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ABSTRACT

Synthesis and SAR of substituted benzylamine derivatives as

algicides

Kang Seok Park
Advisor : Prof. Hoon Cho, Ph.D.
Department of Energy Convergence

Graduate School of Chosun University

Harmful algal blooms are regarded as a serious water pollution problem worldwide.
These masses of overgrown algae, resulting from water temperature rise due to
eutrophication and global warming, reduce the light permeability of the water and cause
tremendous damage to fisheries such as massive fish kills due to Microcystin toxins
produced by harmful algae along with the decrease in dissolved oxygen caused by oxygen
consumption in the course of bacterial degradation of algal debris.

Our lab has developed a variety of algaecides capable of selective control of harmful
algae causing water pollution. In this study, we have synthesized various benzylamine
derivatives based on previous research and analyzed their structure-activity relationships
(SARs) towards Microcystis sp., a harmful algal species belonging to the freshwater
Cyanobacterial genus. Furthermore, we evaluated the selective algaecidal effect of compound
34 on Microcystis aeruginosa and Selena strum, harmful and non-harmful algal species,
respectively, and verified its high selectivity. In an additional experiment to evaluate Its
algaecidal effect on red-tide species (H. circularisquama, C. marina, and H. akashiwo), no
significant algaecidal effect was observed.

After selecting eight candidate compounds that showed high algaecidal activities against
harmful algae, we measured the chlorophyll content, which is used as a measure of algal
biomass, and performed toxicity testing on zooplankton water fleas (Daphnia magna) and
Zebrafish (Danio rerio).

After a 5-day treatment at 0.5 pM concentration, chlorophyll was reduced by as much as
75% relative to the control group (291.874 mg/mL vs. 1150.506 mg/mL) compounds 20,
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34, and 41. Toxicity testing on Daphnia magna and Danio rerio revealed all compounds to
have ECsy values exceeding 17.11 uM and 45.97 uM, respectively, i.e., 34-fold and 92-fold
their respective treatment concentrations for controlling Microcystis sp., demonstrating low
toxicity.

To gain insight into the mechanism of the substance that showed high algaecidal effect
on Microcystis sp. and Microcystis aeruginosa, we observed the time-series degradation
status of the algal specimens after being treated with compound 34 at 0.5 uM
concentration using S.E.M (Scanning Electron Microscopy) and TEM (Transmission Electron

Microscope)

_\/l_
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I . Introduction

(phytoplankton)2| ZF

& IS0 oiEote 1xH Al &3 (primary product1v1ty)94 Hsts gUstth. Al 2Z0l
et 90l LA Ze=dl, =2 fRAlE82= ol (sea water) M Xicte HEXR(red
tide algae)2t & ==(fresh water)Hl Al Xtet= =X F(Cyanobacteria)s & E Ct.

SHEFIE 26t =& QIFA2Z Al & A2 OZH 2 AIZ2H0l ZelXl $%k
Ct. 2IRE AMHSIE Sol SEES HLW =9 LYE=2 Qo =M=z IFLEF
(nitrogen, phosphorus)Jt DEGHH R SIHAM 2 Y 23} (eutrophication)’ It L LA &
UCH. ILYSEQ Wl RYULCE AR NCSAS Sl 22 MZ B Y S0y
O 245U, 2RIt ABSIHA AAIE AHIEO =X ALIF ZEEIN 210012
HAIZ OIHXIA ZIRUCEH. 02 Qo RIISE HEHEZO0 | %DPOP SN, E&8289 g
ea HE2 QIS AE=80| X7 Hd&EsS SIGHA GtAct. [5][8][13][15]

Toxic CyanoHABs

N, ROS

) Nontoxic
External DOC CyanoHABs? Eukaryotic

Internal DOC ¢ algae

Figure 1. The inflow process of nutrients into water [7]
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A0l 2GR =0, AFZRQI0 | Microcystisfl Al =52 M &= Microcystin2 2 216t
MESEY L 24 A=s40=2 THHDUCH. [14][16]

Microcystin2  Hepatotoxins 2| 77H OOl &0l D2l7E HHEz RAZASTH Ot0le
A AX2 SFO et =S40l Hot=al, XISHA 8i6i& gl TE% JtE S49)
NHI2I1Jt 28 X = Microcystin-LRE Microcystin-RR2| 2 12 BIE =2 =& X010t U
Ct. [3]120]

Toxin LDsy (pg/kg) Reference
Microcystin-LR 50 Krishnamurthy et al., 1986
Microcystin-LA 50 Botes et al., 1982
Microcystin-YR 70 Watananbe et al., 1988
Microcystin-RR 600 Watananbe et al., 1988
Microcystin-AR 250 Namikoshi et al, 1992
Microcystin-LY 90 Stoner et al., 1989
Microcystin-FR 250 Namikoshi et al, 1992

Table 2. Types of Microcystin

MicrocystisHl A &4 & &

= ==}

— —/ o
S8 SSASNN SHSTS Hols Fo HERS Hime 2D WE20 vish 3
2

2 & 2, 2HE Z oA 2+ & A
=4 L 28 2AMO0Z CHASHH BSA0l LIENS 20, 018 2212 Microcystin0 21Xl
LHOIM protein phosphatase 11t 2A2| 26t AMMIZ XHEGHH MLH2l SHEREOIASHDE
SOI6tA &0, 0] SHEHEOIAGIO] W2 Qlolf MEZ2ATY, ME 28, 52 &
330l oLttt St B[O [10][11][18][22]

It &S Microcystis® SSEEZHZ 25t WHO (World Health Organization)= F
&0 M Microcystin-LROI CH&F LDsy (50% lethal dose)j‘Ol 0.04 pgkegl! HARZUNE
EUHZ ot S823F Microcystin-LR &% JI0IS2telE 1 pg/LE StACH. [17]

SR WALHE2 SHMEHCS EME HAEE & Ol RS4H=2E FHIZ2
O 0 2£ 018 CIZtUIAl DX Fets OI&CH 2D 20 22 RHEFRE

_3_
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S8 =20t 0tL|2} chloroformOletes LUASES LM5D|

& HE OFJISHCEH. [24][25][26]
2 A8 MdYE A= SMEHE HXNESIX 210 SH0| £2 JdA4SS Jlgt
CF &t RIIE=S Sl FolEFE dEHCZ HOot=s 2ot DOGHATH. A3+
(@) =

2022 N'-(3,4-dichlorobenzyl)-N’, N’-diethylpropane-1,3-diamineO| Cyanobacteria®l &
5 = otUel Microcystis sp.E R sEUHA =2 4L SE BN, PHEFES
elenastrumOl A = &X S 2O0IX| LULCH

e d8 AROAM  N'-(3,4-dichlorobenzyl)-N°, N’-diethylpropane-1,3-diamineO|
| BHE 20 HE0 02 EUZ Ch2et benzylamine REME
Microcystis sp.0l CHSF SAR (Structure Activity Relationship)S &4 5tULCH. Ol
| =8t &20 UolM= FIIHN2E 2= (Daphnia magna) 2t
|== 8t Zebrafish (Danio rerio)E 0|28 SHEIIE XHIALCT.

BE 72
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gdil 28t stst=Z

min

2 TCI (Tokyo Chemical Industry), Sigma-Aldrich, Junsei,

Alfa aesar, Acros At2l =% 98% O|&t2] A2 AIE0IUCH. 40 AIEE= e

H,0E 0|88t =& LI} silica gelz2 & &
column chromatographyS Ol Z0oH ZE Mot D, TLC (thin layer chromatography)t Z2AHA|
o, UVEEIIE Sl 1X 242 TMGIACH. =451 20X se22 'H NMR
('H nuclear magnetic resonance), 89l 300 MHzOIAl 'HE =&35t0D 'H MNRS 3l&HA
0|52 (6 S2)2 parts per million (ppm, 2 )2 Z HAISHA2M, J-coupling &
=& Hz (hertz) &2 SEGHRULCH.

'H NMR 20HZ2= CDCl; (chloroform-d)2t DMSO (dimethyl sulfoxide)S A3t RACH.

ol

2ol & ZF(Cyanobacteria)E = Microcystis sp. (HYK0906-B3)2t Microcystis aeruginosa
(HYK0906-A2)E AMECIULMH, SPoHEFZ=  Selenastrum  capricornutum  (AG10009,
KCTC H=XAMEH)S AMESIALCH. Fol BXF(red tide algae)ZLE2= AHEZ X FOI
Heterocapsa circularisquama®t &H 23201 Chattonella marina % Heterosigma akashiwo
(KMMCCI1133)E st=old0IMEF2HUHA SS 20t AHE0HRULCEH.

=X 2 (Cyanobacteriaye= pHIt 7~8 AMOIZ2 Z&EE BG-11 medium (unigath Ltd. wade
road, basingstocke, hants RG24 0 PW, UK)= AFZ0I0 Table 5% 22 X&H2Z M X0t

_6_
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O ALZoIA2H, =]t & U = A= 3= T4HGH| foH H CHEH 2 (subculture)
S 1420 138 XHFIACH., =X Y ZAHA2Z ZFI| 12:12 cycle (Light : Dark),
2% 2300~2700 Lux, 2% 20~25C&Z ot ALk

X F(red tide) BHYE CHEStoHE o= 45 pum membrane filter2 O 1}t 0.2

0 =
202 Z2J| (15 min, 1210)2 E2oH0

MNESIALH. & H=+E 0186t SiJl MAHE F2 mediumOA pH 8, == 23T,
ZJ| 12:12 cycle (Light : Dark)2 ZZSt0, shaking incubatorOil Al RPM 45MIN-12

ot D=2 L&t |AI € MKl BHLSHACEH.
=XS% HAIC IS tube= SPLAFSl polystyrene2 2 & cell culture flask 75 cr

@t nalgeneAt2| polycarbonate@ 2 & 500 mL bottle=2 AtESHRULEH.

Incubation condition

light : dark 12h: 12 h
Temperature 23TC+1TC
red tide
pH 8
Medium F/2 without Si
light : dark 12h: 12 h
Temperature 20~25C
Cyanobacteria
pH 7~8
Medium BG-11

Table 4. Incubation condition of harmful algae
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BG-11 (Blue-Green Medium)

Composition Per liter
1 NaNO; 15.0 g/L 100.0 mL
2 K,PO4 2.0 g/0.5L 10.0 mL
3 MgS04-7H,O 3.75 g/0.5L 10.0 mL
4 CaCl,-2H,O 1.80 g/0.5L 10.0 mL
5 Citric acid 0.30 g/0.5L 10.0 mL
6 Ammonium ferric citrate green 0.30 g/0.5L 10.0 mL
7 EDTANa, 0.05 g/0.5L 10.0 mL
8 Na;NO; 1.00 g/0.5L 10.0 mL
Trace metal solution 1.0 mL

H3;BO; 2.86 g/L

MnCl,-4H,0O 1.81 g/L

9 ZnS04-H0 0.22 g/L

Na,MOO,-2H,0 0.39 g/L

CuSO4-5H,0 0.08 g/L

Co(NOs),-6H,O 0.05 g/L

Table 5. Algae Blue-Green medium
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Stock Solution Trace elements

Composition g/L
1 Na, EDTA 416 g
2 FeCl3-6H,0O 315 ¢
3 CuSO4-5H,0 0.01 g
4 ZnS04 TH,0 0.022 g
5 CoCl,-6H,0O 0.01 g
6 MnCl,-4H,O 0.18 g
7 Na;Mo04-2H,0 0.006 g

Composition mg/L
1 Cyanocobalamin (vitamin B12) 0.5 mg
2 Thiamine HCI (vitamin B1) 100 mg
3 Biotin 0.5 mg

Table 6. F/2 Culture media Stock solution

F/2 Medium
Composition Per liter
1 NaNOs3 57 mg
2 NaH,PO4-2H,O 5.65 mg
3 Trace elements stock solution 1.0 mL
4 Vitamin mix stock solution 1.0 mL

Table 7. F/2 Culture medium
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EWHE (Daphnia magna)

2.2.2.

EHAHI2l 1K

, A= 2 0.3 mm~6 mm &

Rl
O
0
Uir

i0J
U

Daphnia

SAlIEe!

OECD (Organization for Economic Cooperation and Development)

=2
=

= M4 medium

HE i

[
=

ot ALCH.

70
Rl
o
il
2

ol
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Stock Solution Combined traced element (1)

Composition Concentration (g/200 mL) m/L
1 H;BOs 11438 g 1 mL
2 MnCl,-4H,0 1.442 ¢ "
3 LiCl 1.224 ¢ "
4 RbCl 0.284 g "
5 SrCly-6H,0O 0.608 g "
6 NaBr 0.064 ¢ "
7 Na:MoO4-2H,0 0252 g "
8 CuCl,-2H,O 0.067 g "
9 ZnCl, 0.052 g "
10 CoCly-6H,0 0.040 g "
11 KI 0.013 g "
12 NaxSeOs 0.00876 g "
13 NH4VO; 0.0023 g "

Fe-DETA solution Concentration (g/L)

14 Na,EDTA-2H,0 25 ¢g 20 mL
I RSOTHO | 0%Se
Stock Solution Vitamin mix (1)

Composition g/L
1 Cyanocobalamine (B12) 075 g
2 Thiamine HCI 001 g
3 Biotin 0.075 g

Table 8. M4 culture medium stock solution
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M4 Medium

Composition Concentration Per liter
(g/200 mL)

1 CaCl,'2H,0O 58.76 g 1.0 mL
2 MgSO,-7H,O 4932 ¢ 0.5 mL
3 KCl1 11.60 g 0.1 mL
4 NaHCO; 12.96 g 1.0 mL
5 Na,Si0s-9H,0 10.00 g 0.2 mL
6 NaNO; 0.548 ¢ 0.1 mL
7 KH,PO, 0.286 g 0.1 mL
8 K,HPO, 0.368 g 0.1 mL
9 Combined traced element (1) - 50 mL
10 Vitamin mix (1) - 0.1 mL

Table 9. M4 culture medium

2.2.3. Zebrafish (Danio rerio)

Zebrafish= FLb 2120t 22 “HFESZ2" 0ICH. 20| 3~4 cm 3&2 el A
s ZU2A00ICH. =82 & 2@ 0|0 HAs2 M5 304E0l XU Jbsotct.
Zebrafishe SHHO| HAR0NA HoIK= O Z2HS0| 22te] REEES L R KA
ot22 0Ol AEUHA AMSOIUCH Zebrafishe| AIE ZHOZE=E =2 26+1TZ RA
AMIIH Aeld ot E Fot)| ol & 23 SO AEA F2UA CHHIIE HEBS
O, Al== 220 1314 F=UACH
3. 24dEII & ANE&H
3.1. Ril=Fs g453
20 et A4XSS 201560 2AH BG-11, 2 medium22 HILE =X(1x10" ~
10x10* cel/mL) 2 X Z(14x10° ~ 16x10* cell/mL)Z 96-well-plate®i 180 uLA Z=oist C}
S SEE25 21,05 02, 0.1 uMO| &I&F HMelotALCtH.

ol HEZE 20| plate®l BHLSHA

_12_

Collection @ chosun

Ct.

=X(20~25C 12L :



12D cycle)2t HZE(23T 12L : 12D cycle)S 22 120 h, & 24 h SO HiZst O3
neubauer hemocytometer (SUPERIOR)2t & At& 0| & (Nikon, ECLI-PSE E100, 0.3 A, 50~60
Hz)2 O|&3t0H M 24 S(algicidal activity)2 =& LY.

Algicidal activity (%) = (HZ== - &A82 / UEZ) x 100

b
Il
fo

33 Bt=

10
I
g
_O'j
2
|
=
_O'j
50
0
=
Uy
]
2
nio
=)
0
=
r‘
o
nio
i
HHHI
_O'j
52
a

£ OECDOI ZAl=l &0 [et EIﬂ%
A

2
S M5 149 0142 SHE A0l M

r&"

|
M4 medium=S AIZ6IYUCH AIEE =H
M= 24 h 0122 Ol JHMIE Al26I3

ANEHEHOZ 1 L volumetric flask0fl 2SS Al&E@E 1 LE &6t =5It 1000
mg/LIt &5 & =, 0|2 5460 AMEEHES ZMotULH. AlEEdHs SSUAM
Z =0t millipore membrane filter (0.45 pum, hydrophilic polypropylene membrane filter) 2
et =, MicrocystisXicl s=2 10BHRH sE5 SItAIA 282 JA:oHALE.

2t A& &Jl(conical tube, 50 mL)0ll AIEE= 40 mLE M2 =, sHES 2 EJ/00
50t 21 &8 AEEHS HlotUbh. 2= AEEI10 ot AEAE =,
24, 48 FAMoiel HE=2 Al

20 A0 SESA L AN 2EHS AAGHAL.
= 2 15 = 0lWol 2B E =2 (antennae) 2
0 SHSE0 ¢ Oﬂl Rot= A2 FOGt/A L, ECso (50% effective concentration,
: 2t 5

20 et SHSE SdSEAE0 e s &0olot

0o
I
0o
=2
0x
il
T g
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3.3. Zebrafish (Danio rerio) SSAE

Zebrafish SHAEN AIBE MEE2= 2522 EHAEEH (1.0 pm)2t MZHHE
(02 um)E SHAIZI & =T 0 A 48 hOlAZ D = ALZSHACH

A J|2t SO AIE@ME WEGHA 2= XA AIE S B (static system)2 & & G
1), Zebrafish? A2|&H HEFZS FHGHI| ol & 25 SO A =F2UHM AISSHA
OO0 OFAH(BRZE) Ol CHEH &2 zlASiot)| <ol A& 24 W& B2 52061 & 5, &
AlZ A AIGIACEH. ZebrafishIt O A0 Sl= XS &olst = AEZ XAMSACH

ANEEHOZ 1 L volumetric flask0fl stet= 0 AEEs 1 LE S&6tH s%It 1000
mg/LIt /&5 & = 0|2 SIAGIH AIE@8HS ZHOIAUAL. ANES2HES SSUHA =

=00 millipore membrane filter (0.45 um, hydrophilic polypropylene membrane filter) 2
Htst =, SHE Ml s&2H s&2 SIHAAH dEsS /é'/\lofoc'fi

2t EHECAE X0 AlEES 3 LS
96 h 0|4 Zebrafish)t S04 Y X
2 A= M &80l 71 Lt OFJt0l 280

ol thet s =elotALt.

A

3.4. Chlorophyll &

220 2R&0 Qs Chlorophyll2 S36H)| fIst Yoz M2l UdES HEILC
GF/C (glass microfiber filter, 47 mm)E RIZHUH E2 S, FHIE Microcystis sp. 10
mLE {8 = OUE GF/CE PTFE (polytetrafluoroethylene) MZE QI OFMD|(tissue
grinden)0l €10 OtAIE:ESF(9:1) SEEY 2 10 mLet 201 Ot2HStCH. Otst A=
£ conical tubelfl 210 LS00 4CTHE I £ 2 ZAHNAN St 2XISHCE.
£ 2422l (eppendorf-5702 R)E 0185l 2022 |4 Zelstlt,
ASHZE st F, 10 mm S &2H SAH LHE 663 nm, 645 nm, 630 nm & 750

OtchH H&HAS OIES6HN Chlorophyll &S Al

=
=
2
.
T
0
i
a
=
2
=R
o
a
z
<
i
I
0
_O'j
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(11.64X, — 2.16X, +0.1X,) X V,

: OD¢s3 — OD7s0

: ODg4s — ODssp

: ODg30 — ODssp

» AS MOl 2F (mL)
(st AlZ2 el 2 (L)

Xi
X
X
Vi
Vi

Chlorophyll (mg/mL) =

Kl
7l

UE
Ki

o

Ok

PN,

HOd AIZ 0l A

PN,

—

[—

st Al

=1

tOd image

S.E.M (Scanning Electron Microscope)
FSONSIEUN

3.5.1.
HXE ZAotE 0

S

jild

Ol HgJl =0l 8Xel &

]
o~

jild

SR H(20%, 40%,

| —

_=
o

Y=
=< —

i ethanolS

0l

o
T

tI1

33
KF
3K
ol
0
o0

IH

60%, 80%, 99%)

H HITACHI-

0l

A& X+ 0| & (HITACHI-

o
T

10

e

8H 2 (pt)

freeze drying@Z 24 h
3.5.2. TEEM (Transmission electron microscope)

E10302 2
s4800)2 2 Dt

=il

Al EE

_I

Kl

ol
il

ISP

FAI A

ol

KJ
0l

R0

10

o JI

Wk

&+ S0I1Z0IC.

ANZ2 dXel e

]
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_15_

Collection @ chosun



dxel HE2 Mg ZES &S5 ME( mm)ot, 2.5% glutaraldehyde (pH 7.4
0.IM sodium cacodylate buffer, 4C)UHlIA 2 h & DHS TS 0IE MHGH| <ol &2
gHoz MHES =, 1% osmium tetroxide (0sOs) LB MUPH 7.4, 0.1 M sodium
cacodylate buffer, 4C)22 1NHGLD 22 Moz HMEs BISEU. HAsE
ethanol(50%)2F & 11=S ethanol (absolute)Sttl E+E XISt propylene oxideZ Xl
8 S0l epon mixture2 IEOHSHCE.

g2@E58 2= 35C, 45C, 60C2 22 H&AS|l 22 ¥, epon block® 2US0]
1 um& cutting2 X &St 1% toluidine blueE SAHSHALCEH.

HME AZTE 2EOHI| o0 diamond knifeE AFESHO! ultra microtome (MT-7000)2

0

reynold® (reynold, 1963)0l 2|8t 0| =& M (uranyl acetate,

=
2
1o
o
i
o 2

| Z(tecnai G2 F30 S-TWIN)2Z JI=& 300 kVololl M
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4. =J|

rd AE

IJQ_

op e

4.1 3182 (1~57)9 &4

Ri O R
R2 H H. _Rs R2 = -Rs
+ | .
R3 Rs3
R4 R4
R4
R R
NaBH, 2 H 5
Ra
R4

Scheme 1. Synthesis of compounds (1~57) ; Ry = Cl, Br, F, OMe, OH, NO, H; R, =

OMe, Cl, NOQ, CH3, H . R3 = OMe, Cl, F, NOQ, CH3, H . R4 = Cl, OMe, H
(1) N'-(2-Chlorobenzyl)-N°, N°-diethylethane-1,2-diamine

Ccl O Cl

M,M-Diethylethylenediamine

H /\/N\/

N
Scdium Berchydride H

Methanol 5 mLOll  2-chlorobenzaldehyde 0.3

g (213 mmo)E =¢ 23
N',N'-diethylethy-lenediamine 0.299 mL (2.13 mmol)2 Z1, &20A 1 h SOt BI2A|
ZACH. O4J10ll sodium borohydride 0.081 g (2.13 mmol)& MAMG| &Itst Ct2 =0F

WEGHACH, 282 MME &= TLC (Thin Layer Chromatography)Z 2 QIGHA 2

S0l O Olg MHLX H2H EA0 = 20 mLE Jtet =

ot = methylene chloride 10 mL
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210 =2
oy O TT

FZ0t1), magnesium sulfate anhydrous& =22 HMAHS G2
4 F N'-(2-chlorobenzyl)-N°, N*-diethylethane-1,2-diamineZ 2! { C}.
Yield : 86%

'H NMR (300 MHz, CDCl) 8 7.25(m, 4H), 5 3.81(s, 2H), 5 2.62(t, J=5.85 and 5.85 2H),

§ 2.51(m, 6H), 8 2.17(m, 1H), & 0.98 (t, /=7.32 Hz, 6H)

(2) N'-(2-Chlorobenzyl)-N°, N°-dimethylethane-1,2-diamine

Ccl O Cl

Izg
Z_
/

M, MN-Dimethylethylenediamine

Sodium Borohydride

Yield : 90%
'H NMR (300 MHz, CDCL) & 7.50(dd J=7.35 Hz, 1H), & 7.42(dd, /=7.32 and 1.47 Hz,
1H), § 7.33(m, 2H), & 3.77(s, 2H), & 2.59(t, J=6.57 2H), & 2.33(t, J=6.24 Hz, 2H), § 2.15

(s, 6H)
(3) N'-(2-Chlorobenzyl)-N’, N’-diethylpropane-1,3-diamine
Cl

Cl O
2 NN

3-(Diethylamino)propylamine

Sedium Borchydride

Yield : 90%
'H NMR (300 MHz, CDCL) & 7.39(m, 2H), & 7.26(m, 2H), & 3.87(s, 2H), & 2.67(t, J=

6.93 Hz, 2H), & 2.54(p, J=7.32 Hz, 6H)
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(4) N'-(2-Chlorobenzyl)-N’, N’-dimethylpropane-1,3-diamine

Cl O Cl
3-(Dimethylamino)-1-propylamine /\/\ s
H

Sedium Borchydride

Ir=
—=Z

Yield : 89%
'H NMR (300 MHz, CDCL) & 7.45(m, 2H), & 7.31(m, 2H), & 3.96(s, 2H), & 2.75(t, J=
8.79 Hz, 2H), & 2.37(t, J=6.96 Hz, 6H), 5 1.77(m, 2H)

(5) N°.N’-Diethyl-N'-(2-methoxybenzyl)ethane-1,2-diamine

o~ o o~

pd

N,N-Diethylethylenediamine

N

H

Sodium Borchydride

Ir=z

Yield : 90%

'"H NMR (300 MHz, CDCly) § 7.26(m, 2H), § 6.92(m, 2H), & 3.82(s, 3H), & 3.79(s, 2H),
§ 2.65(t, J=5.85 Hz, 2H), & 2.57(t, J=5.49 Hz, 2H), § 2.53(q, J=7.32 Hz, 4H), & 2.08(s,
1H), § 1.00(t, /=6.96 Hz, 6H)

(6) N'-(2-Methoxybenzyl)-N’, N’-dimethylethane-1,2-diamine

o~ o o~

—

H N,N-Dimethylethylenediamine N /\/ N ~
H

Sodium Borohydride

Yield : 88%
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'H NMR (300 MHz, CDCly) & 7.26(m, 2H), & 6.92(m, 2H), & 3.82(s, 3H), & 3.79(s, 2H),
§ 2.68(t, J=6.21 Hz, 2H), & 2.43(t, /=6.21 Hz, 2H), & 2.17(s, 6H), 5 2.04(s, 1H)

(7) N’ N’-Diethyl-N'-(2-methoxybenzyl)propane-1,3-diamine

o~ o o~

H N,N*Diethylf1,3fdiaminopi<3la?ne N/\/\N/\

Sodium Borohydride H K

Yield : 87%

'"H NMR (300 MHz, CDCl5) § 7.20(m, 2H), § 6.85(m, 2H), & 3.75(s, 3H), & 3.71(s, 2H),
§ 2.57(t, J=6.93 Hz, 2H), 8 2.47(m, 6H), & 1.93(s, 1H), & 1.64(q, J=7.32 Hz, 2H), 5 0.95
(t, J=7.32 Hz, 6H)

(8) N'-(2-Methoxybenzyl)-N’, N’-dimethylpropane-1,3-diamine

o~ o o~

H 3-(Dimethylamino)-1-propylamine

Ir=z

Sodium Borohydride

Yield : 89%

'"H NMR (300 MHz, CDCly) § 7.29(m, 2H), § 6.94(m, 2H), & 3.84(s, 3H), & 3.79(s, 2H),
§ 2.66(t, J=6.96 Hz, 2H), § 2.34(t, J=6.96 Hz, 2H), § 2.22(s, 6H), & 1.73(q, J/=7.32 Hz
2H)
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(9) N',N'-Diethyl-N’~(2-nitrobenzyl)propane-1,3-diamine

NO, O NO,

H N,N-Diethyl-1,3-diaminopropane N
H

/\/\N/\

Sodium Borohydride

Yield : 94.7%

'"H NMR (300 MHz, CDCL;) § 7.96(d, J=8.04 Hz, 1H), & 7.67(m, 2H), & 7.43(m, 1H), &
4.02(s, 2H), § 2.67(t, J=6.6 Hz, 2H), & 2.55(m, 6H), & 1.92(s, 1H), & 1.70(q, J=6.93 Hz,
2H), § 1.01(t, /=6.96 Hz, 6H)

(10) N'-(2-Bromobenzyl)-N’, N’-diethylpropane-1,3-diamine

Br O Br

H N,N-Diethyl-1,3-diaminopropane

N
H

Sodium Borohydride

Yield : 90.1%

'H NMR (300 MHz, CDCLy) § 7.22(dd, J=1.08 and 1.11 Hz, 1H), § 7.40(dd, J=1.83 and
1.47 Hz, 1H), & 7.30(m, 1H), & 7.14(td, /=1.83 and 1.8 and 1.83 Hz, 1H), 5 3.85(s, 2H),
§ 2.67(t, J=6.57 Hz, 2H), & 2.54(q, J=7.32 Hz, 6H), & 1.80(s, 1H), 8 1.72(q, J=6.93 Hz,
2H), § 1.02(q, /=6.96 Hz, 6H)

(11) N',N'-Diethyl-N’-(2-fluorobenzyl)propane-1,3-diamine

F 0 F
N,N-Diethyl-1,3-diaminopropane N/\/\N/\
H

Sodium Borohydride
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Yield : 91%

'H NMR (300 MHz, CDCLy) 8 7.35(m, J=5.85 Hz, 1H), & 7.24(m, 1H), § 7.12(m, 2H), &
3.83(s, 2H), § 2.67(t, J=6.96 Hz, 2H), & 2.53(q, J=7.35 Hz, 6H), 8 1.71(q, J=6.96 Hz,
2H), § 1.02(t, J=6.57 Hz, 1H), & 1.72(q, J=6.93 Hz, 2H), & 1.02(q, J=7.32 Hz, 6H)

(12) 2-[(3-Diethylaminopropylamino)methyl]phenol

OH O OH

H N,N-Diethyl-1,3-diaminopropane

/\/\N/\

Sodium Borohydride

Yield : 88.3%

'"H NMR (300 MHz, CDCL) & 7.16(t, J=6.96 Hz, 1H), & 7.24(d, J=7.32 Hz, 1H), § 6.82
(m, 2H), § 3.95(s, 2H), & 2.72(t, J=6.21 Hz, 2H), & 2.52(q, J=7.32 Hz, 6H), § 1.71(q,
J=6.96 Hz, 2H), & 1.02(t, J=7.32 Hz, 6H)

(13) N',N'-Diethyl-N’-(4-nitrobenzyl)propane-1,3-diamine
@]

H N,N- Dlethyl 1,3-diaminopropane N
Sodlum Borohydride
O,N

Yield : 87.5%

'H NMR (300 MHz, CDCLy) & 8.17(m, 2H), & 7.49(d, J=8.79 Hz, 2H), & 3.87(s, 2H), &
2.67(t, J=6.93 Hz, 2H), & 2.52(m, 6H), & 1.86(s, 1H), & 1.70(q, J=6.96 Hz, 2H), & 1.01(,
J=6.96 Hz, 6H)
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(14) N'-(3-Chlorobenzyl)-N°, N*-diethylethane-1,2-diamine

0 -
Cl @)\ H N,N—Diethylethylenediamir\_e_ CI \©/\ N /\/ N \/
Sodium Borohydride H

Yield : 93.2%
'H NMR (300 MHz, CDCly) § 7.26(m, 4H), § 3.71(s, 2H), & 2.58(t, J=5.49 Hz, 2H), &
2.49(m, 6H), 5 1.81(s, 1H), 5 0.96(t, /=6.96 Hz, 6H)

(15) N'-(3-Chlorobenzyl)-N°, N°-dimethylethane-1,2-diamine

O |
. e Cl N
Cl H N,N-Dlmethylethylenedlan‘wie H /\/ ™~

Sodium Borohydride

Yield : 89.5%
'H NMR (300 MHz, CDCl;) & 7.31(m, 4H), & 3.70(s, 2H), & 2.61(t, J=5.85 Hz, 2H), &
2.36(t, J=5.85 Hz, 2H), & 2.12(s, 6H), 6 1.77(s, 1H)
(16) N'-(3,4-Dichlorobenzyl)-N’, N’-dimethylpropane-1,3-diamine
O

Cl H N,N-Diethyl-1,3-diaminopropane Cl N /\/\ N /\
Sodium Borohydride H

Yield : 89.9%
'H NMR (300 MHz, CDCl;) § 7.26(m, 4H), & 3.69(s, 2H), & 2.60(t, J=6.96 Hz, 2H), &
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2.36(m, 6H), 6 1.72(s, 1H), & 1.65(q, J=6.96 Hz, 2H), & 0.97(t, J/=6.96 Hz, 6H)
(17) N'-(3-Chlorobenzyl)-N’, N’-dimethylpropane-1,3-diamine

O

C| /\/\
CI H 3-(Dimethylamino)-1-propylamine N N -
H |

—

Sodium Borohydride

Yield : 90.7%
'H NMR (300 MHz, CDCly) § 7.15(m, 4H), § 3.69(s, 2H), & 2.61(t, J=6.96 Hz, 2H), &
2.27(t, J=6.96 Hz, 2H), & 2.15(s, 6H), & 1.63(q, J=7.35 Hz, 2H), 5 1.58(s, 1H)

(18) N'-(4-Chlorobenzyl)-N°, N*-diethylethane-1,2-diamine
@

H N,N-Diethylethylenediamine N /\/ N \/
Sodium Borohydride H
Cl Cl

Yield : 87%
'H NMR (300 MHz, CDCl;) § 7.19(m, 4H), § 3.69(s, 2H), & 2.60(t, J=6.96 Hz, 2H), &
2.72(t, J=6.96 Hz, 6H), & 2.15(s, 6H), & 1.65(quin, J=6.93 Hz, 2H), & 1.50(s, 1H)

(19) N'-(4-Chlorobenzyl)-N°, N°-dimethylethane-1,2-diamine

O

N
H N,N-Dimethylethylenediamine N /\/ ~
- H

Sodium Borohydride

Cl Cl
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Yield : 82.8%
'H NMR (300 MHz, CDCl;) § 7.28(m, 4H), 5 3.82(s, 2H), & 2.67(t, J=5.49 Hz, 2H), &
2.42(t, J=6.21 Hz, 2H), & 2.18(s, 6H), & 1.96(s, 1H)

(20) N'-(4-Chlorobenzyl)-N’, N’-diethyl-propane-1,3-diamine

@)

H N,N—Diethyl—],S—diaminopﬁiane N /\/\ N /\
Sodium Borohydride H
Cl
Yield : 89%

'H NMR (300 MHz, CDClL;) & 7.29(m, 4H), & 3.74(s, 2H), & 2.66(t, J=6.96 Hz, 2H), &
2.53(quin, J=6.96 Hz, 6H), 6 1.70(quin, J=6.93 Hz, 2H), & 1.02(t, /=7.32 Hz, 6H)

Cl

(21) N'-(4-Chlorobenzyl)-N’, N’-dimethylpropane-1,3-diamine

O

H 3-(Dimethylamino)-1-propylamine

AN N -~
Sodium Borohydride |

Cl Cl

Yield : 30.5%
'H NMR (300 MHz, CDCL) § 7.26(m, 4H), & 3.74(s, 2H), & 2.66(t, J=6.96 Hz, 2H), &
2.32(t, J=7.32 Hz, 2H), & 2.21(s, 6H), & 1.71(quin, J=6.96 Hz, 2H)
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(22) N'-(3-Chloro-4-methylbenzyl)-N°, N°-diethylethane-1,2-diamine

O
Cl Cl

H N,N-Diethylethylenediamine N T N ~
Sodium Borohydride H
HaC HaC

Yield : 86%

'H NMR (300 MHz, CDCly) & 7.26(m, 1H), & 7.12(d, J=7.71 Hz, 1H), § 7.06(dd, J=1.44
and 1.47 Hz, 1H), § 3.69(s, 2H), & 2.62(m, 2H), & 2.52(m, 6H), & 2.32(s, 6H), & 1.90(s,
1H), § 0.97(t, /=6.93 Hz, 6H)

(23) N'-(3-Chloro-4-methylbenzyl)-N°, N°-dimethylethane-1,2-diamine

O |
Cl Cl /\/N\

H N,N-Dimethylethylenediamine N
-~ H

Sodium Borohydride

H5;C H3C
Yield : 89.1%
'H NMR (300 MHz, CDCL) & 7.26(d, J=8.04 Hz, 1H), & 7.12(d, J=7.71 Hz, 1H), & 7.06
(d, J=7.68 Hz, 1H), & 3.69(s, 2H), & 2.62(t, J=5.85 Hz, 2H), & 2.52(t, /=6.21 Hz, 2H), &
2.29(s, 3H), 8 2.14(s, 6H), 3 1.79(s, 1H)

(24) N'-(3-Chloro-4-methylbenzyl)-N’, N’-diethylpropane-1,3-diamine

O
Cl H N,NfDiethyH,}diaminop:o_pane Cl N /\/\ N /\
Sodium Borohydride H
H,C H;C
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Yield : 73.3%

'"H NMR (300 MHz, CDCls) § 7.26(d, J=6.96 Hz, 1H), § 7.13(d, J/=7.71 Hz, 1H), § 7.06
(d, J=8.07 Hz, 1H), § 3.67(s, 2H), & 2.61(t, J=6.57 Hz, 2H), & 2.50(quin, J=7.32 Hz, GH),
§ 2.30(s, 3H), 8 1.70(s, 1H), & 1.66(quin, J=6.96 Hz, 2H), & 0.99(t, J=7.32 Hz, 6H)

(25) N'-(3-Chloro-4-methylbenzyl)-N’, N’-dimethylpropane-1,3-diamine

O
Cl -
CI H 3—(Dimethylamino)—1—prop:/limine N /\/\ N
Sodium Borohydride H |
HsC H3C

Yield : 69.8%

'H NMR (300 MHz, CDCl) & 7.26(s, 1H), & 7.13(d, J=7.71 Hz, 1H), & 7.06(d, J=7.68
Hz, 1H), & 3.68(s, 2H), & 2.2(t, J/=6.96 Hz, 2H), & 2.30(t, J/=8.79 Hz, 5H), & 2.17(s, 6H),
6 1.67(quin, J=7.32 Hz, 2H)

(26) (3-Chloro-4-methylbenzyl)cyclohexylamine

O [ ]
Cl
H Cl

Cyclohexylamine

Ir=z

Sodium Borohydride

H3C CHj

Yield : 73.3%

'H NMR (300 MHz, CDCls) & 7.31(sd, J=1.47 Hz, 1H), & 7.17(d, J=7.68 Hz, 1H), &
7.11(dd, J=1.47 and 1.47 Hz, 1H), & 3.75(s, 2H), & 2.49(m, 1H), § 2.34(s, 3H), 5 1.91(d,
J=11.73 Hz, 2H), & 1.75(m, 2H), § 1.63(m, 1H), 5 1.32(m, 6H)
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(27) N'-(3-Chloro-4-methoxybenzyl)-N°, N°-diethylethane-1,2-diamine

@]
Cl H NN-Diethylethylenediamine Cl N AN N ~"
Sadium Borahydride U\ H
~o ~o

Yield : 72%

'H NMR (300 MHz, CDCls) & 7.71(sd, J=1.83 Hz, 1H), § 7.55(dd, J=1.83 and 2.19 Hz,
1H), & 7.24(d, J=8.43 Hz, 1H), & 4.24(s, 3H), & 4.08(s, 1H), 5 3.00(t, J/=5.49 Hz, 2H), &
2.93(m, 6H), & 2.21(s, 1H), & 1.39(t, J/=6.96 Hz, 6H)

(28) N'-(3-Chloro-4-methoxybenzyl)-N°, N°-dimethylethane-1,2-diamine
O |
Cl N
CI H N,N-Dimethylethylenediamine N /\/ ~
- H

Sodium Borohydride

Yield : 87.4%
'H NMR (300 MHz, CDCl;) & 7.27(sd, J=1.83 Hz, 1H), 8 7.55(d, J=8.43 Hz, 1H), & 6.80
(d, J/=8.43 Hz, 1H), ¢ 5.21(sd, J=1.47 Hz, 1H), & 3.79(s, 3H), & 3.63(s, 2H), & 2.59(t,
J=5.85 Hz, 6H), 6 2.35(t, /=5.85 Hz, 2H), & 2.11(s, 6H), & 1.80(s, 1H)
(29) N'-(3-Chloro-4-methoxybenzyl)-N’, N’-diethylpropane-1,3-diamine

O

Cl Cl AN
H N,N-Diethyl-1,3-diaminopropane H N /\
~ Sodium Borohydride ~
o] O

Yield : 84.5%
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'H NMR (300 MHz, CDCL) & 7.29(sd, J=2.19 Hz, 1H), & 7.13(dd, J=2.19 and 2.19 Hz,
1H), 5 6.83(d, J=8.07 Hz, 1H), & 3.85(s, 3H), & 3.64(s, 2H), & 2.60(t, J=6.93 Hz, 2H), 3
2.49(q, J=6.96 Hz, 6H), 8 1.65(quin, J=6.96 Hz, 2H), § 1.01(t, J=9.54 Hz, 6H)

(30) N'-(3-Chloro-4-methoxybenzyl)-N°, N°-dimethylpropane-1,3-diamine
0]

Cl Cl P P
H 3-(Dimethylamino)-1-propylamine H
~ Sodium Borohydride ~
@] O

Yield : 88.6%
'H NMR (300 MHz, CDCly) & 7.27(sd, J=2.19 Hz, 1H), § 7.10(dd, J=2.22 and 1.83 Hz,
1H), & 6.80(d, J=8.43 Hz, 1H),  3.83(s, 3H), & 3.62(s, 2H), & 2.59(t, J=6.96 Hz, 2H), &
2.26(t, J=7.35 Hz, 2H), & 2.26(t, J=7.35 Hz, 2H), & 2.14(s, 6H), & 1.64(quin, J=6.96 Hz,
2H), & 1.48(s, 1H)

—Z

(31) (3-Chloro-4-methoxybenzyl)cyclohexylamine

i g
Cl
H Cyclohexylamine o Cl j@/\H
\O Sodium Borohydride \O

Yield : 62.24%
'H NMR (300 MHz, CDCly) & 7.33(sd, J=2.22 Hz, 1H), & 7.17(d, J=8.43 Hz, 1H), &
6.87(d, J=8.4 Hz, 1H), 5 3.87(s, 3H), & 3.71(s, 2H), & 2.47(m, 1H), 5 1.90(m, 2H), 5 1.74
(m, 2H), & 1.69(m, 1H), 5 1.22(m, 6H)

_29_

Collection @ chosun



(32) N'-(3-Chloro-4-fluorobenzyl)-N°, N°-diethylethane-1,2-diamine

O

CI H N,NfDiethylethylenediamir:i Cl /\/ N \/

Sodium Borohydride H

Yield : 76.7%

'"H NMR (300 MHz, CDCLy) & 7.36(dd, J=2.19 and 1.83 Hz, 1H), § 7.17(m, 1H), 8 7.06
(t, J=8.79 Hz, 1H), § 3.71(s, 2H), & 2.60(m, 2H), & 2.50(m, 6H), 8 1.91(s, 1H), & 0.99(t,
J=7.32 Hz, 6H)

(33) N'-(3-Chloro-4-fluorobenzyl)-N°, N°-dimethylethane-1,2-diamine
0]

Cl N,N-Dimethylethylenediamine Cl N
H — ﬁNN ~
Sodium Borohydride H
F F

Yield : 48.7%

'"H NMR (300 MHz, CDCls) & 7.36(dd, J=2.19 and 2.19 Hz, 1H), & 7.17(m, 1H), § 7.05(t,
J=8.79 Hz, 1H), § 3.70(s, 2H), & 2.63(t, J=5.85 Hz, 2H), § 2.39(t, /=621 Hz, 2H), &
2.16(s, 6H), 5 1.85(s, 1H)

(34) N'-(3-Chloro-4-fluorobenzyl)-N’, N’-diethylpropane-1,3-diamine

0]
CI N,N-Diethyl-1,3-diaminopropane Cl N/\/\N/\
H Sodium Borohydride H
F F

Yield : 91.2%
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'H NMR (300 MHz, CDCl5) & 7.33(dd, J=1.83 and 2.19 Hz, 1H), § 7.14(m, 1H), & 7.03
(t, J=8.79 Hz, 1H), § 3.66(s, 2H), & 2.60(t, J=6.6 Hz, 2H), & 2.48(m, 6H), & 1.64(quin,
J=6.6 Hz, 2H), & 0.99(t, J=7.32 Hz, 6H)

(35) N'-(3-Chloro-4-fluorobenzyl)-N’, N’-dimethylpropane-1,3-diamine

0]
CI H 3-(Dimethylamino)-1-propylamine C I N /\/\ N /
Sodium Borohydride H |
F F

Yield : 94.1%

'"H NMR (300 MHz, CDCL) & 7.33(dd, J=2.19 and 2.22 Hz, 1H), & 7.15(m, 1H), & 7.04(t,
J=8.79 Hz, 1H), & 3.68(s, 2H), & 2.62(t, J=6.93 Hz, 2H), § 2.29(t, J=6.96 Hz, 2H), & 2.16
(s, 6H), & 1.66(quin, /=6.96 Hz, 6H), & 1.53(s, 1H)

(36) (3-Chloro-4-fluorobenzyl)cyclohexylamine

O
CI Cyclohexylamine Cl
H Sodium Borohydride D/\
F F

Yield : 80.4%

'"H NMR (300 MHz, CDCL) & 7.39(dd, J=2.19 and 1.83Hz, 1H), § 7.20(m, 1H), & 7.09 (t,
J=8.79 Hz, 1H), & 3.75(s, 2H), & 2.48(m, 1H), § 1.91(d, J=11.7 Hz, 2H), & 1.75(m, 2H), &
1.63(m, 1H), § 1.32(m, 6H)

Ir=
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(37) N'-(4-Chloro-3-nitrobenzyl)-N°, N*-diethylethane-1,2-diamine

O (
02N H N,N—Diethylethylenediamiri OzND/\ N /\/ N \/
Sodium Borohydride H
Cl Cl
Yield : 90.2%

'H NMR (300 MHz, CDCl5) & 7.82(sd, J=1.83 Hz, 1H), & 7.47(m, 2H), 8 3.79(s, 1H), &
2.60(m, 2H), § 2.52(m, 6H), & 1.96(s, 1H), & 0.97(t, J=3.66 Hz, 6H)

(38) N'-(4-Chloro-3-nitrobenzyl)-N°, N°-dimethylethane-1,2-diamine
Q |
02N H N,N-Dimethylethylenediamine 02N N /\/ N ~
Sodium Berohydride H
Cl Cl

Yield : 90.5%
'H NMR (300 MHz, CDCL) & 7.84(sd, J=1.44 Hz, 1H), § 7.49(m, 2H), & 3.81(s, 2H), 5
2.64(t, J=5.49 Hz, 2H), & 2.40(t, J=6.24 Hz, 2H), 5 2.17(s, 6H), 5 1.92(s, 1H)

(39) N'-(4-Chloro-3-nitrobenzyl)-N’, N-diethylpropane-1,3-diamine
O

O5N
02N H N,N-Diethyl-1,3-diaminopropane 2 D/\ E /\/\ N /\
Sodium Borohydride K
Cl Cl

Yield : 89.1%
'H NMR (300 MHz, CDCL) & 7.85(s, 1H), & 7.50(m, 2H), & 3.81(s, 2H), & 2.63(m, 2H),
§ 2.52(m, 6H), 5 1.85(s, 1H), & 1.69(quin, J=6.96 Hz, 2H), § 1.00(t, /=7.35 Hz, 6H)
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(40) N'-(4-Chloro-3-nitrobenzyl)-N’, N’-dimethylpropane-1,3-diamine
0]
OyN -
02N H 3-(Dimethylamino)-1-propylamine 2 N /\/\
. — H
Sodium Borohydride
Cl Cl

Yield : 88.6%
'H NMR (300 MHz, CDCL) & 7.83(s, 1H), & 7.48(m, 2H), & 3.80(s, 2H), & 2.64(t, J=6.96
Hz, 2H), & 2.33(t, /=6.21 Hz, 2H), & 2.17(s, 6H), 8 1.68(quin, J=6.6 Hz, 2H)

—Z

(41) N'-(3,4-Dimethylbenzyl)-N°, N°-diethylethane-1,2-diamine
O
H-C N,N-Diethylethylenediamine HaC
3 H - T
Sodium Borohydride H
HsC H3C

Yield : 70.5%
'H NMR (300 MHz, CDCls) & 7.10(q, /=8.07 Hz, 3H), & 3.74(s, 2H), & 2.70(t, J=5.85 Hz,
2H), & 2.58(m, 6H), § 2.25(d, /=3.66 Hz, 6H), 5 1.87(s, 1H), § 1.02 (t, J=6.96 Hz, GH)

=z

~

(42) N'-(3,4-Dimethylbenzyl)-N°, N°-dimethylethane-1,2-diamine
Q |
H3C H N,N-Dimethylethylenediamine H3C N P N ~
Sodium Borohydride U\H
HsC H5C

Yield : 78.5%
'H NMR (300 MHz, CDCL) & 7.10(q, J=10.26 Hz, 3H), & 3.73(s, 2H), & 2.70(t, J=5.85

_33_

Collection @ chosun



Hz, 2H), 6 2.44(t, /=5.85 Hz, 2H), § 2.25(d, J=3.69 Hz, 6H), & 2.19(s, 6H)
(43) N'-(3,4-Dimethylbenzyl)-N’, N’-diethylpropane-1,3-diamine
O

HSC T N,N—Diethy|—1,3—diaminopicis_ane H3C N /\/\N T
Sodium Borohydride H I\
HsC HaC

Yield : 72.1%

'"H NMR (300 MHz, CDCLy) & 7.06(q, J=7.32 Hz, 3H), & 3.71(s, 2H), & 2.67(t, J=6.93 Hz,
2H), § 2.54(quin, J=6.96 Hz, 6H), & 2.24(sd, J=3.3 Hz, 6H), 5 1.71(quin, J=6.96 Hz, 2H),
§ 1.03(t, J=6.93 Hz, 6H)

44) N'-(3,4-Dimethylbenzyl)-N’, N’-dimethylpropane-1,3-diamine
y y y

O
HSC H Sf(DimethyIamino)f1fprop‘yia_mine ch N /\\/\N -~
Sodium Borchydride H |
HaC HaC

Yield : 73.2%

'"H NMR (300 MHz, CDCL) & 7.09(g, J=7.32 Hz, 3H), & 3.71(s, 2H), & 2.68(t, J=6.93 Hz,
2H), § 2.33(t, J=6.96 Hz, 2H), & 2.24(sd, J=3.66 Hz, 6H), & 2.21(s, 6H), & 1.72(q, J=7.32
Hz, 2H), 5 1.49(s, 1H)
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(45) N'-Benzyl-N°,N°-diethylethane-1,2-diamine

N, N-Diethylsthylenediamine
Sodium Borohydride @/\
Yield : 87%

'H NMR (300 MHz, CDCl;) & 7.33(sd, J=4.02 Hz, 4H), 5 3.80(s, 2H), & 2.70(t, J=5.85
Hz, 2H), § 2.58(m, 6H), & 1.76(s, 2H), & 1.02(t, J=6.96 Hz, GH)

@)
~

4

I=

(46) N'-Benzyl-N°,N°-dimethylethane-1,2-diamine

0 |
N

N,N-Dimethylethylenediamine N

H

Sodium Borohydride

Yield : 95%
'H NMR (300 MHz, CDCl;) & 7.33(sd, J=4.38 Hz, 4H), 5 3.81(s, 2H), & 2.71(t, J=5.85

Hz, 2H), § 2.44(t, J=6.21 Hz, 2H), & 2.19(s, 6H), & 1.70(s, 2H)

(47) N'-Benzyl-N’,N’-diethylpropane-1,3-diamine

N,N-Diethyl-1,3-diaminopropane /\/\ /\
H -— N N
Sodium Borohydride H I\
Yield : 95%

'H NMR (300 MHz, CDCls) & 7.27(sd, J=4.38 Hz, 4H), & 7.22(m, 1H), 8 3.73(s, 2H), &

O
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2.67(t, J=8.07 Hz, 2H), & 2.49(quin, J=6.96 Hz, 6H), & 1.74(s, 1H), & 1.67(quin, J=6.96
Hz, 2H), 5 0.99(t, J=6.96 Hz, 6H)

(48) N'-Benzyl-N°,N’-dimethylpropane-1,3-diamine

O

3-(Dimethylaminc)-1-propylamine /\/\ ~
H o N N

Sodium Borohydride H |

Yield : 85.8%

'H NMR (300 MHz, CDCLy) & 7.27(d, J=4.38 Hz, 4H), & 7.21(m, 1H), & 3.74(s, 2H), &
2.65(t, J=6.96 Hz, 2H), & 2.29(t, J=7.32 Hz, 2H), & 2.17(s, 6H), & 1.79(s, 1H), &
1.68(quin, J=6.96 Hz, 2H)

(49) N'-(3,4-Dimethoxybenzyl)-N’, N*-diethylethane-1,2-diamine

| 0 |

O H N,N-Diethylethylenediamine O N/\/N\/
Sodium Borohydride H

@) @)

Yield : 96.4%

'"H NMR (300 MHz, CDCL) 8§ 6.88(m, 1H), 8 6.83(m, 2H), & 3.92(d, J=5.49 Hz, 6H), &
3.74(s, 2H), & 2.68(t, J=6.21 Hz, 2H), & 2.58(m, 6H), & 1.89(s, 1H), 5 1.01(t, J/=6.96 Hz,
6H)
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(50) N'-(3,4-Dimethoxybenzyl)-N’, N°-dimethylethane-1,2-diamine
| 7 |

O N
O H N,N-Dimethylethylenediamine N NN
T— H
Sodium Borohydride
O

Yield : 86.3%
'H NMR (300 MHz, CDCL) & 6.89(m, 1H), 5 6.83(m, 2H), & 3.92(d, J=3.3 Hz, 6H), &
3.74(s, 2H), & 2.69(t, J=5.85 Hz, 2H), & 2.43(t, 5 2.69(t, J=6.21 Hz, 2H), & 2.19(s, 6H)
(51) N'-(3,4-Dimethoxybenzyl)-N’, N’-diethylpropane-1,3-diamine

| T |

H N,N-Diethyl-1,3-diaminopropane O N/\/\N/\
Sodium Borohydride o H

O O

Yield : 81.5%

'H NMR (300 MHz, CDCL) § 6.84(m, 1H), 8 6.79(m, 2H), & 3.84(d, J=6.6 Hz, 6H), &
3.68(s, 2H), & 2.64(t, J=6.96 Hz, 2H), & 2.50(quin, J=7.32 Hz, 6H), & 1.68(q, J=6.96 Hz,
2H), § 0.99(t, J=6.96 Hz, 6H)

(52) N'-(3,4-Dimethoxybenzyl)-N’, N’-dimethylpropane-1,3-diamine

| Q |

3-(Dimethylamino)-1-propylamine O N/\/\N/
H i N
Sodium Borohydride |
O O
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Yield : 84.0%
'H NMR (300 MHz, CDCl5) & 6.84(m, 1H), & 6.80(m, 2H), & 3.86(d, /=6.96 Hz, 6H), &

3.70(s, 2H), & 2.66(t, J=6.96 Hz, 2H), & 2.30(t, J/=7.35 Hz, 2H), & 2.18(s, 6H), & 1.70(q,
J=6.96 Hz, 2H)

(53) N'-(3,5-Dimethoxybenzyl)-N’, N*-diethylethane-1,2-diamine

| @]

H ~

Ir=
=

N,N-Diethylethylenediamine

—
—

Sodium Borohydride

Yield : 91.2%
'H NMR (300 MHz, CDCly) & 6.49(sd, J=2.19 Hz, 2H), § 6.35(t, J=2.19 Hz, 1H), &

3.78(s, 6H), & 3.74(s, 2H), & 2.66(t, J=5.88 Hz, 2H), & 2.58(m, 6H), & 1.84(s, 1H), d
1.02(t, J=6.96 Hz, GH)

(54) N'-(3,5-Dimethoxybenzyl)-N’, N*-dimethylethane-1,2-diamine
| 0 |

@) O
H

.

N,N-Dimethylethylensdiamine H

—

Sodium Borohydride

Yield : 88.6%
'H NMR (300 MHz, CDCl;) & 6.49(sd, J=2.19 Hz, 2H), § 6.35(t, J=2.55 Hz, 1H), &

3.78(s, G6H), & 3.75(s, 2H), & 2.69(t, J/=6.21 Hz, 2H), & 2.43(t, J=6.21 Hz, 6H), & 2.19(s,
6H), 5 1.78(s, 1H)
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(55) N'-(3,5-Dimethoxybenzyl)-N’, N’-diethylpropane-1,3-diamine
| Q |
0O ’ O VLN

N, N-Diethyl-1,3-diaminopropans H

—
-

Sodium Borohydride

Yield : 90.2%

'H NMR (300 MHz, CDCl;) & 6.48(sd, J=2.55 Hz, 2H), & 6.35(sd, J=2.55 Hz, 1H), &
3.84(s, 6H), & 3.72(s, 2H), & 2.65(t, J=6.96 Hz, 2H), § 2.51(quin, J=7.32 Hz, 6H), &
1.69(q, J=7.32 Hz, 6H), & 1.00(t, J/=6.84 Hz, 6H)

(56) N'-(3,5-Dimethoxybenzyl)-N’, N’-dimethylpropane-1,3-diamine
| T i\
3-(Dimethylamino)-1-propylamine H |
R S
Sodium Borohydride

Yield : 80.5%

'H NMR (300 MHz, CDCLy) & 6.48(sd, J=2.19 Hz, 2H), & 6.35(m, 1H), & 3.82(s, 6H), &
3.73(s, 2H), & 2.68(t, J=6.93 Hz, 2H), & 2.33(t, /=7.32 Hz, 2H), § 2.21(s, 6H), & 1.71(s,
1H), 6 1.68(quin, J=7.32 Hz, 2H)

(57) Cyclohexyl-(3,5-dimethoxybenzyl)amine

L8 ! '®
H

Cyclohexylamine

Ir=z

T——
Sodium Borohydride

O

-
Yield : 68.3%
'H NMR (300 MHz, CDCly) & 6.48(sd, J=2.19 Hz, 2H), § 6.35(t, J=2.19 Hz, 1H), &
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3.78(s, 6H), & 3.75(s, 2H), & 2.51(m, 1H), & 1.92(m, 2H), & 1.74(m, 2H), & 1.62(m, 1H),
§ 1.31(m, 6H)
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4.2. stetE (58~68) &4

Cl Cl R
OH '+  RoH > o
DCC/4-DMAP
Cl Cl

Scheme 2. Synthesis of compounds (58~68) ; R = Alkyl or cycloalkyl

(58) Methyl 3,4-dichlorobenzoate

0 O
Cl OH Methanol Cl o~
- DCC/4-DMAP cl
Methylene chloride 50 mLO{l 3,4-dichlorobenzoic acid 0.5 g (2.617 mmol)E =¢Q! CtZ
methanol  0.317 mL (7.851 mmol)2t 4-dimethylaminopyridine 0.256 g (2.096 mmol)E £

1 102 SOt WEGIRACH. 2US 0 T2 W2AIZ2I F N, N'-dicyclohexylcarbodiimide

=28 HSA2 OS &=20AM 3 h St wtotAUTt

C
£ =& & column chromatographyS Ol&3dt0 ==& &EHs M methyl
3,4-dichlorobenzoateE L AL, 0|54 Z0H= hexane : ethyl acetate 4 : 12 ALE5IA

Ck.

Yield : 75.4%
'H NMR (300 MHz, DMSO) § 8.09(s, 1H), § 7.92(m, 1H), & 7.82 (m, 1H), 5 3.86(s, 1H)
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(59) Ethyl 3,4-dichlorobenzoate

Ethanol Cl O/\

DCC/4 DMAP

Cl
Yield : 70.5%
'H NMR (300 MHz, DMSO) & 8.08(sd, J=1.47 Hz, 1H), & 7.92(dd, J=1.44 and 2.19 Hz,

1H), & 7.82(d, J=8.43 Hz, 1H), & 4.36(q, J=6.96 Hz, 2H), & 1.35(t, J=6.96 Hz, 3H)

(60) Propyl 3.4-dichlorobenzoate

O O
Cl OH Propanol Cl O/\/
S
DCC/4-DMAP
Cl Cl

Yield : 69.4%
'H NMR (300 MHz, DMSO) & 8.03(s, 1H), & 7.89(d, J=8.4 Hz, 1H), 5 7.78(d, J=8.43 Hz,
1H), & 4.25(t, J=6.6 Hz, 2H), § 1.77(quin, J/=6.93 Hz, 2H), 5 0.98(t, J=7.32 Hz, 3H)

(61) Butyl 3,4-dichlorobenzoate

O @)
OH Butanol Cl O/\/\

¥
DCC/4-DMAP

Cl Cl

Cl

Yield :68.5%
'H NMR (300 MHz, DMSO) & 8.04(s, 1H), & 7.89(d, J=8.43 Hz, 1H), 5 7.80(d, J=8.43
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Hz, 1H), 6 4.30(t, J=6.6 Hz, 2H), 6 1.73(quin, J=6.24 Hz, 2H), & 1.46(quin, J=7.32 Hz,
2H), 6 0.94(t, J=7.32 Hz, 3H)

(62) Pentyl 3,4-dichlorobenzoate

O O
Cl OH Pentanol Cl O/\/\/
—_—
DCC/4-DMAP
Cl Cl

Yield : 63.5%

'H NMR (300 MHz, DMSO) & 8.04(s, 1H), 5 7.89(d, J=8.43 Hz, 1H), & 7.80(d, J=8.43
Hz, 1H), 6 4.30(t, J=6.6 Hz, 2H), 6 1.73(quin, J=6.24 Hz, 2H), & 1.46(quin, J=7.32 Hz,
2H), & 0.94(t, /=7.32 Hz, 3H)

(63) Hexyl 3,4-dichlorobenzoate

O O
Cl OH Hexancl Cl O/\/\/\
—_—
DCC/4-DMAP
Cl Cl

Yield : 62.4%
'H NMR (300 MHz, DMSO) § 8.07(s, 1H), & 7.92(d, J=8.4 Hz, 1H), 5 7.82(d, J=8.43 Hz,
1H), & 4.30(t, J=6.6 Hz, 2H), 5 1.73(m, 2H), & 1.35(m, 7H), 5 0.91(t, J=6.96 Hz, 3H)
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(64) Cyclobutyl 3,4-dichlorobenzoate

I LT
Cl OH Cyclobutanol Cl 0
_—
DCC/4-DMAP
Cl Cl

Yield : 50.4%

'H NMR (300 MHz, DMSO) & 8.04(sd, J=1.47 Hz, 1H), & 7.89(d, J=6.96 Hz, 1H), &
7.80(d, J=8.4 Hz, 1H), & 4.28(t, J=6.57 Hz, 2H), & 1.71(q, J=6.96 Hz, 2H), & 1.39(m,
GH), & 0.88(t, /=6.6 Hz, 3H)

(65) Cyclopentyl 3,4-dichlorobenzoate

O

@)
Cl Cyclopentanol Cl
OH yclopentano o

o

DCC/4-DMAP
Cl Cl

Yield : 61.1%
'"H NMR (300 MHz, DMSO) & 8.09(s, 1H), § 7.92(d, J=8.07 Hz, 1H), & 7.82(d, J=8.4 Hz,
1H), & 5.16(q, J=7.68 Hz, 1H), 5 2.38(m, 2H), & 2.21(m, 2H), & 1.82(m, 3H)

(66) Cyclohexyl 3,4-dichlorobenzoate

O o)
Cl OH Cyclohexanol Cl o

P~

DCC/4-DMAP
Cl Cl
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Yield : 63.1%
'H NMR (300 MHz, DMSO) § 8.04(sd, J=1.11 Hz, 1H), & 7.88(m, 1H), & 7.79(d, J=8.4
Hz, 1H), § 5.32(t, J=5.49 Hz, 1H), § 1.93(m, 2H), 5 1.86(m, 6H)

(67) Cycloheptyl 3,4-dichlorobenzoate

O O

Cl OH Cycloheptanol Cl 0

o

DCC/4-DMAP
Cl Cl

Yield : 64.5%
'H NMR (300 MHz, DMSO) § 8.06(s, 1H), & 7.91(d, J=8.4 Hz, 1H), 5 7.81(d, J=8.07 Hz,

1H), & 4.94(m, 1H), § 1.86(s, 2H), 5 1.73(s, 2H), 5 1.56(m, 7H)

(68) Cyclooctyl 3,4-dichlorobenzoate

* 0
Cl OH  Cyclooctanol Cl 0
DCC/4-DMAP
Cl Cl

Yield : 68.1%
'H NMR (300 MHz, DMSO) & 8.05(sd, J=1.83 Hz, 1H), & 7.90(d, J=8.07 Hz, 1H), &
7.81(d, J=8.43 Hz, 1H), & 5.11(m, 1H), & 1.94(m, 2H), 5 1.91(m, 11H)
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4.3. 3&t2 (69~79)2 &4

Cl OH Cl O.
+ ROH T > R
ol 9] DCC/4-DMAP 0]

Cl

Scheme 3. Synthesis of compounds (69~79) ; Ri = Alkyl or cycloalkyl

(69) Methyl 2-(3,4-dichlorophenyl) acetate

U\H/ Methanol Cl j@/\rro
DCC/4 DMAP O
Cl

Methylene chloride 50 mLO{l 3,4-dichlorophenylacetic acid 0.5 g (2.617 mmo)E =¢2I
CtE methanol 0.317 mL (7.851 mmol)2t 4-dimethylaminopyridine 0.256 g (2.096 mmol)S
0] 102 SO WMUGIYUCH. 2U2 0C2 H2AI2l S N N'-dicyclohexylcarbodiimide

0.594 g (2.882 mmo)E £ 5 22t BISAIZ S 420 A 3 h St WEtetACH. T
LCE 0OlE0ol¢ gtE82 & HEE =018 S O 0lat 8ts82 &0l ZIX §ZeH

silica gel2 =& & column chromatographyE Ol &0t &8 methyl 2-(3,4-dichloro-
phenyl)acetate®! SHAO| HHY S LRULH. 0/=4 E0H= hexane : ethyl acetate 4 : 1=

A ZEGHRLC.
Yield : 62.1%

'H NMR (300 MHz, DMSO) § 7.60(d, J=8.4 Hz, 2H), & 7.29(d, /=8.43 Hz, 1H), & 3.75(s,
2H), & 3.62(s, 3H)

_46_

Collection @ chosun



(70) Ethyl 2-(3,4-dichlorophenyl) acetate

j@/\ﬂ/ Ethanol Clmo
DCC/4 DMAP O
Cl

Yield : 63.5%
'H NMR (300 MHz, DMSO) & 7.58(d, J=7.32 Hz, 2H), & 7.28(d, J=8.43 Hz, 1H), &
4.12(q, J=6.96 Hz, 2H), & 3.72(s, 2H), & 1.20(t, J/=7.32 Hz, 3H)

(71) Propyl 2-(3,4-dichlorophenyl) acetate

Cl OH
Propanol
’ m T occaowr :O/\"r

Yield : 65.5%

'H NMR (300 MHz, DMSO) & 7.60(d, J=8.07 Hz, 2H), & 7.29(d, J=8.04 Hz, 1H), &
4.02(t, J=6.57 Hz, 2H), & 3.74(s, 2H), & 1.61(quin, J=6.96 Hz, 2H), & 0.88(t, J=7.32 Hz,
3H)

(72) Butyl 2-(3,4-dichlorophenyl) acetate

Cl:@/\ﬂ/oH Butanol D/\’T

O DCC/4-DMAP

Cl

Yield : 60%

'H NMR (300 MHz, DMSO) & 7.60(d, J=8.04 Hz, 2H), & 7.29(d, J=8.43 Hz, 1H), &

4.06(t, J=6.21 Hz, 2H), & 3.73(s, 2H), 8 1.59(q, J=6.96 Hz, 2H), & 1.36(quin, J=7.32 Hz,
2H), & 0.89(t, /=7.32 Hz, 3H)
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(73) Pentyl 2-(3,4-dichlorophenyl) acetate

Cl OH Pentanol
cl O DCC/4 DMAP

Yield : 63%

'H NMR (300 MHz, DMSO) & 7.60(d, J=8.04 Hz, 2H), & 7.29(d, J=8.4 Hz, 1H), & 4.05(t,
J=6.21 Hz, 2H), 6 3.73(s, 2H), & 1.64(t, J=6.6 Hz, 2H), & 1.24(s, 4H), &6 0.86(t, J=6.21
Hz, 3H)

(74) Hexyl 2-(3,4-dichlorophenyl) acetate

O DCCM DMAP
Cl
Yield : 68%

'H NMR (300 MHz, DMSO) & 7.59(d, J=8.43 Hz, 2H), & 7.29(d, J=8.43 Hz, 1H), &
4.05(t, J=6.57 Hz, 2H), & 3.73(s, 2H), & 1.59(m, 2H), & 1.25(m, 6H), 5 0.86(m, 3H)

(75) Cyclobutyl 2-(3,4-dichlorophenyl) acetate

Cl :@/\H/OH Cyclobutanol Cl :@/\WO\O
P .
O DCC/4-DMAP O
Cl Cl

Yield : 87%
'H NMR (300 MHz, DMSO) & 7.59(d, J=8.43 Hz, 2H), & 7.28(d, J=8.43 Hz, 1H), &
4.93(quin, J=7.68 Hz, 1H), & 3.71(s, 2H), & 2.30(m, 2H), & 2.06(m, 2H), & 1.82(m, 3H)
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(76) Cyclopentyl 2-(3,4-dichlorophenyl) acetate

Cl OH Cl O
Cyclopentanol \O
—
Cl m — ol m

Yield : 45%
'H NMR (300 MHz, DMSO) & 7.58(d, J=8.79 Hz, 2H), § 7.27(d, J=8.04 Hz, 1H), & 5.09
(t, J=5.85 Hz, 1H), & 3.68(s, 2H), 5 1.81(m, 2H), & 1.61(m, 6H)

(77) Cyclohexyl 2-(3,4-dichlorophenyl) acetate

Cl OH Cl (@]
Cyclohexanol
—_—
mm — C'm 1@

Yield : 62.1%
'H NMR (300 MHz, DMSO) & 7.60(d, J=8.4 Hz, 2H), & 7.29(d, J=8.07 Hz, 1H), § 4.70
(m, 1H), & 3.71(s, 2H), & 1.77(m, 2H), & 1.63(m, 2H), 5 1.47(m, 6H)

(78) Cycloheptyl 2-(3,4-dichlorophenyl) acetate

Cl OH Cl @)
J@/\H/ Cycloheptanol m
—F
Cl O DCC/4-DMAP Cl O

Yield : 70.5%
'H NMR (300 MHz, DMSO) & 7.59(d, /=8.43 Hz, 2H), § 7.28(d, J=8.04 Hz, 1H), 5 4.87
(m, 1H), & 3.69(s, 2H), & 1.85(m, 2H), 5 1.65(m, 10H)
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(79) Cyclooctyl 2-(3,4-dichlorophenyl) acetate

Cl OH Cl O
m Cycleoctanol m
—_—
O
Cl O DCC/4-DMAP Cl
Yield : 63.5%

'H NMR (300 MHz, DMSO) & 7.58(d, J=8.07 Hz, 2H), § 7.28(d, J=8.07 Hz, 1H), & 4.87
(m, 1H), & 3.68(s, 2H), & 1.77(m, 14H)
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5.1. Rollx&72 &4 EI}

220 ©

= |
sy 1 T — TT

rge
i
r&"
ol

Benzylamine )t 3,4-dichlorobenzoyl J|2=2Z0 Ct2st XI&H0|
S MOl CHist SAR (Structure Activity Relationship)=4&E &IHGHALCH. 3,4-Dichlorobenzoyl
o ¥R I ZARITE DFAIILD XIS AE i 12l H+E =0

=20l A LCso 8401 5 uM Ol

=

fo
x
&
>
I
P}
ol
_O'j
4%
sl
=
3]
rn
ton

Microcystis sp.0ll CHSt

/\I-OE L-I-c> /\l-IoE

X8 benzylD| 0l N',N'-diethylethylenediamine, N',N'-dimethylethylenediamine, N',N'-di-
ethyl-1,3-diaminopropane, 3-(dimethylamino)-1-propylamine2 T &t & 20 st &xs
ZIIE S0l SAR 2482 XNATHIAULCE.

Microcystis sp.0fl CHet & s BIIE Sol &S0l £+8 t&== lead compound

ot =

2 Tt RMHEFC! Microcystis aeruginosa Selena strumS
ooz AXFIIE MAHGHR LD, FI2 FHEXQl H circularisquama, C. marina, H.

akashiwoOl CHet S EHIIE XHBHALCEH.

FHEF2 28Z g2 =x2 22 120 h, HX2 Z2 24 h = HH=+E 5F
ot Bt=XIAMsSE(LCs)E T =ol KiCh.

S St Zebrafish |E8 SHEIIE NMGA2O, 0|2 Set 2 ez 2H

ECso (48 h)gt 1t Zebrafish LCsy (96 h) 2 T Z0IUL}.
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Table 10. Algicidal activity of compound 1~8 against harmful Cyanobacteria

LGCs (120 h) (uM)

Compound n R, R, Microcystis sp.
NO.
1 2 a CH,CHs S5<
5 2 ql CH; 5<
3 3 Cl CH,CH; 2.36
4 3 cl CH; ><
5 2 OMe CH,CH; S5<
6 2 OMe CH; 4.40
7 3 OMe CHCH; 2.97
8 3 OMe CH; 2.68

? HUlA= Ry B4 Kel0l Cl £= OCH;Z XI&totd R, EHAKE| 0l methyl £=

cthylDI S T8 OIS Ot8l At= H==(n)0il HE 2L EIIE MA:GHACH. Ry B X
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Table 11. Algicidal activity of compound 9~13 against harmful Cyanobacteria
R4
H/\/\N/\
Ry I\
LGCso (120 h) (uM)
Compound . .
R R, Microcystis sp.
NO.
9 NO, H 5<
10 Br H 2.88
1 F H 5<
12 OH H 5<
13 H NO, 2.96
Table 10.2] ZUE HIE2=Z R, EAXEIL X&) HI0 OE 4= Hludt=
AEsS MASHULH. Ry EFAKXEI0 NO,, Br, F, OHZ X|&t6 82 HluWotAd=S W
R, EtAXEl0 CI2 XIg otdsS ot JtE &40l E%*1D NO, F £= OHZ Xge
B N g4ds S0IX LUALCEH.
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Table 12. Algicidal activity of compound 14~21 against harmful Cyanobacteria

/Ra
N
Rs
R

LCso (120 h) (uM)

Compound Ry R, R; n Microcystis sp.
NO.

14 Cl H CH,CH3 2 4.87
15 Cl H CH3 2 5<

16 Cl H CH,CH3 3 0.83
17 Cl H CH3 3 0.84
18 H Cl CH,CH3 2 4.35
19 H Cl CH3 2 5<

20 H Cl CH,CH3 3 0.53
21 H Cl CH;3 3 0.91

Table 10. 11. 2| ZeH S Z4HEUS M te&t= 30 A Microcystis sp.0ll CHet &4
Ol Jt& saAlLkRtCh. /X0 ME Ccle 24 24Z 10 R Ry EA0 Cl2 XIS
benzyl JE 0 N, N'-diethyl-1,3-diaminopropanc0l S22 = 382 161 200 & =2 &

g8 B,

_54_

Collection @ chosun



Table 13. Algicidal activity of compound 22~30 against harmful Cyanobacteria

/Re
—N
Rj@ﬁhr(g‘b)n \
Re
R>

LCso (120 h) (uM)

Compound
Ry R, Rs n Microcystis sp.
NO.
22 Cl CH; CH,CH; 2 5<
23 Cl CH; CH; 2 5<
24 Cl CH; CH,CH; 3 0.49
25 Cl CH; CH; 3 0.68
27 Cl OMe CH,CHj3; 2 5<
28 Cl OMe CH; 2 5<
29 Cl OMe CH,CH; 3 0.6
30 Cl OMe CH; 3 0.88

R, B4 X2lE CIZ2 DFEAIIILD R, EA0 CH;2 OCH;2 X286t &&= Hlwst
= CH;Z X2 benzyl S0 chain 20[(n)Jt 221 alkyl

2
Q
A
ro
a
o
<
(¢

3

diaminoethane 2t chain 210[(n)Jt 39l alkyl diaminopropane® T 2otAS B chain 2

Ol(n)Jt 39! N N'-dialkyl-1,3-diaminopropane Z& Mt =2 &&82 UL},
Y
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Table 14. Algicidal activity of compound 32~40 against harmful Cyanobacteria

R
/
Ry NG N
N \
R
]
LCso (120 h) (uM)
Compound
1 R R; n Microcystis sp.
NO.
32 Cl F CH,CHj3 2 1.83
33 Cl F CH; 2 5<
34 Cl F CH>CH;s 3 0.42
35 Cl F CH; 3 0.63
37 NO; Cl CH,CH3; 2 5<
38 NO, Cl CHs 2 5<
39 NO, Cl CH,CH; 3 2.08
40 NO, Cl CH; 3 1.76
Benzene ringlll Cl, F, NO,E T2otH 22 220 OHE 4= Hot ottt 1 &
I Ry, R0 2r2 Clot FE T8 benzyl IS0 N N'-diethyl-1,3-diaminopropaneS 2
SAIZ] SHEHE 3401 LCs 042 pMZ IS =2 42 UEIURICEH.
R, R0l Clt FE XI&gE &2 R; XI&JI= methyl 2Ct ethyl XISJI0 2O =&
2= 22U Ry, R0l NOot ClZ2 242 TERUS ZR0= BHHZE methyl XI&
0 20 =2 g4ds B0
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Table 15. Algicidal activity of compound 41~48 against harmful Cyanobacteria

R \ (@B N
ION:
Rs

Re
/

\
=3

LCso (120 h) (uM)

Compound

NO. 1 R R; n Microcystis sp.

41 CH3 CH; CH,CH; 2 0.54

42 CH3 CH; CHs 2 1.67

43 CH3 CH; CH,CH; 3 3.46

44 CH; CH; CHs; 3 0.73

45 H H CH,CH; 2 5<

46 H H CHs 2 5<

47 H H CH,CH; 3 1.34

48 H H CHs 3 1.95

?l HOAd=E Ry X2l R, Xt2lol 22t CH;2F HE XI2HAI9 amined [0 [HE &4 H|

WE AAGIUCH. CH;2 X&tE 38t20lMe= N N'-diethylethylenediamine@ 2 X &t &l
SHEE0l LCs 054 pMZ JHE =8 242 LIEHUH/A LD, HZ X8 E SEsllds
N',N'-diethyl-1,3-diaminopropane @ 2 X|& & 35}E20| LCy 1.34 pMZ2 JIE =2 242
SAL
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Table 16. Algicidal activity of compound 49~56 against harmful Cyanobacteria

Ry

/

Ry (@i N

N \

Ry
R
Rs
LCs (120 h) (uM)
Compound
Ry R R R4 n Microcystis sp.
NO.
49 OMe OMe H CH,CH; 2 5<
50 OMe OMe H CH; 2 5<
51 OMe OMe H CH,CH; 3 3.2
52 OMe OMe H CH; 3 4.05
53 OMe H OMe CH,CH; 2 5<
54 OMe H OMe CH; 2 5<
b5 OMe H OMe CH,CH; 3 0.85
56 OMe H OMe CH; 3 0.87
? HUA= Ri, Ry, Ry EFARIEI0 XI2J|E OCH;2Z2 XIStAIF EHEHIWE AAIGHI
Ct. Ry, RAt2I0I OCH;Z2 X2t A= M2 Ry, RsA2I0l OCH;Z2 X8t AlIZiES M

N’ N'-diethyl-1,3-diaminopropaneS 29! SIS0 A & =2 &
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Table 17. Algicidal activity of compound 26, 31, 36, 57 against harmful Cyanobacteria

Iy
Iz

Rs

LCso (120 h) (uM)

Compound .
Ry R, R; Microcystis sp.
NO.
26 Cl CH; H 0.86
31 Cl OMe H 2.61
36 Cl F H 4.23
57 OMe H OMe 431
ClL, F, OMe £= CH;Z XI2tE benzyl 1& Ul cyclohexylamineS S0t Microcystis
s XEIIE Tt
I.

Sp Oﬂ EHg* ax
HY
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Table 18. Algicidal activity of compound 58~63 against harmful Cyanobacteria

O

Cl R
o 1

Cl

LCs) (120 h) (uM)

Compound

NO. R, Microcystis sp.
58 CH; 5<

59 CH>CH3 5<

60 CH>CH,CH3 5<

61 CH,CH,CH,CHj3 5<

62 CH»CH,CH,CH,CH3 5<

63 CH,CH,CH,CH,CH,CHj3 5<

[l

& 2ZJ| A= 1~6HZ2 X200 Microcystis sp.0ll CHE
E STHOl et 24X sE2 5 uyM 0422 LIEHLE &

=
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Table 19. Algicidal activity of compound 64~68 against harmful Cyanobacteria

@)
Cl R
') 1
Cl
LGCso (120 h) (uM)
Compound .
Ry Microcystis sp.
NO.
64 5<

65 5<

66

O
S
O

5<

68 5<

3,4-Dichlorobenzoyl IS0 12|18 22|

= 2 X830 Microcystis sp. Ol CHSE &X B
JtE X#GIACEH. D2l =0l TE &=x s

d2 5 uM 01422 LIEtU &4X S350

g
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Table 20. Algicidal activity of compound 70~74 against harmful Cyanobacteria
a Q

a

LCs (120 h) (uM)

Compound
NO. R Microcystis sp.
69 CH; 5<
70 CH>CH3 5<
71 CH>CH,CH3 5<
72 CH,CH>CH,CHj3 5<
73 CH>CH>CH,CH,CH3 5<
74 CH>CH,CH>CH>CH,CHj3 5<

A= Z0I0l [HE 3,4-dichlorophenyl acetate2| & =&HSH Z0t At 2010 OHE

go O
[w)

=2
L SE2 LCs a0l 5 pM 0422 &4X S50
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Table 21. Algicidal activity of compound 75~79 against harmful Cyanobacteria

LGCs (120 h) (uM)

Compound . .
R Microcystis sp.
NO.

75 5<

76 \Q B<

78 \O 5<
el AJI0l & 3.4-dichlorophenyl acetatel| E4& =&SH 20 12l I OE

AXES LCsy 240l 5 uM O|AS 2 LIEIL} AX 5880| gilts AS & £ UACH
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SE=Eo HE2 SHEFRZ F2E= Cranobacteria®l SF Q! Microcystis sp.Oll &
L HIE S &&E LCy S 0IEoIRULH. & =Z0M 4 S350l SuEQl
Z22& 2 lead compoundE & X SIAULE.

Cyanobacteria& Q! Microcystis aeruginosa?t SHEFZ
of & HIIE XNEGIU D, 22 YBOZ LG22 &

HX(red tide)OIA CHEHQ RHEFZ =2FE

4
Rl
m
rir

Selena strum= 0|&

Heterocapsa  circularisquama,
ot 22 YYo=z AX HIIE &

UM, 0 SUME =tet= 340t JtE

Heterosigma akashiwo, Chattonella marina
HOIALH. BX0AM=E HHHZ =2 LCso

o
oOAS Lo
Pt AXS E?"XU

o
nio

I

LCso (120 h) (uM)

Compounds

Microcystis sp. Micro?ystis Selena Strum
aeruginosa
20 0.53 0.82 3.87
24 0.49 0.8 3.79
29 0.6 1.01 3.76
30 0.88 1.8 4.01
34 0.42 0.62 3.88
35 0.63 1.02 3.9
41 0.54 0.92 4.16
44 0.73 1.5 4.32

Table 22. Algicial activity of lead compounds against Microcystis sp, Microcystis

aeruginosa, Selena strum
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LGs (24 h) (uM)

Compounds Heterocapsa Heterosigma
Chattonella marina
circularisquama akashiwo
20 2.87 5< 4.3
24 1.26 2.51 1.49
29 1.81 5< 3.68
30 23 5< 4.1
34 1.43 5< 2.25
35 2.21 5< 3.06
41 2.46 5< 3.31
44 2.81 5< 3.5

Table 23. Algicial activity of lead compounds against Hererocapsa Circularisquama,

Heterosigma akashiwo and Chattonella marina

Cell Count
12
I control
20
10 | =21 24
29
=4 30
g ]| =224
- B 35
E 41
= 44
@ 5
Q
ks
[e]
x4 §
An_H el
2 - i
R |l g
0 EinlEll E E,
0 1 P 3
Time (day)

Figure 2. Changes of cell number after treatment of compounds

against Microcystis sp.
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5.3. Chlorophyll Hl & &

FSHA

o

2E ZF= Chlorophyll2 JtXIZD U OIE Ol=oh

ok
19
o

StCh. =& 2% It
& Al2st ZHQ! Microcysting A 3t= Microcystis sp. 2t Microcystis aeruginosas
of %X sE2 HItMeH, 012 EUZ =HMol =Mot= Chlorophyll 242 =36}
adsS KNAHSIAUCH. stE= 20, 24, 29, 30, 34, 35, 41, 442 05 M &2 Xclot
h =@t =X 2 Chlorophyll &7 & HatE 2tFGIAULCH. SHES 30, 35, 45 M2

A

0
2E St=S0 A Chlorophyll 201 =0 EH SEHE

FIF OHﬂ

2

|'0II

Chlorophyll
1400
I control
1200 4 | ===
1000 { | B3 30
[ 34
B 35
— 800 |EEE4H .
E = E B
o c
€ 600 - = é
400 - T I
N " s
Hl [t H b e
Hl (& H :3§ =
4 = i -H
0 - - Sm W1 S A Al il B
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Time (day)

Figure 3. Changes of chlorophyll after treatment of compounds against

Microcystis sp.
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EGCso (uM)

Compound

24.58

20
24

21.18

33.74

29

25.01

30
34

18.32
17.11

35
41

31.69
17.48

44

Table 24. Acute toxicity test of lead compounds to Daphnia magna
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Figure 4. Acute toxicity test of compound 20 to Daphnia magna
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Figure 5. Acute toxicity test of compound 24 to Daphnia magna
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Figure 6. Acute toxicity test of compound 29 to Daphnia magna
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Figure 7. Acute toxicity test of compound 30 to Daphnia magna
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Figure 8. Acute toxicity test of compound 34 to Daphnia magna
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Figure 10. Acute toxicity test of compound 41 to Daphnia magna
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Figure 12. S.E.M image of Microcystis sp. after treatment of compound 34 at 0.5 uM
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Figure 13. Overall S.E.M image of Microcystis sp. after treatment of compound 34 at 0.5
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Figure 14. S.E.M image of Microcystis aeruginosa after treatment of compound 34 at 0.5
uM

_73_

{“/Collection @ chosun



Figure 15. Overall S.E.M image of Microcystis aeruginosa after treatment of compound 34

at 0.5 uM
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Figure 16. S.E.M image of Selena strum after treatment of compound 34 at 0.5 uM
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Figure 17. Overall S.E.M image of Selena strum at after treatment of compound 34 at 0.5
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Figure 19. Overall T.E.M image of Microcystis sp. after treatment of compound 34 at

0.5 uM
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Figure 19. Acute toxicity test of compound 20 and 24 to
Zebrafish
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(13) N',N'-Diethyl-N’-(4-nitrobenzyl)propane-1,3-diamine
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(15) N'-(3-Chlorobenzyl)-N°, N°-dimethylethane-1,2-diamine
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(17) N'-(3-Chlorobenzyl)-N’, N’-dimethylpropane-1,3-diamine
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(19) N'-(4-Chlorobenzyl)-N°, N°-dimethylethane-1,2-diamine
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(21) N'-(4-Chlorobenzyl)-N’, N’-dimethylpropane-1,3-diamine
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(23) N'-(3-Chloro-4-methylbenzyl)-N°, N°-dimethylethane-1,2-diamine
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(27) N'-(3-Chloro-4-methoxybenzyl)-N°, N°-diethylethane-1,2-diamine
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(31) (3-Chloro-4-methoxybenzyl)cyclohexylamine
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(35) N'-(3-Chloro-4-fluorobenzyl)-N’, N’-dimethylpropane-1,3-diamine
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(37) N'- (4 -Chloro-3- nltrobenzyl)-N N- dlethylethane 1,2-diamine
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(39) N'-(4-Chloro-3-nitrobenzyl)-N’, N-diethylpropane-1,3-diamine
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41) N'-3 ,4-Dimethylbenzyl)-N2, Nz-diethylethane- 1,2-diamine
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(43) N'-(3,4-Dimethylbenzyl)-N’, N’-diethylpropane-1,3-diamine
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(45) N'-Benzyl-N°,N°-diethylethane-1,2-diamine
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(47) N'-Benzyl-N’,N’-diethylpropane-1,3-diamine
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(49) N'-3 ,4-Dimethoxybenzyl) -N, Nz-diethylethane- 1,2-diamine
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(51) N'-(3,4-Dimethoxybenzyl)-N’, N’-diethylpropane-1,3-diamine
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(53) N'-(3,5-Dimethoxybenzyl)-N’, N*-diethylethane-1,2-diamine
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(55) N'-(3,5-Dimethoxybenzyl)-N’, N’-diethylpropane-1,3-diamine
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(57) Cyclohexyl-(3,5-dimethoxybenzyl)amine

(Thousands)

0 01 02 03 04 05 06 07 08 09 L0 LI 12 13 14 15 16 17 18
| 1 1 )

-
-
i
;

mzas Mg

& S AL

I
8.0
| A AN
smas = 2I=S8883 S88 ZZTUKS SEE"
g SE33 g £2EE8ES §8% SEE8E §&8H

(58) Methyl 3,4-dichlorobenzoate

5 16 17 1819 20 21 22 23 4

(Thousands)
Q 01 02 ﬂ.‘l 04 05 06 07 08 09 10 11 12 13 14 L

2 =

o /tbo/ l \ 70 6.0 5.0 40

FEE8E

SFRBE]

Livialyy,
— S
A s
205 '
e (g
%

3% —

X : parts per Million : 1H

- 114 -

{“/Collection @ chosun



(59) Ethyl 3,4-dichlorobenzoate
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(61) Butyl 3,4-dichlorobenzoate
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(63) Hexyl 3,4-dichlorobenzoate
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(65) Cyclopentyl 3,4-dichlorobenzoate
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(67) Cycloheptyl 3,4-dichlorobenzoate
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(69) Methyl 2-(3,4-dichlorophenyl) acetate
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(71) Propyl 2-(3,4-dichlorophenyl) acetate
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(73) Pentyl 2-(3,4-dichlorophenyl) acetate
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(75) Cyclobutyl 2-(3,4-dichlorophenyl) acetate
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(77) Cyclohexyl 2-(3,4-dichlorophenyl) acetate
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(79) Cyclooctyl 2-(3,4-dichlorophenyl) acetate
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