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Synthesis and QSAR Studies on Anti-algae Activities of Novel Ester
Derivatives Containing Indole Ring

LI, Xia YU, Liang-Min* WANG, Bao-Juan XIA, Shu-Wel ZHAO, Hai-Zhou
(Education Ministry Key Laboratory of Marine Chemistry Theory and Technology, Ocean University of China,
Qingdao 266100)

Abstract 2,5,6-Tribromo-1-methylgramine (TBG), isolated from the bryozoan Zoobotryon pellucidum was
shown to be very efficient in preventing recruitment of larval settlement. In order to improve the compatibil-
ity of these compounds with other ingredients in antifouling paints, structural modification of TBG was fo-
cused most on halogen substitution and N-substitution. Four novel TBG analogues with higher lipophilic
activity were synthesized. The structures of 6a~6d were established by *H NMR, *C NMR, IR spectra and
elemental analysis. The bioassay results showed that all compounds (5~6) possessed good anti-algae
activities, and the LCs, value against Nitzschia closterium showed that 6b and 6d exhibited higher activities
(6b: LC5=1.33 pg/mL, 6d: LC50=1.06 ug/mL) than others. The primary quantitative structure activity
relationship was discussed.
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1.1 UFE5RF

AVATAR-360 ZL5M6GiEA (3L H); JUM-ECP600 1%
WEIEAPR PR (T A), LA CDClz M, TMS h ks,
B-545 4 s (i 1), RAZIE; FLASH EAL112 BT # 5
FHX (3 [E); LRH-250GS 11 A T 54; U-2800 K 4kn]
WAy eI EEVH(H ). 3,4- U RN VLR v R 11 e
AL 7, B-YRIG D Ay T PR SR AL A BRA | 7= i,
kK (200~300 H)AHE Bl EAb 1] =i, ki
I NTAEAGAE AL, BT RS I35 b 2y b 4.

12 HEMHEN
121 F a4k da b9E %

W RE A PR S . A BEAR ANELE T 200 mL PY 1
Berb A 2.01 g (0.019 mol) 3,4-F1 % (1), #4545 C
T L5 h N 5E 2.5 g Wi (98%)F1 1.9 g (0.019 mol)
WAHIR (65%) IR A . InHE, 765 C RN 2h, ¥
Waaih, Bl T RERR, BRwEAOoKP e o
I RKBES G B AT S AU LSS 2-i -
45- " IR QIE B AR AR 1.89 g, 773 73.5%,

Clj@/ HNOg, HQSO4 Clj@\/
Cl 65°C Cl NO.
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Scheme 1l Synthetic routes of compounds

m.p. 60.5~61.0 C.

WA 3 5 S HOCIR[9]. ZUVURSTT, 3
PEFEAS . RV AAEERS Y 100 mL = B8 A DY
SN 40 mL, 2-i3E-4,5- & 2K 2.38 g (0.012 mol),
N,N- = H 3 FH B i — FH 254 1 (DM FDMA) 4.76 g (0.013
mol), 7NEUEE 3.40 g (0.013 mol). VR &4F 130~140
C RN 4h a8, w0k 28 AR B A3 21)(E)-2-
fif§ 95 -4,6- — A-(1-p-WR e ) 7% £ 0 () AH i, e o s ol
HIEHT T2 .

WY da 5 S IOCHR[1D]. )R PP
A BEgs AL EE VI 100 mL DY VRS NN 0 10 mL,
PUZkrE 10 mL, FiA4E44) 3, Raney Ni 467 0.8 g.
FHEZE 45 CHgnK A& ME 1.44 g (80%). e, T 50 C
RN 2 h g5 B, BERENVKOK T, B A, B
iEE, FEMAR VO RV 2R) =10 : 1 FRA R E
g5 A3 A IR AR 5,6- AN 165 g, M
41.7%, mp. 146.2~148.7 ‘C(SCHkE® 148~151 C).
'H NMR (CDCl3, 600 MHz) ¢: 6.49~7.23 (m, 2H, PyH),
7.26 (s, 1H, PhH), 7.71 (s, 1H, PhH), 8.19 (s, 1H, NH).
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Anal. calcd for CgHsNCl,: C 51.65, H 2.71, N 7.53; found
C51.75, H 2.69, N 7.57.
122 B Arak 5a~5b 494K,

5 5a~5b A S OCER[12], LA H LG
Sa A, R AR LA R B ) 100 mL = FfE
Tk, IMACAIEE—5 C 33%I[1 — KW 3
mL (0.02 mol). {#FFFE 5 “CLL RN 5 g (0.05 mol)ik
B, JEWhn 2 g (0.024 mol) 37%F) R, )5 A
LIERAR ) 3.78 g (0.02 mol) 5,6- &K, 50 C K
RN 8 h. K R NEIAVKAK T, L 20%(%) NaOH i pH
B4 13 DL b, Ff R p s, g, JE0FH L5
TKVEEFPE. B CREES &, S 5a
2.98¢.

Sa; {0 niA, 77 61.2%, m.p. 152.4~153.0 C;
'H NMR (CDCl3, 600 MHz) §: 2.28[s, 6H, N(CHs)], 3.57
(s, 2H, Py-CH,N), 7.16 (s, 1H, PyH), 7.46 (s, 1H, PhH),
7.79 (s, 1H, PhH), 8.25 (s, 1H, NH); IR (KBr) v: 724.2,
1468.8, 2840.2, 2942.5, 31135 cm * Anal. cacd for
CiiH12NoCly: C 54.34, H 4.97, N 11.52; found C 54.28, H
5.02, N 11.62.

5b: FIfa ik, 77K 80.0%, m.p. 156.5~157.8 C;
'H NMR (CDCl3, 600 MHz) §: 2.26 [s, 6H, N(CHs),], 3.55
(s, 2H, PyCH,N), 7.10 (s, 1H, PyH), 7.24 (d, J=8.4 Hz,
1H, PhH), 7.30~7.32 (m, 1H, PhH), 7.84 (d, J=1.9 Hz,
1H, PhH), 8.20 (s, 1H, NH); IR (KBr) v: 737.8, 1466.5,
2859.4, 2954.9, 3104.6 cm *. Anal. calcd for CyyHi3NLBr:
C52.19, H 5.18, N 11.07; found C 52.08, H 5.12, N 11.04.
123 B irbbe4h 6a—~6d #94-

&Y 6a~6d MG IEHEAME, ULHREE
Y 6a Rl KA B 100 mL = EOE T Ukig T,
A 20 mL Jo/K THF, JE/EfFEEA TR 1.8 g
(0.036 mol) % 4t 24 60%(%) NaH, 3.72 g (0.02 mol) 5,6-
S| 20 mL JE/K THR . Y. 0.5 h 5, din 4.8
g (0.021 mol) p-—HiAX — AR — W IR 10 mL JE/K THF
VWL WY, T 0~5 C R4kZ:& M 35 h, A 20 mL
PRI NH,Cl %W, H CR CERAREL, A AUAH 33 F d i
KL R KRR, 5 TOKBREE T, WUk ZE
T, R ERFPIRY . H O LlaH R, LRER
¥, CATA Bk ke 578 o e A 2T 40 8, k4 =113
2149 Bistb &) 6a.

6a: T, 7% 32.5%; 'H NMR (CDCls, 600
MHz) : 2.29 [s, 6H, N(CHs),], 2.81 (t, J=6.9 Hz, 2H,
CH,COO), 3.58 (s, 2H, Py-CH,N), 3.65 (s, 3H,

OCHa), 4.38 (t, J=6.9 Hz, 2H, NCH,), 7.14 (s, 2H, PyH),
7.42 (s, 1H, PhH), 7.75 (s, 1H, PhH); *C NMR (CDCls,
600 MHz) 6: 34.48, 41.88, 44.31, 51.94, 53.36, 110.73,
111.55, 120.50, 125.78, 127.97, 129.73, 130.90, 134.77,
171.20; IR (KBr) v: 715.70, 1171.62, 1469.64, 1734.16,
2852.06, 2945.31 cm . Anal. calcd for CisH1gN,O,Cly: C
54.72, H 5.51, N 8.51; found C 54.70, H 5.45, N 8.59.

6b: FEOIiA, 7% 36.7%; 'H NMR (CDCls, 600
MHz) d: 0.89 (t, J=7.3 Hz, 3H, CH3), 1.26~1.32 (m, 2H,
CH,), 1.51~1.56 (m, 2H, CH,), 2.28 [s, 6H, N(CHa),],
2.79 (t, J=6.8 Hz, 2H, CH,COO0), 3.57 (s, 2H, Py-CH,N),
4.05 (t, J=6.8 Hz, 2H, OCH,), 4.37 (t, J=6.9 Hz, 2H,
NCH,), 7.12 (s, 2H, PyH), 7.42 (s, 1H, PhH), 7.74 (s, 1H,
PhH); *C NMR (CDCls, 600 MHz) J: 13.76, 19.28, 30.89,
34,52, 41.78, 44.78, 54.01, 64.22, 110.35, 111.47, 120.22,
125.34, 127.57, 129.39, 130.65, 134.61, 171.50; IR (KBr)
v 789.1, 1178.1, 1469.3, 1733.1, 2873.2, 2959.3 cm ™.
Anal. calcd for CigH24N-O,Cl,: C 58.23, H 6.52, N 7.54;
found C 58.18, H 6.58, N 7.50.

6c. FEOA, 7% 50.4%; 'H NMR (CDCls, 600
MHz) &: 2.25 [s, 6H, N(CHa),], 2.80 (t, J=6.9 Hz, 2H,
CH,COO0), 3.52 (s, 2H, Py-CH,N), 3.64 (s, 3H, OCH,),
4.40 (t, J=6.9 Hz, 2H, NCH,), 7.05 (s, 2H, PyH), 7.19 (d,
J=8.4 Hz, 1H, PhH), 7.26~7.29 (m, 1H, PhH), 7.81 (d,
J=1.9 Hz, 1H, PhH); **C NMR (CDCl;, 600 MHz) o
34.39, 41.70, 45.14, 51.68, 54.11, 110.03, 112.05, 112.91,
123.11, 124.57, 128.42, 129.55, 134.31, 171.45; IR (KBr)
v 720.8, 1173.8, 1470.2, 1735.7, 2851.6, 29453 cm ™.
Anal. calcd for CysH1gN,OBr: C 53.11, H 5.65, N 8.26;
found C 53.18, H 5.62, N 8.22.

6d: WA, 7% 53.9%; '"H NMR (CDCl;, 600
MHz) d: 0.88 (t, J=7.3 Hz, 3H, CH3), 1.25~1.28 (m, 2H,
CH,), 1.51~1.53 (m, 2H, CH,), 2.26 [s, 6H, N(CHa),],
2.78 (t, J=6.9 Hz, 2H, CH,COO), 3.55 (s, 2H, Py-CH,N),
4.04 (t, J=6.9 Hz, 2H, OCH,), 4.40 (t, J=6.9 Hz, 2H,
NCH,), 7.08 (s, 2H, PyH), 7.20 (d, J=8.8 Hz, 1H, PhH),
7.27~7.29 (m, 1H, PhH), 7.80 (d, J=1.9 Hz, 1H, PhH);
3C NMR (CDCl3, 600 MHz) §: 13.56, 18.90, 30.36, 34.88,
41.76, 45.09, 54.09, 64.76, 110.53, 111.86, 112.65, 122.02,
124.43, 128.39, 130.05, 134.60, 171.06; IR (KBr) v: 789.3,
1178.0, 1469.3, 1732.8, 2872.1, 2959.5 cm *. Anal. calcd
for CigHxsN,OBr: C 56.70, H 6.61, N 7.35; found C
56.75, H 6.58, N 7.39.
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1.3 HPEIE RN E
131 ARFEA KR AR

BT H 2% JE ¥ (Nitzschia closterium) i i 7 k2%
IR R DU S 8 T [ B 30 9 8 P 7 K 4 B3 3
W L gE . B AR IR A, ek 1 T
RS, JL pH {2k 8.0+0.1, 554 30.01+1.0. ¥
B (0 AE ' FE5R JE (E) A 3000~~4000 lux J6Hi Et
12120 W RQELIEL) CHINTSEA N R IE.
132 FAMA-FRRRELRMEX R HZ

W 5577 BRI R BB LA R LU IR RS, 430
FH AR B AT BRI 2 66 BE I R A, 752
(1 R A T (y) R R R IR AC % K 678 nm Ak il s F W Y (i
()2 TR R A (R A T 2 A

y(X 10%)=1357.3x—3.2598 R=0.9980 €))
133 fubdh 5~6x# A R A3k LCx e MR

FOSHE 100 5 ) AR S A A A g R AR
BT FAT . R R IR B B A I T B SR AT
ik, AT 0.05 #| 0.8 2 [n). HHf Fl 52 16 7
SE MG PR BETI T I e B A0 RZh 05, 1, 2, 4,
8 ng/mL, [FIBf&E 1 475 FOd AL (SR E S 0
po/mL). K IR AN [ BE (946 & 4 ) n 2 #4200
mL AR R T O T N TR N R E, T 24
h, 48 h kIR O G BEAE, 5 GBI BE, 4% 7R
(2) v S R AR A 3, R WL 30 LA Y 0 A B ) 4

FOE KA A (KL B AT — oLk I, R4 iy
(AL 2R, S RAI T2 2. M A A 30T,
14 2205 =7.82, Tl P IITHEIAH 0.84~5.84, WL 120>
o T S 7 R A RS BE TR, VSt i
FUSTATSE,

7= NN o0 (2)
N0

U, T OB A ACHIHIAS; No b 28 BRI N A
i RO
1.4 MU RERFRITE

KH Gaussian 03 # {43, #£(DFT)B3LYP/6-311G
(d,p)FEIR K N X 6 Bk A WEAT s fidl. Fih 5L
NIRRT 4 de o A U B8 (Bromo); 2 T AR
P PUIE B8 (ELumo); 73 T e oy H B 5 23 7 e A% 5 4
BB RE 75 (ELn); > FIER (). SR Dragon it
T E - /K 4y il R 8 (log P)RIEE R4 5 % (MR).
FRORTF IV 45 gk 3 R,

2 HZR5iTE

2.1 EYMERAE
SCHR[12)H ZFRBEAE A 2 e W s I Ak 7], A
I SN R BEA T, 7EAL &4 Ba, Bb A el FE

R1 HFRBIAK

Tablel Formulaof the nutrient solution

w(nutrient salts)/%

Alga - -
Ammonium nitrate

Potassium dihydroxyphosphate

Carbamide Ferric citrate Sodium silicate

Diatom 4 0.4

18 0.045 2

2 The reserve solution was prepared at the volume ratio 1 to 1000 nutrient solution to seawater.

B2 FE-RNE R KR P RRAE LA L Coo
Table2 Thelinear dose-response equations, the correlation coefficient, the test values of % and the values of LCsy

Compd. t/h Dose-response equations R Ve LCso/(ngemL %)
5a 24 y=0.811x+4.532 0.9818 0.84 3.78
48 y=1.375x+4.834 0.9935 1.74 1.40
5h 24 y=0.389x+4.082 0.9875 1.70 458
438 y=1.525x+4.478 0.9916 2.25 1.68
24 y=0.761x+4.367 0.9924 1.09 6.74
6a 438 y=1.739x+3.946 0.9944 3.29 4.05
24 y=1.758x+4.460 0.9916 2.27 2.03
o 48 y=2.450x+4.697 0.9787 2.22 133
6c 24 y=1.478x+4.054 0.9901 1.39 4.39
48 y=2.076x+4.204 0.9908 3.97 242
24 y=1.309x+4.756 0.9863 5.84 151
6d 48 y=2.160x+4.944 0.9883 4.88 1.06
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Table3 pls values and the quantum chemical descriptors of compounds 5~6
Compd. Expt Prezl % Res dual Enomo/€V  E umo/eV E, n/eVv uldebye log P MR
5a 4741  4.782 —0.132 —5.8376  —0.7020 5.1356 4.5597 3.526 65.297
5b 4806 4.669 0.138 —5.9957  —0.9703 5.0254 5.5431 2.946 63.310
6a 4887 4929 —0.042 —5.7574 —0.7461 5.0113 47574 3.687 85.747
6b 5401 5.396 0.005 —b5.6850 —0.7660 4.9190 4.4356 5.016 99.620
6c 4687 4.725 —0.038 —5.8472 —1.0372 4.8099 5.0815 3.107 83.760
6d 5261 5.192 0.069 —5.8292 —1.0166 4.8126 5.3993 4.435 97.633

H T URHE IR TP W IR IR 22, 77 3R UG, 5 2N N
CIEAE BN, 7F SafE g bl frh, &M 2R
AT AIRE RTE m RIcR, SORT BRI AR,

Hamel %”‘)]ﬁﬁiﬂﬁl%’kf%%?% p-— AR = NIR—
FRIEE JE 7K N N- = FF 6 PRI i 4 28 rp =l 1 S 1 h Y
AT 56 BGA S /K IR N . A SCR FH AR IRl R A R H bRk
“) 6a~6d I, [NVEEEK S 5 h, HAsLEWIR ™
HATEAR, H HE = Fh i 2. TG PR & W i1 55 4
(G BRI R T B R N R SRR
55, TR0 3 R (1 A T BELAE M A
A AT R HE, DRI 7 R ARG B A e P DU i 1
7, TLC AL s B kD> 7wl = i mh R gt =
MR FEER 0~5 C, n Wi H bR LA W = %
A K S RIS ) 22 3 h,
2.2 BEHKAFIEMN

MAZAL PTG S 080 H 28 TR 3K LCso P LA
B, FSFGE YR 33T B AR I B R4
YER, YEFf-K/NA 6d>6b>5a>5b>6¢c>6a, HH LU
6b, 6d 1134 H 5 lf, 5a, Bb IR K2, 6a, 6¢ IR
ZE X UEWIIVEER NH Ff¢ H # IR, 6B P
TEPEREAR, (R RS DN HUACKE R W] 2 3G A5 4 1) i
AKPE, A8 LTS 5 05 I B AN I, W24k S A Al
PER s WIWRER b 0 Sk SR e 1 B RESE s &
VIS Pk, AR e 28 PR AR 2RI AN ORI M 56 i 22 1) A
X.
2.3 EEMHKXRA(QSAR)IAR
231 FHAR

AW 5~6 BT T A il, fEr R AEAL
HET T PRSIV, AT B R A B
S G BT LR W, BT AR
—CH,CH,COOR J—N(CHa), 3 2 4k, How % 5 73k
AR T\ — AP, %P S B SE—CHLCH,COOR
PRSP RS B L. T 3 AT 4 43l
BRTHAEY 6a iz )G A EARM LI, LA

RO T B T 15 AR —CH,CH,COOR Hhif:
SUR T TE PP LT S A, g R W R iz A
Ji % 81.7689° [l C(8)—N(1)—C(14)—C(15)1 i ff].

CI(21) CI(20) C(6)

B3 aY) 6a iy 2L Kl
Figure 3 The side view of equilibrium geometry of compound
6a

ci21) ‘ ciz0)
= o
o)
o(17) c:a) CE4)
c(18) qqg} i
"" C(15) {3} C(10)
(7 C(16) N <
C““J N(11) -
‘ “' ¥c(13)
o(19) a4 "

B4 EY) 6a ity 2K
Figure 4 The vertica view of equilibrium geometry of com-
pound 6a

232 QSAR
1 SPSS #AF T 6 TR T 540 A Bt 1tk

(LL 24 h 1) plso Rom) AR R E r, 41 T3K 4 .
HIAH G BT 4 T LU, kSR 6 2 -7k

S 3R O R LS M (0 DGR 22 (r>0.89), 1X 5 plsg



2512 %

Eivd Vol. 66, 2008

R4 plso GHSEIHR R
Table4 Correlation coefficients of descriptors with plsy

logP MR

Plso  Enomo Eilumo  EiLn u
Evomo 0590  1.000
E.umo 0076 0539 1.000
E,.yn —038 —0.175 0.735 1.000
u —0.178 —0.792 —0.849 —0.356  1.000
AlogP 0948 0.783 0.290 —0.291 —0.448 1.000
MR 0.798 0.748 —0.104 —0.723 —0.204 0.815 1.000

(R334 RAH—B. %) log P A plso B4 #7, 7521 [A]
T FE(3).

plsy=3.634--0.351(0.059) log P ©)

n=6, R=0.948, Se=0.105, RSD=0.094, F=35.320,

Q=0.9029
2, n UREAS, ROGHIR AR KL, Se JobntfEfi 22, RSD 4
BRZEMIbRIEMM 22, F b Fisher's statistics, Q Ay it A
(Q=R/Se).

(A T R AL A ) 24 h (1) plso TMIME 51 3% 3
H, ATRUE A SO AR AR TSR, IR XS N(D) -
AAAEBURIE AL S 03 P PR S R LS aR .
PRI A7 B LR 4518 1& 8 RS log P <
BEBRAZ AR P THRRAL S BTG i

LA 5,6- 5Nl S-URNgI A kL, 282 e B
Hl# T 2 MR AT, 2T B A A
PR WG 50 KIS N A5 13 T Ao B 2% R P ok ) 5
WA BESRAL G . S PEVP A FIAT I R QSAR T
SURIRW], RS RE— /K O IE AR BT MY sz A A Y
EETERE. HULE H, SIABERERS BGE Tz
VS PR L E AL R ROTERE, SOk T BTG

Ph. X ZHATRAWEIL, AT R R KRR ARG
PRBEH N L RELS 1B 711,
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