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8 o : Aol E Aol Hi HlEdtstolmr - p-7HEe SRS Picter-Spenglerit
shtdony AT B Ao §-712e SehEe A1 any

bz BT Eeao] dashs] ¢y @449 3RtE2 NM Sl
Aot SIHE 19 o2z BAFHCHpN, 249.1392), 3HE 2 (CpyHxnN, 255.1861), sSkt=E
3(C1gHx1N,03 325.1552), Stz 4(CioH1oN,O 279.1497)7 &4 E SIMEE9] Ay} v|wstct 1
At 235 IHE 19 B ((M+H] m/z detected 249.1315), 2 (detected 255.1789), 3 (detected
325.1460) Z12]al 4 (detected 279.1364)2F AL] dx|gteaxn FAFH 3HtEo] 1~49] 28 7HA1 9L
& Elotgltth. AE SHEES I¥ 24w £ coli DHSa & e s FHants AR 24 7
3t Asfarts gl 4 itk

FAo] o f-7]EE, Pictet-Spengler?s, Fwtai}, FBHFHRS, 58S

Abstract : The Pictet—Spengler reactions have widely known for the organic synthesis or biosynthesis
of biologically active compounds, tetrahydro— 8 —carbolines. We have developed the simple and
efficient synthetic method for the synthesis of B —carbolines in water. Their chemical structures were
characterized by nmr and UPLC/MS/QTOF. Calculated masses of compound 1 (Ci7H;7N, 249.1392),
2 (C17H23N2 2551861), 3 (C19H21N203 3251552) and 4 (C19H19N20 2791497) were almost identical
with the detected masses of compound 1 (249.1315), 2 (255.1789), 3 (325.1460) and 4 (279.1364)

TCorresponding author
(E-mail: khjung@ut.ac kr, hyl@ut.ac.kr)

- 676 -



Journal of the Korean Applied Science and Technology

respectively. Those synthesized four compounds showed strong antibiotic activity against the common

E. coll.
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cancer)?} -FHF<f(breast cancer) 52 X @3h=d]
AFEE T PO o]t MRIFIR Y] p-THE
HIdES F5k] faide= "étﬂ@.—o—i a7t

HIZZ(lymphomas), AA|

A7 Tk web 7
A QI H,0& ARG §Hgo] 7itto] =7
Q=T St F8HBo A 9] Pictet—Spengler 11
Ssphse the geld Qo gER Iwo
whgxolt e Zul So| avEth
LewisAto|ut BronstedAt} ZHe ZufjA|AElo] 4=
Lol o] o2 JfdEn Qo) tiEE H]
RAG 240] oo ik o] YRS o
Al Etgem 24o] ohd TAYER H

=]
>
r‘iﬁm{n

B —carbolines, Pictet—Spengler reaction, anti—microbial effect

TFollME AdolA A & &
°] L-(+)-tartaric acid® W ZXA
Z=gMAFo A Pictet—Spenglerit-g-
AAES EWYSE AA /‘}EHE SHASHAT). o] ¥

iﬁ

Jo
N
fo
o
i
S
2>
fo o
S
xS
2
Rl
E
==
fu %
=
E
O

acid& ARESH= 2187 9
Aol frsistAY HE/do
|5k il A=l AAel] Wi

filtratione] 9]¢ oh& Hel3e] HaskA] ot
Aoz Wi At FAHY Zow HQlth
& g Adee] 2= NMR ¥ LC/MS&
BAsigon FFansE E colis HALR
agar diffusion¥-& ARE3Sl] ZARSHTH

ir 2
Jo -
N
%P
:‘?:

n o
2:

2. #4 8

1. X2 H 717]

EEANL-(+)-Tartaric acid), EZEeHHIs}o|=
Z2Z=22to]=(Tryptamine hydrochloride), ¥12&
g|5to]E(benzyl aldehyde), Ato]Z=aA g5t
O] = (cyclohexyl aldehyde), mietH|EAIRIE <
50| = (p~methoxybenzyl aldehyde), A|HZ] &4
SFo] E(syringe aldehyde)x=  A]ZmH/LE=Z|R] A
o]:_O_ ;.cﬂg}oq x%xﬂ gio] /\]._Q_s].Oﬂ\:} NMRQ
BrukerAt?] 500MHz7|7]& A&ttt UPLC/
MS BEde 3745 Q-TOF LC MS/MS A|~H
of 1.7 ym ¥A=E 74 2.1 x 100 mm F7]9]
Cl8 Ze AH8otgem 0.6 mL min '9] §&
2 ESI sourceE ARgsto] Z7gstt.

22 ey A
A= SR 1~42 o]|83te]  Escherichia

colf DH5 a ©| W3t AAE F3staitt. Ad
WS SHHSAMH (agar diffusion method)11.2
2 7t #4FE HFAAA 71 HigA
100uLE Hyujz]e] =3t & I 9o A=
10uLE AAsHATE. HHL2Z(30 &2 370)lA
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48h HiF & ?F & Am F9lo Asied B &
T2 st LBuiA|(Yeast extract 5g/L,
Tryptone 10g/L, NaCl 10g/L)E AH&35Fct.

2.3. Et=E

T AHL-(+)-Tartaric acid, 0.5 eq., 0.5
mmol EgehHlslolERZ2alol= (10 eq.
1.0 mmoD¢}t &rlste]= (1.0 eq., 1.0 mmol)9]
QR W 15ml BEFHA Pt 3F5
& FH A= é@%ﬂ 40 mL7} 2 w7tz
A Fgatdet. FHEE 60T
2 ur=o0]Z] ﬁli}_oﬂ _g_ 73140] A= Uﬂ 7]}.
et Wl Tt QA
ZX% 4 Q= seedE HIMS| St AAE AA
o ofiela ke e Mol F Axsle] 5t
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3.1. B —Carboline compounds 1~42| NMR
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1-Phenyl-2,3,4,9—tetrahydro—1H-pyrido[3,4- 5]
indole, 1

'"H-NMRo||A] indole®] HWeF£o] 470 CH 1
3= 7.59, 7.33, 7.19, 7.12014 yElgtom H
g71¢] 571 CH maE 7.56~7.46 ppmolA 1
Buteh A 57 mAas bz 596,
3.70~3.65, 3.62~3.57, 3.35~3.2694 LtE}GTE.
PC-NMReJAE RE 14709 gamart et
gt ez Q8] FAle n3E ALst
WS BATE 1270, AE gAart 270 SRl
o] X 3gME9] FXE  1-Phenyl-2,3,4,9-
tetrahydro—1/H-pyrido[3,4-hlindole, 122 &<l
3tk 14d%E LC/MSE o83t dEA A
M=  E  I3tEe  olEH  EAH(calc.
Ci7HpN, 249.1392)0] &4%H A=t dA|oh=
ZAiH(detected 249.1315)5 AUt

" /" NH @TFTNH
[Q‘N) H //—\\
H 7 % ocH, { _\
3 H,cOo  OH 4 OMe

Fig. 1. B-Carboline compounds 1~4.
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Fig. 2. NMR spectra of compound 1.
A 'H-NMR, B: "C-NMR.
*NMR solvent: MeOD

8 25% (A#A). 'H-NMR (500 MHz,
MeOD) & (ppm): 7.59 (d, 1H, /=8.0 Hz),
7.56-7.53 (m, 3H), 7.48-7.46 (m, 2H), 7.33
(d, 1H, ~8.0 Hz), 7.19 (¢, 1H, /8.0 Hz),
7.12 (& 1H, /8.0 Hz), 596 (, 1H),
3.70-3.65 (m, 1H), 3.62-3.57 (m, 1H),
3.35-3.26 (m, 1H), 3.22-3.18 (m, 1H).
BC-NMR (100 MHz, MeOD) ¢ (ppm):
137.1, 1353, 130.6, 130.2, 129.3, 129.1,
126.3, 122.4, 119.5, 118.7, 112.1, 108.0, 56.0,
18.6. LCMS IM+H]"m/z  caled. for
C17H17N2249.1392; detected 249.1315.
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1-Cyclohexyl-2,3,4,9—tetrahydro—1H-pyridol[3,
4-plindole, 2

'"H-NMRoJ|A] indoled] ®3Z 47] CH m3x
7.51, 7.40, 7.18, 7.08°14 UEtton 2Ag=2]
1170 o3+ Z¥Z}, 4.65, 3.79~3.74, 3.47~3.42,
3.18~3.11, 3.11~3.07, 2.35~2.29, 1.95, 1.82,
153, 148~138, 1.32~1.20904 vUfghgch
BC-NMROJAE »% 1579 gtanjzrt e
Sed iFde® Qe FAl= wAE AlQsty
ks g@Aart 87, AHE gart 77 ZRlEo
2 3IEY FRE 1-cyclohexyl-2,3,4,9-
tetrahydro—1/-pyrido[3,4-blindole, 202 2}l
=tk 1% LC/MSE ol8s Akas Ayt
oME 2 IFEY ol EAH(caled. for
Ci7HzN, 255.1861)¢] &4H Azt YA oh=
A (detected 255.1789)= Lot

[T (Y T

Fig. 3. NMR spectra of compound 2.
A: 'TH-NMR, B: *C-NMR.
*NMR solvent: MeOD
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8 45% (7). 'H NMR (500 MHz,
MeOD) ¢ (ppm): 7.51 (dd, 1H, / = 8.0 Hz,
J =25 Hz), 740 d, 1H, J = 8.0 Hz), 7.18
(t, 1H, /= 7.0 Hz), 7.08 (td, 1H, J = 7.0
Hz, 0.5 Hz), 465 (d, 1H, /= 4.5 Hz), 3.79-
3.74 (m, 1H), 3.47-3.42 (m, 1H), 3.18-3.11
(m, 1H), 3.11-3.07 (m, 1H), 2.35-2.29 (m,
1H), 1.95 (¢, 2H, /= 10.5 Hz), 1.82 (t, 2H, J
= 16.0 Hz), 1.53 (, 1H, / = 10.0 Hz), 1.48-
1.38 (m, 1H), 1.32-1.20 (m, 2H). BC NMR
(100 MHz, MeOD) & (ppm): 137.3, 130.0,
126.8, 122.5, 119.8, 118.6, 112.3, 107.7, 58.2,
40.8, 30.2, 27.0, 26.7, 26.6, 18.9. LCMS
[M+H]+m/z caled. for Ci7HpN,  255.1861;
detected 255.1789.

2,6-Dimethoxy—4—(2,3,4,9—tetrahydro— 1 FFpyri
dol3,4- blindol-1-yDphenol, 3

'H-NMROJIA indole®] W= 571 CH Tz
L 7.58, 7.34, 7.19, 7.12, 6.74ppmollA Ljebyt
on] AWEe| S WAL 247, 2740 HEA
(-OCHpZHH & 3.84ppmet 6719 A=
CH = =7} 5.86, 3.84, 3.74~3.70, 3.62~3.57,
3.31~3.26, 3.21~3.16ppmof| A e
BC-NMROIFE 2% 16719 gtau=7} vhet
et ddes Qs HAls 4719 w25 Al¢
Skl WeRE ©@ATE 1270, AW @At 47 g
Qlgjo] B gleHEo] FxE 2,6-Dimethoxy—4-
(2,3,4,9-tetrahydro—1H-pyrido[3,4- blindol-1-
yDphenol, 30= =RIErt 145 LC/MSE
ol g4 A AMHE £ 82| o2
T'b_]‘ }%(Calcd. for C19H21N203 3251552)()] %@
o A gx|ots AH(detected 325.1460)F
At

i

e

p-HEd sigEe] g4 @ TEEH S

O N D

W[

Fig. 4. NMR spectra of compound 3.
A: 'TH-NMR, B: "C-NMR.
*NMR solvent: MeOD

8 40% (27). 'H NMR (500 MHz,
MeOD) & (ppm): 7.58 (d, 1H, / = 9.0 Hz),
734 (d, 1H, J = 8.0 Hz), 7.19 , 1H, J =
8.0 Hz), 7.12 (, 1H, / = 8.0 Hz), 6.74 (s,
2H), 5.86 (s, 1H), 3.84 (s, 6H), 3.74-3.70 (m,
1H), 3.62-3.57 (m, 1H), 3.31-3.26 (m, 1H),
3.21-3.16 (m, 1H). C NMR (100 MHz,
MeOD) & (ppm): 163.6, 139.3, 133.1, 129.7,
128.1, 128.0, 1245, 121.5, 120.1, 116.6,
113.3, 109.7, 58.8, 56.8, 42.9, 20.4. LCMS
[M+H]+m/z caled. for CioH1N,O3 325.1552;
detected 325.1460.

1-(4-Methoxyphenyl)-2,3,4,9—tetrahydro— 1 /#
pyrido[3,4~Al-indole, 4

'H-NMROJA indole?] W= 571 CH =
= 7.57, 7.33, 7.19, 7.12, 7.07ppmo|A UEFE
o ZHFS] T n3E Ztz, 1749] HWIEAY]
(-OCHyZHH U2 386ppmet 5719 A=
CH ™= 589, 3.67~3.63, 3.59~3.54,
3.11~3.07, 3.30~3.24ppmof A e
PC-NMRoflAE 2% 157]9] ghamart vet
et dides Qs AX= 2719 o3 s A9
Sk e ©@AE 1270, AWE @At 370 =
d=lol 2 FREY xR 1-4-
methoxyphenyl)-2,3,4,9-tetrahydro—1 H-pyrido[
3,4-blHindole, 422  FAFAt. 14T
LC/MSE ©l&% AFEA AioAr 2 39t
%94 O]%;ﬁ[ %X}%(calcd. for C17H23N2
279.1497)0] ZA" A dAsk= A
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(detected 279.1364)5 Aict.

\

L

uH ‘l H

B
Fig. 5. NMR spectra of compound 4.
A: 'H-NMR, B: BC-NMR.
*NMR solvent: MeOD

48 40% (Z#). 'H NMR (500 MHz,
MeOD) & (ppm): 7.57 (d, 1H, J = 9.0 Hz),
733 (d, 1H, J = 8.0 Hz), 7.19 &, 1H, J =
7.0 Hz), 7.12 , 1H, J = 7.0 Hz), 7.07 (,
2H, / = 9.0 Hz), 5.89 G, 1H), 3.86 (s, 3H),
3.67-3.63 (m, 1H), 3.59-3.54 (m, 1H),
3.11-3.07 (m, 1H), 3.30-3.24 (m, 1H), 3.20-
3.15 (m, 1H). BCNMR (100 MHz, MeOD)
¢ (ppm): 155.9, 137.1, 131.4, 130.3, 122.3,
1202, 119.6, 119.2, 117.8, 1152, 111.1,
107.6, 51.4, 39.8, 18.3. LCMS [M+HIl'm/z
caled. for CioHN,O 279.1497;  detected
279.1364.
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FAH SRIEEL 2% 1A% LC/MS/QTOF
1S AAstct. 1 At 3§
19] o|27 Ex}ZF(cale. Ci7H7N, 249.1392),
6;}% 2—0’] O]%Z—]} —Eﬂ"%*(calcd. for C17H23N2
255.1861), 3F3HE 39 o]2% EAF(calcd. for
CioHiN,O3 325.1552), sleh&E 49] o|2% BExp
%(calcd. fOI‘ C19H19NZO 2791497)-74' 5‘7‘3% §]’
A=E9 A= Husianh S FEE 19
B2 (IM+HI'm/z detected 249.1315), 2
(detected 255.1789), 3 (detected 325.1460) 1
211 4 (detected 279.1364)¢} 7o dx|gte=z
W 44T SREl 149 T2 AT 98
2 sy

AurAQl I -24 HEdl E colPl it
FAe] Wd avte a5 59 ARRlE =A%t
3 ek whebA okt FR0) FAE N
& "ao] HiFEL el 2 Aol 4
3t SRME 1~4= B5% E colf DHSaoll s
ZE% Fas 7 e sk St
U= 1~4 % FZISG agar diffusionHE ©]
gt HIAEA & AeiS Hof 5 A
HEd=ME Y JFeAde Hol F7F At
o] Held &2 AdolA 7idet 2hdet o
A& olgste] tor gt TR JgEE

1 o

2 AL o FRY YA UY HUFE
of b= 1 As) wHE AZH 2 Aslol
.

Fig. 6. Anti—microbial effect of compounds
1~4 in E colf DH5a. A: 3, B: 4,
C: 1, D: 2
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x10 8+ Scan (9.570 min) benz.d
21

1.8 *220.11130
1.6
1.4
1.2

1]
0.84
0.6

0.4+

0.24 206.09025 236.10062 249.13152
158.07929 171.08719 193.09424 L, | | 26411832 281.12097

L e

o

x10 6+ Scan (10.030 min) cyclo.d

1.8
* 226.15465
1.6

1.4+

1 +238.15263 25517892

158.09184 187.08062 212-1‘3774 L 269.15821 287.16872 309.14901

x106 + Scan (7.701 min) syrin.d

1.8 *296.12499
* 325.14598
1.6

1.4
1.2

14
0.8
0.6+

167.06418 282.10342
0.4+

308.11815
0.24

347.12593  369.11685

0 | N 204.07407 236.09957 264.00354

x10 8+ Scan (9.303 min) anis.d
24

1.8+ *250.12510
1.6+
1.4+
1.2+

14 *236.09607
0.8 *279.13635
0.6
0.4

262.11072
0.24

0J 154.05791 17108341 192.07194 218.08544 i ) L 20412233 31112489

Fig. 7. UPLC/MS/QTOF spectra of S —carboline compounds. A: 1, B: 2, C: 3, D: 4.
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