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B, ETOKBENZATARICEBIN TS A Y = N UEEHOERKR, B X OAEDIEE
RBRERFI L7z, £9. TEFVEKA)EATH2ILAWE AR LIz, TTIRO 7 Va4 I UHEEBEL»D
A EBRB L, 72 EORNL LT 2 FEHCOMe, EtN, NaOMe) & i < 7 & F /L 1{K(Ac,0, Pyridine) /<
JET, A Y = b U VR E2a%2 572, Ifkic, LA A KR U (POCL)E AV 2 BiAKKISETHBOA Y
= MU bEW3az B LTc, IRWT, TEFAELV ST AFAEHOE WL I b A LI (Pal) 2’ (& H#
LizA Y =hrUNA3LED L AR LT,

AR LT-Ab G ¥3a, 3bD . 48FER 14 D 5 BLEIEPE(AShECs) & ¥ 7 ¥V~ 7 VYR DX 7 U 2 Eh/4E % H
WTHHli L= & 2 A, N EN5.54 pg/mL, 6.36 ug/mLThH 72, ZHHDOEIE, BEMFH SN TV
£ % B #E Al (Sea-nine 211 ECso = 0.08 pg/mL, CuSO4 ECso = 0.18 ug/mL) & 42 & 55V LERRME TH -
ToN, AREFFEDOAIRENEZ RT Z LN TE =, FYELC)ICE LT, WtA®WE H10 pg/mLTHIET T 5
EARITBLH ST, REEEZ RS 2N TE,

(W55, Me = CH3, Et = CH,CHs, Ac = C(O)CHs, Pal = C(0)nCis5Hs1)

on 1. {SGplMe. EtsN oA

OAc
o MeOH, rt o PE?CI:\F o
o AcO A
HO OH — e o oA Chch . 1° one
o) . ridine, 2~12)
1 o TP ” NHCHO 82% 3a C
48hECge  Mg/mL
LCsp  Mg/mL
1. HCO-Me, EtzN
on TG B opa oa
POCI,
o MeOH, rt o Et;N o
o Palo * , Pdo
HO OH — > "Pal0 OPal Chch . ° o
“Hel : e 2%
1 H hal\ F iy ” NHCHO 54% 3b NC

X (1)-2

wio, 7/ w—@#HEL LT, =—F M (OR) HDHWIEFATZ—FT 1 (SR) BoA v =FrV L
IWEWEERTHZ L L (oKEEEIZ, 7EFALEE L) . AROEEEZZEL T, 2a0bH
HHL WA SR TAZ 2 LEN, TALa—AORKISMEER THAHE L DL A AfEE AWTY .,
HELEMESED Z LN TE R o7,

OAc OAc
o) R-H o
AcO AcO ' '
AcO OAc Hé AcO rR (R=0OR', SR’
LA R
2a NHCHO NHCHO

< (1)-3

FROMEEZZT T, TG THI2ANLEREZED DL L L Lz, #MIDIC, 7V a v LKIGETT /
VoEREASFEEAT LI L L L, RMIFREORE. ST DT a— b 5 0IETF A — VDR
FTT, A AL LTARRrY MU T VAT AR (BF;-0OEt) #y7vnu A X FEEHLI VLT =
FUAHSOETHIGEESED &, HIMLAME 5252 2 R LIz, 7ok, RIIIKRFTLE 2 20514
DL WEPRENP ST FMEFLBM LT, RIS, AR LIEZELAWSEZEDAT Y EF AL EB IO 7 Z 1 A
NEORRE, AVLAT I NMME, ZLTHARTEFMMET S ETHRALLT I R2E Lz, B, Al &
UGS CTHANKISESESZ T, BOA Y= NI LAY EENZENARTE T, 2NH—HOA
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BT, B2 DALAEWICHT T D RGO REIZIT> T ianizd, FREOINERICEEE->T0D
LObLHY, SREFETELTWD,

BTV T VY RDOXT Y RNETKT 22O AEMTENE (S EIEIEECsofif. FPELCsofE) b &
Lz, T—=7 WA TF A —F ARGk, =27 A8 (K1-2) £ 0 LR IHRWA S LEEE 2 /R9 2
ERbhol, BIMEECTREIN TWAHAIZIU TOEY ThbH, O=—7 /v (-OR’) &FAT=—7F
N (-SR’) TETF A= —T VO RENEMNEEZRT Bevs3j, 3fvs3k) . QR O3 H A XD/ ENZ
EL W EMEEZ R (Bdvs3e,3f,3g) . wMEICOWTIE, WTFHOAEHH 10 ug/mLO FE WIEE 2B W
Th, BETAHMEITBR SN o720, —EICBWTIEREE LRV LODFRELZY (WFRIEA
TLE?)  MBETLIZERSHDENERELTLEI LbOORBENTWS, ZhbIZoWT, JFKIE
RHENDEIZHT D25 F LV TOERBETFRER > TWD AL & 5.

(W53E. EDA = tetraethylenediamine, Ph = C4Hs, iPr = CH(CH3),)

o
AXCOO\/DEV\/ AXSO\/DEN/ 1. EDA, MeCN, 80 C
—oﬁt—>
BF;

2. Ul(e:8l7-lv|ﬁ' NaOMe

see Table
3. Ac,0, Pyridine, rt

Step A Step B
AcO POCI3 EtsN AcO
AcO AcO
CHZCIQ
NHCHO

C

Step C
=X Step A Step B Step C LW TE

R! Conditions | Yield (%) Yield (%) 1 Vel (%) 48hECso | 48hLCso

for 3 steps (ng/mL) (ng/mL)
OPh (3¢) CHaCly, 1t 33 10 51 0.71 >10
OCH,Ph (3d) MeCN, 80 °C 54 41 61 0.70 >10
OCH,CH=CH, (3¢) | MeCN, 80 °C 66 20 32 0.37 >10
0iPr (3f) MeCN, 80 °C 31 31 49 0.23 >10
OCH,CF; (3g) CHaCly, 1t 77 37 54 0.36 >10
SCH; (3h) 17 55 90 0.11 >10
SC1aHs (3i) CHaCly, 1t 75 39 73 0.84 >10
SPh (3j) MeCN, 80 °C 51 31 41 0.43 >10
SiPr (3K) MeCN, 80 °C 77 35 44 0.07 >10
SCsH 11 (31) MeCN, 80 °C 82 39 38 0.07 >10

(3m)

\(@ MeCN, 80 °C 76 19 61 0.21 >10
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(3n)
S CH,Cl, 1t 64 79 90 0.30 >10
(30)
s CH,Cl, 1t 59 58 79 0.30 >10
(3p)
CH,Cl, 1t 66 47 80 0.43 >10
S
Sea nine 211 0.08 0.1

X (1)-4

ZAEF VR (S(OR’) DOBELME Lz, KICARLEMIGT S F A= —F /v (3n-p) ZmCPBA

TEML9 5 Z & TR L7=, 728, SCH; Bh)» b DA b &

AT

B EWE 55 Z LN T

ol T, HEEBYOARLEMICHKT HLEBLEL TD, AAKRF T RO EEME
L CENoT2b DD, REERIZANLT 4 F (SR’) COREBNOERSLHILO EMABMNIT LD,
OB, =—7/ (-OR’) L= X7/ (-OCO)R’) DR EXIET D720 THDH, AEILFOHR
B, T=TARANT 4 NIZETHEGR (ET2MHLET) L LT, 2ATARALEF Y RILE
TFWEIE (BErxglZiAte) ELTIADZZILENTES, T42bb, MWIEREREEZH T 51669
AT DI, BEFREEOREVEREZEATULIINVWI LZREL TS,

OAc OAc

AcO (0] mCPBA AcO (0]
AcO Rl —» AcO R2
CH,Cly, rt
3n-p NC 3q-s NC
48hEC 48hLC
R? Yield (%) » %
(ug/ml) | (ug/mL)
(39)
S%}} 56 2.65 >10
(3r)
2 32 |
si;j 9 3.3 >10
(3s)
I ] 56 1.02 >10
S
o)

=

(1)-5
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PEIZIT, =T VR CRWEEEREZ R LIcA Y 7 e B VLRI Lc, GRS B,
EDATT tFNLVEBLIOT7 ¥ m A VEORE, AV AT I R, ZLTENThOBBLZEANT S
TETHARNLT I R2E LT, 2OKIT, TRETERRICA Y = U LGl ~ LB,

F AR O AL EEEZHE LIEAER, W bMWD EREEMEZ R L2, FrgEd ~ &
AT ZLEFITERbol, T THALLEBREL. EFRIMNOZATARG D WNE 0TV A4 X
DREVWT Y =71 (TBS) Tholo, ZHEKRMEIZEAT ZEBREIZONTS, Aldd & [ U
M (BFHEEDOT—T VdH D W0E0F A ZAO/NS W RRDNMSEREENE) 2RO & 5,

(W&3E. TBS = tertiary-butyldimethylsilyl, -Si(CH3),tBu, EDCI = 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide Hydrochloride, DMAP = 4-(dimethylamino)-pyridine, DMF = dimethylformamide)

OAc

o OR3 6__OR®
A opr 1. EDA, MeCN, 80 C Rl o POCl, g 4\ o
\ o 2 MC8FIV| NaOMe R°0 OiPr —>Et N R°O OiPr
. y 3
° SO R 2t-w NHCHO CHCl, rt 3t-w ® Ne
3. see Table
5f Step A Step B
{b&w Step A Step B EWTE
. Yield (%) . 48hECsg 48hLCsg
R3 Conditions Yield (%)
for 3 steps (ng/mL) (ng/mL)

}’IC7H15COC1, DMAP,
COnC7His (3t) . 24 60 0.79 >10
Pyridine, rt

nC15H31C02H, EDCI,
COnCisHsi (3u) 16 54 0.31 >10
DMAP, DMF, rt

COPh (3v) PhCOCL, DMAP, 46 35 0.81 >10
A" .
Pyridine, 60 °C

TBSOTY, 2,6-lutidine,
TBS (3w) DME. 120 °C 43 27 0.25 >10

< (1)-6

SenEBEREEL LI, BrEGHOBERL (m—T7 ) BAEITo, LSO ERLE X, Bk
DHFETIERETH > 7272 DICK()-TORKEE W=, 7HNVA I RERFLEZET BT VIRERRE,
WO KRS I CEBELZEA L, TO®RIIFABKOTIET, BOA Y = N bE~L %
1 72,

KA R O B L EIG M2 JE L2 S . MOMEEQGX) TIZFRWEEZHMERE L7 — . v L H(3y)
TIHEENSKELSKF L, AR INE CTREORRE TH o722, BEOIHBITIvE DN D b #fE
TETERMST,

(K435, MOM = methoxymethyl, TBAI = tetrabutylammonium iodide)

OAc

3 3
Ao o 1. NaOMe, MeOH, rt OR ) 6 —OR
RO oipr 2. see Table RO o POC  gag 0
= R0 oPr ——— R oiPr
o N0  3.EDAMCN,80 C Et;N s
NHCHO NC
4. }CQeMe, NaOMe .y CHClo it 3xy
5f Step A Step B
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{b&w Step A Step B LW TE
» Yield (%) ) 48hECs 48hLCs
R3 Conditions Yield (%)
for 4 steps (ng/mL) (ng/mL)
MOM-CI, NaH, TBAI
MOM (3x) 38 66 0.38 >10
DMF, rt
BrCH,Ph, NaH, TBAI
CH,Ph (3y) 26 66 5.5 >10
DMF, rt
(1)-7

DT XA T ANTxET D A5 P AR ER

AEAWICETLIMEIX 7 Y RIEFICE EEL T, HxREMMRELE LTS, RIFETER L
{EEN 7 Y RUNDHEEDIZH L TCHOENTELINEEND DD, NMEEMTHL LT XA
AN LT ERERREZRK ST, 4 V=V bam e LT, 3a3f3kz Ve, AT F AT A%
BAEERUATET 203, KAMETIE RS BLREZOVHLBH T2 L8 TEL, 20 Enb, A
T XA TAORBRTIL, EOHEELRDIEROEERIIR LT, WTNLOLED S [FEROM I %2
L7 BRI, 1.0 pg/mL R VD EWVRE T, X EREREZTAONZPoT2H DD, 10 pg/mL

TIHEARDOBERBANBHRTE I, 28, 10 ug/mLTHIET LBRITHER SN2 o7z,

HoTILA 3a 3f 3k L]
RBE (1 g/mL)
0 - - - 240
0.1 219 282 299 -
0.3 300 318 237 —
1 241 272 291 -
10 133 159 180 -

X (1)-6

5. AMFERIZL VB ONTRE

(1) BEHER

BAGINOKEIZAFTRER AL A~ A THLZ 7 ray Iy (bHWEHRO Z Va4 I U 3FER) )
5. 3 L6 TR THEMETEZ AT L2880, V=NV LA EEGRT DL N TE, Zoblk
WL, 2. IEEBEMN] OE TR, MARERESICI2BEDOAL Y= NI VERREKAE
BiLAmAER QTTR) thBTHEHATHL, RNREMIEORBEIZ, ERAMCLEDIGIC L
STARARTH S,

SRERAL B DB RO T T, Flix DEREL (ZAT )L, =—F )b, AT 4 K, ALKEFTFRE) &
Jhay I ACEHAL, AERFEEEZFSER. BFRRNICAERAZMARE N, 7/ v —E#IE
WZBWT, OEMBEDOEFHLRMEE (BF2MLUHTorg Xidte) NEEREEERICEEL RFTT (=
AT IysT—T )b FA—bvs A VR TV K| TG RROENE) | QBT D eES/EESE LD b
DFRBNEREZHT D, OBFFRILAEVWI D LT A EY (1A XD/NESNTILF L) OJF
NIMVWIEMEEZ BT 5, FNUNSDOEBRIEICOWVWTIE, OFETREIHERITIABTIENTE o7,
IHNHOMEMIE, BT LoV TOMNEREA D= ALCEBEEL 5252 LN TREND, AHE K ZBR
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Bt A= LE2PTRDE-OOMIELMNE LIZILEY (Fe—7) bAKRTE D, AFETHED
NE-MmAEZL LWL, To—TE2AKR L, AD=2XLEHENITHZ LT, LVK#ERIEEDE S %A
BT D, Flo, DITHONTE, EOXOREREZEAL THIEHICHEELZEIRWEF VWX 5 &
LAETH D, EMELALEYIZ. BEHIRE THEDLDL Z 125D T, BESTLHEAEELI L 22
SfEkEr b AIRE L T2 D,

AWFZEIZ LD . BAIEH WO TV A AEREAICICHT 2IEEEZFFobeamz RT3 2 & b T& T,
FROIIICHFENICEELIENERELIEZLOD E b HiElLORMEZ T/3ICE LTS,
L%IT LRI A Y = N UL EMEAINT S,

(2) BREBOR~DEMR

ARG (FEEWOREA]) (CBET2REMBELE LT, —HOAKEA X{EAEHRLHELH VLN D
LRGN 7 EO RS BBMIER ENDWFER A~ L RET 2MERE T oD, WIFEEMICEEEL X
HZEiFb LY, AWEHOKEL L TAEORFEICH T 2EEELERINL TS, EERUSLD
FHAERERGER I, KEIIEDEE (NA 3V A R) BUZBT 572 DWHERE~ O E 13
BENTWDS, o, ZO X RAAEFREAZFHA L2 E, BERICEDDAIET DR, FEREIC
BERAREREZEST L1200 Tl BENENLL @b REOHRHEINEF & 27,

—Ji, TR EDOMNEBEEMIT I VTR EOWIEED B EFEORIRLE LTWDER, 2N OHEHEAY
RIR L72A Y = NV LG EZ LI LD L T2 AMILEM TRHELZBHL TWD, Zh o oa#ILEY
RN D DIREENFETH D, 2 OWLEAEY O BEFERE 2 il T X v, Bk o % Feia (2 fif ik
THZENMBTE D, RIFIETIL, Z OEMBEMIC X 2 MEEYORERNCBT 2 MK 72 f# ik % H
LT, A Y= b VEBEEAAAFTATHDL NV a I AN LESHILEwE AR LTz, B
s DT ELERREBRICE D . WD) 2R A EEE & IRBEE A2 WL T2 2 RSN, ERCERS
nodr7nayIvgYy=hriE, BEOICTEES SRS, 26 BNAEWITEY A EIE O
SN THERERIZZVX, "M A~ ATHo THHEET HIEBNRMERERE 2D 5D, ZD XD
AN ERLTENIT, SDGSsTHH/IT SN TS 11 4. WEEE L WREE IR O 4 - Frfee rTRE 221 H |
WCETDHHDER0E5,

<ATEDBECIER L7c iR >
FRICREHCT N & ST,

<ITEBERTIZERRATNIRE>
AWFIETIL, NA A~ AERERET D EMERBEEOARENEZ R LTz, "M A~ ATh-> THLIE

BRTDE 7MW NFERAILTENIE, SDGSTHE|IT LN TWD 1 4. WEEE L MEEEIROMARE - Fifse
AREZR I ICET LD LRV ED,

6. EERLFRFESEORI
FRICREHE T N E FHE T 20,

7. BIRBRROREERI

(1) #EERE

<@mxX (EHEbHL) >
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Development of Biomimetic and Biomass-recycling Antifouling Material
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[Abstract]

Key Words: Fouling organism, Antifoulant, Biomimetic, Biomass, Organic synthesis

Continuous use of the above-mentioned structures encounters biofoulings, undesirable
accumulations of organisms on sea-immersed structures such as hull of ship and fishing net, by
barnacle and mussel which cause serious economic troubles, waste of fuel consumption up to
40% and clogging the pipes or nets. In order to avoid the fouling problems, organotin compounds
had been widely employed since 1960s due to the high potential of the antifouling property.
However, the organotin compounds were suggested to be toxic, and actually induced biological
troubles, for example, growth inhibition, masculinization of shell fish abnormal shell
development, brittle shells, poor weight gain, and imposex to oysters. These unfavorable aspects
of the organotin compounds drove on International Maritime Organization (IMO) to prohibit for
ships all over the world in 2008.

Among current researches for the green antifouling material, natural products from
marine creature are paid attentions as a potent candidate. For example, 10-isocyano-4-cadinene,
obtained from nudibranchs of the family Phyllidiidae, shows not only the strong antifouling
activity but also low toxicity against cypris larvae of the barnacle Amphibalanus amphitrite,
comparable to CuSOs. 10-isocyano-4-cadinene contains isonitrile group as an antifouling
functional group. We would envision that the isonitrile is installed to glucosamine as a cheap
abundant biomass platform through organic synthesis to find potent candidate for further study.
The antifouling activities as well as toxicities against cypris larvae of the barnacle Amphibalanus
amphitrite are also evaluated to prove the feasibility of 6 as an alternative green antifouling
material by investigations of substituent effects at C-1 and C-3, 4, 6 positions.

The isocyanide compounds were synthesized in 3-6 steps from the commercially
glucosamine or its derivatives. ECso (50% effective concentration) and LCso (50% lethal
concentration) values were estimated against cypris larvae of the barnacle Amphibalanus
amphitrite as an antifouling activity and toxicity, respectively. All compounds tested did not
show toxicity (LCso > 10 pug/mL). Concerning to ECso value on the anomeric substituents, the
following tendencies were found: (O electronic property of the substituents affected the
antifouling activity, @ sulfur atom has more potent antifouling profile than oxygen atom, and
® Stronger activities were observed with alkyl compounds rather than aromatic compounds.
Notable features could not be found when testing the effects of other hydroxy groups. These
results are expected to be utilized the development of green antifoulant.
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