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DNA is one of the most plentiful and naturally occurring helical polymers on
earth. Recently, this ubiquitous helical polymer has gathered attention as a chiral source for
asymmetric s%nthesis. Our group is exploring the potential of DNA for asymmetric synthesis. To
understand the structural and mechanistic features of DNA-based asymmetric catalysis, we have
established a systematic strategg for the development of DNA hybrid catalyst based on the direct
incorporation of an intrastrand bipyridine ligand into the DNA phosphate backbone and demonstrated
its application to the asymmetric reactions. Herein, we report on the enantioselective hydration of
o ,B -unsaturated ketones using a modular DNA-based hybrid catalyst containing an intrastrand
bipyridine ligand. The chiral B -hydroxy ketone product was obtained in up to 87%
enantioselectivity.
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@ DNA N ARE IS G 2 5 8% it i
L 7= (ACS Catal. 2014, 4,4070. Chem. Phys.
Lett. 2014, 600, 87) , & 512, B0V
ﬁ%ﬁEAI%@E%%%ﬁﬂﬁéz&ﬁ
< DNA L& BA 4 v DMEAEF DI TR

75 Diels-Alder SSNHEITT 5 Z L &2 R L.

XXy B %S RNA B LT R 58 L
WX A 7D ERESE L LT DNA &JBfEH
ZRRFETLHZEICHEB LTS (ACS
Catal. 2015, 5,4708) ,

Qz%b
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72 ODN1 £ 721% ODN2 (13 #53L) & % O
#1272 %5 ODN3-ODN10 (13 i) ##%F
B L%, Cud) A A v LA bE S 2
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Table 1. EEYSVERHFEZEL DNA €8
BEZ RV -FHFKANRG

(o] O OH

N M DNA (4 mol%), CuSOj (3 mol%) N M
Cilwe 20 mM MES (pH 5.5), 5 °C. 1 day e
1a 2a

(o) VR — o
(o] 0. — —
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E "X

g Q HNMS_E §_OM:—;NH HNHg

3N 3p

entry DNA sequences ee (%)

5'-GCATGG*XCACGGT-3'

ODN1)

! 3-CGTACC CGTGCCA-5' (ODN3) 64

5 5'-GCATGG*XCACGGT-3' (ODN1)
3-CGTACC AGTGCCA-5' (ODN4) 57

3 5'-GCATGG*XCACGGT-3' (ODN1) 54
3-CGTACC TGTGCCA-5' (ODNS5)

4 5'-GCATGG*XCACGGT-3' (ODN1) 53
3-CGTACC GGTGCCA-5'(ODNG6)

5 5'-GCATGG*XCACGGT-3' (ODN1) 45
3-CGTACCASGTGCCA-5' (ODN7)

6 5'-GCATGG*XCACGGT-3' (ODN1) 51
3-CGTACC EGTGCCA-5' (ODNS)

7 5'-GCATGG*XCACGGT-3' (ODN1) 65
3'-CGTACC®NGTGCCA-5' (ODN9)

8 5'-GCATGG®XCACGGT-3' (ODN1) 65
3'-CGTACC’PGTGCCA-5' (ODN10)

9 5'-GCATGG®XCACGGT-3' (ODN2) 87

3'-CGTACC*PGTGCCA-5' (ODN10)

“ 15 mol% DNA was used.
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Entry 9 T/RL7ZE 21, ~F vl o —T
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=V v h—%ETe ODNI0 OfAADEIC
£ % DNA &REBEEZZHWTGE. 87% & W
I bENT T ARRMETHY 2a 2B
‘sohi-,

F 7z, D-Threoninol (Asanuma, H. et. al. Chem.
Eur. J.,2013,19, 14151) %V o Ah—L 1L TT
T REAICEY e DU EZEAL
7- DNA @ JR#FE 2 B3 L7 (Table 2), a, B
~ARfEF 2T VA I XY= (1la) AW
TAROMIMBIEEAT - TR, WTFhoBse
THRISVET L, FRE D F A 354R
PETR-t Ruxv 7 bAbd® (2a) BNES
iz, st & LT, Table 1 & RIERICE
7= U H—%E T ODNIO & DAL
HEIT L% DNA £ JEB%#% (ODN11/ODN10)
Db EWT T FARIRMEE 5 % 87% ee
THHW 2a MG HNT-,

Table 2. D-Threoninol-EEY VLI F%
ST DNA BB ZORE &L AF KRG

o o OH
NM DNA (4 mol%), CuSO; (3 mol%) NM
Q\/NMe 20 MM MES (pH 5.5), 5 °C, 1 day <\/NM9

1a 2a
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/ NC N(i-Pr),
D4 D-Threoninol
entry DNA sequences ee (%)

5-GCATGG'XCACGGT-3' (ODN11)

3-CGTACC CGTGCCA-5' (ODN3) 64

5.GCATGG!XCACGGT-3' (ODN11)
3.CGTACC AGTGCCA-5' (ODN4) 54

5-GCATGG!XCACGGT-3' (ODN11) o4
3-CGTACC TGTGCCA-5' (ODN5)
5-GCATGG!XCACGGT-3' (ODN11)

3'-CGTACC GGTGCCA-5' (ODN6) 64

5'-GCATGG'XCACGGT-3' (ODN11) 54
3'-CGTACCASGTGCCA-5' (ODN7)
5-GCATGG'XCACGGT-3' (ODN11) 64
3'-CGTACC EGTGCCA-5' (ODNS8)

5-GCATGG'XCACGGT-3' (ODN11) 66
3'-CGTACCNGTGCCA-5' (ODN9)

5-GCATGG'XCACGGT-3' (ODN11)

a
8 3-CGTACC?PGTGCCA-5' (ODN10)

87

“ 15 mol% DNA was used.
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(Roelfes, G. et. al. Nature Chem. 2010, 2,991)
AT ORI STARELE 2 b SR A 5 2
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FaRET 5 2 &7 AHMEEBAL O A % il 15
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RETR 3a BEFICHEHIL, S HIZTARF
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U RREEZ W72 AREF RS LG &

LTHID OB,

o o:‘Cs‘)_N'Na St-DNA (1.3 mg/mL) 9 o
S o _cwrdmoomn  uH 0 e N

NMe 20 mM MOPS (pH 7.9) \_Nme NMe
Q\,M . & ﬂ‘ i e ﬂ €a.1)
5°C, 1 day -Bu tBu
1a Me 3a 4a
up to 53% ee

/2.0 T30 T O MV Z AL
Hic@E#HL7-, 705333 M (N-Z 2 a-N-

VIOF-AFNVANNK T I R) ZHNCH
BRORILEATST2/ER, 72V P2 da 135
bd, =TARFTF3abtrueobe Y 5a
N F o FARINICE LN (2),

o St-DNA (1.3 mg/mL) [°] o ¢
NM . Me—(‘s‘)—N'Na Cu(phen) (10 mol%) N‘\HL”é{ N C\\’)\)\"E“ Ea.2)
&NME 6 © 20 mM MOPS (pH 7.9) <\/NM5 \ Bu \_Nme OH
5°C, 1 day
1a 3; 5a

a
up to 38% ee up to 39% ee
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Fo. FHEFITERLEW & EUHRT o E=
T AT A EFF LTz DNA 2 27Uk
ZIGHT 2 ICkoTH-E Y DA
K& 5 Te DNA ZEEMLL, FriLnar s
N OftEZ R Lz (K4),

cl
OMe, Me @ OEt
< MeO-Si— “—N-Me EtO-Si-OFt
< (C““” OMe Me OFt
water, 1t 3 day:
Cu(L)/st-DNA Cu(L)/DNA-silica mineral

X 4. Cu-(LYDNA-LY DI RFILDERK

Cu-dmbpy/DNA-> U 1 I T /L & filifif & L
THWT Diels-Alder St #1T 2 7= fE5 8%, &mW
T T AR CERMESD L Bk
AL (upto99% ee). 10 [EIFEV K L AT
X5 Z LIlZAkE LTz (Table 3, Chem. Lett.
2017, 46,1165), EAAREERG X, B—F D
TR A RS A BRI e~ C AR Bl o BB A
Ko ThO, £, Ao BN I
L7z FlETHHZ e, ZV— IR
V—DRBIZKRELS FHTE D,

Table 3. BFIFAAIEE% Cu-dmbpy/DNA- 1)
A RZ I ZERALz asymmetric Diels-Alder
reaction

N, = Cu(dmbpy)/DNA-silica mineral 15 mg 7
[ QO ~

20 mM MOPS buffer (pH 6.5) {
°C, 1day & N/

endo (major)

cycles 1 2 3 4 5 6 7 8 9 10

ee (%)? 99 98 99 99 99 99 99 98 97 98

conversion (%)? 97 85 89 79 92 91 82 80 80 77

“ conversion and ee were determined by HPLC

analysis.
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