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* derivatizations sometimes need troublesome operation
—» complexation by noncovalent interaction is much easier
* many events in living systems take place via molecular recognition
process, especially “chiral recagnition”
— comprehension of phenomena in biological system?
contents

1. enantioselective liquid-liquid extraction and transport of amino acids
2. mechanical control of enantioselectivity of amino acid recognition
3. macromolecular helicity induced by chiral molecules and memory of helicity

] 1. enantioselective liquid-liquid extraction and transport of amino acidsJ

de Mendoza et al.

# resolution of racemic amino acids by simple liquid-liquid extraction
J. Am. Chem. Soc. 1992, 114, 1511.

difficulty with "unprotected” amino acids
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+ preventing the receptor from internal collapse

+ chiral structure for enantioselective recognition

+ 1 is scarcely soluble in water, despite its
tonic structure 1
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* liquid-liquid extraction experiment

0.5 m! of amino acid aq. (0.2 M)

2 ml of CH,Cl; solution of 1

(5.5x 103 M) ~\

oz
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X
4
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~
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70% ee of amino acid ﬁ
[1»@1[ e £ 0 o W 4
) the extraction efficiencies into the organic phase
(g were ca. 40% for L-Trp and L-Phe ‘ (.- 0 \,JO

+ L-Val was not extracted effectively

. L-tryptophan.
+ extracts of racemic samples of Phe or Trpwas~ '--<-2iiciiilo Smeee- r_r
converted to dipeptide with L-Leu S-v"uz (o78 '

» L-Leu-D-Phe or L-Leu-D-Trp was less

than 2%,
+ however the ee of the extracts were determined to be

70% directly by chiral HPLC later

# a practical approach to the resolution of racemic N-Bn amino acids Gennari. Piarulli et al.
Angew. Chem. Int. Ed. 2006, 45, 2449.

* drawbacks to be solved — low efficiency and modest selectivity

R
might be somewhat easier Ph/\N}\n,OH
" employed substrates were "N-Bn" a-amino acids —  than free amino acids
(see previous example)
Table 1. Extraction of racemic N-Bn-Ala using chiral salen—cobalt{t} and
~cobalt{in) complexes at 10°C.

N-Bn amino acids

Entry Host complex Product Equiv ee P61
extracted + no oxidation by air
(R,R)-[CO"“}] ]Co"'(‘!}(N‘Bn-Ala)] 0.99% 55 g // facile reduction of CO”'(3) to
Co''(3) is possible?

Co' (R.R}{Co"(2)] [Co'™ (@){N-Bn-Ala)] 0.96M 389 /
ARRHCOMBN ] oM
(RR){Co™(1){OAC)]  [Co"(1}(N-Bn-Ala)] 0.92 54.8

1

2

3.

4 + high ee was achieved at 10 *C
5 (R,R)}{Co"(2}(OAC)]  [Co'™(2)(N-Bn-Ala)] 0.99 53.6 /

6 93.0 d
7

8

n (RRYCo™(3)(OAc)}  [Co'"(3)(N-Bn-Ala)] 0.99 + second cycle (after reductive cleavage of

CO™ (R R){Co™(3) (OAQP  [Co™ (B)(N-Bn-Ala)]
(RR){CO"(3)(OT)]  [Co" (3)(N-Bn-Ala)] 0.92 855

9 (RR}{Co™(3)(PF)]  [Co" (3)}(N-Bn-Ala)] 092 878

{a] Determined on uncomplexed (S)-N-8n-Ala by chiral HPLC analysis of .
the aqueous phase (see the Supporting Information). [b] Extractions
were run at room temperature. [d For a comment, see Ref [13].
[d] Extraction time of 48 h was necessary, compared to 24 h in all other
cases. [e] Second cycle: (R.R}-[Co™(3)(OAc)] was obtained from [Co"™(3}- |
(N-Bn-Ala)} after reductive cleavage and reoxidation (see text and the °

—
_(r::ri o ,N“"
= Co 2 HC O CHCLMO
rl o ol Mg RO R o RY + HN COOH
\ / H s P 10 C \ / /"’
&—{ O Ac = HN  OH CHzPh
R' R' CH.Ph R'
: /—NH
PR 7 \Q
#C ©
[Co™4)(0Ac) R' =R'=H [Co®{1 YN-Bn-Ala)]
[Co"(2K0Ac) R'=CH, RP=H [Co™(2)N-Bn-Ala)]
[Ca'"(3){0AC) R = R = Bu [Co™{SHM-Bri-Ala)
Scheme 2. Resolution of a racemic mixture of N-benzylalanine by liquid-liquid extraction using salen-
cobalt{inn) complexes.

Figure 1. Proposed structure for 2 I:]1 complex between (5.5):1 and

+ quantitatively extracted via air oxidation of Co

0.98 93 fo el salen complex and reoxidation with AcOH/air)
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Table 2: Resolution of racemic N-Bnamino acids using (R R)-[Co™ (3}-

[ Method A simple extraction ] | (QAcjatio C. ‘
) , Entry Substrate Meth® Product Equiv ce S
Method B recovery of uncomplexed amino acid extracted
by filtration ‘
‘ 1 N-8n.Thr [A {Co'" (3)(N-Bn-Thr)] 0.94 96,3
Method C  without water, recovery of uncomplexed 2 N-BnVal |A (Co"@3)(N-Bn-Val)] 098 90,1
amino acid by filtration 3 Ne-Bnleu |A [Co™(3)(N-Bn-Leu)] 0.99 99.0
4 N8n-Phe |B [Co'(3)(N-Bn-Phe)] 0.99 93.3
5 N-Bn.val |C [Co"(3)(N-Bn-Val)] 0.99 94.2
+ water-soluble N-Bn-Thr was extracted smoothly 6 N-BnPhe |C [Co™ (3)(N-Bn-Phe)] 0.98 927
+ N-Bn-Val and L allv insoluble i 7 N-BnAla |C [Co*(3)(N-Bn-Ala)] 0.98 16.3
-Bn-Val and Leu are essentially insoluble in 8 N-BnAla |C) [Co™ 3)(N-Bn-Ala)] 0.98¢ 65.8

neutral water and CH,Cly due to their lipophilicity,
however, their extraction proceeded selectively

+ method C represents a more practical procedure
for less hydrophilic amino acids

+ treatment with reductant is needed to release the
bound amino acids (Scheme 3), this is one of the
drawbacks though sodium dithionite is cheap

[a] Method A: biphasic water/dichloromethane extraction; method 8:
biphasic water/dichloromethane treatment and recovery of the uncom-
plexed amino acid by filtration, method C: stirring a suspension of the
racemic N-Bn-amino acid with a solution of (R.R)-[Co'"(3){OAc)] in
dichloromethane and recovery of the uncomplexed amino add by
filtration. [b} Determined on the uncomplexed (S)-N-Bn-amino acid by -
chiral HPLC analysis. [c] Determined by chiral HPLC analysis on (R)-N-
Bn-Thr, following treatment of [Co'" (3} (N-Bn Thr)] with aqueous sodium ;
dithionite, [d} Performed at —10°C, a reaction time of 72h was
necessary, compared to 24 h in all other cases.

=, -
& { ?
N N =N, N=\ e
/= Lo T Na,S, 3 .
Bu -y H70/ 1 0¢ \x oy e ’“0-%:‘))— Bu + HN' COOH
\‘....‘(i :g ,‘ Vl" L CH:CL.’H;O ) s CH_Ph i
Bu; \MBu Bu
“NH O .
ph/ Pt [Co™(3)} (78 % yield) {93.5 % ee)
HC O
{Co™3HN-Bn-tla))
Scheme 3. Reductive cleavage of the cobalt(i1) complex [Co™(3) (N-Bn-Ala)].

# enantioselective transport of amino acids

across liquid membranes Gago, de Mendoza et al.

J. Am. Chem. Soc. 2003, 125, 8270.

7.09 cm

water
at26C

S

U-tube cell

Figure 3. Transport cell.

S = source phase, 3ml of saturated amino acid solution

R = receiving phase, 3ml of deionized water

>

--485em?2 | M = membrane phase, 10 ml of receptor solution (1.5 mM)
in dichloromethane or dichloroethane

tirrer bar cf. celt membrane
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T e [
R YR -0. N
: N 1a X = O-2-naphthoy C hﬂ%

S Y= ;
)I( N- N \ 1b ’;:::’2‘"""“‘“"“ I+ after investigation with many receptors and Trp or Phe,
'T'»O 28 X=OTBOPS PFg salt of 1a was found to be best
! SN =0 '
g N O™\ 2b x-oteOPS |
' Y = NH !
: D O 26 x=0H :
: ' J  ¥=0 5
; —0 O~ 24 x=OTiPS :
:"--.---,-_.,,-.__,_-_-.‘_.,.- N Y=0 "
Table 2. Influence of the Concentration of Recepmr 1a on the
Transport Results
+ enantioselectivity decreases as more amimo acid
(s} (bt e (b} il * ee was transported (enrichment of "wrong” enantiomer
0.125 LS 1.2 79 in source phase)
26 22 73
30 40 66 + remarkably, when transport experiments were
50 71 62 performed reducing the receptor concentration in
05 6.5 9.8 60 the membrane phase, ee of amino acid in receiving
=3 10 1.4 76 phase increased (Trp was used)
13 24 69
20 37 66
30 6.7 60
43 97 36
03 0s 12 59
16 43 50
20 96 41
30 i4.1 38
e U] 1.7 35
1.0 33 28
20 11.8 20
30 16.8 16

[computational calculation of 1a-L-Trp complex]

guanidinium

+ ammonium group is facing the
midpoint center of the aza-crown
ether

+ carboxylate is directed to the
guanidinium moiety

+ the arm with naphthalene ring
seems not to interact with L-Trp

< /\ + surprisingly, 1a-D-Trp complex

indole ring is similar to this complex

aza-crown ether
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‘ 2. mechanical control of enantioselectivity in amino acid recognition

Michinobu, Tsukube, Ariga et al
J. Am. Chem. Soc. 2006, 128. 14478

many biological processes occur in cell membrane

l

more appropriate medium than solution is .
required for a deeper understanding of molecular ———» “air-
recognition phenomena in living systems

water interface constructed with cholesterol-armed cyclen”

amphiphilic

water

OR’ RO + cyclen 1 forms host monolayer
R*O ‘T( I‘N"\ OR*

N .
{o\ ! l \ (—O : )O"T + helicity of cyclen is influenced by the chirality of the
;q.. :‘h',a'h -N N~ ~Na™-N side arms especially when ordered or aggregated at
kol v =k 5_’—:04 ¢ ) the supramolecular level

t

N’ OR* RO T/IL
RO oRr*

* 1 was originally used for chirality sensing
using dansyl amino acids
Tsukube et al. J. Org. Chem. 2005, 70, 1835.

Figure 1. Structure of the cholesterol-armed cvclen Na* complex 1 as a
host monolaver. Schematic illustrations of the two sterecisomers and self-
assembled monolayer are inchuded

’ )
* the state of monolayer can be described with n/jA isotherm *

2-dimension

o L 71
=8 n = surface pressure (N/m)
A = molecular area g
=< L? -
(A) (B) . ym (C) R Samamnt (A) a; on pure water ¢ A ﬁ" g N
e "Ew 1 omp _,, 4 b; on 1.5 mM L-Leu 0 . /,)fk 3
Eol %0 | rd c;on 1.5 mM D-Leu / €
P ~ L YN : .. the isotherms were shifted to larger
i g {18 |/ ~1 molecular area with amino acid -
¥ oo} / a chiral recognition was detected by
X s =>
& 2 % o 1% ; P mechanical compression
g, L. 1 aotfy / ] (B) a: on pure water
& @ b; on 1.5 mM L-Val
ok - " 0 PN SR ¢; on 1.5 mM D-Val
K 14 1. 14 15 1.8 g 1 2 3 4 3 —_— i ifi i
Malecular Area ¢ nimf’ Molecular Area { ain® fleuls mht insignificant diffemce

(C) surface pressure is constant (20 mN m)

a; L-Leu

COH \(\(COZH b; D-Leu

NH, NH, AA represents the difference in the molecular
L-valine L-leucine area values between on aqueous leucine and

on pure water 5/10




ratio of
binding constant
(Ko/Ky)

Figure 3. Plots of the surface
the binding constants with

Q.1

0 10 20 30

Surface Pressure / mN m™

e *.
pressure of the monolayer and the ratic of
enantiomeric leucine and valine.

# FT-IR spectra of LB films of monolayers

D-Valine —

L-Valine —»

under 10 mN m™'

. under 30 mN m’!

+ even forvaline, the binding constant (K) estimated
from Langmuir-type equation indicate that chiral
descrimination of amino acids is remarkable

+ the K values of D-Leu are always greater than
those of L-Leu
monolayers of 1 have a stronger
interaction with D-Leu

+ chiral recognition in monolayers of 1 with valine
change from D to L upon compression

+ small difference in the structure between Leu and
Val can be distinguished by the monolayer

4 2 4 L

(€)

1546 1479
X/

— notsignificant difference,
affinity to monolayer didn't change

| additional peak (1610 and 1731 cm™)
—> appeared, corresponding to the neutral
(not zwitterionic) NHQ,QQQ%

‘ g v

1800 1700 1600 1500 400 1800 1700 1600 1500 1400

Wavenumber / cm’

Wavenumber / crri't

. ﬂ A

+ consistent with K values obtained from
n-A isotherms

+ when amino acid is incorporated deeply

_in the films, they seem to exist as neutral
form, consistent with Leu's resuit
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E macromolecular helicity induced by chiral molecules and memory of hehcntﬂ

chiral amines or amino alcohols

chirality and stereochemical assignments

# the complex shows induced CD (ICD) in the UV-visible region

# Colton effect signs of the ICDs can be used as a probe for

Yashima, Okamoto et al.
J. Am. Chem. Soc. 1995, 117, 11596.
1997, 119, 6345.

# one-handed helix formation upon complexation of poly-1 and

CD = circular dichroism
A=
correlation between wave length
and ellipticity (#§F1%)

poly-1
Scheme 1
SiMoy
1
_ H
== GiMey KOH { CHyCH,OR 11Cl{ Toduene
B —— e e —
Cuh.(PhyP)PdCH,
83 o HOTTO
£ 0
| i) (RhinbgiClj, { THF o
%ﬁbd:nomcr%adiene) ¥ i CHyN;
.  mam
) HCH/ CHyOH banzene
o
Ph,COT O poly-1 RO MeC
20 8% yield 58.5% yield M 4 6X10°

TrA mp 1590 - 160.5°C

+ molecular weight (Mn) of poly-1 was estimated to
be 4.6 x 10% by gel permeation chromatography
as its methyl ester

+ poly-1 was soluble in DMSO. DMF but insoluble
in CHCls, acetone, THF
. in 3, @ e

w2

WClg-n-BusSn and MoCls-n-BusSn —— stereoirregular polymer

about 100% cis

—

stereoregular

# CD studies on the complexation with chiral amines and amino alcohols

(A) CD spectra of poly-1
31 L. with amines

[ @) x 107 (degros om® dmot ')

4@0 800
Wavelength (nm)

+ the complex showed split-type ICD in the UV-visible region

in both solution and film state
+ conjugated polyenes may be regarded as a suitable chromophore

+ the iqtensity of ICD increased with an increase in the concentration
of chiral amine and reached an constant value at [2}/[poly-1] = 50_‘\'

+ poly-1 methyl ester didn't show ICD (acid -base interaction is

° o o o
oM COH 0,4 ,, [ R
\QOO -2 \}\.;\)‘/“ L. O N

i

I COpH |
Lo o com com ||
e & o 1n-amins o o |
(@ _oAnm | |

-




Table 1. Signs of Splt C

otton Effects and

Molar Ellipticities ([0])

for Poly-1~Amine Complexes?
first Cotton second C'otton third Cotton
' [6] x 10-3 {91 x 10~ [0] x 10-*
amine  sign (4) sign () sign (4)

(R)-2 +O2A7470) - 306(3750) < 291 (334.y
($)-2 - 240(470) + 286(3750) - 271 (334.0
(Ry-2¢ + 036(447.0) ~ 044(3755) + 040 (334.0)
(R»-2% 4+ 140 (347.0) - 133(3750) + 088( 16.0)
(R)-3 + 145@3400) - 126(3760) + 130 (336.0)
(5)-4 d + 014(3775) - 014(330.0)
(R)-5 + 394(4430) - 248 (3725)  + 270(334.0)
(R.R)-6 d - 030(3780) + 0.28(3300)
(5)-7 +  0.89(438.5) 0.85(376.0) + 0.89(333.5)
(R)-8 d - 0.113(380.0) + 0.099(328.0)
(R)-9 d - 011(3760) + 010(3350)
(R)-10 ca 0 ca 0 ca. §
(R)-10¢ d + 0096 (376.0) — 0.053(333.0)
(RR)-11 d T 006(386.0) ~ 012(334.0)
(5)-12 + 083(4350) - 120(3740) + 121 (341.0)

@very weak ICD ¢ high concentration

f Secondary and/or Tartiary Amines

OH/Y\/OH

(R)-19
Ny

HC_ H HC_ 8
e

2]
o)
(R)-8

(5)-7
HyC » «'H C?)OH; N/
OCH,
(R)-10 (2R,3R)-11

N
o\
(R)9

@CH; ‘NQ

y

(5)-22 {8.5)-23 (1R, 25)-24 (1R,25})-28
()——CW OH f OH OH
N Z~ i
| NH, R
CH, ? NH, ?
(5)-26 (15.2R)-27 (IR.25)-28 (15.25)-29

Table 2. Signs of Split Cotion Effects and Molar Eflipticities ([A])
for Poly-1-- Amino Alcoho! Complexes?

first Cotton secand Cotton third Corton
{6] x 1073 [0} x 104 [6) x 10+
amige  sign ) sign i) sign (X))

(R)-18° + 2224370y — 321 (373.0) + 3.67(3300)
(R)-19 -~ 184(#420) + 244(3740) — 291(3310)
(R)-20 + 228(4440) - 217(3740) + 232(3330) |
(S)-21 ~ 115(4440) + 1.74(3740) — 1.86(334.0) ‘
(8)-228 = 306(4430) + 330(371.0) — 3.65(3310)
(85123  + 033(4220) - 024(3520) - 0.49(3170)
(IR25)-24 - 276(439.0) + 3.24(3720) - 331(331.0)
(IR25)-25 - 3.11(430.0) + 284(3740) - 2.75(3320)
(5)-26 + 496(4290) — 2.12(374.0) d

+ the split type and magnitude of the Cotton effects
appear to refiect the configuration, bulkiness, and
type (primary. secondary, or tetiary)

+.observed ICD increased as primary amine became
—bulkier =2o P

+ the magnitude of the observed ICDs likely decreases
in the following order; primary(3) > secondary(7) >>
tertiary(10)

+ an amino-group far from the chiral center(11) may not
work well for inducing a helical conformation

nonplanar polyene structure
due to the steric repulsion

CD spectra of poly-1
with amino alcohols

4
3 [

i -(BF, 38130

- (B)
~
;}Q\\\rfaas;‘za
N
1

{ 812107 (degree en? dmdl ')

Wavalength (rim}

+ most chiral amino alcohols exhibited-avery intense-1GD
irrespective ulkiness and type of amino alcohol

+ less bulky aminoalcohol (18, 19) and tertiary amino
alcohol (26) showed significantly intense ICD

8/10



ELY

roposed complexation mode

for primary amine
{A)
My;‘ ‘ S ]n
H Fannt ' ¢ "~ * 4 . .
\_{ oo bidentate-type ion pair model
»o o —>
s 1 . .
! N * helical sense is controlled by the
¢ ! ] difference between "S” and "L"
L NS NI ) or
St o b \;’/ i \X/A i
L R R
u‘\}./‘n : "*\‘*"r"’h "
B U
& H Y
L._.’ ' N\,
iHpanum 18 Amre §
i

* Cotton effect sign may be governed by the
steric difference between "S" and H

*"L" may contributes to the extent of ICD
magnitude

for amino alcohol

* hydroxy group may participate in intermolecular
hydrogen bonding with -COOH together with the
acid-base ion pairing of amino group

. * the direction and affinity of hydroxy group to poly-1
may be the most important for controlling both the
helical sense and extent of single-handedness

Y

(n} intense ICD independent on the bulkiness of R

1) A e diooes I1SpAm e wiecds

How about similar binding
mode for amines??

similar complexation manner was confirmed by X-ray
analysis with (15, 2R)-ephedrinium (R)-mandelate

ion pair  (J. Am. Chem. Soc. 1988, 110, 1565.) . Ar, g
complexation dynamics
one-handed helical structure ! H
# CD titration starts to form (ratio = 0.5-1.0) X '
P 0=2g 0=p ;
= / - o : O ,
- (A) ! - (B) l i ! ‘H !
- i i L, § +
P : - & H ) I
g e b - i "*"T(' E'7 R 6l — constant value : H. ’@ !
v~ Ll i ' (SH18 o ? ! :
5 '%% & (8R.95)-30 & o | ! H H ;
] .7 . 2. NA ] : ]
g }; ! amine g' p aTlno alcohol ; :
- 1 ; ! | i L) ! : Lo e
¢ | % T N
: gy . {w .......... : 5 A l 4
= !3 ‘ : ot o | f
" o] LR amE f ;
0 i E-y 3n el S o DE { 1.8 2

{512 or {83 9H)-30 / poiy 1 18)-18/ peidy-1

Figure 6. Titration curves of the absolute values of ICD at 374 am in l
the complexation of poly-1 (1.0 mg/ml) with (5)-2 (O). {8R.95)-30
(2) (A). and (5)-18 (@) (B) in DMSO at ambient temperature (ca. 18 -
20 °C).
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# memory of macromolecular helicity Yashima el al. Nature, 1999, 399. 449.

_ J. Am. Chem. Soc. 2004, 126, 4329.
non-linear effect

(R) and (S) were premixed addition of {S)-3 to (R)-3/poly-1 complex
— ((R)-3/poly-1 = 5/1) NH,
3 I JL [ 5 ™ N OH
S ey 2/ 3
51 I 5 31/
§2 2 L “g 24 significant ICD change
31 Lo @ 1- was not observed
i . £ @
"E . ‘p ~;' ; o g O o ——
S 1P, ammo}alcoh i 3 < -1 Jus3 e
,.g E i o 7 tpoty-ie] two possibility
=04 NN ‘; M raaas i - -2 (€} 20 (1) slow exchange between (R) and (S)
%ce (S} £ -34 ' j 5 (2) slow inversion_of helicity after
,a_. 43 y ' /%( 4 4 . LA . fast exchange
N2 i 300 400 500
4}(\ L Wavelength (nm) :
determining ee of amino alcohot in the complex T T T e ’@c’f
(i) collecting precipitation of the complex by adding to the poor solvent " ee was correspondent to W
(i) decomplexation by 1N HCI aq. and neutralization } the whole amino alcohol W
\ (iii) ee determination { inthe mixture ;
- — C—
A. N - -
addition of achiral amino alcohol 5 ,\ \ [ inversion of helicity is slow ]
3 — ST
— (B} NH, ' /\rq,'U’L_,h o)
5 2 — (@) poly-19—(M-2complex | | L_OH ¢ S»k" Ja2s Y. R ahiel (
,g -~ {g} (poly- 18— (A)-2 complex) + 5| 5 Leht "C"lw 'l - O
©L o - - if) Isolared poly-1a -
b ICD signal was still observed with onlya ~L Bz » b 1A~
8o e 4
g, i slight decrease in the CD intensity
e | |
4
.;. 2 7 one-handed helical conformation of poly-1 can be retained
b even after the (R)-2 is replaced by achiral &
3 ‘ ——= macromolecular helicity memory

310 400 500 \ A
Wavelength (nm) Z q
k ~ ,v\ow ’
P

further concrete evidence {isolation of helix by chromatograph k
/ﬁl@ &
¥ e

* size exclusion chromatography (SEC) was used P -~ b
p— L L/ .

-Pr ! 0 \\ /
mobile phase was DMSO i (R)-2 fraction %“,R’
containing 0.8 M of 5 i

poly-1a fraction R . o
- ; \ poly-1 fraction containing a large exess of

achiral 5 showed an intense ICD comparable
to that was measured before SEC fractionation

—— ——-:J— \\"“""M— chiral helical macromolecg!é.IWhose chirality
0 10 20 depend on only helicity
Elution Time (min)
i "%é:;,\ g.,X‘[HE'
ot S S e R
— T Tt iy i NN
| et « " 10/10
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