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OMe
3a, R{=R,=H 6a, Ry=R,=H Methyl anhydroberberilate
3b, Ry=Cl, R,=H 6b, R,=Cl, R,=F
3¢, Ry=I, Ry=H 6¢c, Ri=R,=F
3d, R4=CH3, R,=H 6d, R,=Cl, Ry=F
3e, Ry=Ry=F 6e, R;=R,=Cl

3f, R,=Cl, Ry=F
39, R1=C|,R2=CH3
3h, R1=R2=C|
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Abstract

ALDH?2 is one of the most important enzymes in ethanol metabolism. There are
around 560 million East Asians (nearly 8% of the world’s population) carrying the
inactive ALDH2*2 allel. Recent studies indicated that ALDH2*2 would not protect
individuals from the damages caused by endogenous or exogenous aldehydes, and it may
relate to cardiovascular diseases and upper aerodigestive track cancers, etc. The earliest
ALDH?2 activators are discovered by high-throughput screening in 2008. Among these
ALDH2 activators, Alda-1 has the best activating effects.

A series of Alda-1 analogs were prepared in the study. Compounds 3a—h and 6a—e
were prepared from coupling piperonylamine or piperonylic acid with a series of benzoic
acid or benzylamine by EDC. Considering compounds are often designed to pursue
higher binding affinity but ignoring the toxicity, a minor constituent (methyl
anhydroberberilate) in the roots of Phellodendron amurense var. wilsonii, which is similar
to the N-piperonylbenzamide structure of Alda-1, was prepared from berberine. Through

the wild-type ALDH?2 activation assay, the structural impact on the activating ability was

disclosed.
) O Ry , O Ri O O OMe
0] N 3 O N 3 0 N Me
( H < H 4
0 6 R, O 6 R5 O 0
5 5' 5 5
OMe
3a, R=R,=H 6a, R{=R,=H Methyl anhydroberberilate
3b, R4=Cl, R,=H 6b, R,=Cl, R,=F
3c, R4=I, Ry=H 6¢c, R1=R,=F
3d, R4=CH3, Rp=H 6d, R,=Cl, R,=F
3e, R1=R2=F 69, R1=R2=C|
3f, R1=C|, R2=F
39, R1:C|,R2:CH3
3h, Ri=R,=ClI
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Investigation on the structure-activity relationship suggested that the position of
carbonyl group in these compounds might play the most important role in activating wild-
type ALDH2: when carbonyl groups were located at the benzylic position of benzyl group
of these compounds (3b—h), the activating abilities were better than those which carbonyl
groups were located at the benzylic position of piperonyl group up to 51-fold. The
computational molecular modeling results point out the most important role in activating
wild-type ALDH2 is the capability of forming hydrogen bonds between amide hydrogen
of the compounds and the main chain carbonyl group of Asp457 of the wild-type ALDH2.
Secondly, there must exist at least one substitution group on either 2' or 6' position on the
benzoyl group to make the Alda-1 analogs interact with wild-type ALDH2 correctly; e.g.,
there are not any substitution group at the 2' or 6' position on the benzoyl group of
compound 3a, and it inserts into the substrate exit of wild-type ALDH2 by the benzoyl
group instead of piperonyl group which makes the distance between amide hydrogen of
3a and the main chain carbonyl group of Asp457 beyond the hydrogen-bondable distance.
In addition, if the 2' or 6' substitution groups make the aromatic ring of benzoyl group
more hydrophobic, it would have better hydrophobic interaction with the many
hydrophobic amino acids around the substrate exit of the enzyme. Moreover, the smaller
steric interactions caused by the 2' or 6' substitution groups, the better the activity
achieved. Finally, the aromatic ring of piperonyl group should be parallel to the aromatic

side chain of Phe459 to get a proper =-7 interaction.

Key words: ALDH2, ALDH?2 activator, Alda-1 analogs, Phellodendron amurense var.

wilsonii, metabolism of ethanol
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1. %%
1.1. s smigpE2 1 ps 2 (mitochondrial aldehyde

dehydrogenase 2, ALDH?2)

FARMEES APF 2 SAMOBABRS Y ERPREEL - o L RIS & PF
(alcohol dehydrogenase, ADH) i 3% % ¢ fz(acetaldehyde)# 5 d sk smigpsd 2 fv 2 1~
W5 o fa(acetic acid) » - f2 % ¢ 2 & NAD et 3tk e Lo ptumd 4
fer2+ f JF g i s 1 (lipid peroxidation)z. p 2 M AESEA 0 4ot A-F AT
fi£ (4-hydroxy-2-nonenal, 4-HNE) ~ 3k 3% ¥ 3 &2 fE#g > 4o @ 5 i fg(acrolein) 5 2 %
% 3 nitroglycerin (NTG) 2 = ¥ 45k & ¢ 2 nitric oxide (NO) - # 5 8fz 2 4 s 2 4
FOATATG EEAL BTN Z EAE R A CHF RN TEL R R R RAEE
L g4ps 1 5o 4 (high mitochondrial oxidative phosphorylation)z. B¢ p 7 £+ %% 2o

FmamEd 4 pr28 - Bd w B 4p B H 48 (monomer, Figuresland 2) % & & = 2.
» F 48 (tetramer, Figure 3) > & - B HE M 7 7 5003 vefkph - # BHMI = B & o
¥ (domain, Figures 1 and 2) i = @ i it 3 (catalytic domain) ~ #f fi= & & 3 (coenzyme
or NAD*-binding domain) ~ % %_& #* (oligomerization domain)® - H © & & ¥ %43% 8
L p 220G (A A247-259) ke~ - B H A2 P18 ¥ - H 482 B1975 4p v * o

— i 7 101 B strand 2. 48 4 (ten-stranded B-sheet) sz 4 - & % Je = — i =R 4 (dimer)

H R A 5 (interface of dimer)at # g R R » M P W 2 FRER - 5 HEFR
EREAS 7 EE P T2 = B A L Arg264 ~ Argd75% Glud87 > 4~ w] = A B11 ~ loop2
2 &R e (Figure 2) o @ w B A8d & BRI 2B LM & v T {7 2 B-stranded i
* 4 (antiparallel B-stranded interactions) i = (Figure 4) » 2 /i 6 7 | >" R4 o

2% 0 T AR BT AR S - B R 2 R A (dimer of dimers)®* -
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43 487
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487 (5 =) ~ 475 (%) » 2. MIE L f # i 2 Cys302% -
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Figure3. #e 3 affE+ & fo2e b fh- i~ FH A(H MA-B) S - B R F -

SHWEWC D) ¥ - B ERAM o AN kA A NAD' (%) Glud87 (7))
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PR HAEL & pR2it s e 7 T 9% Fp(Figure 5) © (1) Glu268:#-k = i
40 B 4244 Cys302:0F + 1 & i+ 2 5(2) Cys«rithiolate & Bl {4 s % 7 aldehyde>
A5 = tetrahedral thiohemiacetal intermediate ; (3) thiohemiacetal intermediate t =% §
T w4 I -4 f 43 (hydride) # # % NAD' shpyridine & > 35 = thioester
intermediate ; (4)-k f#thioester intermediate ; (5)# ! 26 iz ~ NADH - % (s NAD % &
IREEALEL o ¥ - ~Fe A F TR - A S k2 Glu268t skt 0 1 LR

Cys302:4 =+ i 2 s 4 thioester intermediate 5-k f2° o

(0]
|
ofimw

H,N

0 NH,
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Figure 5. The metabolic mechanism of ALDH2°
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e RMAES E 527 2 P2 ARSI T & f 3 w44 (hydride transfer
conformation) 2 -k jz 4 4} (hydrolysis conformation) - # ¥ 2. AMP (Figure 6) A& f&

a4 e % 4 Fndp ke (Figure 7) » = NMN (Figure 6) &it fHE2j42 4 7 i 2 i

* 4 6,
NMN NMN
A B

o) 3 NH, o) 3 NH,

\_ 2 i ) - i Sl
N (N0a) N (NOy), o
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HO 3 § 1 o HO e o
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NMN i § 3+ #8477 > NOLBilE- &» F vk e &8 45 NOy
4o NOp % 2 Trpl68 * 4drmfh$ & 42 1c% > P2 A Brgi ¢ 2 Gludg9 4 4 4t
oo gz vl Leu269 A4az A s RS 3 & 4E1%* (Figure 7TA) 0 F PORETRAL
Gly245 3 4 ~ Phed01 * 4817 Tk » A %11 4 35 A 2 jedp 4 4@ [ o 3Fik =ik
F 4k Cys302 £ 4& ~ Thr244 # 48> A w11 5 34A 2 jegp % & & (Figure 7B)® -

A NMN fek 2425 ¢ - NO1 2 #2243 3 &% > 7 T NO2 & Trpl68 + 4a
ek G & 4E1T ¥ (Figure 8A) Pr % 2 jridgfieie/s Wi » d oD B aE =+ 2 sikdr
Bia o 9#H 358 2 4R E 80° 2 30° A PEZ A B AR A e
GIn349 ~ GIu399 + & 4% * » fprez vefkr Leu269 - Glu245 2 4t A5 R+ 3 4
GEIE® o gtz A R+ ¥ Asnl69 A 4dviefl G & 4 (7% (Figure 8A) » iR 7
FRERERALT T ROEN 0 ARRERES T R0 & ) H BB

¥z =% 0 4% Gly245 i 4& - Phed01 £ 442 7k % & @ 7 (Figure 8B)° -
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B |

Figure 7. #ps2 & § 3+ BHHT) (AWFE ¥ FIARAZ LT 0F% » Fhdi g
M sLE T (B)FEE LY % NAD™EA 2 AL A G or LB e At 4757 NMN
2Pt GIy245 4 48 ~Phed0l £ 482 Tk & & v B 3546 fpdeR] g Cys302 & 4+

Thr244 &+ 4 d e B 6o

H ‘0-\?N01 9
0-' M
Esgg]  HO o~F>~o
0o~ ©
G245 F401
O-._ o
H
0,.-*zN O=--H
HS
1269 N169
C302

Figure 8. #f FF 2 -k jB 1575 (AW s % FIA A2 3 % o Btaehi 411 b 84
7 (B)Es A it % NADH #1252 “ L 46 7 LB o Al 70 o Fiefpied
OEHR E T ESHEAY L = E 4 Gly245 4 4 Phed0L £ 42 % % &

¢ b,
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12, #4302 W R AP & 52

f RREFES & pe24h i A F(allele)F & 48 : ALDH2*1% ALDH2*2 » H /4 &) 2 &
2_f%% % wild-type ALDH2 (2% 4 Ak s g8 fr 2 & f52) 2 ALDH2*2 (I 7 % £ 3]k
MAPES & pE2)t o

% wild-type ALDH242 > Arg2644rGlud87 5 & % 4 & & R 4 & (dimer
partner)z_loop2 (#% ££463-478)3; = & 4(Figure 10A and 10B) - H ¥ %8 2_loop2i% i
@ i 2 & loopli®® :(1)7 L4725 485k AL 5 i = (carbonyl oxygen) s 2 7K269 3 4&
sk (amine) ; (2) Serd71 % 4axg A (hydroxyl)& #% L2704 4858 L § R+ - @ Loopli
WA 27150 4k AoGIuB99 & 42 e 4F > 1 IRLIC F F ik B o

A & ALDH2*24 » 7% 4874 Glu% £ % Lys (E487K) » ¢ Arg264 * 44127 Lys487
F4ap e R ARt 2 2 e d o Arg264 4 gaz_ ¥R A (guanidyl group) # £ 227 2469
Adaz BHAF RF G A4ETY 5 2 Lysd875 A E BArgA75F 41T o WA At g
B2 ER 4T 4 E a5 (Figure 10A and 10C)° o pL R 4 FFsis L H 48
2 loopl (5% $.269-273) 1 4= g > '% 7 A RGIU268HE E it kA F 2 2% > » BA
2717 F 42 T % Glu399z & 48 > i Glu3994& & i v % ¥ s d 2y A 2724 bR
# 48 % 2 > @ PhedO1p| 8 i i » d Glu399i #+ =@ 1% & 2 % ik (Figure 10A) » i =

Glu3994 i £ 5 # fiwnicotinamide ribosedk & & 4 (¥ % 3 o
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B S a

A NAD* F4€§ 4;9\470 474—R¢\t’::
: f’ D=t
E399 i 12N

NH

- iy J
/C \f N
E399:

\ T, R264
AEEPs o o S
loop1 : ¢ _

wild-type ALDH2

468-478 oo s
|00p2 ‘ C ﬁ ~—470-474— Rz\t75
- a // NH
: NH
: \ NH H2N
)J\ R264
R264 - N was,
K487 H NH;
ALDH2%*2

Figure 9. (A)p R 4 & T4 % % & 2 % (NAD+-binding cleft)z_ "= it 1 482 % 4a
2AE - REE o % ¢ 2 FJ A L4 AYALDH22 8 AAZ B i d LA WA
ALDH2*2 (apoenzyme) (B)=x ¥ =~ A frwild-type ALDH2 % 4 & i & Arg264 2
Gludg7er = 8 ~ Bz loop2} & 4 £ * (C) ALDH2*2= ¥ ~ A2 Glud87 % & %
Lys487 » # 5% & 75 ttwild-type ALDH2 & A 6 2. § 472 42 15 28 o

™4 AR RE S 4@ pE24p 0t o IV % B $INAD' 2. Kv (Michaelis constant)
H 4 5200 > @ kea (3% 3, turnover rate) > $10%8 1. aG =% 4 # (positional
disorder) ¥ it _H KnVAP* 3 4e 2. 3 & R ] ¢ = A d2iTaG Cx 2 Arg264 i wild-type
ALDH2£Glu487F & 4t * » v et H2oG - 7 E48TK ¢ ¥R F 2 aG2 iv* 4
%o A pdEER s A S e 53 A (Figure 10) - 32NAD* ¥ ALDH2*2.% &
W cec § K o i %] 5 4 2 Glud8T 4% % loop2 » i & looplifa)sc & » & =+ 4f ot it
¥ 2_ nicotinamide binding pocket 2. Glu399 4~ Phe401 (Figure 9A) - & Glu268 £

nicotinamide portion¥ & AL § = U AT UEFTE I ES 2 2F > A @

3

ALDH2*2 & 3545 i 17 % i g B 7o iRkt 2% 0 T4 A B NAD 2 Jk B #
T B g2 KNP 158 > #7117 ALDH2*2 & g8 24 & + 2 £ 4 & 1 (inactive in

vivo)t > i i R e 4 2 mie FTEE2 & fF (cytosolic aldehyde dehydrogenase) it o
8
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Figure 10. #-2¥ 4 A|ALDH2% ALDH2*22 gF R =< 8§ ~AZ BZ f® - &7 4 7|
ALDH2#2 ALDH2*22_aGA %M ¢ B iz d R 5 IR > Bl ? ALDH2*22. aGA# fis &

ERABBIA % i 2 K d Tk w5 A AA264 - 4872 475 ¢

£ 3] & &+ (heterozygous, ALDH2*1/*2) & %8 7 > " 1 & %2 F » R
(heterotetramer) z_ % &7 »pt ¢b» B 4] & 3 ¢ = 4] £ F (homozygous, ALDH2*2/*2)

# ¥8;p A (facial flushing) ~ $HiFp = &2 b "% (risk for alcoholism)i2. & 5 g ¥ £ & >

F_*

Flut -ALDH2* 244 1% A ¥ % & 5 L A 14 (semi-dominant)fi 3 ¥zt o
H5.6@ A I A (B2 A £ v 8%)F ALDH2*2 2, H ¢ 3 5-10% = ALDH2*2/*2

3l &~ 30-40% 5 ALDH2*L/*2 8 4] & 5+ 1« ALDH2*2i546 % % j& 122 &

Ak

P
(R

N

AARL 5 2 2. % % (relatively benign mutation) » F] 5 H & B2 A R E R W
disulfiramz_ ~ J&(disulfiram-like reaction) » ¢ @& £ 7 s 2K F]2 B 48 5 s

FPE R RA T B ESF A Ll A ER 2 R R B S TR AL S
AR 3R EFHT IVRE-LARFET M B ed A L

B i i 3}%:}'_,—}_2 o

IR Fu R L d A a7 AN E WA ¥ ALDH2*LIALDH2*2=4:0,3: 1, 2:

2,1:3,0:4
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13, P RMEEE & pF 2 % A

fFamsgpEd & pr 2 51 & (ALDH2 activators) . & >+ 2008 & 12 % i € &k @

#odvY mAlda-l &35 G RWES a2 BaEEME D £ 10pMEAR T » e

wild-type ALDH2 2z 7% 14 65% ~ &7 i % & AR MMAE S & v 2 2 35 14 800%° - 4

‘b5 Alda-1 242 7 ALDH2*2 %] Glud87 % £ 5 Lys487 1 ik2 Ede 2 » 7~ o}
£ B (substrate) 3k 2 2 B L i (inactivation)® o

T3 fE2 & fF 7O%2(ALDH family members)i2 » @it % w2 i prdE S Rl B

—A2 o AR - BT BRI o Alda-l g AR AR SMREL A 2 2 X

fr v FFPRaEN TR F P R Cys302 ity i (Figure 11) » = Fligfd

=
ok

GERHEN > B g D s fpEpp e A4k Alda-1 848 R sH(Figure 12) > Lt sk €
X R R @ b oDiadzin (- i ipEd @ s 2 prdlA) 2 4852 R Alda-1>
fe F1H B4 2 pa(phenol)at @ 8 FE ~ 0 B 424 B 1 T 2 Cys302 ~ Glu268 -
PR F g o @ dr gl a2 4 (Figure 11)° -

Wild-type ALDH2 & 5 j&- 24 3¢ 5 -k f# acyl-enzyme # & & 4 - @ Alda-1 e
wild-type ALDH2 £ & it 1% % B3T3 & > g7 F Aff A S e H o ARB I 20k

A R HaL Rl 2 4 BT 323 - & L ononproductive encounter - %] gt 4R Alda-1
;;ﬁ d 42T i* AR F AU o B Ao AR E 1Y 2 -k & F & productive encounter (T
thioester intermediate) & ¢~ £ 3 2. ¥ 3¢ 4> 4vig ALDH2*1 -k % thioester intermediate

Flag 2 s (Figure12) - B2 2% Alda-1 3 0 < i~ v o [ pv 2 L1
A2¢ o g I EBRA SRR T T E AR RS B
Feltirh 2 dir v SoAlda-l ¥ 0b- B E & 2 S B Alda-l 2 s
0 A-rp gk T G Cys302 £ 2 8 ¢ 0 IR AMEEL & pF2 A0 Fl 4T

’fﬁﬁfﬁ’ Cys302 25 4 X o Hakz 2 751 8% 9o

10
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OH
/  OH
(0] Cl o) e} 2 10H
o " HO Q / \
<I>/\H Q O OH
o] Cl (0]

Alda-1 (I) Daidzin

()
S
E
o
=
b
Q
g
P~

Figure 11. # ALDH2 £ Alda-1 (% ¢ ) ~ daidzin (2. ¢ ) 2. % & BHREdE- A2

F_k

# iF 4t & & (nicotinamide cleft) i »* & it % 2. Glu268 ~ Cys302 = ] ©

Figure 12. Alda-1 #&i& ALDH2 2 7 i #4& - NADH -k f23.4] » 7 fpA (% = ¢ )i

% acyl-enzyme ® B & % » kA F (% iz ¢ 335) =3 Cys302 fr Glu268 2 ¥ 9 -
11
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$8F %5 74D HFaEE i ALDH2*2 + > 7 fRAR 204 AT AER B 2 % )
Feit o LT ATAES T ¥ B2 B9 B8R A wild-type ALDH2 X g -
Pt T F 2. GIU268 (e filit @ 1% 4 #k)Fr Glu399 (4% %_nicotinamide ) i 54 3 -
EEFFILA G o= ;’;M;-J_f’rﬁ B3k Alda-1 #1822 Phedb9 ~ Trpl77 &% (& W&
Phed65 ~ Glu268 77 FF F 33i7) » 1kth ALDH2*2 iz x5 do4 & » L 2 %0 &
Alda-1 ¢ ALDH2*2 # % & % .48 1+ & (Figure 13C)- F]3+ » Alda-1 4 % & ALDH2*2

bROEH e E AL R F ook AT S 40T ALDH2*2 2 3 2 B fes i O

Figure 13. (A) wild-type ALDH2 % & 34 (B) ALDH2*2 % & %1 (C) ALDH2*2
% Alda-1 (# 5 i dp ez % ¢ )% B h B o BlAe k2304 % 0G4 (C)F 4

Alda-1 4% & ALDH2*2 7 341 &t & 4 2 2 aG [(A) vs. (B)]? *
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1.4.  Methyl anhydroberberilate

¥ 1p (Phellodendri Cortex) 4 B 5 3 (Phellodendron amurense Rupr.)2 "' & 45 (P.

chinense Schneid)z. & KT BA 2 B Bor L FRRRCBVES AT BRBR

e

ok AT 0 R 2 vk R B P R 12 o Methyl

anhydroberberilate *+ 2005 #d F = 23 x & F 2 ¥ d k32 L1 3ML P

4 4+ 1p (P. amurense var. wilsonii)}338 4 3gm 7 > » £ g=tp X ARK Y A dpa F
B, H &4 B 5 47>t Alda-1 2 N-piperonylbenzamide /& > F]et 4aipl§ 4p 22 384

5=

»2¥ iy & methyl anhydroberberilate 3 B > ¥ ¥ & ¥ ALDH2 £ 3 £ Alda-1 ¢ o2

ko

2_i§ae % o # @ » methyl anhydroberberilate 5 & %% 913352 fc 8 & 4 (% 3.95
ppm) > Bt F A5 DIk WA g0 f A2 2k o v kG AR T P o Brag (berberine) 1

# 1@ | methyl anhydroberberilate z_ = ;% 1416 .

FEIAGRFESF o F - sk R %2 % E MAr4 (binding affinity) @
Lg BA M T et A D & e R B FTE R BET R
oo AT IR Alda-l 2 B 0 LA H 26-B A BRATF A ARTE G LT R
A AT PE T EE N - RS ot AR TR RE A
oo @i B2 Alda-1 2 i 28 2. methyl anhydroberberilate 2_ 2 i1 o #p 4t %ﬁf’ L]

4 A RHAED 1R 2 R IGERR - BR R Gt R HEERE LT -

3]

0 R o R, O O OMe
0 N 0 N 0o N Me
{ H { H <
O Rz 0 Rz O o)
OMe

Alda-1 analogs-1 Alda-1 analogs-2 Methyl anhydroberberilate

13
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2. BE2HH

2.1.  Alda-1 analogs-1 (3a—h)£? analogs-2 (6a—e)z %l &%

3t Alda-12 B &+ - JFldgini 401 & &~ 5 3 %4 1Alda-1analogs-
1 ¥ Alda-1 analogs-2 - 4= Scheme 1 ¥ Scheme 2 *#75r » & * EDC [1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride] = % & & & » #-28 o 5
it 5 O-acylisourea > @ it &4 1 2 3 » w|&E it £+ 2a-h 2 ba-e & {Tfp'=l & F
J& - 4r » HOBt (1-hydroxybenzotriazole) ¥ & . O-acylisourea #] acyl transfer & ##& %
= % F &2 epimer (N-acylisourea) » y pFiefl it £ L 12 F Ji 0 2 SRRt &4
3a-d - 3e (Alda-2) ~ 3f-g ~ 3h (Alda-1)% 6a—e (Scheme 3)Y" » & & % 74-96% o

72 15%5‘12 # 2,6-dichlorobenzoyl chloride ¥ piperonylamine {7 4c = j' 2 ¥ j& &
% Alda-1 (Scheme 4)!8 » e gt F sz A2 4nde (F 9 fod )R~ 9 Sz A24nd 7 £ 2 0

bof o kE# T EDC & F RkieiF g ok o

o R , o R
<O]©/\NH2 . Ho EDC, HOBt, TEA o " 5
o CH,Cl,, DMF, rt <o 6 1
Rz s R %
1 2a, Ry=R,=H 3a, Ry=R,=H
2b, Ry=Cl, Rp=H 3b, Ry=Cl, Rp=H
2¢, Ry=I, Rp=H 3¢, Ry=1, Rp=H
2d, Ry=CHj, Ry=H 3d, Ry=CHj, Ry=H
2e, Ry=R,=F 3e, Ry=R,=F
2f, Ry=Cl, Ry=F 3f, Ry=Cl, Ry=F
2g, Ry=Cl, R,=CHj 39, Ry=Cl,R,=CHs
2h, R=R,=Cl 3h, R=R,=Cl

Scheme 1. Preparation of compounds 3a—h
O

Ry , © Ry
O EDC, HOBt, TEA .
<ﬁ v N ° N ’
o CH,Cl,, DMF, rt < H
6
R, o R,
5 5'
4 5a, Ry=R,=H 6a, Ry=R,=H
5b, R4=Cl, R,=H 6b, R;=Cl, R,=F
5c, R4=R,=F 6c, Ry=R,=F
5d, R4=Cl, Ry=F 6d, R,=Cl, Ry=F
5e, R4=R,=Cl 6e, R4=R,=Cl

Scheme 2. Preparation of compounds 6a—e

14
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R™ N7
H
Na
N J e}
. J et oy
H
o NS ¢ N slow R7 0% "NH O)\NH
)k i BN )k — " _—
R ovﬁ R” 07 ONH KL KL
W KL N/ N/
N/ ‘ N-acylurea |
(inactive)
O-acylisourea
(active)
fast ( 0
as| y
L= . R )o> o _RNH, R)LN’R'
N
N<,
KL R)ko/ N H

@[ @[ (active)

HOBt

Scheme 3. Amide generation by EDC coupling reaction

o <l o <l
) TEA, CH,CI
o rt, overnight, 94% < H

Cl O cl

Scheme 4. Preparation of Alda-1 by addition-elimination of 2,6-dichlorobenzoyl
chloride and piperonylamine!®

Wit &4 3a-h %2 6a—-e 2 BC NMR B¢ » *5160.2-169.8 % ) IR fig st 2
WEL L e & A~ 47427 L 3a-3h 2 6a—e 2 4 F % A W L [M + Na]® m/z 278.0,
312.0, 403.9, 292.0, 314.0, 330.0, 326.0, 346.0, 278.0, 312.0, 314.0, 329.8, 345.8 » ¥ %

‘?I’LL/%‘;' ]Lb’fﬂ P%#‘
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% it &4 3a-h 2. 'H NMR B]:#(CDCls, Table 1-3)% )3 N-piperonyl 2_ 31 55
[66.89-6.80 (d, J =1.6-1.2 Hz, 1H, H-2), 6.83-6.76 (dd, J = 8.0-7.9, 1.6-1.2 Hz, 1H,
H-6), 6.76-6.72 (d, J = 7.9-7.8 Hz, 1H, H-5), 5.94-5.90 (s, 2H, OCH,0), 4.57-4.47 (d,
J =5.85.6 Hz, 2H, NHCH)] ; %1t & 4 6a—e 2 'H NMR ] :#(CDsOD, Table 4 and
5)* % 131 3,4-methylenedioxybenzamide [§ 7.46-7.37 (dd, J=8.2-8.1, 1.8 Hz, 1H, H-
6), 7.34-7.26 (d, J = 1.8 Hz, 1H, H-2), 6.89-6.83 (d, J = 8.2-8.1 Hz, 1H, H-5), 6.03-6.00
(s, 2H, OCH:0)]# N-benzylic  [5 4.81-4.53 (s, 2H, NHCH))] -

it & 4 3h (Alda-1)2- NMR *H B3 NMR B :% (Figure S16) ¢ > H-4'2_ 2 %5 % 11
MELG AED CF R A e b 2 g 2 8[6 7.36 (dd, J = 9.5, 6.2 Hz, 1H, H-
AN @ H-3'% 3h— e fg 2 Fi B 98 o 2 208 o B 6e 22 'HNMR B3 (Figure
S38)> # H-3'% 7 L7 > JaplH 23 BN ARd I F B F ALK 5
w2 Tl g o daRI3h 2 H-3 RS e Rad P F 8
A b 2 BB At - RN PSRN S BEE A AR
4% R H¥E[57.42 (d, J = 9.5 Hz, 1H), 7.41 (d, J = 6.4 Hz, 1H)] - & i HSQC -
HMBC # & %_13C NMR B2 31 5. (Table 4) » @ # ¢ HSQC % 7% 3t 5.(5 132.1) 7

H-3'2 H-4'% B 9 (Figure S20) » Rl 3 5 & 1938 F 4 -

" fa—e 'H NMR (CDCls) 2 solvent peak £ p* £ 1t & 4+ % 4 R B3 SLped &+ £ & B B3 2|
# 0 %7 12 'THNMR (CDsOD) i 24 B34
16
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Table 1. *H (400 MHz) and *C (50 MHz) NMR data of 3a—c in CDCl3?

3a 3b 3c
Position dn (IMHz) dc SH (I/Hz) dc dn (J/Hz) d¢
1 1320 - 131.4 131.3
2 6.80 d (1.3) 108.3 6.83d (1.4) 108.3 6.89d (1.2) 108.3
3 146.9 147.0 147.1
4 147.9 147.9 147.9
5 6.72d (7.9) 1084 6.74d (7.8) 1084 6.76d (7.9) 108.7
6 6.76 dd (8.0, 1.4) 121.1 6.79dd (8.0,1.4) 127.0 6.83dd (7.9, 1.3) 128.2
1 134.2 134.8 141.9
2' 7.76-7.74 m 126.9 130.6 92.4°
3 7.38 br. t(7.2) 1285 7.36dd(7.9,1.5) 130.2 7.39-7.33m 139.9
4' 7.46 1t (7.3, 1.1) 1315 7.32td(7.1,1.8) 131.3 7.39-7.33m 131.2
5' 7.28td (7.1,1.7)  121.2 7.07td (7.5, 2.0) 128.2
6' 7.62dd (7.2,1.8) 130.1 7.83d(7.9) 1215
OCH,O 5.90s 101.0 5.92s 101.1 594s 101.1
NHCH, 4.48d (5.6) 438 4.51d(5.6) 440 4.52d(5.6) 44.0
C=0 167.3 166.3 169.1
NHCH, 6.63br.s 6.51br.s 5.97br. s

% @ * nmrdb.org g 8] *H §r 1°C NMR B3 2 #f B4 £ 2u8h2 4 %
LB R R F AR
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Table 2. *H (400 MHz) and *C (50 MHz) NMR data of 3d, 3g in CDCls?

3d 39
Position dn (IMHz) dc SH (IMHz) dc
1 132.0 130.5
2 6.81d (1.2) 108.30 6.85d (1.6) 108.3
3 147.0 147.1
4 147.9 147.9
5 6.74 d (7.9) 108.35 6.74 d (7.9) 108.6
6 6.77 dd (8.0, 1.2) 125.7 6.80 dd (7.9, 1.6) 121.4
1 136.1 136.3
2' 136.1 126.7
3 7.19-7.13m 131.0 7.17-7.15m 130.2
4 7.27d (7.6, 1.1) 129.9 7.07-7.05 m 129.8
5' 7.19-7.13m 126.6 7.17-7.15m 128.5
6' 7.31d (7.6) 121.1 137.1
OCH,O 5.92s 101.0 593s 101.1
NHCH, 4.47d (5.8) 436 4.53d (5.7) 43.7
C=0 169.8 167.1
NHCH, 6.11br.s 5.98br. s
Ar-CHz 241s 19.8 2.32s 19.3

@ & * nmrdb.org 3f 8] 'H f= °C NMR Bl3# 24 2 52 5%

18
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Table 3. *H (400 MHz) and *C (BBD, 50 MHz) NMR data of 3e and 3f in CDCI5?

3e 3f

Position S (J/Hz) dc ou (I/Hz) dc
1 131.2 131.0
2 6.84d (1.3) 108.3 6.82d (1.4) 108.3
3 147.1 147.0
4 147.9 147.9
5 6.75d (7.9) 108.3 6.73d (7.9) 108.4
6 6.79 dd (7.9, 1.3) 121.1 6.77dd (7.9,1.4)  121.2
1' 114.1t(20.0) 125.1d (21.6) ®
2' 159.9 dd (250.7, 6.5) ® 132.3d (5.6)
3 6.92 t-like (8.2) P 112.0dd (22.7,3.2)?  7.16 br.d (8.0) 125.5d (4.0)
4 7.34tt(8.4,6.4)°  131.7t(10.4)" 7.25td (8.2,6.0)®  131.1d (9.4)°
5' 6.99td (8.5,0.9) 114.4d (22.3) ®
6' 159.4 d (251.5)

OCH,O 5.93s 101.1 591s 101.1

NHCH, 4.54d (5.7) 438 4.51d (5.7) 43.8

C=0 160.2 162.2
NHCH, 6.19br.s 6.21br.s

% @ * nmrdb.org g 8] *H §r 1°C NMR B3 2 #f B4 £ 2u8h2 4 %

b ity

& 2T EL
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Table 4. 'H, $3C NMR, HSQC and HMBC data of 3h in CD30D (600 MHz)

3h
Position SH (J/Hz) dc HSQC HMBC
1 133.1 5, NHCH,
2 6.92d (1.6) 109.5 2 6, NHCH;
3 148.4 2
4 149.2 5
5 6.76 d (7.9) 109.0 5
6 6.87dd (7.9, 1.6) 122.4 6 2, NHCH;
1' 137.3 3,5
2' 133.2 3,45
7.41d (6.4) 132.1
3' 3,5 3,5
7.42d (9.4) 129.2
4 7.36dd (9.5, 6.2) 132.1 4
7.41d (6.4) 132.1
5' 3’, 5 3 , 5
7.42d(9.4) 129.2
6' 133.2 3,45
OCH,O 5.92s 102.3 OCH:0
NHCH, 4.47s 44.2 NHCH,
C=0 167.0 NHCH;
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Table 5. *H (400 MHz) or 3C (50 MHz) NMR data of 6a, 6b and 6e in CD3OD or CDCls, respectively?

6a 6b 6e
Position dn (J/HZ) d¢c dn (J/HZ2) d¢c Sn (J/HZ) dc
1 128.5 128.3 128.3
2 7.34-7.20 m 107.6 7.34d(1.8) 1076 7.27d(1.8) 107.7
3 147.9 147.9 147.9
4 150.3 150.4 150.3
5 6.87.d (8.2) 107.9 6.89d (8.1) 107.9 6.84d (8.1) 107.9
6 7.43dd (8.2,1.8) 1215 7.46dd(8.1,1.8) 121.6 7.37dd(8.1,1.8) 121.6
1 134.2 135.5 133.5
2' 7.34-7.20 m 127.8 133.6 136.2
3 7.34-7.20 m 1285 7.40-7.35m 128.9 7.41d(8.0) 128.5
4' 7.34-7.20 m 1275 7.29-7.22m 130.2 7.29dd (8.6, 7.4) 129.6
5' 7.29-7.22m 127.1
6' 7.40-7.35m 129.5
OCH,O 6.02s 101.6 6.03s 101.7 6.00s 101.1
NHCH, 4.53s 441 4.62s 420 481ls 44.0
C=0 166.6 166.7 166.3

% @ * nmrdb.org g 8] *H §r °C NMR B3 2 #f B4 £ 2852 45 %
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Table 6. 'H (400 MHz) or *3C (BBD, 50 MHz) NMR data of 6¢ and 6d in CDzOD or CDCls, respectively?

6c 6d
Position S (J/Hz) dc SH (IMHz) dc
1 128.3 128.3
2 7.26d (1.8) 107.7 7.27d(1.8) 108.6
3 147.9 147.8
4 150.3 150.3
5 6.83d(8.1) 107.9 6.84d (8.2) 107.9
6 7.37dd (8.1,1.8) 121.6 7.37dd (8.2, 1.8) 121.6
1 113.81(19.1) 123.7d (17.4) ®
2' 161.5dd (247.4,8.0) ° 135.5d (4.7)°
3 6.96 t-like (8.0)° 111.4 dd (18.8,6.6)®  7.27-7.25m?® 125.4d (4.0)°
4' 7.321t(8.4,6.5)" 129.5t(10.3) ® 7.34-729 m" 129.7d (9.5)°
7.10ddd ®
5' - 114.4d (23.1)°
(9.5,8.1,1.4)
6' 161.6 d (248.3) ®
OCH,O 6.00s 101.1 6.00s 101.6
NHCH, 4.60s 43.8 468d(1.4)8 35.4d(4.1)"
C=0 - 166.3 166.2

@ & * nmrdb.org 3f 8] 'H fr °C NMR Bl3# 2 24 2 3 5E2 5%

R S AP
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2.2.  Methyl anhydroberberilate (10)z_ %] &

4 % & % (Scheme 5)110, p .| B=dk (berberine, 7)i& 7~ & 4 10 2 W& -

\\\?{Ir

WB R REIEET 5 -7 2 C-8F it A(carbonyl) >+t TH NMR Bl# @ & %

£ E BT 2 H-8[69.77(s)]c i} 4 > ** BCNMR ¥ + 2 figsest 2 21 35(5 160.1)

=

A4 C-8ALF I- F B > &2 ki AL S oxyberberine (8)' ¢ 3 e B aE o H 5 R

PR 4R o A2dn g 5 & B (berberine chloride)p » & s 6-12 - pF » ¥ 18
A% 44-48% ; FA2he 4 L i % fL # (berberine perchlorate)p » & R RF RS E T
205 pPF > A e 46%2 A5 o FlEBEARBRERZEY £ 0 =AER KT

WEF B FRE AR F iR ? o BRE i F 1T % o

20% KOHaq)
120°C

0
$ \_o
NH,OH, MeOH

0] OMe
CH,Cl, 0,, 50°C 0
OMe OMe
10

Scheme 5. Preparation of methyl anhydroberberilate (10) 416

Bt &4 8RN F T4 be rw ¢ f4[PD(CHsCOO)q] » ¢ C-13 £+ — B
¢ g% 2 (acetoxy group) - ** H NMR & 3C NMR El:# ¢ ¥ L2 fig§ 2 5
[62.35 (s, 3H, CH3CO2) ppm / § 21.2 (CH3CO2), 169.0 (CH3CO2)] » # % jt+ $t7win

13-acetoxyoxoberberine (9)1° » & & 4 50% o Jwip|it £ 4 9 AF M2 BB T > Cis-
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Cfipd AREEEFBAT TG o Fra i - B t(Figure 15)° > & A
B C6-CH5 =823 B H & wlump iz (pseudo-axial) 2 & # if 4] (pseudo-
equatorial)z. i+ % F oH-6 #4237 Cg=0>#x 2+ ITHNMR Bl 2 * & =4 5 H-5 B
H @ 2 12 H-6pseudo-eq & Ce=0 + T & » H R H X F|fss 2. anisotropic effect » #& 2 it
B 5% Hbpseudoax T2 £ e & 18 & Fdc2 305~ A" 7 4% % H-Bpseudo-eq *
H-6pseudo-ax [8 5.12 (dt-like, J = 13.0 Hz, 1H, H-Bpseudo-eq), 3.30 (td, J = 12.8, 2.9 Hz, 1H,
H-Bpseudo-ax) PpM] ° %ﬁ d % & B LA B 7 R 2 H-5pseudo-ax 2 H-5pseudo-eq [5 2.88

(td, J= 127, 3.8 HZ, 1H, H'5pseud0-ax), 2.78 (dt'llke, J=15.2 HZ, 1H, H'5pseudo-eq) ppm] °

P @/ «

Figure14. r/ChemBio3D3* ¥ i* & 492 i £ & | = M4 > ¢ fe¥ ALK B A 5

TG b (A) > T(B)EE 0 % E 4 &) 2 i £ (54.3039 keal/mol) o

"7 HNMR (400 MH2) B34 347 & 3 0 % 5 H-6 peutooq 2 H5 2 4] 8 & F #ioft i 4k 247 &

@ i H B 5§ IR di-like 22 & B > H-5 pseudo-eq & F T4 o
24
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&P QREFUY BArg KA 45°Cig it TR ks it & &(Scheme 5) » »t
'H NMR Bl BC NMR Bl 7 %5 4 2 25 [63.89 (s, 3H, COOCHs) ppm /
5 28.0 (COOCHs3), 168.8 (COOCHS3) ppm] » ** 3C NMR # ¥ B g d; ez = i 5k fApt
(imide carbonyl carbons):t %% (56 163.7, 165.6 ppm) » & =< L;J% ¥ Fr 23 5 methyl

anhydroberberilate (10) » & % % 74% o

o NH4OH, MeOH

0,, 45°C

Scheme 6. Proposed mechanism of the C ring opening of 9 °
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23. IS A MAEEL & B 2 MBS &

i

FLEgRARMEEE ap 252872 5 > A Al Al i ps 2 0F
AR RZAG R o MR E 2 AT A AR A 4 pF 2 RaEE
g 3& (Figure 15) » #-it & $= 3a—h ~ 6a—e ~ 10 »2 DMSO (dimethyl sulfoxide);% f% -
fie Rz % kR 5 15 ug/mL, 1% DMSO 3% - it 3C b Bt A5 A
15ug/mL 2 kA T2 XA kR ¥ #1750 uM (Table 7) » & & #2412 5 3 ug/mL (4
9.25uM) Alda-1 (1) - = & % % % B m +* Figure 16 » it & 4~ 3b-h & 4 $a i 2 g%

Mo B 3b~3d-~3e~3f At ER T 2 BEEE M A 3 100% o

Table7. i+ £4 3a-h-6a—e 2 10> 15ug/mL & ¥ B kR 2 3 5 4

Cpd 3a 3b 3 3d 3e 3f 3y 3h 6a 6b 6¢ 6d 6e 10

Conc.

(uM)

58.8 518 394 557 515 487 495 463 588 518 515 487 463 36.3

160.0%

140.0%

120.0%

100.0%

80.0%

60.0%

40.0%

20.0% I

] !

0.0% I 0 T [ % i b

- 0,
20.0% Pos. ctrl 3a 3b 3c 3d 3e 3f 39 3h 6a 6b 6c 6d 6e 10
mi5ug/mL  37.0% 3.1% 103.3% 92.8% | 116.8%  121.5% 101.2% 70.2% 72.2% 13.7% -4.4% @ 24% @ -2.0% | 5.1% 7.1%

Activation (%)

Figure 15. Activation (%) of ALDH2 by compounds 3a—h~6a—e % 10-Pos. ctrl 5 positive
control.
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it &4 3a-h-6ae2 4+ & clogP~ & 4243 KB &2 & 4232 5 #icg (Table
8)% i+ & Lipinski'srule of five (»~ + £ =< 500 : ,logP = 5, & &%+ F kg
S 5&igRtFiE < 10) A &4 10 5 % &40 2 4 % 3¢ Lipinski's rule

of five » &4 7| » 4% -

W

Table8. it £4 3a-h-~6ae % 102 4~ 3 & ~clogP ~ & 4%~ ﬁ&igﬁiﬁgﬁ

FEE

Cpd 3a 3b 3c 3d 3e 3f 39 3h 6a 6b 6c 6d 6e

MW 278.1 3120 4040 2921 3141 3300 3261 3460 2781 3120 3141 3300 346.0

clogP 279 283 307 295 253 268 304 283 302 373 330 387 444

H-bond
1 1 1 1 1 1 1 1 1 1 1 1 1
donors
H-bond
4 5 5 4 6 6 5 6 4 5 6 6 6
acceptors

7>t Figure 15 2_ #8 ¢F 1% 4 Al S REAE L 4 v 2 UGB R MBSV B R >
A =09 % 2 @ (benzyl group)z. = iz (benzylic position)pF(r i+ & $= 3b-h) » HiE
Al AL -t piperonyl A B2 F A 0 B F B K 51 B[121.5 % (3e) / 2.4 %
(6c) =50.625] * 1345 T %o~ + FEE ST o JRIH R F] 5 AR 2 & &1 Aspdb7 i
a2 B eng 4R T IER o X DR A2 2 E B blde it &4 3h 2 A
PR AM A HApieko 48 Aspdb7 A dast o R L 23 A 0 L i
VT pEE @ v &4 Be 2 A 0 piperonyl ARz F A > HEpiedz § o

Aspdb7 i 4azt k2 E3p Y L 3.7 A 0 <2t 4 42+ (v gegg(Figure 16) o

TS G ERE R A M H ARSI B LTRSS
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.
\ ~a Val 458
S

4 .o
L

Phe4s59 /
<

Figure 16. i+ £ 3h (2 » A ¥ & 5 F )2 6e (% 2 F %55 ¢ )B4 AkR
WAL A fF 24282 T %A FHESE S - 3h 2 el & & Aspdb7 4 4azp Lo jE

5 23K 1 Ge 2 pvesh 27 ASpAST A a2 BEHL 3T A Xt 4T v

Figure 17. i+ &4 3a (A # & 2§ ¢ )W 4 A A2 4 5 24282 T %4+

Bt % o Z(RARB):feieii & & AspdS7 gzt 2 g s 24 A 5 LR & D A

FiEaT sF fﬁ"]ﬁ_}]\ f?']) °
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vy

Y

SET A RS L L 3l FUMAY AR B GBS A @

‘-h
tﬁw

AP gF @A rr S RAEEF LB WA TR G AR - BB AL
&P 32 EHN4pk o d piperonyl 7R - zhiE ~ T 4 AR S MEE2 & fF 2 (Figure
17); ¥ - B &5 5 F P AAS 4 346 » &4 A2 4 ps 2 (Figure 18)
PR SRR R 2 & 8 AspdS7 dsast o pEaR N L AT A A3t E 4T
fon pEd o A PR R RS 0 Sa AR B L B RS o
P TR DA A MRS A fF 2 2 XT3 S 2R IR R
(Figure19 +) > @ % 3b-h 2 ¥ ? fg & (benzoyl group)z. = 4 %k » H 2's4 6'= % + 2.
PR FRERYARRAG R PIGRE A E gt 2 Bk 2 B
RAA L RPNGREN FRR AR A RS 2 2R & 43 Ry
fEd b b ¥ @A MEEEN b4 M5 302 3457 2 FFA
B2 F TR Phedb9 4 4ax 4 % T (7(Figure19) » Vit £ t-n 3 18% ;@ (b &
P rr e AHP - BLFLEF 0 H 3447 - F FHRARZ FRITFL S

Phe459 i 443 4 1k T {7 (Figure 20) » |t Eq-w 3 £ % o

S X

\

Phe292

Phed59 \
I

XQT..,../ -

~
[

P|16296\ | ,:'! vr v’

|Va|120

Figure18. i £4 3a (i % 5 79 )@ W2 A Mg 4 fs 24282 ¥V - &7
e A G S R o Z(RIALE) R & ¥ AspdS7 A szt 2 FEA G L 4TA o &
WG AEV T pEA . LR A A F e T RN B]) o
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Val458
Va|458
Phe459 \ -

l Asp457

Phe296\v ' N ‘ Val120
\s( )

Figure 19. i* &% 3e (L F 2 i1z d ) W4 A A3 4 v 24882 T s &

B % o 2 (RIALB):fRreil & & Aspdb7 i 4azp 2 pedr s 2.7 A » » piperonyl
AWz ¥ Phedb 485 AR T (7> Vi EFnn 3 E® LR ED A F i
Utk R]): 3e 2 2.6-FE FRELAMAEEL A 2 XF D0 v ¥ Bl
fa™ av & 3 #n-k e 3 18 % (hydrophobic interaction) o

‘-—-.Val458

£

F . ‘\//"/\

%  Phe292

PN ... o
Met124 h/ I \r 3

NP

4

l Val120

Figure 20. i* &4 3f (A F % 2 iR% ¢ )W 4 A MMAEL 4 5 2 4E5%2 7 %A

FHHEEE o Z(RARR) LR Ed A FE AT RPN R 2-F R BN
AR 3e 2 2-4 3B AL o 7 TP 2 MR E R 3f piperonyl A B2 ¥k

% f§.3e &2 Phed5 £ A% A BT (7 > 4 2 w2 3 (£ o
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J}L?},é_j\/gﬂ‘i’c‘ ’3971)3;‘5 }4«‘6"3hyﬁ@)§kl_‘}¢;}g};“ ;}"g_/?xj_ﬂ}gyl}‘]

ETIS

3e2 26-Fa P AW 3h 2 26-FF AR ERILETRELERESER

v

% (Figures 16 = ¥ 17) > i&m {8 H R /F M 4T -

O R,
O N
4 H
O
R2
Figure 21. 3 3FAlda-14F i d» BaEE 2. 7 iy A B (= F04)

HiE P M A RBRESFE TS T EREST T u4ap 0 Alda-l
analogs 2 7% 1B % (Structure-Activity Relationship) © (1)fiai=4 £ Aspd57 i 4é
AN B AT T RPN S QF TARAT AR 2N 6-E P2 0T TR
- P& A # Aldaanalogs ™ & F& > ;8 % 300 4 Al RREEEL AT 25 3)F U fes
AR 2N BE P2 R AR ERY A RRGHEE Y B A2 2 MR

A%4F 5 (4) piperonyl £ B2 F 7k Jf £7 Phedb9 & 4% 4 kT 711 {8 Flg-m 3 (FF o

" 10 uM of 3e and 3h were reported to increase wild-type ALDH2 enzyme activity by 41% and 65%,

respectively; however, in our results, 3e increased wild-type ALDH2 better than that of 3h (121.5% and
72.2% for 3e and 3h, respectively, at around 50 pum)

TR s RS AMAGRY AR EIMLITRE RS
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3. B A& E

311 IR R E
RSN F T UL Y S
Fourier-Transform Infarared Spectrometer: JASCO FT/IR-410 (JASCO, Tokyo, Japan)
Ultraviolet: U-2100 spectrophotometer (Hitachi High-Technology Corp., Tokyo, Japan)
ESI-MS: Esquire 2000 ion trap mass spectrometer (Bruker Daltonik, Bremen, Germany)
HR-ESI-MS: microTOF orthogonal ESI-TOF mass spectrometer (Bruker Daltonik,
Bremen, Germany)
NMR: Bruker DPX-200 NMR spectrometer (Bremen, Germany)
Bruker Avance 400 NMR spectrometer (Bremen, Germany)
BRI E EHRE BT
CDCls: 6n 7.24, &¢ 77.0; CD3OD: 61 3.30, 6c 49.0
3.1.2. cLogP 3f:p|#c %8
Chemdraw 13.0 (PerkinElmer, Waltham, MA, USA)
3.1.3. & s F fERE el
AutoDock Vina 1.1.2 (Win 32 version), AutoDock Tools 1.5.6 (Molecular Graphics Lab,

The Scripps Research Institute, La Jolla, CA, USA)
3.1.4. A 3 fEE % X thac il

PyMOL 2.0 (Schrddinger, New York, NY, USA)
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3.15. i & et = BlE R
nmrdb.org (Institute of Chemical Sciences and Engineering, Lausanne, Switzerland)

316, &L AL B H 2 R R EE

3.1.6.1. v L4t w2 L

AT KRR

TLC plate, silica gel 60 F254, aluminum sheets (Merck, Darmstadt, Germany)
R o v ]

Silica gel 60 (40-63 um) (Merck, Darmstadt, Germany)

Amberlite IRA-400(Cl), ion exchange resin (20-50 mesh) (Fisher, Waltham, MA, USA)
3.1.6.2. i3 |

ACS &3 #| :

MeOH (J. T. Baker, Center Valley, PA, USA), CHCIz (Seedchem, Vic Melbourne,
Australia), CH2Cl. (Echo Chemical Co., Taiwan), hexanes (Anaqua Chemicals Supply,
Hong Kong), EtOAc, isopropanol (Merck, Darmstadt, Germany)

%23 % A 1 MeOH (Merck, Darmstadt, Germany)

jOB- A A

CDCl3 99.8%, D20 99.9% (Cambridge Isotope Lab. Inc., Andover, MA, USA)

CD30D 99.8% (Merck, Darmstadt, Germany)
3.1.6.3. F#

Acros (Geel, Belgium):
Benzoic acid, 2-chlorobenzoic acid, 2-chlorobenzylamine, 2-chloro-6-fluorobenzylamine,
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, 2-iodobenzoic acid,
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lead (IV) acetate

Alfa Aesar (Heysham, Lancashire, UK):

2-Chlorobenzylamine, 2,6-dichlorobenzoic acid, 2,6-difluorobenzylamine,
piperonylamine, piperonylic acid

Sigma-Aldrich Co. (St. Louis, Ml, USA):

Ammonium hydroxide solution (25%), 2,6-difluorobenzoic acid, 2-iodobenzoic acid,
triethylamine

J.T. Baker (Center Valley, PA, USA):

Magnesium sulfate (anhydrous), potassium carbonate (anhydrous)

Tokyo Chemical Industry Co. (Tokyo, Japan):

2-Chloro-6-fluorobenzoic acid, o-toluic acid

Matrix Scientific (Columbia, SC, USA):

2-Chloro-6-fluorobenzoic acid

Merck (Kenilworth, NJ, USA):

N,N-Dimethylformamide

Shanghai Hanhong Chemical Co. (Shanghai, China):
1-Hydroxybenzotriazole hydrate

Wako (Osaka, Japan):

Potassium hydroxide
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317, B RMEES & pF 2 LB MR T EH S R E

% : ALDH2 human (Prospec, Rehovot, Israel)

= © Acetaldehyde (Merck, Darmstadt, Germany)

R R

2-Mercaptoethanol, Tris HCI (Sigma-Aldrich Co., St. Louis, Ml, US), NAD" (Acros,
Geel, Belgium), potassium chloride (Showa, Tokyo, Japan), NaOH, HCI (J.T. Baker,
Center Valley, PA, USA), DI water

®R®

Microplate spectrophotometer, SpectraMax® Paradigm® Multi-Mode Detection Platform

(Molecular Device, San Jose, CA, USA)
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32. &tz @i

3.2.1. Aldaanalogs-1 (3a—h)z %l #

- A EHE S E(L sV LS 3a )

A1 £ F 2a(34.5mg, 0.283 mmol) & >t & BFEg? o Mz & 7% (2.8mL)i% %
540~ 2 ® AW FER(280 ubl)~ = ¢ (39 L, 0.280 mmol) £ i & 4 1 (35 L, 0.281
mmol) > @ & -:& 4 » 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC, 57.8 mg, 0.302 mmol)#: 1-hydroxybenzotriazole hydrate (HOBT hydrate, 40.5
mg,0.300mmol) > ** % F B2 T E T F B8 FF e 4 ~-K(B0mL) > 2 & 7 (30mL
X J)FEP~ M A EH  RRIES AT A FL0ML)® B o 52 5% fF
e ks (20mL x 3)~ & frpdfis & 4 ki3 (20mL x 3)% &4r & @-K(10mL x 2)
AR TR RRES S T R-D L R BAREEL AT £ 3a(66.1

mg, 92%) -

3.2.1.1. N-(3,4-Methylenedioxy)benzylbenzamide (3a)z. 4= 22 #

¥

White solid; m.p.: 114-115°C (= jg fe.: 115-116°C?)
UV Amax (MeOH) (log &) 283 (4.72)
IR (KBr): 3305, 3067, 3002, 2975, 2940, 2894, 2846, 2787, 1974, 1853, 1759, 1629, 1604,
1578, 1499, 1440, 1309, 1251, 1229, 1090, 1043, 940, 821, 769, 720, 697, 640 cm™
clog P: 2.79
'H NMR (400 MHz, CDCl3) data:

8 7.76-7.74 (m, 2H, H-2'), 7.46 (tt, J = 7.3, 1.1 Hz, 1H, H-4"), 7.38 (br. t, J = 7.2 Hz,

2H, H-3"), 6.80 (d, J = 1.3 Hz, 1H, H-2), 6.76 (dd, J = 8.0, 1.4 Hz, 1H, H-6), 6.72 (d, J
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= 7.9 Hz, 1H, H-5), 6.63 (br. s, 1H, NH, D20 exchangeable), 5.90 (s, 2H, OCH-0),
4.48 (d, J = 5.6 Hz, 2H, NHCH_)
13C NMR (50 MHz, CDCls) data:
§ 167.3 (C), 147.9 (C), 146.9 (C), 134.2 (C), 132.0 (C) 131.5 (CH), 128.5 (CH x 2),
126.9 (CH x 2),121.1 (CH), 108.4 (CH), 108.3 (CH), 101.0 (CH), 43.8 (CH>)
ESI-MS: [M + Na]* m/z 278.0, [M + H]* m/z 256.1

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH13NNaOs: 278.0788; found: 278.0792

3.2.1.2. N-(3,4-Methylenedioxy)benzyl-2-chlorobenzamide (3b)

2 Gl T e

#-1t £ % 1(35 pL, 0.281 mmol)¥2 it & 4 2b (43.9 mg, 0.280 mmol) » @& + it %]
% % 0 {81 &4 3b(66.0 mg, 82%) -
White solid; m.p.: 102-103°C
UV Amax (MeOH) (log €) 285 (4.69)
IR (KBr): 3304, 3074, 3002, 2930, 2893, 2778, 1849, 1644, 1592, 1531, 1504, 1443, 1375,
1309, 1255, 1039, 926, 746 cm*
clog P: 2.88
'H NMR (400 MHz, CDCls) data:
67.62(dd,J=7.2,1.8Hz, 1H, H-6"), 7.36 (dd, J = 7.9, 1.5 Hz, 1H, H-3'), 7.32 (td, J =
7.1,1.8 Hz, 1H, H-4"), 7.28 (td, J = 7.1, 1.7 Hz, 1H, H-5), 6.83 (d, J = 1.4 Hz, 1H, H-
2), 6.79 (dd, J = 8.0, 1.4 Hz, 1H, H-6), 6.74 (d, J = 7.8 Hz, 1H, H-5), 6.51 (br. s, 1H,
NH, D.O exchangeable), 5.92 (s, 2H, OCH:0), 4.51 (d, J = 5.6 Hz, 2H, NHCH>)
13C NMR (50 MHz, CDCls) data:

§ 168.3 (C), 147.9 (C), 147.0 (C), 134.8 (C), 131.4 (C) 131.3 (CH), 130.6 (C), 130.2
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(CH), 130.1 (CH), 127.0 (CH), 121.2 (CH), 108.4 (CH), 108.3 (CH), 101.1 (CH.), 44.0
(CH2)
ESI-MS (rel. int. %): [M + 2 + Na] * m/z 314.0 (35), [M + Na] * m/z 312.0 (100)

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH12CINNaO3: 312.0421; found: 312.0398

3.2.1.3. N-(3,4-Methylenedioxy)benzyl-2-iodobenzamide (3c) z

AR LR &

#-iv & % 1 (35 uL, 0.281 mmol)£= i & 3 2¢ (69.0 mg, 0.278 mmol) » i& F it ]

%2 > {81 &% 3c(87.0 mg, 82%)

White solid; m.p.: 141-142°C

UV Amax (MeOH) (log €) 285 (4.70)

IR (KBr): 3253, 3067, 2992, 2899, 2841, 2779, 1969, 1929, 1848, 1637, 1539, 1503, 1443,

1251, 1036, 932, 806, 728 cm™*

clog P: 3.07

IH NMR (400 MHz, CDCls) data:
§7.83(d,J=7.9 Hz, 1H, H-6") 7.39-7.33 (m, 2H, H-3" and H-4"), 7.07 (td, J = 7.5, 2.0
Hz, 1H, H-5') 6.89 (d, J = 1.2 Hz, 1H, H-2), 6.83 (dd, J = 7.9, 1.3 Hz, 1H, H-6) 6.76
(d,J=7.9Hz, 1H, H-5) 5.97 (br. s, 1H, NH, D20 exchangeable), 5.94 (s, 2H, OCH-0),
4.52 (d, J = 5.6 Hz, 2H, NHCH>)

13C NMR (50 MHz, CDCls) data:
§169.1 (C), 147.9 (C), 147.1 (C), 141.9 (C), 139.9 (C) 131.3 (C), 131.2 (CH), 128.23
(CH), 128.16 (CH), 121.5 (CH), 108.7 (CH), 108.3 (CH), 101.1 (CH>), 92.4 (C), 44.0
(CH2)

ESI-MS: [M + Na]* m/z 403.9, [M + H]* m/z 382.0
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HR-ESI-MS: [M + Na]* m/z calcd. For C1sH12INNaO3z: 403.9730; found: 403.9766

3.2.1.4. N-(3,4-Methylenedioxy)benzyl-2-methylbenzamide (3d)

2 Hl g 2 b

#-1t £ % 1(35 pL, 0.281 mmol)¥2 i+ & 4 2d (39.0 mg, 0.286 mmol) » @& + it %]

%k @& 4 3d (91%) -

White solid; m.p.: 114-115°C

UV Amax (MeOH) (log €) 284 (4.73)

IR (KBr): 3281, 3066, 3021, 2921, 2878, 2789, 1964, 1843, 1732, 1627, 1521, 1503, 1487,

1252, 1039, 933, 809, 741 cm*

clog P: 2.95

'H NMR (400 MHz, CDCls) data:
67.31(d,J=7.6 Hz, 1H, H-6"), 7.27 (td, J =7.6, 1.1 Hz, 1H, H-4"), 7.19-7.13 (m, 2H,
H-3'and H-5), 6.81 (d, J = 1.2 Hz, 1H, H-2), 6.77 (dd, J = 8.0, 1.2 Hz, 1H, H-6), 6.74
(d,J=7.9Hz, 1H, H-5), 6.11 (br. s, 1H, NH, D20 exchangeable), 5.92 (s, 2H, OCH-0),
4.47 (d, J = 5.8 Hz, 2H, NHCH>), 2.41 (s, 3H, C2-CHb)

13C NMR (50 MHz, CDCls) data:
§ 169.8 (C), 147.9 (C), 147.0 (C), 136.1 (C x 2), 132.0 (C), 131.0 (CH), 129.9 (CH),
126.6 (CH), 125.7 (CH), 121.1 (CH), 108.35 (CH), 108.30 (CH), 101.0 (CH.), 43.6
(CH>), 19.8 (CHs3)

ESI-MS: [M + Na]* m/z 292.0, [M + H]* m/z 270.1

HR-ESI-MS: [M + Na]* m/z calcd. For C16H1sNNaOs: 292.0944; found: 292.0966

39

doi:10.6342/NTU201800590



3.2.1.5. N-(3,4-Methylenedioxy)benzyl-2,6-difluorobenzamide

(3e)2 ® ik & 4 2 fcdy

#-iv & 1(35puL, 0.281 mmol)# i+ & 3 2e (45.0,0.285 mmol) » ix F it @] & >
i > 191 £ % 3e (68.6 mg, 84%) -
White solid; m.p.: 127-128°C
UV Amax (MeOH) (log €) 286 (4.69)
IR (KBr): 3364, 3073, 3041, 3002, 2972, 2940, 2906, 2790, 1954, 1858, 1652, 1524, 1491,
1459, 1250, 1038, 999, 975, 926, 799, 776, 646 cm™*
clog P: 2.53
IH NMR (400 MHz, CDCls) data:
§7.34 (tt, J = 8.4, 6.4 Hz, 1H, H-4"), 6.92 (t-like, J = 8.2 Hz, 2H, H-3"), 6.84 (d, J = 1.3
Hz, 1H, H-2), 6.79 (dd, J = 7.9, 1.3 Hz, 1H, H-6), 6.75 (d, J = 7.9 Hz, 1H, H-5), 6.19
(br. s, 1H, NH, D20 exchangeable) 5.93 (s, 2H, OCH:0), 4.54 (d, J = 5.7 Hz, 2H,
NHCH>)
13C NMR (50 MHz, CDCls) data:
§ 160.2 (C), 159.9 (dd, Jcr = 250.7, 6.5 Hz, C, C-2"), 147.9 (C), 147.1 (C), 131.7 (t,
Jor = 10.4 Hz, C, C-4), 131.2 (C), 121.1 (CH), 114.1 (t, Jc.r = 20.0 Hz, CH, C-1),
112.0 (dd, Jcr = 22.7, 3.2 Hz, CH, C-3"), 108.3 (CH x 2), 101.1 (CH>), 43.8 (CH>)
ESI-MS: [M + Na]" m/z 314.0, [M + H]" m/z 292.1

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH11F2NNaOs: 314.0599; found: 314.0621

40

doi:10.6342/NTU201800590



3.2.1.6. N-(3,4-Methylenedioxy)benzyl-2-chloro-6-

fluorobenzamide (3f) 2. &% £ % 32 i d;

#-1v &4 1(35 L, 0.281 mmol)gs i+ & 4 2f (48.3 mg, 0.277 mmol) » & + it %
%2 > @1 &4 3 (62.6 mg, 74%) -
White needle crystal; m.p.: 114-115°C
UV Amax (MeOH) (log €) 274 (4.87)
IR (KBr): 3260, 3069, 2911, 1848, 1648, 1544, 1489, 1445, 1254, 1040, 928, 899 cm*
clog P: 2.68
'H NMR (400 MHz, CDCls) data:
§7.25 (td, J = 8.2, 6.0 Hz, 1H, H-4"), 7.16 (br. d, J = 8.0 Hz, 2H, H-3'), 6.99 (td, J =
8.5, 0.9 Hz, 1H, H-5"), 6.82 (d, J = 1.4 Hz, 1H, H-2), 6.77 (dd, J = 7.9, 1.4 Hz, 1H, H-
6), 6.73 (d, J=7.9 Hz, 1H, H-5), 6.21 (br. s, 1H, NH, D-O exchangeable), 5.91 (s, 2H,
OCH;0), 4.51 (d, J = 5.7 Hz, 2H, NHCH>)
13C NMR (50 MHz, CDCls) data:
§162.2 (C), 159.4 (d, Jc.r = 251.5 Hz, C, C-6"), 147.9 (C), 147.0 (C), 132.3 (d, Jcr =
5.6 Hz, C, C-2'), 131.1 (d, Jc.r = 9.4 Hz, CH, C-4'), 131.0 (C), 125.5 (d, Jc.r = 4.0 Hz,
CH, C-3"), 125.1 (d, Jc.r = 21.6 Hz, C, C-1'), 121.2 (CH), 114.4 (d, Jc.r = 22.3 Hz, CH,
C-5'), 108.4 (CH), 108.3 (CH), 101.1 (CHy), 43.8 (CH2)
ESI-MS (rel. int. %): [M + 2 + Na]* m/z 332.0 (35), [M + Na]* m/z 330.0 (100), [M + 2
+ H]* m/z 310.0 (4), [M + H]* m/z 308.1 (10)

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH11CIFNNaOs: 330.0304; found: 330.0319

41

doi:10.6342/NTU201800590



3.2.1.7. N-(3,4-Methylenedioxy)benzyl-2-chloro-6-

methylbenzamide (39)2- & # £ + 32 ficdz (new)

#-1v &4 1(35 pL, 0.281 mmol)£ i+ & # 29 (48.3 mg, 0.283 mmol) » & + it %

%2 > @ &% 39 (73.5mg, 86%)

White solid; m.p.: 134-136°C

UV Amax (MeOH) (log €) 284 (4.74)

IR (KBr): 3247, 3080, 2877, 2777, 1870, 1639, 1488, 1440, 1248, 1041, 944, 868 cm™

clog P: 3.04

'H NMR (400 MHz, CDCls) data:
6 7.17-7.15 (m, 2H, H-3"and H-5"), 7.07-7.05 (m, 1H, H-4"), 6.85 (d, J = 1.6 Hz, 1H,
H-2), 6.80 (dd, J=7.9, 1.6 Hz, 1H, H-6), 6.74 (d, J = 7.9 Hz, 1H, H-5), 5.98 (br. s, 1H,
NH, D20 exchangeable), 5.93 (s, 2H, OCH20), 4.53 (d, J = 5.7 Hz, 2H, NHCH>), 2.32
(s, 3H, Cs-CHg)

13C NMR (50 MHz, CDCls) data:
§ 167.1 (C), 147.9 (C), 147.1 (C), 137.1 (C), 136.3 (C), 131.4 (C), 130.5 (CH), 129.8
(CH), 128.5 (CH), 126.7 (CH), 121.4 (CH), 108.6 (CH), 108.3 (CH), 101.1 (CH>), 43.7
(CHy), 19.3 (CHs3)

ESI-MS (rel. int. %): [M + 2 + Na]™ m/z 328.0 (36), [M + Na]™ m/z 326.0 (100)

HR-ESI-MS: [M + Na]* m/z calcd. For C16H14CINNaO3: 326.0544; found: 326.0578
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3.2.1.8. N-(3,4-Methylenedioxy)benzyl-2,6-dichlorobenzamide

(3h)2 i & 4 12 ficdy

#-1v &4 1(35 puL, 0.281 mmol)¢= i+ & 4 2h (53.6 mg, 0.281 mmol) » & + it %l
%2 > @1 &4 3h (70.8 mg, 78%)
White needle crystal; m.p.: 175-176°C
UV Amax (MeOH) (log €) 284 (4.74)
IR (KBr): 3258, 3072, 2930, 2899, 2871, 1850, 1641, 1549, 1486, 1430, 1248, 1217, 1039,
932, 789, 694 cm™*
clog P: 2.83
IH NMR (400 MHz, CDCls) data:
§7.31-7.29 (m, 2H, H-3'), 7.25-7.21 (m, 1H, H-4"), 6.89 (d, J = 1.3 Hz, 1H, H-2), 6.83
(dd, J = 7.9, 1.3 Hz, 1H, H-6), 6.75 (d, J = 7.9 Hz, 1H, H-5), 5.94 (s, 2H, OCH:0),
5.93 (br. s, 1H, NH, D20 exchangeable), 4.57 (d, J = 5.6 Hz, 2H, NHCH>)
IH NMR (400 MHz, CDs0OD) data:
67.42 (d,J =9.5Hz, 1H, H-3' or H-5'), 7.41 (d, J = 6.4 Hz, 1H, H-3' or H-5"), 7.36 (dd,
J=95,6.2 Hz, 1H, H-4), 6.92 (d, J = 1.6 Hz, 1H, H-2), 6.87 (dd, J = 7.9, 1.6 Hz, 1H,
H-6), 6.76 (d, J = 7.9 Hz, 1H, H-5), 5.92 (s, 2H, OCH20), 4.47 (s, 2H, NHCH>)
13C NMR (100 MHz, CDCls) data:
§ 164.2 (C), 147.9 (C), 147.1 (C), 135.8 (C), 132.3 (C), 131.0 (C), 130.7 (CH), 128.1
(CH x 2),121.4 (CH), 113.8 (C), 108.6 (CH), 108.3 (CH), 101.1 (CH2), 43.9 (CH>)
13C NMR (150 MHz, CD3;0D) data:
§ 167.0 (C), 149.2 (C), 148.4 (C), 137.3 (C), 133.2 (C x 2), 133.1 (C), 132.1 (CH x

2), 129.2 (CH), 122.4 (CH), 109.5 (CH), 109.0 (CH), 102.3 (CH2), 44.2 (CH>)
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ESI-MS (rel. int. %): [M + 4 + Na]™ m/z 349.9 (11), [M + 2 + Na]" m/z 348.0 (68),
[M + Na]* m/z 346.0 (100)

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH1:Cl2NNaOs: 346.0008; found: 346.0024
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3.2.2. Alda analogs-2 (6a—e)2. %l #

- HUF B EFT P Be b))

L -t & 5 4(49.8 mg, 0.300 mmol) & *>+ F BHELP 0 0= & o (2.6 mL) % f2
o 4er = ® A (260 pl) ~ = o 9=(37 ub, 0.265 mmol)¥r i+ & 4 5e (35 uL,
0.264 mmol) » @ (& # i@ 4 » 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC, 70.0 mg, 0.365 mmol)## 1-hydroxybenzotriazole hydrate (HOBT
hydrate, 50.1 mg, 0.372 mmol) > ** § % HH 2 E ™ F & 12 /] pF o 4 > -K(30mL) »
E (B0mL x 3)FE G A L H BRIk AT A P(L0OML)¥IR
i B 4 B%R HEEs kA % (20 mL x 3) ~ A frmi e & 40 kAR (20 ML x 3)% frir @
BWoR(A0OmML x 2)4~ e R ,)é@,};ﬁg I F 9o p iz AMEAFLELT

@ v £ 4 6e (82.5 mg, 96%) -

3.2.2.1. N-2,6-Dichlorobenzyl-(3,4-methylenedioxy)benzamide

(6€) 2 # 724545 (new)

White solid; m.p.: 172-173°C

UV Amax (MeOH) (log €) 293 (4.86), 260 (4.96)

IR (KBr): 3317, 3092, 3068, 3002, 2963, 2913, 2464, 2414,1942, 1870, 1789, 1744, 1635,

1614, 1504, 1437, 1421, 1350, 1250, 1039, 930, 874, 764 cm™

clog P: 4.44

'H NMR (200 MHz, CDCls) data:
§ 7.38-7.14 (m, 5H), 6.78 (d-like, J = 8.7 Hz, 1H, H-5), 6.30 (br. s, 1H, NH, D20
exchangeable), 5.99 (s, 2H, OCH20), 4.91 (d, J = 5.4 Hz, 2H, NHCH>)

IH NMR (400 MHz, CD30OD) data:

67.41(d,J=8.0Hz, 2H, H-3"), 7.37 (dd, J = 8.1, 1.8 Hz, 1H, H-6), 7.31-7.27 (m, 2H,
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H-2 and H-4') [Figure S32: 7.29 (dd, J = 8.6, 7.4 Hz, 1H, H-4"), 7.27 (d, J = 1.8 Hz,
1H, H-2)], 6.84 (d, J = 8.1 Hz, 1H, H-5), 6.00 (s, 2H, OCH-0), 4.81 (s, 2H, NHCH,)
13C NMR (50 MHz, CDCls) data:
§166.3 (C), 150.3 (C), 147.9 (C), 136.2 (C x 2), 133.5 (C), 129.6 (CH) 128.5 (CH x
2), 128.3 (C), 121.6 (CH), 121.6 (CH), 107.9 (CH), 107.7 (CH), 101.6 (CH.), 39.8
(CH)
ESI-MS (rel. int. %): [M + 2 + Na]" m/z 347.8 (71), [M + Na]™ m/z 345.8 (100)

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH11Cl>NNaOs: 346.0008; found: 346.0022

3.2.2.2. N-Benzyl-(3,4-methylenedioxy)benzamide (6a)2. % %

$1 4 TLdclf

#-iv &+ 4 (46.0 mg, 0.277 mmol)£= i+ & % 5a (30 uL, 0.275 mmol) » & F it %
ko @1 &4 6a(67.8 Mg, 97%) 0 &% et T Y S 6at o
White needle crystal; m.p.: 124-125°C
UV hmax (MeOH) (log €) 292 (4.86), 259 (4.98)
IR (KBr): 3335, 3088, 3056, 3035, 2907, 2786, 2606, 1873, 1638, 1616, 1550, 1550, 1482,
1437, 1365, 1309, 1252, 1096, 1038, 933, 728, 653 cm™
clog P: 3.02
IH NMR (200 MHz, CDCls) data:
§ 7.33-7.25 (m, 7H, H-2, H-6, H-2', H-3' and H-4"), 6.77 (d-like, J = 8.7 Hz, 1H, H-5),
6.45 (br. s, 1H, NH, D20 exchangeable), 5.98 (s, 2H, OCH20), 4.57 (d, J = 5.5 Hz, 2H,
NHCH>)
IH NMR (400 MHz, CD30D) data:

87.43(dd, J=8.2,1.8 Hz, 1H, H-6), 7.34-7.20 (m, 6H, H-2, H-2', H-3" and H-4'), 6.87
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(d, J = 8.2 Hz, 1H, H-5), 6.02 (s, 2H, OCH0), 4.53 (s, 2H, NHCH)
13C NMR (50 MHz, CDCls) data:
8 166.6 (C), 150.3 (C), 147.9 (C), 138.2 (C), 128.7 (CH x 2) 128.5 (CH), 127.8 (CH
x 2),127.5 (CH), 121.5 (CH), 107.9 (CH), 107.6 (CH), 101.6 (CH,), 44.1 (CH>)
ESI-MS: [M + Na]* m/z 278.0, [M + H]* m/z 256.0

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH13NNaOs: 278.0788; found: 278.0816

3.2.2.3. N-2-Chlorobenzyl-(3,4-methylenedioxy)benzamide (6b)

2 B

#-1v & % 4 (41.3 mg, 0.249 mmol)£ i+ £ # 5b (30 pL, 0.249 mmol) » & + it %
%% > @ &% 6b(64.2mg, 89%) °
White solid; m.p.: 109-110°C
UV hmax (MeOH) (log €) 293 (4.85), 260 (4.95)
IR (KBr): 3304, 3065, 2895, 2789, 2456, 2364, 1845, 1634, 1617, 1603, 1546, 1458, 1354,
1308, 1259, 1040, 937, 750, 600, 522 cm™*
clog P: 3.73
IH NMR (200 MHz, CDCls) data:
6 7.42-7.15 (m, 6H, H-2, H-6, H-3', H-4', H-5" and H-6"), 6.77 (d, J = 7.9 Hz, 1H, H-
5), 6.65 (br. s, 1H, NH, D20 exchangeable), 5.98 (s, 2H, OCH20), 4.64 (d, J = 5.6 Hz,
2H, NHCH>)
IH NMR (400 MHz, CDs0OD) data:
§7.46 (dd, J = 8.1, 1.8 Hz, 1H, H-6), 7.40-7.35 (m, 2H, H-3'6"), 7.34 (d, J = 1.8 Hz,
1H, H-2), 7.29-7.22 (m, 2H, H-4'5"), 6.89 (d, J = 8.1 Hz, 1H, H-5), 6.03 (s, 2H,

OCH:0), 4.62 (s, 2H, NHCH>)

47

doi:10.6342/NTU201800590



13C NMR (50 MHz, CDCls) data:
§166.7 (C), 150.4 (C), 147.9 (C), 135.5 (C), 133.6 (C), 130.2 (CH) 129.5 (CH), 128.9
(CH), 128.3 (C), 127.1 (CH), 121.6 (CH), 107.9 (CH), 107.6 (CH), 101.7 (CH2), 42.0
(CH)

ESI-MS (rel. int. %): [M + 2 + Na]™ m/z 314.0 (34), [M + Na]™ m/z 312.0 (100)

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH12CINNaO3z: 312.0398; found: 312.0414

3.2.2.4. N-2,6-Difluorobenzyl-(3,4-methylenedioxy)benzamide

(6c)z B & & # 2 dcdi (new)

#-1v &+ 4 (41.7 mg, 0.251 mmol)= i+ & F 5¢ (30 pL, 0.251 mmol) » @& F it %
%2 > @ &% 6¢(61.8 mg, 85%) °
White solid; m.p.: 129-130°C
UV hmax (MeOH) (log €) 292 (4.89), 277 (5.03)
IR (KBr): 3338, 3279, 3075, 2996, 2944, 2910, 2786, 2478, 2416, 1926, 1865, 1761, 1635,
1624, 1603, 1550, 1502, 1457, 1419, 1358, 1260, 1061, 1034, 981, 883, 821, 787, 760,
490 cm*
clog P: 3.30
'H NMR (400 MHz, CDCls) data:
6 7.27-7.20 (m, 3H, H-2, H-6 and H-4), 6.88 (t-like, J = 7.9 Hz, 2H, H-3"), 6.77 (d, J
= 8.0 Hz, 1H, H-5), 6.44 (br. s, 1H, NH, D20 exchangeable), 5.98 (s, 2H, OCH-0),
4.69 (d, J = 5.6 Hz, 2H, NHCH>)
'H NMR (400 MHz, CD30D) data:
6 7.37 (dd, J =8.1, 1.8 Hz, 1H, H-6), 7.32 (tt, J = 8.4, 6.5 Hz, 1H, H-4"), 7.26 (d, J =

1.8 Hz, 1H, H-2), 6.96 (t-like, J = 8.0 Hz, 2H, H-3'), 6.83 (d, J = 8.1 Hz, 1H, H-5), 6.00
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(s, 2H, OCH20), 4.60 (s, 2H, NHCH_)

13C NMR (100 MHz, CDCls) data:
5 166.3 (C), 161.5 (dd, Jor = 247.4, 8.0 Hz, C, C-2), 150.3 (C), 147.9 (C), 1295 (t,
Jor = 10.3 Hz, CH, C-4"), 128.3 (CH), 121.6 (CH), 113.8 (t, Je.r = 19.1 Hz, C, C-1),
111.4 (dd, Jor = 18.8, 6.6 Hz, CH, C-3), 107.9 (CH), 107.7 (CH), 101.6 (CH2), 32.0
(t, Jc.r = 3.7 Hz, NHCH>)

ESI-MS: [M + Na]* m/z 314.0

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH11F2NNaO3: 314.0599; found: 314.0624

3.2.2.5. N-2-Chloro-6-fluorobenzyl-(3,4-

methylenedioxy)benzamide (6d) %l # £ 4~ 52 <5 (new)

#-it & 4 4(39.5 mg, 0.238 mmol)x7 it £ $» 5d (30 pL, 0.233 mmol) » &+ i %]
%2 > @ &% 6d(62.5mg, 84%) °
White needle crystal; m.p.: 149.5-150.5°C
UV hmax (MeOH) (log €) 294 (4.84), 260 (4.93)
IR (KBr): 3296, 3101, 3069, 3013, 2959, 2912, 1935, 1870, 1752, 1637, 1617, 1582, 1541,
1487, 1454, 1366, 1282, 1250, 1169, 1040, 986, 928, 877, 781, 676 cm™
clog P: 3.87
IH NMR (400 MHz, CDCls) data:
§ 7.27-7.17 (m, 4H, H-2, H-6, H-3' and H-4"), 7.03-6.98 (m, 1H, H-5'), 6.77 (d, J = 8.0
Hz, 1H, H-5), 6.47 (br. t, 1H, NH, D.O exchangeable), 5.98 (s, 2H, OCH-0), 4.76 (dd,
J=5.5,1.3Hz, 2H, NHCH>)
IH NMR (400 MHz, CD30D) data:

§7.37 (dd, J = 8.2, 1.8, 1H, H-6), 7.34-7.29 (m, 1H, H-4), 7.27-7.25 (m, 1H, H-3)),
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7.27 (d, J = 1.8 Hz, 1H, H-2), 7.10 (ddd, J = 9.5, 8.1, 1.4 Hz, 1H, H-5"), 6.84 (d, J =
8.2 Hz, 1H, H-5), 6.00 (s, 2H, OCH,0), 4.68 (d, J = 1.4 Hz, 2H, NHCH)

13C NMR (50 MHz, CDCls) data:
§166.3 (C), 161.6 (d, Jor = 244.2 Hz, C, C-6"), 150.3 (C), 147.8 (C), 135.5 (d, Jc.r =
4.7 Hz, C, C-2), 129.7 (d, Jc.r = 9.5 Hz, CH, C-4"), 128.3 (C), 125.4 (d, Jo.r = 4.0 Hz,
CH, C-3), 123.7 (d, Jo.r = 17.4 Hz, C, C-1'), 121.6 (CH), 114.4 (d, Jc-r = 23.1 Hz, CH,
C-5'), 107.9 (CH), 107.6 (CH), 101.6 (CHz), 35.4 (t, Jo-r = 4.1 Hz, NHCH.)

ESI-MS (rel. int. %): [M + 2 + Na]* m/z 331.8 (29), [M + Na]* m/z 329.8 (100)

HR-ESI-MS: [M + Na]* m/z calcd. For C1sH1:CIFNNaOs: 330.0304; found: 330.0319
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3.2.3. Methyl anhydroberberilate (10)z %l #

3.2.3.1. Oxyberberine (8)z % %

3 g H

#- berberine perchlorate ™ (1047.4 mg)r4 @ Fa—7 fk (1 1)z i3 A3 f
2 # #t75 [Amberlite IRA-400 (CI), ion exchange resin (20-50 mesh), # &+ %k 2
NaClag] % 3% 5 berberine chloride (7, 913.5mg)?2 o #-1t & 4= 7 f& 53 20%4 & 1t 49
ki35 (500 mL)® > #2120 °CT £ 5 12 ) p¥ > 2 & (500 mL x 3)3 B~ o ¢ &

LSRR RS A F S 192 [P % 40-63um- B 5 % 0 (1:99 T 10:90)]
HiL T @A 8 (409.1 mg, 47%) -

i & g 8 2 18 dichh

'H NMR (400 MHz, CDCls) data:

§7.29 (d, J = 8.7 Hz, 1H, H-11), 7.25 (d, J = 8.7 Hz, 1H, H-12), 7.18 (s, 1H, H-13),
6.69 (5, 1H, H-1), 6.67 (s, 1H, H-4), 5.98 (s, 2H, OCH,0), 4.26 (t-like, J = 6.1 Hz, 2H,

H-6), 3.98 (s, 3H, OCHs), 3.92 (s, 3H, OCHs), 2.86 (t-like, J = 6.1 Hz, 2H, H-5)
13C NMR (50 MHz, CDCls) data:

§160.1 (C), 151.3 (C), 149.3 (C), 148.4 (C), 147.3 (C), 135.5 (C), 132.2 (C), 130.0 (C),

123.7 (CH), 122.3 (CH), 119.3 (C), 118.8 (CH), 107.9 (CH), 104.6 (CH), 101.4 (CH>),
101.3 (CH), 61.6 (CH3), 56.8 (CHs3), 39.3 (CH2), 28.6 (CH>)
ESI-MS: [M+Na]* m/z 351.9

s

§ KRB HELFHRERE
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3.2.3.2. 13-Acetoxyoxoberberine (9)z. %l %

#-iv & F 8 (476.9 mg, 1.36 mmol);z >+ = & 7 = (100 mL) > 4v » = & A4S
(2359.6 mg, 5.32 mmol)** & * & B 15 ] BF > 4o 24 @ (5mL) & ok & oo 4o xR
(100mL) > 12 = & 7 =(100mL x ) B~ 5 WA & H L FRIESG  ATFEE 1

B 47A [ 40-63um s o fic fa—= & © (1 Q)i A dEis 0 B rre e fiy—s

aﬁ'

FeeEFsIL BNV @AY 9(274.9 mg, 50%) o

L &4 92 iy

'H NMR (400 MHz, CDCls) data:
§7.44 (s, 1H, H-1), 7.32 (d, J = 8.9 Hz, 1H, H-11), 7.20 (d, J = 8.9 Hz, 1H, H-12), 7.18
(s, 1H, H-13), 6.70 (s, 1H, H-4), 5.98 (s, 2H, OCH,0), 5.12 (dt-like, J = 13.0 Hz, 1H,
H-6Bpseudo-eq), 3.97 (s, 3H, OCHs), 3.92 (s, 3H, OCHs), 3.30 (td, J = 12.8, 2.9 Hz, 1H, H-
Bpseudo-ax), 2.88 (td, J = 12.7, 3.8 Hz, 1H, H-5pseudo-ax), 2.78 (dt-like, J = 15.2 Hz, 1H, H-
Spseudo-eq), 2.35 (s, 3H, CH3COy)

13C NMR (50 MHz, CDCls) data:
§169.0 (C), 158.7 (C), 152.2 (C), 149.7 (C), 148.1 (C), 146.6 (C), 132.7 (C), 127.7 (C),
127.6 (C), 126.5 (C), 121.1 (C), 119.4 (C), 118.6 (CH), 116.4 (CH), 108.1 (CH), 107.8
(CH), 101.4 (CH_), 61.6 (CH3), 56.7 (CHs), 40.3 (CH2), 29.4 (CHy), 21.2 (CHs)

ESI-MS: [M+Na]* m/z 432.1
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3.2.3.3. Methyl anhydroberberilate (10)z %l #

#-it & 3 9(92.4mg, 0.226 mmol)iz *+ 7 FE(27mL) » 4c » 25%d F i & -kip i
(10mL)*> 50°CT & fis 15 -] 2 {5+ Rk %5 < 364 2 5% H > 4o~ -k (10mL)
BLE PAOmML x 3B A & HSRRIES > AT S AR [P

40-63pum > o fEC fia—- & ¢t e tx(1:2:2)]@ T 8 A 4 10(69.2mg, 74%) -

it &4 10 2 4 32 dedy

White solid; m.p.: 176-179°C (= ),% i%:186-187°C)

UV Amax (MeOH) (log €) 318 (5.00), 262 (5.22)

IR (KBr): 3414, 3335, 3095, 2938, 2843, 2639, 2609, 2070, 2018, 1908, 1714, 1676, 1596,

1484, 1455, 1389, 1345,1281, 1255, 1161, 1098, 1037, 890, 775 cm™

clog P: 3.72

'H NMR (200 MHz, CDCls) data:
§7.78 (d, J=8.9 Hz, 1H, H-12), 7.35 (s, 1H, H-1), 6.89 (d, J = 8.9 Hz, 1H, H-11), 6.64
(s, 1H, H-4), 5.96 (s, 2H, OCH-0), 4.49-4.12 (m, 2H, H-6), 3.89 (s, 1H, COOCHa),
3.76 (s, 1H, OCHs), 3.75 (s, 1H, OCHg), 3.03-2.97 (m, 2H, H-5)

13C NMR (50 MHz, CDCls) data:
§168.8 (C), 165.6 (C), 163.7 (C), 156.2 (C), 151.9 (C), 147.1 (C), 143.7 (C), 136.9 (C),
136.6 (C), 127.0 (CH), 122.5 (C), 118.7 (C), 110.9 (CH), 108.7 (CH), 106.9 (CH),
101.7 (CH,), 61.0 (CHs), 55.8 (CHs), 52.0 (CHs), 41.7 (CHy), 28.0 (CH>)

ESI-MS: [M + Na]" m/z 435.8, [M + H]" m/z 413.8

HR-ESI-MS: [M + Na]* m/z calcd. For C21H1eNNaOs: 436.1003; found: 436.1018
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33, e RAmEd 4 fF 2 RAEE IR

331 RiZ

P53 AR RAEES § pF 2 (wild-type ALDH2) 11 o fig s £ 0 i AR W 2
§ioF um A4 o s NADH » % ¢ 3k £ 340 nm = ip| & NADH 2 s & @& >
Fhot B MBS RGeS o 4 25°CE PHB.O SR E T o - S EE ehrt 4

A2 a2 F 247 A4 1.0umol ¢ B -

3321  @EAmp

z #g ol v s i % (tris(hydroxymethyl)aminomethane buffer solution, Tris

buffer solution) : P~ 1346.0mg ;3 > 100mL 2 3+ -kfAe ¥ = 111.11mM 2 = #
AF A" gEnr > BisE 2 1.0 MKOHug ~ 1.0 M HCl@g & % pH 8.0 -

o FEEIPMMME I 23z mY Rl vz kA 2 6.25unit/mLe

o RF:B6uLzomat1lomL 2 =T ARAd T g kR kR 5 10mMe

e NAD": 399 mg NAD* 3> 15 mL 2 = 7 Aok vz dmp > LA 5 10
mM -

o % i*49(KCIl)# 3 i ¢ A% (2-mercaptoethanol)iz ;% @ £ B~ 372.8 mg KCI ;3 >+ 10
mL =259 Aol 7 2% fmppel & 500 MM KCl i3 » 251l seike /i
%3 283 UL KCl 3% » pe® + k& 5 500 mM KCI ~ 50 mM 2-mercaptoethanol
2% e

o RIFH& P51 DMSO 3% 0 e & 15 mgimL 2 30 o £ 03 A R
# o # 5 k R 150 pg/mL 2 10% (v/v) DMSO # &3 i o

o itFwitdle it &4 3h3* DMSO > e ¥ = 1.5mg/mL 2 /3% > £ 12 DMSO
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24 g kiR 2 5 kA 30 ug/mL 2. 10% (v/v) DMSO & e 4324 i3 i o
3322 &N

Bt 96 3 pE 3R 42 (96-well microtiter plate) - % % ¢ “,45 SN
Foett > XFF L0 FRESHBEZ ofrdle o F - BRRESET H L
T e R B ¥ Y a‘r% BWa A 230 340nm TR EH T RS HREL A
e r PR ES GES OB R AR TR BARAR TR B AR
s s e MAEES & A 205 8 Alda-l (B ki p e & 2 i &4 3h)
VIS A B R P R L RIEGE S o A 96 FU B PR A it 5] A e

Figure 16 #77% :
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B SR B AT
(1) pFigif @ - NAD"B % ~ & dogrgnihe Bk ~ phipin st 223 2
PRETEE LR
o CNAD AR ~ & M si e fRAR ~ 2 fm P R vz
e 11 2:2:3 2V IR & o

(2) HPBe - Fher 26 22 ) FP

P8 2 1 10 ul 10% DMSO -k i3 i ~ 20 ul % 533 % 2 70 ul fiv i3 %
Bk 10l SR T e grdle 20 ul £ Fipie £ 70 pl pe i
Z6 i 10uL S A el 20l £ WA T0ul 36 iR

[ % %484 1 100 uL ; B % k& : 100 mM Tris (pH 8.0) ~ 100 mM KCI ~
10 mM 2-mercaptoethanol ~2 mM NAD"~2 mM acetaldehyde ~ 1% (v/v) DMSO
15 pg/mL sample ~ 3 ug/mL positive control]

(3) 2963 B PIFEHERE S » T0uL 39 273 7% ~ 70 uL p=i3 %

(4) t 96 T B pEG Y A4~ 10 pl B E s & el el 10% (VIV)
DMSO -k % i%

(5) #-96 T McR RIS & 35CT IR 5 A4 £ 4~ 20 ub £ AR 96
el 2 A kKRR B E 340 nm ~ 35°C T HR ki o

F 30 firl- F o £ 1044 2 BEREET 0 H 0l P2 A H(G

W

LR RE ) E L ERIE - R 6L e R TN
i 5 1 I 5

o F B .2 vk i, Absorbanceg,mpie
LS (%) = | —

PR 2 vk (@, Absorbance gpirol

- 1) X 100%
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Figure S2. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 3a (CDCls, 50 MHz)
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Figure S4. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 3b (CDCls, 50 MHz)
63

d0i:10.6342/NTU201800590



2

4507604 CDC1l3 7.24ppm 400MHz 20170206 fr.

wcl-p.

291G v~
208"

0LE6'G~_
L[2L6'S—

° -
oL ¥
LGYL 99—
§G9L 99— -
[e0)
65189 M
NEEV
LGE8 9 —
1668°9~
71689~ o
o L.
776879 <
- —261°C |
020'T
g
Q,
£160° L — -
£€960°L—
LOLO L~ _
8ELO L— T
. S marn
L0+l — . ) —bies |
- —£68°0 -
7
080T
£ = 6L2°T |
0LZE L— | A
097€° L— | =
6E9€° L — re
80LE L— |
Hﬂ 000°T
L68E"L— ~

5.5

Figure S5. *H NMR spectrum of 3¢ (CDCls, 400 MHz)

\
6.0

6.5

7.0

ppm

4.5

5.0

7.5

8.0

64

d0i:10.6342/NTU201800590



wcl-p. 4507604 CDC13 77.0ppm 200MHz 20170206 fr. 2

& (|7
o)
1 AT
[ o)
Vol N Y Voo | N
| ! !
! I } ‘ |
T T T T T T T
160 140 120 100 80 60 40 pPrm
Figure S6. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 3¢ (CDCls, 50 MHz)
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Figure S8. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bot) of 3d (CDCls, 50 MHz)
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Figure S10. *3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 3e (CDCls, 50 MHz)
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4507608 CDC13 7.24ppm 400MHz 20170301 crystal
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Figure S11. *H NMR spectrum of 3f (CDCls, 400 MHz)
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4507608 CDC13 77.0ppm 200MHz 20170226 crystal
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wcl-p. 4507612 CDC13 77.0ppm 200MHz 20171031
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Figure S14. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 3g (CDCls, 50 MHz)
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4507610 CD30OD_3.30ppm 400MHz 20171025 crystal
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Figure S16. *H NMR spectrum of 3h (CDs0D, 400 MHz)
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wcl-p. 4507610 CDC13 77.0ppm 400MHz 20170304 crystal
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Figure S17. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 3h (CDCls, 100 MHz)
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Figure S19. HSQC spectrum of 3h (CD30D, 600 MHz) (1)
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Figure S20. HSQC spectrum of 3h (CD3s0OD, 600 MHz) (II)
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Figure S21. HMBC spectrum of 3h (CD30D, 600 MHz) (1)
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Figure S22. HMBC spectrum of 3h (CDs0OD, 600 MHz) (II)
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Figure S23. HMBC spectrum of 3h (CDsOD, 600 MHz) (111)
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Figure S25. *H NMR spectrum of 6a (CDsOD, 400 MHz)
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wcl-p. 4507611 CDC13 77.0ppm 200MHz 20170314 fr.2

4
—_—

[ N Voo A/ |
by
i
\ | !
T I *
J L | | | |
léO 1210 léO 1(50 8‘0 6‘0 4‘0 pPrm
Figure S26. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 6a (CDCls, 50 MHz)
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4507613 CD30OD 3.30ppm 400MHz 20171025 fr.2
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Figure S28. *H NMR spectrum of 6b (CDs0D, 400 MHz)
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wcl-p. 4507613 CDC13 77.0ppm 200MHz 20170411 fr.2
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Figure S29. 13C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 6b (CDCls, 50 MHz)
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Figure S30. *H NMR spectrum of 6¢ (CDCls, 400 MHz)
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Figure S31. *H NMR spectrum of 6¢ (CDsOD, 400 MHz)
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Figure S32. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 6¢ (CDCls, 100 MHz)
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Figure S33. *H NMR spectrum of 6d (CDCls, 400 MHz)
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Figure S34. *H NMR spectrum of 6d (CDsOD, 400 MHz)
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Figure S35. 13C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 6d (CDCls, 50 MHz)
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Figure S36. *H NMR spectrum of 6e (CDCls, 400 MHz)
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Figure S37. *H NMR spectrum of 6e (CDzOD, 400 MHz)
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Figure S38. Supporting *H NMR spectrum of 6e (CDsOD, 400 MHz)
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Figure S39. 13C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 6e (CDCls, 50 MHz)
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Figure S40. *H NMR spectrum of 7 (CDCls, 400 MHz)
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Figure S41. *H NMR spectrum of 8 (CDCls, 400 MHz)
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Figure S42. 13C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 8 (CDCls, 50 MHz)
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Figure S43. *H NMR spectrum of 9 (CDCls, 400 MHz)
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Figure S44. 13C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 9 (CDCls, 50 MHz)
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Figure S45. *H NMR spectrum of 10 (CDCls, 200 MHz)
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Figure S46. 3C NMR spectrum (DEPT-90, top; DEPT-135, middle; BBD, bottom) of 10 (CDCls, 50 MHz)
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