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Hci NH2 CyprisLanva
gravsy
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(DEBET LYY M LD EREEN TR

M()-20AET. TIRTILEDILEY3a, 3bEESHLT=, 3a, 3bD. 48K % D {1 7% EE E 1 (48hECs)E S
TORITOIYRDF TR EERAWTEILIZESA. FNEN554 pg/mL, 6.36 pg/mLTH>T=. CNHDIE
(X, BAEFEAIN TS FEEEHI(Sea—nine 211 ECs = 0.08 pg/mL, CuSO4 ECs = 0.18 ng/mL) &L T &
BULEEFETHoA., AR RO A REMZRT ENTE . FHE(LC)ITEALT. MEE®MEL10 pg/mLT
LRI HEKRSEUSNT . BEEHETRTENTE,
(H%EE\ Ac = C(0)CH3, Pal = C(0)nCsHa1)

OH OAc OR

HO (¢] 1 step AcO (0] 2 steps RO 0
HO OH > AcO OAc > RO OR

NHo-HCI NHCHO NC

2
3a-b (R = Ac, Pal)

48hECs = 5.54, 6.36 png/mL
48hLCsq >10 pg/mL

B(1)-2



1RF-1601

RICRIZI—TLEFLEFAI—TILEOEBREZEALIL BH. EEMBELLT. TROD4ZRALV,
RATOIITOVRDFXTYRANEICH T H2IEDEYE M (FEBAEEMECsfE. FELCsHE) BBIELIZ, LNVT
LRV EEEE M (ECso = 0.07~0.84 pg/mL)ERL. LWOHODILEMIFBEERA LGN TLVSsea nine
211ERFDBVVEEEBL TNz, ST RTTER T GL oz, FHAEOHR. RESNIERIEIUT
DBRYTHD. DI—TLEODFATI—FLETE, TRTFILE (F1-(2) KYELH1HTR TSRS ETE RS
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(B&EE. Ph = CgHs, Pr = CH(CH3),)

OAc
AcO AcO
AcO AcO 4 steps ACOO\/DEF\/ :
—_— _
N
Q’\‘ ? Q’\‘ ? 3cp

t&EY E£YEHE t&EY E£YiEE
" 48hECsy | 48hLCs, " 48hECso | 48hLCs
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
OPh (3¢) 0.71 >10 S (3m)
N 0.21 >10
OCH,Ph (3d) 0.70 >10
OCH,CH=CH,(3¢) |  0.37 >10 (3m)
s 0.30 >10
0iPr (3f) 0.23 10 or
OCH,CF; (3g) 0.36 10 (30)
S 0.30 >10
SCH; (3h) 0.11 >10
SnC1oHss (3i) 0.84 10 (3p)
S 0.43 >10
SPh (3j) 0.43 10
o Cl
SiPr (3K) 0.07 10 4
NeC | 0.08 0.1
nCgHi7” ™S
SCeH,1 (31) 0.07 10 S 1
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CH,Cly, 1t
NC
q-s
48hECso 48hLCsg
(ng/mL) | (pg/mL)
(3q)
% 2.65 >10
(0] iPr
(3r)
% 3.32 >10
0
1.02 >10
S
0 (3s)
X (1)-4
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HEFHNGEIST=,
(B&EE . TBS = tertiary-butyldimethylsilyl, —=Si(CH3),Bu, MOM = CH,OCHjs)

OAc 6 OR3
AcO 0 4-5 steps R3 4 (@]
AcO opr ——— » RO oiPr
N O 3
o 3ty NC
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p3 48hECso | 48hLCso
(ng/mL) | (pg/mL)
COnC7H;s (3t) 0.79 >10
COnCisHsi (3u) 0.31 >10
COPh (3v) 0.81 >10
TBS (3w) 0.25 >10
MOM (3x) 0.38 >10
CH,Ph (3y) 5.5 >10
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KAMBETRERARENYBLBETEENTED, COIEND, AFYFAHADEARTIE., FEDHEIR
EBBRAZRDBERIZRLEZ WThDIEEYLRHKDOERMERLZ, BEEMICIE 1.0 pg/mLEYEFENRE
TR HBRERZLGEFHONGENSTZEDD . 10 pg/mLTIHIEBRDBEELFONER TE LGB 10
ng/mLTHRT L BRI HERSnG Ao =,

Yo% 3a 3f 3k xi 8
RBE(ue/mb)
0 - - - 240
0.1 219 282 299 -
0.3 300 318 237 -
1 241 272 291 -—
10 133 159 180 -
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RBREME LI, £, 7EF LV EA)EET HIbEWEGR LTz, TRO 7 Va3t I EBE1» S
ARERMG L, 72 EDOKNL LT I F{EHCOMe, EtsN, NaOMe) & #i < 7 & F /1L (Ac,0, Pyridine) X
JET A Y = b U VHETER R 2a% 572, RZIC, AR AR Y (POCL)E W2 BiKKISETHBOA Y
= rUbEEWZaz AR LT, IRWT, TEFAEID & T VFLEHOR WL I b A L H(Pal) s (& #
LA Y =hUNA3bILEHL AR LT,

AR LT G ¥3a, 3bD . 48K 14 O 45 BLEIEPE(48hECs)) & X 7 ¥V~ 7 VYR DX 7 U 2 Eh/4E % H
WTEMIE L2 & 2 A, TN EH5.54 ng/mL, 6.36 pg/mLTH 7=, ZH 6O, BAEFEH STV
£ & PR #E A (Sea-nine 211 ECso = 0.08 pg/mL, CuSO4 ECso = 0.18 pg/mL) & L d4~2 & 55 W LETR M TH -
oM. KEFFEDO A REME 2R T Z LN TE -, BELC)ICE LT, Wiba®w e H10 pg/mLTHIELT 5
EARTBLH S T, (REEEZ RS 2N TE,

(W 7E&. Me = CH3, Et = CH,CH3, Ac = C(O)CHs, Pal = C(0)nC)sHs;)

1. HCO2M9, Et3N

OH NaOMe OAc POCI, OAc
HO o) MeOH, rt ACO o) EtsN ACO 0
HO OH . AcO OAc > AcO OAc
2. Ac,0, Pyridine, rt CHoCly, rt
1 NHzHCI 69% (2 steps) 2a NHCHO 82% 3a NC
48hEC50 =554 ug/mL
LCs0 >10 pug/mL
1. HCO,Me, Et3;N
OH NaOMe OPal POCI, OPal
HO O MeOH, rt _ Palo O Et;N Palo (0]
HO OH . PalO OPal > Palo OPal
2. PalCl, Pyridine, rt CHoCly, rt
1 NHo-HCI 45% (2 steps) 2b NHCHO 54% 3b NC

48hEC50 =6.36 ug/mL
LCs0 >10 pug/mL
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Wiz, 7/ ~v—i@EfLE LT, =—7 18 ((OR) HHWETFA=—FT v (SR’) WA V=K I/
k& uEERT5Z 8 L (MoKEREIZ, 72FALEELE) . GROBEEEZEL T, 2anbd
HEMLEMEZ AR T D22 E 2R L2, T a— LR NMRER TH DL DL A AWZ VTS,
HHELAEWESGD Z ENTE edoiz,

OAc OAc
o R-H o
AcO AcO — ' '
AcO OAc AcO r (R=0R’, SR
LA Xk
2a NHCHO NHCHO

< (1)-3

FROMEEZZ T T, RMTHIANOLEREED D Z L & Lz, FIDIC, 7Y a v LKIETT /
~v—EREAESEEAT LI L L L, RERFORE, LT 27 v a— s 0IETF A — VDO IFAE
TT, VA AL LTAR Y N TZAATF A4 K (BF:-OEL) #3702 m A X HREHLWVIETE M=
FUNLFSOETKIGSED L, BHLAME G2 b2 R LT, 2B, RIIIMRFI Lz 2 50504
DHIBL WEPNEmPSTFEELTH LTz, KIZ, AR LTEBEAEWSZEDATT B F LV EB IR T7 Z v A

NEDORE, AVALAT I MM, FLTHORT®F LT D ETEHEALT I R2E Lz, &%BIZ, Bt &
F UL THARIGESEDZE T, BRIOAL Y= R UbEWIEZEFN AR TE 2, 2 b —HD4E
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FRTIE, B2 DAL GRS D OSSR O FIEALITAT > TWaWniz PREDIRICE EE->TWVD

bOobHY, SBRBEHNETEL TV,

BT T UVROXT Y AT D20 EMIETE (A ETEEECsE

N jﬁ‘@LCSMﬁ) %)/E'JE

Lz, T—T N F o —F B C1x, =27 08 (K1-2) L0 &8 1IHROA S L EFENE 2R84 2
ERbrol, BIEEFCTCTRABEINTWAHEMIZILL FO®EY THbH, O=—7 /1 (-OR’) LtFA4A=—7F

b (-SR’) TIEFAT=—T DG BNENEEZRT (Bevs3j, 3fvs3k) |
DT OEAEY B 10 pg/mLO EWEE I B
—HICBW T LN ODFRELZY (T A
ERKHENERBLTLEI BODORHEN TS

EL mWIEMEEZ R (3dvs3e, 3f,3g) . mEICHOWTIE
TH, FHCT DEEITEM S L2 h o 7203,
TLEY) . HETDHZ
REAENHAEITH T D59 F L~ TOVEAEF N R > TV 5 A
(#4555, EDA = tetraethylenediamine, Ph = C¢Hs, iPr = CH(CHj3),)

OAc
AcO AcO
AcO AcO
—_—
BF 3 OEt, o N (6]
Q&: ? see Table §<‘ ?
Step A 5c-p

R'l

ge

QR DGy FH A AP/ E T

. IRBIZoWT, FEIE
EMELH D,

1. EDA, MeCN, 80°C

2. HCO,Me, NaOMe
MeOH, rt
3. AcO, Pyridine, rt

Step B
OAc
AcO o POC;, EttN  pco 0
AcO R' — > A R
CH,Cly, rt
20p NHCHO 3op NC
Step C
{b&w Step A Step B Step C EWIE
. . Yield (%) . 48hECsg 48hLCsg
R! Conditions Yield (%) Yield (%)
for 3 steps (ng/mL) (ng/mL)
OPh (3¢) CH,Cly, rt 33 10 51 0.71 >10
OCH:Ph (3d) MeCN, 80 °C 54 41 61 0.70 >10
OCH,;CH=CH; (3e) | MeCN, 80 °C 66 20 32 0.37 >10
OiPr (3f) MeCN, 80 °C 31 31 49 0.23 >10
OCHCFs3 (3g) CHCly, 1t 77 37 54 0.36 >10
SCH; (3h) 7 A 55 90 0.11 >10
SCi2Hs (3i) CH,Cl,, rt 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
SCeHi1 (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 CHCly, rt 64 79 90 0.30 >10
(30)
s CHCly, rt 59 58 79 0.30 >10
(3p)
CH,Cly, rt 66 47 80 0.43 >10
S
Sea nine 211 0.08 0.1

(1) -4

AZNARF TR (S(OR”) DR BIF LIz, KIZAERLIERIGT 2F 4= —7 /1 (3n-p) ZmCPBA
TEMLT 52 L TR L7Z, 728, SCH; B L DAL KR A=, BHHMLAMEED Z &N T
Ehpnole, Zhix, BEEBRMORLEMEICHEKT HEBLELTWVD, ANFF Y FOFEREEME
L TP b 0D, AFERITANLT 4 K (SR) LORBNLERSODILOEMEMTOND,
ZOFHF, =—F7 /L (-OR’) L= ZT /L (-OC(O)R’) DFERLHINTHZDTHD, AILFEOR
Bnb, T—=TARANT ¢ FITEFEGE (EFE2HLHET) L LT, 2 AT ARALEFY NIEE
B (BEfE5l&iAte) ELTIADZIENTED, T/hbb, MOMNEREREZET 2{LED
EART DI, EFRGEOREVEREZEATUVLIINVWI LZREL TS,

X (1) -5

3n-p NC 3q-s NC
48hEC 48hLC
R? Yield (%) N %
(ng/mL) | (ug/mL)
(3q)
S 56 2.65 >10
1
0
(3r)
92 3.32 >10
S
o)
(3s)
%I;j 56 1.02 >10
0
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RBIZ, oM (3,4,600) OKRMRIECT B FNVIEUNOEBRLZEAT L L L Lz, 7/ v —i&
BT, =T VTRV EEEEZ R LIcA Y e BV EEZER Lz, BRUEISIN B D,
EDATT Bt F LV EB L7 X aA VEORE, AV AT I MMe, ZLTERETNOBEHRLELZEANT S
ZLETHRNMLAT I R2E Lz, Z20%IE, THETERERICA Y = M) fbEM~L TN,

FA A DA AR EEEZIE LR, Wb mOAAFLEEIE 2R L2y, BES & Hn
AT ZLEFTERrol, TITHEALLEREL EFRSIMHOTZATARG LW E 014 X
DRENWT Y LT =7/ (TBS) Thole, THHKBILIEAT HEHILICONTSH, Jid & [ U
M (BFHEEO =T d 5 W IE0F A ZDO/NS W BRRDEEREIEME) Z2FFOmREd & 5,

(W& 3&. TBS = fertiary-butyldimethylsilyl, -Si(CH3)2¢Bu, EDCI = 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide Hydrochloride, DMAP = 4-(dimethylamino)-pyridine, DMF = dimethylformamide)

o OR3? 6 _-OR®
A OPr 1 EDA MeCN. 80°C  pag 0 POCK g 4 o
R%0 oiPr — > R oiPr
N o) 2. HCO,Me, NaOMe Et;N .
0 MeOH, rt 2t-w NHCHO CH2C|2, rt 3t-w NC
3. see Table
5f Step A Step B
{b&w Step A Step B EWIE
. Yield (%) . 48hECs 48hLCsg
R3 Conditions Yield (%)
for 3 steps (ng/mL) (ng/mL)

nC7H5COCIl, DMAP,
COnC7His (3t) . 24 60 0.79 >10
Pyridine, rt

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

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

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

X (1)-6

FDBERZEH LI, BrGEHOERE (m—7 ) HAZTol, LRSI OEHLE AT, il
DFETIERECTH 272D K1) TORKEH Nz, 7V I RERELESET 2 F VIR ERE,
WEBE D KR IL T A R CEBILZ T AL, TORIFEROTIET, BHOA Y = M UbEam~ L&
a7,

B AR O E L EFMEZE LR, MOMEEQRGX) TIZIRWEMEZMERF L 72— 7. X2 UL i@3y)
TIHEERRE KT L2, BB IXINE TRROFM R THo72d, BRE DA TIvE DI D b
ETERNoT,

(B&3E. MOM = methoxymethyl, TBAI = tetrabutylammonium iodide)
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OAc . s
AcO 0] 1. NaOMe, MeOH, rt OR 4 §—-OR
AcO OiPr 2. see Table R39 0] POCly R3 O
R0 oPr —— > RQO OiPr
N O 3.EDA, MeCN, 80 °C EtsN 3
0 4.HCO,Me,NaOMe 2.y NHCHO  CHCl, it 3x.y NC
MeOH, rt
5f Step A StepB
{b&w Step A Step B EWTE
. Yield (%) . 48hECs 48hLCsg
R3 Conditions Yield (%)
for 4 steps (ng/mL) (ng/mL)
MOM-CI1, 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

B (1)-7

LT XA T AR DA P E R

MEEMICEAT I 7 Y RIEFICE EEL T, BRaREMRELG L TND, AR TER LT
ICEWWS 7 OV RUNDOEAEMIIK LT ORI THDLINEHEIO DT, MEEMTHL LT XA
AR L THERFERBREZRAART, 41 V=G E LT, 3a3f3kx e, AT %A T A%
BARETER AT ET D0, KAMETIERSBRZUVEHELEBH T2 M TEL, Z0ZEnDL, A
TYXA A ORBRTIE, HEORELRDEROEERIIR L, WTROLEY b [FEEE O/ % /R
L7, BARAVIZIE, 1.0 pg/mL KL D H#EWVRECIX, MR E REREBIIHLONR N -T2H DD 10 pg/mL
TIRHRADOHE LB VPR CTE, 28, 10 ug/mLTHIET L FERIZER I N o T,

HUINE 3a 3f 3k xR
BREE(peg/mL)
0 — —- - 240
0.1 219 282 299 -
03 300 318 237 =
1 241 272 291 -
10 133 159 180 -

X (1)-6

5. AFRICL VB ONZRE

(1) BFHNER
BMPORBEICAFAERNAAA~ATHDL I NVaV Iy (HDWIEHRO Z Va4 I UFER) »
5. 3L LR THERENMEZAT IR, V=)V LEMEERTHZ ENTEE, Z0dk

WEEHIX, 2. FEBEERN] OBETHEXR, MMAEREELICL2BEOA Y= NI VEBRARE
Bibawmak Q7T1LR) L+ 5 BHATHS, RN EBIEORRBEIT. EHMILEMIHEIC &
S TARARTH S,

ZHERILAEMOEROT T, xDOERE (2T, =—F )L, ZANVT 4 K, ALK RARY) %
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At I AZE AL, HAEREEEEZH SRR BRI A s Gonic, 7 v —Efk
WZBWT, OBEMEOEFHIRMEE (BEFA2MLHTorgl iATy) BHERFEHICEEZ KT (=
AT NNST—T )b FA—ILvs AR F T N T HERMOEN) | QEMT D I0ENEFE LD A
DFMBNENEELFGT L, OFFRILEMEIV LT AXNEY (A XD/NENT LX) OJF
DIRVEMEZ G T 5, ZALAOEBREICHOVTIE, OFETRESEMTIAMT I N TERL o7,
INHLOMMIE, B F VANV TOMERFEADN=ALIEELHEZ L5 R TRIND, AEE A
T IIX, A= L EZRWRHT-OOEEZMN G LIk (e —7) LA TE5, RIFETHD
Nizmiazs iz, 7a—7%28K L, AAD=ALEHLNITHZ LT, LkE{bAmE4S %A
BT D, o, DIZHONWTE, EOXIREREZEAL THIEMHICEEL ARV EF VA 52 L
HLARBTH D, MEMFLLEDIL, BEHORE DL Z LI 2D T, BRI FEMEEIEDL L O
DTRETBAREE IR D,

ALY . BIEHWHATWDEREANCICE T 21EE L FFobamE AT 2 &b TE 7,
EROIIICHEMIERZSAIBEMERB L0 BRI KEILORME +FDIZELTHWETD,
SBITL VRN A Y = N b EMERIHT 5,

(2) REER~DOE®W

KAFZE (RHE A OEA) (BT 2BRERMBEL LT, —EiMoAEA X({LAEMSLHRELHW LS
FCH R 72 E O BB DML/ EDUFER A~ LT 2 MENE T D, WIEEMICEEEL 5
HZEIFb LR, AYEHOMKREL LT ABHORFEICH T 2EZELERIL WD, EEEUSND
FHAEER BEH SN0, KEIEEMEE NAF T4 R) BB T 5 712 DWHERE ~ D0 &
BENTWD, o, ZO X BRAAEREAZFA L2 E BEICEDDIAHET DR, FEREIC
BERARBERAZEST L7200 Tl BRENEAL ZBbRFOHRHEME G S 27,

—J, TR EDMNEEMIY I VTR EDWIEEM B EDORG L LTHWDLD, ZHUOWEEY
FRIR L7eA Y = N U MEEWEZ LI LD L T2 AHILAEM THELZBHL TS, Zhboa#ILEY
RN D DIREENFFECH D, 2 OWLEAEY O BFEFERE 2 il T X X, Eil o % FEi (2 ff ik
THZENMFBTE D, RFIETIE, T OEMBEMIC X 5 MEEYORERNCBET 2 J0Mme 72 f# ik % H
LT, A Y= NUNEBBEENRAA~YATHDL IV aY I NTEALESHELAYE AR LEZ, Bk
s DA ERFEARBRIC LD . RN 725 EEE S REE LWL T 5 2 EARS N, WBEFTHERHS
NH7NnatI A=YV, BREICIREES SRS, 200 3 AEWITERY A F 40O
SN THEREANCRIE, XA A ~ATH-> THIERT HHEANRMERERE 2V 25, 20X
AN EITENIT, SDGSsTHIB/IT SN TS 11 4. WEE L WEEE IR OR4 - Frfe 7T RE 221 H
WCETDHLDOLERVIED,

<ATBHBEICTEH L 7o R >
FrICRERCT ~ & ST,

<FTEPERTAHIZERRAENIRE>

KHFFETIZ, NA A~ A ERERET DS ERERHE OB EZ R LT, "M A~V ATH->THE
BT 5 X0 MbEMREMMETENIT, SDGsTHH|IT LTV D [1 4. ¥WEE L MFEEIROMRE - Fie
AIREZRFIH] ICETHHDERVGD,

6. EERIEFRFEEDORI
FRICRERT ~ & FHIT W,
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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 pg/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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