Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011, pp. 330-337

AP |=EERERNE flet EEA0| sl 2 Al
UZElE VAKX HI=

QBT - 01" - ZOfRE - LTI

ALty =48 AX| T8k EA5 sk
561-756 & AFA] Yzls 171 664-14
R G | =1 ol i o Rl
445-938 7715 A S sl 1407-9
wred B st REEA) -8} eha b, WEEA| A A4l
561-756 A5 WA Y2ls 171 664-14
(20101 10€ 30 A<, 2011 3€ 14U A=)

Preparations of Universal, Functionalized Long-Chain Alkylthiol Linkers for
Self-assembled Monolayers

Dong Jin Yoo™', Kyong-Sub Lee**, Ae Rhan Kim* and Kee Suk Nahm****

*Department of Hydrogen and Fuel Cells Engineering, Specialized Graduate School,
664-14, 1 ga, Duckjin-dong, Duckjin-gu, Jeonju-si, Jeonbuk 561-756, Korea
**EstechPharma Co., Ltd., 1407-9 Hagil-ri, Hyangnam-eup, Hwaseong-si, Gyeonggi 445-922, Korea
**%School of Semiconductor and Chemical Engineering and Technology, and Semiconductor physics Research Center,
Chonbuk National University, 664-14, 1 ga, Duckjin-dong, Duckjin-gu, Jeonju-si, Jeonbuk 561-756, Korea
(Received 30 October 2010; accepted 14 March 2010)

(@] oF
pel =

£ A= A ZH AN SAM)S] el 7-8-3F A& 2] o-mercapto alkyl amine 1 2! m-mercapto alkanoic
acid 25 W= AZ237dS A&tk WA 3 A HEE2Q] o-mercapto alkyl amine 12] AR vt 2
o} 1A AlFollA] A== potassium phthalimide?} o-bromo alcohols 80 °C, DMF E-1fjollA] X]$k-g-© 2 3155
3S st o1} dFETE ek SIE 45 FAs] $18te] WA SHE 35 hydrazine hydrate® $F
FARL 5, ©]olA] ¢-HCIE Azlato] Hukg-5 55 Filate] HE 45 76-98% &7 T=31th. w-aminoakanol 4
2] hydroxyl’]& HBrZ B =Z713HF-S 319 o-bromoamine 3135 62 34~97% &% W=} El27|E st
7] §J51] 3I¥HE 62 95% oflehe S5ollA] thiourea®} X3+ HH5-819] o-aminoalkanthiuronium 78 Y= U, ©] 3}t
S Al 971(KOH)9}H Al Ako 2 Aj3te] 3kt w-mercapto alkylamines 1= & STHAIE A3 AlZ=3813ict
SlEo] 7 WA 5315221 e-mercapto alkanoic acid 2 T2} 2o 20HA1E B8t AIZ8FAT: w-bromo alkanoic
acidE 95% ollee oA thiourea® *2|314] 8}5HE 78 W= the, Al 937](KOH)E *12]314] thiuronium bromide
= AAS & oA Al AHHCL) FEH o2 X2lte] F HA| HE3FHE o-mercapto alkanoic acid 22 AT A2
3 71 A 9EIS 13 2 AL 255(Auy, Pty Tioll A7 |21 T4 vk gAjsko 24 chilzl g4 1l tlekst
AAEARE 2k QAR ARE 5= 9o, T1 el 259 RIS o] g8to] thefst &8 ATE st 8
ST AR 4 9l

Abstract — In this research, the preparation processes for making a series of ®-mercapto alkylamine 1 and ®-mer-
capto alkanoic acid 2 useful for studying of the self-assembled monolayer(SAM) are described. The preparation meth-
ods of the first goal materials, ®w-mercapto alkylamines 1 were carried out as follows: First, o-phthalimide alkanol 3 was
synthesized from commercially available potassium phthalimide derivatives and m-bromoalkanol in DMF at 80 °C via
substitution reaction. After refluxing m-phthalimide alkanol 3 with hydrazine hydrate in ethanol followed by treating
with ¢-HCI, o®-aminoalkanol 4 was obtained in 76~98% yield, accompanied with side-product 5. Bromination of
hydroxyl moiety of ®-aminoalkanol 4 using aqueous hydrobromic acid furnished ®-bromoamine 6 in 34~97% yields.
Substitution reaction 6 with thiourea in 95% ethanol gave ®-aminoalkanthiuronium 7, which was treated with aqueous
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strong base and aqueous strong sulfuric acid gave desired products, @-mercapto alkylamines 1 through overall 5 steps.
The second target material, @-mercapto alkanoic acid 2 was prepared via 2 steps. ®-bromo alkanoic acid was reacted
with thiourea to give o-thiourea alkanoic acid 7 in 69-85%, which was treated with aqueous strong base and strong acid
to furnish m-mercapto alkanoic acid 2 in 50~98%. The fabricated long-chain alkylthiol(LCAT) can be used as linkers to
immobilize protein, enzyme and various kinds of biomolecules on the surface of metallic materials(Au, Pt, Ti) by SAM,
and can be useful chemical tools for the application study on the surface modification of metallic materials.

Key words: SAM, Long-Chain Alkylthiol Linkers, Organic Material, Chemical Tools
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Fig. 1. Molecular structures of universal, long-chain alkylthiol(LCAT)
linkers 1 and 2 functionalized by amine and carboxylic acid
groups, respectively.
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Fig. 2. Self-assembly of functionalized, thiolated monolayers on Au
electrodes for the covalent linkage of enzyme. X is a func-
tional group for coupling with a protein. Y is a complemen-
tary functional group to X.
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Scheme 2. Preparation of m-mercapto alkanoic acid 2.
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formamide(DMF), N,N-dimethylsulfoxide(DMSO), ethanol(EtOH),
methanol(MeOH)= =2 Aldrich A& A §lo] ARSIIAY,
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2-3. ®-Mercapto alkyl amine(1)2| X

2-3-1. ®-Phthalimide alkanol(3)2] ¥4

2-3-1-1. Phthalimide nonanol(3a)

2123 100 mL Z2F~ 9] potassium phthalimide(1.39 g, 7.2
mmol)2} 9-bromo nonanol(1.37 g, 6.0 mmol)S 7133 DMF(15
mL)= &31A1Z] - 90~100 °ColA] SAIE RESAIZITE. Bthyl acetate
2 53 T, TG0 mLx3)et TaATER Rk 498 55
A7l 3 Ael7H AH A 2ekE 729 (hexane/ethyl acetate, 3:1)%
wElate] 3a(1.66 g, 80%)= AUt 3a: TLC(R, 0.4, hexane/ethyl
acetate, 2:1); m.p. 76~78 °C; 'H NMR(400 MHz, CDCl,) & 1.30~1.52
(m, 10H), 1.55(q, 2H, J=6.8 Hz), 1.67(q, 2H, J=7.2 Hz), 3.62(t, 2H,
J=6.8 Hz), 3.67(t, 2H, J=7.2 Hz), 7.13(d, 2H, J=2.8 Hz), 7.84(d, 2H,
J=2.8 Hz); 3C NMR(100 MHz, CDCl;) § 25.61, 26.75, 28.52, 29.00,
29.23, 29.34, 32.72, 38.00, 63.01, 123.16, 132.14, 133.82, 168.48.

2-3-1-2. Phthalimide decanol(3b)

AZAIZ1 100 mL Z2k~=e)| potassium phthalimide(2.5 g, 13.5
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mmol)9} 10-bromodecanol(3.2 g, 13.5 mmol)S 3133+ DMF(27
mL)%= &A1 F- 85-90 °Collx] 5AIRF HEGAIZATE. E3t==o ethyl
acetateS 713t U5, 2(40 mLx3)3} E3}4AF2(20 mL)E X 5
MgSO, AZAIA §AL SFH3IIh a5 A7kl A=t
129 (hexane/ethyl acetate, 3:1)% 2|3t T, #177d (hexane/
ethyl acetate, 7:1 -§-21)51%] 3b(3.47 g, 85%)= LIt 3b: TLC(R,
0.4, hexane/ethyl acetate, 2:1); m.p. 66-68 °C; 'H NMR (400 MHz,
CDCl) & 1.28~1.32(m, 12H), 1.52~1.68(m, 4H), 3.61~3.69(m, 4H),
7.57(d, 2H), 7.84(d, 2H); '*C NMR(100 MHz, CDCly) & 25.64, 26.78,
28.53, 29.07, 29.29, 29.37, 29.40, 32.76, 38.04, 123.14, 132.16, 133.83,
168.49.

2-3-1-3. Phthalimide undecanol(3c)

2224171 100 mL E2k2~3¢ potassium phthalimide(2.50 g, 13.5
mmol)¥} 11-bromo undecanol(3.39 g, 13.5 mmol)S 71323+ DMF(27
mL)% &A1 F- 85~90 °Cellx] SAIRF HEGAIZATE. Z3}==o ethyl
acetates 7}¥F Th, (40 mLx3)¥7} ¥3454 (20 mL)E A& &
MgSO, AZAA &HE FFsto] A7 AdazrtEH
(hexane/ethyl acetate, 3:1)% =23}3ITE B2 /55 hexane/ethyl
acetate(7:1, v/v)& 3 © 2 2177 (hexane/ethyl acetate, 7:1)5}1 ¥
= 3¢(3.56 g, 83%) d=2 AU 3¢: TLC(R,0.4, hexane/ethyl
acetate, 2:1); m.p. 52~54 °C, "H NMR (300 MHz, CDCl5) 6 1.28(m,
8H), 1.51~1.66(m, 6H), 3.59~3.67(m, 4H), 7.69(d, 2H, J=2.8 Hz),
7.81(d, 2H, J=2.8 Hz); 3C NMR(100 MHz, CDCl;) § 25.70, 26.83,
28.58, 29.14, 29.36, 29.41, 29.42, 29.51, 32.81, 38.08, 63.11, 123.16,
132.18, 133.84, 168.50.

2-3-1-4. 12-Phthalimide docacanol(3d)

24224171 100 mL Z2R~39 potassium phthalimide(2.50 g, 13.5
mmol)¥} 12-bromo dodecanol(3.58 g, 13.5 mmoly= 71323+ DMF(27
mL)= S3IAIZ] $ 85~90 °CollA] 4x13F RES-AIZITE. Ethyl acetate
2 53 % E3E-S 540 mLx3)¥ E3IAFE(20 mL)yS ARESE
of AHBT. MeSO,2 AL, 471801 5310] Aelba
ZA# A 2 vl 123 (hexane/ethyl acetate, 3:1)% w2]3}ITE A2
35S thAl Al A7 (hexane/ethyl acetate, 7:1)31] 3d(4.10 g,
92%)5 A3t 3d: TLC(R, 0.4, hexane/ethyl acetate, 2:1); m.p. 74-
76 °C; "H NMR(400 MHz, CDCly) § 1.25~1.52(m, 16H), 1.56(q, 2H,
J=6.8 Hz), 1.65(q, 2H, /7.2 Hz), 3.65(m, 4H, J=6.8 Hz), 7.08(d,
2H, J= 2.8 Hz), 7.83(d, 2H, /2.8 Hz); 3C NMR(100 MHz, CDCly) &
25.69, 26.82, 28.56, 29.12, 29.35, 29.40, 29.45, 29.50, 32.78, 38.06,
63.06, 123.12, 123.17, 133.80, 168.47.

2-3-2. ®-Amino alkanol 4A%

2-3-2-1. 9-Amino nonanol(4a)

100 mL &2}~ phthalimide nonanol 3a(2.47 g, 8.54 mmol)
< 95% EtOHel| 2314171 T, 55% hydrazine hydrate(0.48 mL, 8.54
mmoly& X313] H7Fs1e] 80~85°CollA] 4417F HESAIZITE, 212 )
A Kg FakE HUkste]l pH 27F HEF SRSt 1A
phthalhydzide (5)2 2] ZEIZ #A|AsPAA 95% EtOHZ A2 5131
t} §4S 553 5 1| M NaOHS 2olA pH 8~9% ZH3ISIt)
Methylene chloride® &3+ th2, f17181E MgSO,=2 ZAIA
553 TR hexane® % AN A3 4a(0.69 g, 76%)S AL} 4a:
TLC(R;=0.1, 10% methanol/methylene chloride); m.p. 65~67 °C; 'H
NMR(400 MHz, CDCl;) & 1.13~1.30(m, 10H), 1.43(q, 2H, /=6.8 Hz),
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1.56(q, 2H, J= 7.2 Hz), 2.67(t, 2H, J=7.2 Hz), 3.36(t, 2H, J=6.8 Hz);
13C NMR(100 MHz, CDCLy) § 25.71, 26.82, 29.33, 29.36, 29.52, 32.77,
33.68, 42.14, 62.83.

2-3-2-2. 10-Amino decanol(4b)

100 mL E2}2~=2l phthalimide decanol 3b(3.35 g, 11.06 mmol)S
95% EtOH(22 mL)ell 8-8|X171 & wylalaA 55% hydrazine hydrate
(0.93 g, 16.04 mmolyS H33] Hofrea] 3l 80 °Collx] 4AIXE HEG-A]
Ak, A2oA pH 1~27} E =% 18k Ak H7kshd S8 171 A
A= 91=d), AAE phthalhydzide(5)= 2 ZEIE A7 8HEA,
95% EtOHE A|X3F & |vll= AA3F & 5(10 mL)9} 1 M NaOH=
2o} pH 8~97% == 31T} Methylene chloride® F+Z3+3. MgSO,
2 AZAZ % 55310 hexane® Z AZAAS10] 4b(1.87 g, 98%)
= A3ITt. 4b: TLC(R,0.1, 10% methanol/methylene chloride); m.p.
63~64 °C; "H NMR(400 MHz, CDCly) 8 1.22~1.27(m, 12H), 1.54~
1.60(m, 4H), 3.39(t, 2H), 3.69(t, 2H); '*C NMR(100 MHz, CDCl,)
8 25.54,26.42, 28.69, 29.45, 29.68, 29.74, 29.95, 30.26, 40.12, 60.39.

2-3-2-3. 11-Amino undecanol(4c)

100 mL &&=l phthalimide undecanol 3¢(3.56 g, 11.20
mmol)& 95% EtOH(30 mL)ll RFePHEA] 718}l 55% hydrazine
hydrate(0.89 mL, 15.70 mmoly& 33] "oj=g]1 80 °Coll 44]
S AIFATE AoM pH 127} HEE 213 ik Hrlsle] 8
A1 A7} A2 E =), 4843 F phthalhydzide(5)= 2] BEIZ A|A
3FHA], 95% EtOHE A& gt th 8-ullE AlAsSte] E(10 mL)Z
1 M NaOHE ¥o] pH 8~9 Y= =Z 31T}, Methylene chloride® 3~
=3kl MgSO, = AAZAIZ] - 55310 hexane© 2 A 7 8o
4¢(1.66 g, 79%)= AUt 4e: TLC(R,0.1, 10% methanol/methylene
chloride); m.p. 66-68 °C; 'H NMR(400 MHz, CD;0D) & 1.32~1.35
(m, 14H), 1.51(q, 2H, J=6.8 Hz), 1.60(q, 2H, J=7.2 Hz), 2.83(t, 2H,
J=1.6 Hz), 3.53(t, 2H); *C NMR(100 MHz, CD;0D) & 26.94, 27.60,
29.92, 3032, 30.54, 30.58, 30.61, 30.71, 30.65, 41.24, 62.99.

2-3-2-4. 12-Amino dodecanol(4d)

100 mL Z2k~Fof 12-phthalimide docacanol 3d(3.88 g, 11.70
mmol)= 95% EtOHel €3|A]7]aL 55% hydrazinehydrate(0.93 mL,
16.4 mmol)yS HH3] Wojrea] 1 80 °CollM] 417 B A AT, A&
oA a1 Gejezt =] e-HCE: 71stke] pH 1~2 H&= 248}
At} " AS 1A phthalhydzide(5)= celite® A 788 A] 95%
EtOHZ A8t f7187E 553 $ 8(10 mL)2} 1 M NaOH
2 pH 8-9% F73}9] methylene chloride® F+&3}31TtF MgSO,=2
273 vy 71871E 555 3 hexane = A2 310] 4d(2.20 g,
93%)& LAt 4d: TLC(R,0.1, 10% methanol/methylene chloride);
m.p. 84~86 °C; 'H NMR(400 MHz, CD,0D) & 1.31~1.36(m, 16H),
1.57 (q, 2H), 1.64(q, 2H, J=7.2 Hz), 2.90(t, 2H), 3.53(t, 2H); 1*C
NMR (100 MHz, CD;0D) & 26.95, 27.45, 28.59, 30.22, 30.48, 30.59,
30.61, 30.66, 30.72, 33.65, 40.78, 62.99.

2-3-3. ®-Bromo alkylamine(6)2] #|%

2-3-3-1. 9-Bromo nonanylamine(6a)

100 mL =&}l 9-amino nonanol 4a(1.14 g, 7.14 mmol)S &
3L 47% hydrobromonic acid(5.50 mL, 22.80 mmol)E W RISFHA
A7kt 100 °ColA] 10A17F B T Aol X oFAlE(20 mL)
S A7lskarl WAaelA 4xzr Basisict 4dE 1AE fe 2
E]S A8-510] hexane/ethyl acetate(2:1, v/v)Z A|Z|SHaA AeA]

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011
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6a(1.07 g, 50%)= AU} 6a: TLC(R,0.4, 10% methanol/methylene
chloride); m.p. 88~90 °C; 'H NMR(400 MHz, CDCly) & 1.25~1.31
(m, 6H), 1.42~1.59(m, 4H), 1.78~1.85(m, 4H), 3.50(t, 2H), 3.41(t,
2H, J=6.8 Hz), 7.91(bs, 2H); *C NMR(100 MHz, CDCl;) § 26.48,
27.42, 28.05, 28.58, 28.80, 29.12, 32.71, 33.95, 40.21.

2-3-3-2. 10-Bromo decanylamine(6b)

100 mL Z2}~°]] 10-amino decanol 4b(1.85 g, 10.70 mmol)<-
231 27 Yl 47% hydrobromonic acid(12.4 g, 34.24 mmol)S
WHFSFAA F7Fs1o] 100 °ColA] 10417 S7-AIFTE, Ad20ll4] oA
E(20 mLyS H7lskar WadarelA] axF HASISiTt A E 314
= 72 EEE AE-5107 hexane/ethyl acetate(2:1)= Al &shax 2
214 6b(1.14 g, 34%)E LTt 6b: TLC(R, 0.5, 10% methanol/
methylene chloride); m.p. 96~97 °C; 'H NMR(400 MHz, CDCl,) &
1.29~1.41(m, 12H), 1.72~1.85(m, 4H), 3.04(t, 2H), 3.39(t, 2H); *C
NMR(100 MHz, CDCl;) & 26.67, 27.64, 18.16, 28.76, 29.03, 29.43,
29.50, 32.82, 34.05, 40.57.

2-3-3-3. 11-Bromo undecanylamine(6c)

100 mL Z2~=1¢] 11-amino undecanol 4¢(1.54 g, 8.24 mmol)S-
31 47% hydrobromonic acid(6.4 mL, 26.37 mmol)E WHISFAA]
d7¥sto] 100 °CollA] 8A17E WA A&ollA] obAlE(20 mLyH
7¥skar s AelA 12413 st 3 1A A9 fre] JHE AS
U3, ethyl acetate= A1 A7 3}0] 6¢(2.65 g, 97%)E LUt 6¢:
TLC(R,0.5, 10% methanol/methylene chloride); m.p. 106~108 °C; 'H
NMR(400 MHz, CD;0D) § 1.31~1.49(m, 14H), 1.64(q, 2H), 1.81
(q, 2H, J=6.8 Hz), 2.90(t, 2H), 3.43(t, 2H); '*C NMR(100 MHz,
CDCl,) & 27.44, 28.59, 29.14, 29.82, 30.20, 30.44, 30.50, 30.52, 33.98,
34.42, 40.78.

2-3-3-4. 12-Bromo dodecanylamine(6d)

100 mL Z2}~39] 12-amino dodecanol 4d(2.22 g, 11.00 mmol)
£ Y31 47% hydrobromonic acid(4.1 mL, 35.2 mmol)E W Y5l
A Z7Fsk 100 °CellA] 8AIE BHFAIZATE RES- Sk Sof] Al 2oflA
IAE AE e obAIE(10 mLyS H7lsko] WEaleld 4xE
WAt AR A e FEE AE v, oA AEA
(hexane/ethyl acetate, 5:1, v/v)3l*1 6d(2.46 g, 65%)= AU}, 6d:
TLC(Rf 0.5, 10% methanol/methylene chloride); m.p. 140~142 °C;
'"H NMR(400 MHz, CD,0D) & 1.27~1.39(m, 12H), 1.42~1.49(m, 4H),
1.85~1.93(m, 4H), 3.02(t, 2H), 3.41(t, 2H); '*C NMR(100 MHz, CD;0D)
8 26.51, 26.82, 27.42, 28.10, 28.66, 28.75, 28.88, 29.22, 29.26, 32.76,
39.99, 40.19.

2-3-4. ®-Amino alkanthiuronium(7)%] Az

2-3-4-1. 9-Amino nonathiuronium(7a)

100 mL Z&}2~3¢ 95% EtOHel| thiourea(0.28 g, 3.27 mmol)S
F3|A1A 75~80 °CollA 3A17F 52171 T, 9-bromo nonanylamine
6a(1.07 g, 3.54 mmol)E H7Fsto] thA] 4AIRF SHRAIZILE BullE
FEAZ T, A7 A Y A 2 ulE 71 23] (methanol/methylene
chloride, 1:5, viv)= 22131 7a(0.713 g, 92%)S L3It} 7a: TLC
(R; 0.1, 10% methanol/methylene chloride); 'H NMR(400 MHz,
CD;0D) 6 0.69~1.01(m, 10H), 1.16~1.25(m, 4H), 2.46(t, 2H, J~7.6 Hz),
2.61(t, 2H); 1*C NMR(100 MHz, CD;0D) & 27.26, 28.35, 29.21, 29.52,
29.77, 29.87, 30.03, 31.99, 40.78, 173.05.

2-3-4-2. 10-Amino decanthiuronium(7b)
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100 mL Z2k~719 95% EtOH®]| thiourea(0.33 g, 4.34 mmol)&
75~80 °CollA] 3A17F $FA171 T, 10-bromo decanylamine 6b(1.14 g,
3.62 mmol)y= olA 3AIRE REGAIZILE S5 AAS §-, 559
o] AWA7d (hexane/ethyl acetate, 5:1, v/v)31*1 7b(1.14 g, 80%)5 A
At 7b: TLC(R, 0.1, 10% methanol/methylene chloride); m.p.
100~102 °C; "H NMR(400 MHz, CD;0D) 8 1.32~1.36(m, 10H), 1.63-
1.74(m, 4H), 2.91(t, 2H), 3.14(t, 2H); '*C NMR(100 MHz, CD,0D)
5 2747, 28.58, 29.48, 30.12, 30.23, 30.51, 30.55, 30.63, 31.93, 40.79,
173.13.

2-3-4-3. 11-Amino undecanthiuronium(7c)

100 mL Z&k=el 95% EtOHe] thiourea(0.49 g, 6.43 mmolys
B3AAA 80 °ColA 4x17F REGAIZT T, THA] 11-bromo unde-
canylamine 6¢(1.76 g, 5.36 mmolys 2ojA] 3A17F HESAIZ T, S
5 AAS =, 55310 A% (hexane/ethyl acetate, 5:1, v/v)ato]
7e(2.40 g, 99%)5 D3It Te: TLC(R,0.2, 10% methanol/methylene
chloride); m.p. 98~100 °C; 'H NMR (400 MHz, CD;0D) 8 1.33~1.36
(m, 14H), 1.63-1.74(m, 4H, J=7.6 Hz), 2.91(t, 2H, J=7.6 Hz), 3.14
(t, 2H); '*C NMR(100 MHz, CD,0D) & 27.49, 28.61, 29.52, 29.68,
30.15, 30.26, 30.51, 30.56, 30.58, 31.91, 40.79, 174.51.

2-3-4-4. 12-Amino dodecanthiuronium(7d)

100 mL Z&~=ol 95% EtOHe] thiourea(0.36 g, 4.80 mmolyS-
L3lA1A 80~90 °CollA 4417t 2574171 TR, 12-bromo dodecanamine
6d(1.38 g, 4.00 mmoly 7Isto] ThA] SATF EHRst & A
(hexane/ethyl acetate, 5:1, v/v)ato] 7d(1.55 g, 92%)5 ATt 7d:
TLC(R, 0.1, 10% methanol/methylene chloride); m.p. 116~118 °C; 'H
NMR(400 MHz, CD,0D) & 1.28~1.32(m, 14H), 1.45(q, 2H), 1.66(m,
4H, J=7.6 Hz), 2.90(t, 2H), 3.03(t, 2H); 3C NMR(100 MHz, CD,0D)
5 2749, 28.60, 29.53, 29.67, 30.15, 30.21, 30.55, 30.58, 30.66, 31.90,
40.79, 173.14.

2-3-5. w-Mercapto alkylamine(1)2] A2

2-3-5-1. 9-Mercapto nonanylamine(1a)

100 mL =g}~ °f| 9-amino nonanthiuronium 7a(2.85 g, 7.51
mmol)E ¥ - 3.56 M KOH 5&-4(13.6 mL)y& €3l 100~110 °C
oA 8AIZF BFAIHCE Bk ¢k & A2 AdElelA 1 M HS0,4
GellS wnkePaA pH 1744 335 7Fsilet. fafjol] &8l
e disulfidem S 2] BEIZ AL &, 779 MeOHZ Al
Skl A= AZAIF . =242 methylene chloride & F&3}Fa
MgSO, 2 11%3H v, 85 s5AA APyl ddazvieEd
7] (10% methanol/methylene chloride)= 21311 1a(0.95 g, 72%)
= Y30tk 1a: TLC(R, 0.6, 10% methanol/methylene chloride); m.p.
186~187 °C; '"H NMR(400 MHz, CD;0D) & 1.38~1.44(m, 10H), 1.56~
1.62(m, 4H), 2.56(t, 2H), 2.81(t, 2H); '*C NMR(100 MHz, CDCl;)
5 25.93, 27.48, 28.92, 29.67, 30.01, 30.34, 34.44, 34.57, 42.39; IR
(film) 2917, 2843, 2659, 1625, 1466, 1196, 730, 514 em™

2-3-5-2. 10-Mercapto decanylamine(1b)

100 mL Z2F2~=¢]| 10-amino undecanthiuronium 7b(1.14 g, 2.89
mmol) 85% KOHS =8 A 3.56 MZ WHE0] 10 mL YoiA
100~110 °ColA 12413F HESAIZITE ThA] A2 Al 2131 5o 1
REsbAX 1 M H,S0,E pH 10] HA H7ksto] 10831 Wik 5] &
ujel] G4 ¢k disulfide =28 o] HHZ AL ¥, St
MeOHZ Al#3tal 1A= AZAIFAL §9L sF5A0 &
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methylene chloride® F%&3}9] f-7]-8vlE MgSO,Z 1z 55
3t 2, hexane® & A3 1b(0.12 g, 52%)F AT} 1b: TLC
(R/0.6, 10% methanol/methylene chloride); 'H NMR(400 MHz, CD;0D)
8 1.28~1.30(m, 12H), 1.54~1.62(m. 4H), 2.48(t, 2H), 3.07(t, 2H); 1*C
NMR(100 MHz, CD,;0D) § 24.97, 27.93, 29.42, 30.22, 30.48, 30.66,
30.70, 31.19, 35.25, 43.28.

2-3-5-3. 11-Mercapto undecanylamine(1c)

100 mLZ2}~F1¢] 11-amino undecanthiuronium 7¢(2.00 g, 5.32
mmol)°l| 85% KOHS &< “Jel] 3.56 MZ THE0] 10 mL ¥ojA
100~110 °ColA 12417 REGAIZATE, thA] A2/d B2 2171 $of 1
HFPHEA 1 M H,SO,= pH 10] HA] F7Fslo] 1083F ik Sof]
7] T g Foll A o> B AT, T, MeOHZ
HO)F=23L disulfide A= AAZAIFTE WA 892 55A110 o
<, methylene chloride® &3l 771415 MgSO,& A3}
FE3E 5 hexane© 2 AAA3I0] 1¢(0.87 g, 80%)S A3 1
TLC(R; 0.6, 10% methanol/methylene chloride); m.p. 191~192 °C;
'H NMR(400 MHz, CD;0D) & 1.31~1.42(m, 14H), 1.56(q, 2H, J=
7.2 Hz), 1.62(q, 2H, J=6.8 Hz), 2.48(t, 2H), 2.91(t, 2H); *C NMR
(100 MHz, CD;0D) 6 24.98, 27.42, 29.34, 29.39, 30.15, 30.26, 30.41,
30.43, 30.51, 30.55, 35.14.

2-3-5-4. 12-Mercapto dodecanylamine(1d)

100 mL Z&+~=1¢ 12-amino dodecanthiuronium 7d(2.50 g, 5.92
mmol)E ¥ 85% KOHE & 3.56 M 5= 311 10 mL ¥
0141 100~110 °CollA] 8AIZE SFAIZILE &8 A2 0% 23] # 1
M H,S0,% pH 17F4 =A 7kt § 1057t wnlsisiet. 3415
el FE R 720 SRFE ARl AE 1A4E T MeOHE
SAAIZIL disulfide A= 123G £ FHAI &
methylene chloride® FZ&3lo] 4#e] AE 7H & IAE ot
Al hexane® % AA73}0] 1d(0.98 g, 76%)E L. 1d: TLC(R,
0.6, 10% methanol/methylene chloride); m.p. 210-211 °C; "H NMR
(400 MHz, CD;0D) & 1.29~1.40(m, 16H), 1.51~1.59(m. 4H), 2.49(t,
2H), 2.68(t, 2H, J=7.2 Hz); 13C NMR(100 MHz, CD;0D) & 27.86,
28.51, 29.43, 30.20, 30.31, 30.51, 30.62, 30.68, 30.72, 31.41, 32.03,
32.03, 39.82.

2-4. ®-Mercapto alkanoic acid(2)2| H[Z=

2-4-1. Thiourea alkanoic acid(8)%] &4

2-4-1-1. 5-Thiourea pantanoic acid(8a)

100 mL Z2~71¢] 95% EtOHZ. thiourea(0.66 g, 8.70 mmol)s-
B3l|A1A 75~80 °CollA] 4rIZE BF-AIZ] 2 S-bromo valeric acid(1.50 g,
8.29 mmol)E H7Iskal XX 1 EFAIZLE SHlE SEAIT &
Ag]7HA A A ZokE T723](10% methanol/methylene chloride)=
welsto] 8a(1.14 g, 83%)= YU 8a: TLC(R,0.6, 10% methanol/
methylene chloride); 'H NMR(400 MHz, CD;0D) § 1.74~1.85(m,
4H), 2.36(t, 2H,), 331(t, 2H,); 1°C NMR(100 MHz, CD;0D) & 24.72,
29.16, 31.55, 34.06, 172.94, 176.93.

2-4-1-2. 11-Thiourea undecanoic acid(8b)

100 mL Z2}~39] 95% EtOH(16 mL)% thiourea(1.15 g, 15.0
mmol)& E3|A1Z] F 75~80 °CollA] 3A1ZE E-FAIF . THA] 11-
bromo undecanoic acid(2.00 g, 7.54 mmol)yS 7}s10] 4A7F S5
A ZTE &NE SHAN § A7 AH I ZeE T3 (10%
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methanol/methylene chloride)® w28}t 9 IA|E THA] A2
7d (hexane/ethyl acetate, 5:1, v/v)31] 8b(1.36 g, 69%)= A3t} 8b:
TLC(R; 0.2, 10% methanol/methylene chloride); m.p. 46~47 °C; 'H
NMR(400 MHz, CD;0D) & 1.23-1.30(m, 10H), 1.44(q, 2H), 1.60(q,
2H J=72 Hz), 1.72(q, 2H, J=7.2 Hz), 2.28(t, 2H,), 3.12(t, 2H); *C
NMR(100 MHz, CD;0D) & 25.70, 29.13, 29.21, 29.70, 29.85, 29.98,
30.06, 31.60, 34.75, 172.70, 177.46.

2-4-1-3. 12-Thiourea dodecanoic acid(8c)

100 mL S}~ 95% EtOH(10 mL)E thiourea(0.98 g, 12.90
mmol)E §3NAIA 75~80 °CollA] 4117 F3F 74121 £, 12-bromo
dodecanoic acid(3.0 g, 10.74 mmol)5 3713t & 4r]7F O Al F T
LAE FEHAZ F Ay AHAZvE 1319](10% methanol/
methylene chloride)® F2|518I0). A2 1AIE ThA] A1E7 (hexane/
ethyl acetate, 5:1, v/v)5l] 8¢(2.51 g, 85%)= ¥ItF. 8c: TLC(R,
0.2, 10% methanol/methylene chloride); m.p. 82~83°C; 'H NMR
(400 MHz, CD,0D) & 1.26~1.38(m, 14H), 1.45(q, 2H) 1.58(q, 2H),
1.71(t, 2H J=7.2 Hz), 2.27(t, 2H); '3C NMR(100 MHz, CD,0D)
8 26.07, 29.43, 29.66, 30.06, 30.21, 30.39, 30.47, 30.52, 31.88, 34.92,
173.10, 177.87.

2-4-2. ®-Mercapto alkanoic acid(2)2] A5

2-4-2-1. 5-Mercapto pantanoic acid(2a)

100 mL Z2}2~ =] 5-thiourea pantanoic acid 8a(1.14 g, 6.87
mmol)2 3.56 M KOH =& (14 mL)°ll -&-3A17 100~110 °CollA]
AR FFAIATE TS ¢kE § A-20fA] methylene chloride?]] =5
Q1 U, WRKSFEA] pH 10] & wj7k4] 2= 1 M H,80,5 %1313
A7KskolTt. 171 T vl S 29 AlF{shal MeSO,= A%
A F FEElT SRS Ay A9 aErkE 189 (5%
methanol/methylene chloride)® +-2]31] =31 2a(0.46 g, 50%)E
ATt 2a: TLC(R, 0.6, 10% methanol/methylene chloride); 'H
NMR(400 MHz, CD,0D) & 1.36~1.63(m, 4H,), 2.20(t, 2H), 2.41(t,
2H, J=6.8 Hz); '*C NMR(100 MHz, CD;0D) § 24.72, 29.65, 31.72,
34.38, 177.40.

2-4-2-2. 11-Mercapto undecanoic acid(2b)

100 mL &}l 11-thiourea undecanoic acid 8b(1.54 g, 3.91
mmol)E KOH 8420 mL)oll £31A171 ¥, 100~110 °CollA] 54]
T BFAIH T i kR $ A 2004 methylene chloride]] %<1 o
+, WHFSPAA pH 1 %= W7H4] 34 1 M H,S0,78= 37}
silth. 77155 S 28 AFskal MgSo,E AFAIZ § &5
Foioitt. 3ES AeyHd A9 a2rE 189(5% methanol/
methylene chloride)® 2|3} ThA] A7 (hexane/ethyl acetate,
5:1, v/v)3Fe] 2b(0.48 g, 65%)E ¥3UTh. 2b: TLC(R, 0.6, 10%
methanol/methylene chloride); m.p. 90~91 °C; 'H NMR(400 MHz,
DMSO-dg) & 1.24~1.29(m, 12H), 1.47(q, 2H), 1.60(q, 2H), 1.93(t,
2H), 2.68(t, 2H, J=7.2 Hz); B¢ NMR(100 MHz, DMSO-dg) 8 22.05,
24.51, 2768, 28.27, 28.39, 28.54, 28.72, 28.83, 33.72, 33.83, 174.49;
IR (film) 3039, 2917, 2851, 2614, 1691, 1470, 1290, 1204, 939, 604,
518 em™.

2-4-2-3. 12-Mercapto dodecanoic acid(2¢)

100 mL Z2}~F0] 12-thiourea dodecanoic acid 8¢(2.50 g, 9.08
mmoly& 0.55 M KOH $-£9(18 mL)S ¥l 100~110 °CollA 44]
F AT dhe-2ks $ 20X Z2k~T ol methylene chloride

Korean Chem. Eng. Res., Vol. 49, No. 3, June, 2011



336 ezl - oA

of] =9l th, wHkslAA 1 M H,80,5 3] 7sIsith #7115
S SHFE 2N AFE MgS0, 7 AXAR F sE8ur £33
=& A7 AP A ZvHE 183](5% methanol/methylene chloride)
Z 28] &, oA A7 (hexane/ethyl acetate, 5:1, viv)eEe] 2¢(2.07 g,
98%)5 AL 2¢: TLC(R, 0.6, 10% methanol/methylene chloride);
m.p. 8485 °C; 'H NMR(400 MHz, DMSO-dq) & 1.20~1.37(m, 14H),
1.45(q, 2H), 1.60(q, 2H, J=7.2 Hz), 2.17(t, 2H, J=7.2 Hz), 2.63(t, 2H)
B¢ NMR(100 MHz, DMSO-d,) & 24.47, 27.68, 28.49, 28.53, 28.79,
28.87, 28.89, 33.62, 37.87, 174.47.

3. 21 ¥ nFE

3-1. ®-Mercapto alkylamine(1)2| X|[Z=

WA AlFollA] AlkE]= potassium phthalimides DMF -§ulle]] =
Q1 Bk, bromoalcohols 7}to] X|#ES-0 2 315HE 38 80~92%
FEF At} o] oM DMF= HEQ] 3 -4 F7AA = A7
&17] 3150] 713 DMFel 7~1080] Dal= SHrE 71810 A
Yztglel] dA vhre] HlolEo 2 90% Y] DMFE AlASH
om, ZeFo] full= AFAELE 3 AATHEA ol Adste] AAsH
Sth 'H NMR A~ E3] do]elell A phthalimide®] WEErit
7.7~7.8 ppmellA 21811, WE A 172] -CHy-+= 1.3~1.6 ppm]
A2 AYES RIS oY) 9} 75 E3ehe S1E 4
< 3Adal] gste] WA 3185 32 hydrazine hydrate’do][14] 3F
FAIZL &, c-HCIZ HEstal Y05 55 f2 JEE A3
95% EtOH= A o)A AAS I o] AdES Hel7ba dH=a
kg R Felehd dsks A/dEo] AelrhAed ST o
ol go] "oxA gog AAPPHOE WE 65 76~98%
8% A3t 'H NMR AFEH dlo|elolA] phthalimideol] s
3h= 78 ppme I} ol 01 2.6 ppm (NH,CH,-)2] =17}
=] Yehs A EALS BRIkt o]ojA] A= 40l HBr
£ 713 &, 71dsl] OHYES Bro® AZHISFATE Al
AYES] ARE wE7] S8l WAL QtellA Bk §, A4E 1
A 2 HEE AelA SEE 62 60~70% TEE 8IS
'H NMR 2~ZE#ollA] 3.6 ppm (-CH,OH)7} 3.4 ppm (-CH,Br)°.
% 93050 AES ERISIITE SH 715715 £S5l ] f1st
o] 3RHE 6 95% ollehZoll =<1 5, thioureaE F7H16]5 5 2
FAIA B3HE 78 80~99% &= $/33Iict. 'H NMRelA] -CH,Br
2] 3.4 ppm®] -CH,SCNH] 2.4 ppm©.=E 01553} 3C NMR AFHE
HellA 173 ppm(-SCNH)S] F A= Y =S SRISII S9HE 7
= Al 97]1(KOH) 78915 ol 71dste] st 8 AsIsinh.
Jeu BEE FEle] E7] witel Rkl ehnE vk, hke
methylene chlorideel] 521 %, A1 AHH,S0,)° = A 2|[17]5}] HiE
SFEHE-(1a)S 70~80% =& = AUtk BC NMReIA 173 ppm(-SCNH)
9] 9] F7} YA = A O w-mercapto alkylamine®] S-S
I3t

3.2 o-Mercapto alkanoic acid(2)2| H|IZ=

©-Bromoalkanoic acidS 95% gk Z:oll4 thiourea[ 16}
AR E A S ol 8ate] F3E 95 69-85% TEE A
om 'H NMRAHEA 3.1 ppm (-CH,SCNH-)Z} 3C NMR
A 176, 172 ppm(CO. CNH,)E 35S F13I50T 813HE 28
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. 7]0Hg_]—

=7

Tt A8l B 95 Al A71(KOH) & 0% $Hiato]
thiuronium bromideZ #7413t T}, methylene chlorideol] 591 &,
Al AHH,S0,) 0% A [17]81] 7+ WA H3283h= 25 70~80% T
2 A3tk 'H NMR AFEZH)A 3.1 ppm(-CH,SCNH-)°ll 4] 2.4
ppm(-CH,SH)Z 3] 517} 0]%5-8}93 21, 13C NMRellA 172 ppme] §)
A= Ao R Ak AIEZLS Il

4.8 E

AZ| -2 A S Q13 1 AR GEE FEAR o-
mercapto alkyl amine(1)4} w-mercapto alkanoic acid(2) 5= S|
9} 2] HEE-S B3t 47 Alxsiel o, vhe-o] 2 eAlES
Haloiek. eko = 71 Ake G AAxks Wi, 54 2 ok
sk A EA S 7He] 2AFR12] (molecular recognition) 37l T 938+
& 70w 7diEnt. =, 53 (A, Pt Tiel 20 Thgahet
= o R 54 o) WA ve, olelsh AdaE vk
o7 54 el gt @A 1ke] A4S A5 Aokl FrAl
W72 ARgE Zlolm | wjghA] 412k DNA chip, protein chip 5
o] nlo] @ Al FolE AT A= 7| aAE §-80] s A
o= o=t

N

z A

=
(2009T100100606)>-2 == FUTE. 0] -2 2010 7
Q7|50 Agow At dtsddrard
ARl e el 1Y TH2010-0029706).
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