix
least squares methods on F° with SHELXL-97 program®’ using Yadokari-XG 2009'*''. All
non-hydrogen atoms were refined anisotropically. All hydrogen atoms were calculated
geometrically and refined using the riding model. Crystallographic data have been deposited at
the CCDC (12 Union Road, Cambridge CB2 1EZ, UK) and copies can be obtained on request,
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free of charge, by quoting the publication citation and the deposition number 1036591 (For x-ray
data see Supplementary Data 2). The crystallographic data of (S,5)-2a’ contain some short inter
H--H contacts between the hydrogen atoms of solvated toluene molecules and disordered
phenylene groups of terphenyl groups, which gave rise to six level-A and level-B alerts within
PLATON/CheckCIF. We attempted to resolve these problems by refining the related atoms with
partial occupancies, but complete refinement of these related atoms was unsuccessful.

3-7. Supporting Data for Complementary Duplex Formations.
General Procedures for Simulating CD Spectra for a Mixture of 3a.o\y and rac-2a.ony
) for

A typical simulation procedure is described below. The simulated CD spectrum (CDy;,,
a mixture of (R,R.R,R.R,R)-3a and two equivalents of rac-2a was obtained by the following

equations (1)—(3),

CDgiy, = v'CDsyrry2a + WCDsy5.5020 + X*CDg gy 20 + " CD5 520+ 22CDs3, (D

V+w+x+y+z=2 2)

where v, w, x, y, and z are the relative molar ratio of (R,R,R.,R.R,R)-3a:(R,R)-2a,
(R.R.R.R.R.R)-3a(S,S)-2a, (R,R)-2a, (5,5)-2a, and (R.R.R.R.R,R)-3a estimated by its 'H NMR
integral ratio, respectively (Supplementary Fig. 25), and CDs,zz 200 CDsps.59200 CDgy2as
CD( 424> and CD;, are the CD spectra of separately prepared (R,R.R.R.R,R)-3a'(R.R)-2a,
(R.R.R.RR,R)-3a(S5,5)-2a, (R,R)-2a, (S5,5-2a, and (R,R,R.R.,R.R)-3a measured in CDClI,,
respectively (Supplementary Fig. 26a). According to the experimentally obtained integral ratio (v
=y=0.79,w=x=0.21, and z = 0), the CD

in eq (1) is expressed as

Sim
CDyg;, = 0.79(CDsy.g gy20 + CD(s.5,20) + 0.21(CD3y (5.5, 20 + CD (g g).2) (3)

The simulated CD spectrum was almost identical to the observed CD (Supplementary Fig.
26b). In the same way, the simulated CD as well as absorption spectra between amidine dimers
(3a—4c) and rac-1a or rac-2a were obtained.

We note that only the amidine dimers (3bcong, 3€conn, and 3dcong) Were found to form
complementary duplexes as well as a small amount of unknown complexes with layyce-
Although the structures of the latter complexes could not be identified at the present time, the
diastereoselectivity (% d.e.) of the main products, complementary duplexes, can be estimated
with accuracy by their '"H NMR spectra (Supplementary Figs 34, 42, 44, and 46). Therefore, the
simulated CD spectra for a mixture of 3bconn, 3€conms OF 3dcong and layyco, were obtained
according to eq (1) based on an assumption that CD contributions from the unknown complexes

were negligible.
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