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Synthesis of Oleic Acid Esters containing Thiocarbamate Group as Anti-wear
Additives

Do-Huak Hwang, Young-Wun KimT, Keunwo Chung, and Tae-Kyun Yang

New Chemistry Research Division, Surfactant & Lubricant Research Team, Korea Research Institute of Chemical Technology,
Daejeon 305-600, Korea
(Received September 11, 2007, accepted January 8, 2008)

UmlEAZ AFS37] $18F9] mercaptobenzothiazole 3!

o sEl= g Tletlofulst o) shaekio] A|FhES, TEwRoEN ] XS, NaBH, &

shel ZES 5o AL Astol 0% o4kl 8

"H-NMR AE 4 QAR o7 B on LG _9_0‘4_(100 N) % =i}

A} 2 g5, w9

TollA 217 T HHAE YeRRQITE CEC L-33-A-93 B o7 gEa) e
Q15kgt) UnhAle] S3EAS

Jepilo} 842151491 el Al e

% PSS, S AE B kA

T UehAIS] o RS TOAR ¥AI5igiom 7] 5

| T E ool E TEE S $4BA Seel
o o
=

AR gk
Z A
A

Jlm °l
O)«
rio
o}
—~
5

AEelX ] Sa4dE 1 SH%NA Jﬂﬂﬁ*
5 wi% H = 7} Zof wEt 192
TE H713E A7 89%0llA 99%2] AR TS
100 N &27)H 9 25/ 7t 47 vf=

NSNS AHEEte] H7KsE A2 100 N BOOIA 4-ball P1EE2] 272 Bz-thia-OE < C4-DTC-OE < Pyrro-DTC-OE <

C8-DTC-OES] w22 & k& yehdo] dwiAdso] vl vepyeh $h, 218-folxs 4-ball wpRES
0.8260 mmolA 0.9637 mmE YERf o] UmleAe] HA7laar vEhA

2|7o]

Qi

A series of oleic acid esters containing mercaptobenzothiazole and dialkylenedithiocarbamate, which are potential environ-
mentally friendly lubricating grease additives, were synthesized as 90% yield through several method such as nucleophilic
substitution of dialkyl amine and carbon disulfide, reduction reaction, and condensation reaction. The structures of the addi-

tives were confirmed by

'H-NMR, FT-IR and EA analysis. The additives (I wt%) were soluble in 100 N BO except

C4-DTC-OE and soluble in soybean oil. The tribological properties as lubricating additives in 100 N BO were evaluated
using 4-ball tester and the results showed as follows: Bz-thia-OE < C4-DTC-OE < Pyrro-DTC-OE < C8-DTC-OE.
Whereas, the 4-ball anti-wear properties were not shown in soybean oil.
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C4-DTCA : R, = {(CH,),CH,
C8-DTCA : R, = (CH,),CH,
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Il ]
Cl—CH,CCH,—Cl

R]
C4-DTCA-K : R, = -(CH,),CH;, M=K
C8-DTCA-K : R, =-(CH,);CH;, M=K

OH

_NaBH, _ RS—CH,CHCH,SR

C4-DTC-0H : R = (R, )-N-C(=8)-, R, = -(CH;);CH,
C8-DTC-OH : R = (R, },-N-C(=8)-, R, = -(CH,},CH;

5
Pyrre-DTC-OH : R =CN -C—

5
Bz-Thia-OH : R = @EN‘I)_

R—SM' RS—CH,CCH,—SR
C4-DTC-C=0 : R = (R);-N-C(=S)-, R, = «(CH,);CH,
C8-DTC-C=0 : R = (R,),-N-C(=S}-, R, = (CH,);CH,
S
Pyrro-DTC-C=0 : R = CN A
s
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N
i
HO—C—(CH,);~CH = CH~(CH,),CH;_
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|
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Scheme 1. Schematic description of the synthesis for oleic acid esters.
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2.1. AlSf

DTC-TE uveAE 3dsh=d] AME-3 dibutylamine, dioctyla-
mine, ammonium pyrrolidine dithiocarbamate, 2-mercaptobenzoth-
iazole, carbon disulfide (CS>), 1,3-dichloroacetone, sodium borohyd-
ride (NaBH,), oleic acid, diisopropylcarbodiimide (DICDI), 4-(di-
methylamino)-pyridine (DMAP)<= AldrichAFe] Alekg-S HAIglo] At

3sEt "M 193 & 1=, 2008

C4-DTC-OE : R = (R, ),-N-C(=S}-, R,
C8-DTC-OE : R = (R, );-N-C(=S}-, R,

~(CH;):CH;
-(CHy},CH,

it
Pyrro-DTC-OE : R=CN_C_

s
Bz-Thia-OF : R = @E ,>—
N

gl whgo] ARE-gh & HPLCHES] §viE ARGl A

2.2. 7|718M

A 24 HF o AH 29 F2E DigilabAte] FT-IR, BrukerAtS)
DPX-300 300 MHz FT-NMR& AlRgsle] EQlalglon ZAJFEAL
FISONA} EA1108 Elemental Analyzer® 23}tk
AHE UnfAe AeHdAdL Universal V4.0C TGA D47
AHgsle] BAlElglon AR EE CEC L-33-A-93 WO Z A
18I T). whamle. 54 9= Cameron PlintAFe] 4-Ball P}EAIR
S AMESto] ASTM D2266WS 7|02 npanfRAlgs sttt

N

2.3. S2QUAH HIAHIZO| &Y

E&f UPEAZ BeshubHolE Tfe] FiHol e Uit
o AEH|ZE Scheme 1o uERA HEe} o] 13-bis(dibutyldithio)
carbamoyl-2-propanoyl oleate (C4-DTC-OE), 1,3-bis(dioctyldithio)
carbamoyl-2-propanoyl oleate (C8-DTC-OE), 1,3-bis(dipyrrolidi-
nedithiocarbamoyl)-2-propanoyl oleate (Pyrro-DTC-OE), 1,3-dimer-
captobenzothiazolyl-2-propanoyl oleate (Bz-thia-OE) & 4%F% &
st o IS st vet 2ok
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Figure 1. "H-NMR spectrum of C4-DTC-OE.

2.3.1. 1,3-bis(dibutyldithio)carbamoyl-2-propanoyl
OE)°| g

potassium dibutyldithiocarbamate (C4-DTCA-K)

250 mL 1-neck round-bottom flaskE ice-bath
dibutylamine 8.5 mL (50 mmol)E THF¢] =0A]
oJ7]o] KOH 3.55 g (60 mmol) Yl oF
<+ vie F2kAFe] 100 mL dropping funnels 3|5
mL (55 mmol)E &3] 1 h ¥t dropping 3F31th 30 min ©
AANZ & jce-bathEs A|ASIL 1 h T A2oA W3] W
o] &A% T evaporator® solventE A|ASIIL FF ovenolA dryst
o AAE 125 g (F& 98%)S ¥eH 'H-NMRZ 5T

'H-.NMR 6 in (CDCl, ppm): 0.93 (6H, 2CHj),
2CH,), 1.69 (4H, 2CHy), 3.97 (4H, 2CH,).

133 (4H,

1,3-dibutyldithiocarbamoylacetone (C4-DTC-C=0)

100 mL round-bottom flask®]l potassium dibutyldithiocarbamate 1
g (411 mmol)¥} THFZ Wit o317l 1,3-dichloroa-
cetone 0.25 g (1.85 mmol)S 7}3l0] WHg3llon wkgo] bAdE &
EtoAc/%E(1/1 vol ratio)E FE3F3Ith EtoAcE= 8l3to] MgSO4E
Bngaha, oz, HekERael WHE 08 g (FE 95%) ¥9ler
'H-NMRZ 2R15}9ich

Y

'HANMR ¢ in (CDCL, ppm): 0.95 (12H, 4CHs), 1.36 (8H,
4CH,), 1.70 (8H, 4CH,), 3.68 (4H, 2CHa), 3.88 (4H, 2CH,),
4.42 (4H, 2CHy).

1,3-bis(dibutyldithio)carbamoyl-2-propanol (C4-DTC-OH)

1,3-dibutyldithiocarbamoylacetone 0.86 g (1.86 mmol)S MeOH/
THF (10 mL/10 mL)°| o] stirringdt84 NaBH; 35.31 mg
092 mmol)E 91, oF 15 min7t FA8IAtE wkgo] dAE Fo

¥8 NHCIE 7FHL EtoAc® %3kl BtoAcsS ZHTat,
AF exelA drystel WEE 083 g (& 98%)e F9oH 'H-

NMRE 725 ERISISIch

'HANMR ¢ in (CDCL, ppm): 1.23 (12H, 4CHs), 1.34 (8H,
4CH,), 1.70 (8H, 4CH,), 3.67 (4H, 2CHa), 3.75 (4H, 2CHy),
4.10 (1H, CH).
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Figure 2. FT-IR spectrum of C4-DTC-OE.
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1,3-bis(dibutyldithio)carbamoyl-2-propanoyl oleate (C4-DTC-OE)

T ZEkaAel oleic acidE HFdA dry CH.CLOF &7 ¥
1719 2 eq diisopropylcarbodiimide, DMAPE &34 €Il oleic
acid7t FHeHA 2 wi7kA] wkslETh )71 2 eq 1,3-bis(dibutyl-
dithio)carbamoyl-2-propanol& F#a|A €1 oF 3 h kg2 sY3ic)
3 ¥ 1 N NaHCO:¢t EtoAc® F%% 3 EtoAcsS 7%
g QBN drysted AHE 737 g (& 95%)= AUtk
'H- NMR (Figure 1), FT-IR (Figure 2) % EtoAcE TZZ
Sk

==
o IT
T2

3}o]
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'H-.NMR & in (CDCl, ppm): 0.95 (15H, 5CHs), 1.37 (30H,
15CH), 1.67 (12H, 6CH,), 2.00 (4H, 2CH), 2.29 (2H, CH,),
3.66 (4H, 2CH»), 3.91 (4H, 2CH,), 5.36 (3H, 3CH).

FT-IR 174lcm™ (C=O stretching).

EA ¥4 : Caled for C3oHuN,0,S4: C, 64.05; H, 10.20; N, 3.83;
0O, 4.38; S, 17.54 found(%): C, 63.13; H, 11.04; N, 3.96; O,
4.75; S, 17.12.

2.3.2. 1,3-bis(dioctyldithio)carbamoyl-2-propanoyl oleate (C8-DTC-
OB)2| &4

potassium dioctyldithiocarbamate (C8-DTCA-K)

250 mL l-neck round-bottom flaskE ice-bath 9ol FH|SH
dioctylamine 15.7 mL (50 mmol), KOH 2.98 g (60 mmol) CS,
498 mL (55 mmol)E ARl C4-DTCA-KQ A} EUs)
A WHgslel AAE 175 g (58 98%)S 9%e™ 'H-NMRE el
st

'HNMR & in (CDCl;, ppm): 0.93 (6H, 2CH;), 1.33 (20H,
10CH>), 1.69 (4H, 2CH,), 3.97 (4H, 2CH,).

1,3-dioctyldithiocarbamoylacetone (C8-DTC-C=0)

100 mL T E8A~3el potassium dioctyldithiocarbamate 1 g

(1.45 mmol)= ¥l THFd| =tk ©7]of| 1,3-dichloroacetone 0.25

g (1.92 mmol)& 7}3to] WHS3I3ith Wk & 1 N NaHCO; 5839
& Yl EtoAc/E(1/1 vol ratio)® FZ3}0] EtoAcE S 7HEF-3}
QBA drysto] BAE 126 g (& 99%)S AUtk T

'H- NMR% #18}it)
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54 ss .
'HANMR 8 in (CDCL, ppm): 0.96 (12H, 4CHs), 137 (40H,
20CHz), 1.68 (8H, 4CHy), 3.69 (4H, 2CH,), 3.90 (4H, 2CHo),
4.43 (4H, 2CHa).

1,3-bis(dioctyldithio)carbamoyl-2-propanol (C8-DTC-OH)
1,3-dioctyldithiocarbamoylacetone 0.86g (1.25 mmol)S MeOH/
THF (10 mL/10 mL)°| =9°|1 stirringd}84 NaBH; 35.31 mg
(0.924 mmol)E ¥, F 15 minIt FAISITh HHgo] A Fo
EtoAc/E(1/1 vol ratio)s ¥ *¥3} NH4CIE 7}8kal EtoAcE <
BollM  drystol A7

Y3t & EtoAct=
H-NMRE %ZE‘ gelstgint.

A=)
=
- sk, ¥ =

0.84 g (& 98%)=

'H-NMR 6 in (CDCl;, ppm): 0.87 (12H, 4CHs), 1.26 (40H,
20CH,), 1.70 (8H, 4CH,), 3.67 (8H, 4CHa), 3.90 (4H, 2CH,),
4.10 (1H, CH).

1,3-bis(dioctyldithio)carbamoyl-2-propanoyl oleate (C8-DTC-OE)

T ZEkAIe oleic acidE FFEA dry CH.CLO 34 Y1
01710 2eq diisopropylcarbodiimide, DMAPE A&3l|A YL oleic
acid7} g3t 2 w7bA wRkslE) 97]0l 2eq 1,3-bis(dioctyldi-
thio) carbamoyl 2-propanols A#3A Wi oF 3 h WS SYsith
e 1N NaHCO; FEAE 718 EtoAc®E FE3 F EtoAcs

7 R & LB dryst] ANE 727 g (FF 95%)S

SHEA
Ak T H-NMRE A sk

T

Z

ne o

'H-NMR & in (CDCl, ppm): 0.88 (15H, 5CH;), 1.28 (66H,
33CH,), 1.70 (8H, 4CH,), 2.10 (4H, 2CH,), 2.15 (2H, CHy),
3.65 (4H, 2CH,), 3.87 (4H, 2CH,), 5.28 (3H, 3CH).

EA %4 : Caled(%) for CssHipN20sSs: C, 69.12; H, 11.18; N,
2.93; 0, 335; S, 13.42 found(%): C, 67.94 H, 12.485; N, 2.98;
0, 3.744; S, 12.847.

2.3.3. 1,3-bis(dipyrrolidinedithiocarbamoyl)-2-propanoy! oleate (Pyrro-
DTC-OE)2| &4
1,3-bispymolidinedithiocarbamoylacetone (Pyrnmo-DTC-C=0)
100 mL &< Z8kA3Fe] ammonium pyrrolidinedithiocarbamate
2.73 g (16.54 mmol)= ¥ THFe| =<2lt}. o}7]e] 1,3-dichloro-

acetone 1 g (7.87mmol)S 715t WHESISIth WHE- & EtoAc/ &=
FE3819] EtoAcsS AdsTell Ay 2204 dyste] A=

&
269 g (78 98%)2 Atk T2 B4 'H-.NMRE gHlsieit)
'H-NMR & in (CDCl, ppm): 2.05 (8H, 4CH,), 3.71 (4H,

2CH,), 3.88 (4H, 2CHy), 4.45 (4H, 2CH,).

1,3-bis(dipyrrolidinedithiocarbamoyl)-2-propanol (Pyro-DTC-OH)
1,3-bispyrrolidinedithiocarbamoylacetone 2.33 g (6.68 mmol)<
MeOH/THF (30 mL/30 mL)°l| =°]3l stirringdFHA] NaBH, 126.4
mg (3.33 mmol)E ¥, °F 15 min7t AT Wkgo] eHEH &
] Ei} NH,CIE 7F}il EtoAc® F53}1 EtoAcT S HUEHoIL,
F QBN dryste] AAME 229 g (FE& 98%)S ¥eH 'H-
NMRE TZ5 Flsksith

SYetsy,

H19& 1%, 2008

r-lo
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'H-.NMR 6 in (CDCls, ppm): 2.02 (8H, 4CH.), 3.68 (8H,
4CHy), 3.89 (4H, 2CH,), 4.20 (1H, CH).

1,3-bis(dipyrrolidinedithiocarbamoyl)-2-propanoyl
DTC-OE)

ZATe oleic acidE FH3NA dry CH.CLS}
oJ7]el 2eq diisopropylcarbodiimide, DMAPE &34 Y1 oleic
acid7} F3tA & w7hx] wkelEt)h o710 2eq 1,3-bis(dipyrroli-
dinedithio)carbamoyl 2-propanols FFaA Wi oF 3 h HHSE

oleate (Pymro-

oh A HaL

3ttt WS 3 |1 N NaHCO;8} EtoAcZ FE3 & EtoAccs= 7%
=5 ? AF 2EAA dryste] AAE 838 g (FF 95%)= AUTh
7%= 'H-NMRZE 24319t}

'H-.NMR 6 in (CDCL, ppm): 0.88 (3H, CHs), 1.254 (20H,

8CHa), 1.59 (4H, 2CH,) 1.95 (10H, 5CH,), 2.31 (2H, CHa), 3.59
(6H, 3CH,) 3.92 (6H, 3CH,), 5.36 (3H, 2CH + 1CH).

EA %4 : Caled(%) for CsHsNO.Ss : C, 60.54; H, 8.85; N,
4.55; 0, 520; S, 20.85. found(%): C, 57.01; H, 9.082; N,
4.543; 0, 12.127; S, 17.235.

2.3.4. 1,3-dimercaptobenzothiazolyl-2-propanoyl oleate (Bz-thia-OE)
o B

2-mercaptobenzothiazole-1,3-dichloroacetone (Bz-Thia-C=0)

37 T EEhae| 2- mercaptobenzothiazole 11 g @1 es ¥

T =
I THFell &9lIt) o7 NaH 2.1 eq ¥ 1,3- dlchloroacetone 1.5
eqE 7kl WEESIGITh WHE ¥ EtoAcsl FRHTE FEt] YT

Folal NFe B Axsle] AAE 13.17 g (58 99%)E At
'H-NMRE 2413151t}

By
N

rr

'H-NMR & in (CDCl,
2CH,), 7.76 (4H, 2CHb).

ppm): 4.50 (4H, 2CH,), 7.33 (4H,

1,3-dimercaptobenzothiazolyl-2-propanol (Bz-Thia-OH)

2-mercaptobenzothiazole-1,3-dichloroacetone 1.17 g (3.01 mmol)
< MeOH/THF (8 mL/8 mL)ol| =o°]1 wHls}dA NaBH, 79 mg
(2.07 mmol) ok 15 min?t FABI3ATE Hkgo] A
§} NH,CIE 7}8laL EtoAc®E FE3Th 7159 $98

T AAE 116 g (FF 99%)S 9921 'H.NMREZ T2&5 2
QE}.

°
= ¥

o

'H-NMR & in (CDCl;, ppm): 3.67 (4H, 2CH,), 4.52 (1H, OH),
7.43 (4H, 4CH), 7.86 (4H, 4CH).

1,3-dimercaptobenzothiazolyl-2-propanoyl oleate (Bz-thia-OE)

T Z8kAFe dry CHClL, 30 mL, oleic acid 20 g (99.8
mmol)E Y1l 2eq dllsopropylcarbodnmlde DMAP-S 733lo] oleic
acid’} 58l =& wi7bA] wykshe}, goo] FP3AA 1,3-dimer-
captobenzothiazolyl-2-propanol 20 g (47.5 mmol)& ¥l °F 3 h 4

gk WS ¥ 1 N NaHCOs 8} EtoAc® 2~3W F&3hal
AAT T 7 SHI] AEE 31 g (FF 95%)S> d9le
'H-NMR (Figure 3) 2 FT-IR (Figure 4)& Hla}3it).
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Figure 3. "H-NMR spectrum of Bz-thia-OE.

T
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Figure 4. FT-IR spectrum of Bz-thia-OE.

'H-NMR & (CDCl;, ppm) 0.88 (3H, CHs), 1.2 (22H, 11CH,),
2.0 (4H, 2CHy), 2.2 (2H, CHa), 3.7 (2H, 2CH), 3.95 (2H, 2CH),
534 (2H, 2CH), 5.62(1H, CH), 7.3(4H, 2Ar-CH), 7.7 (4H,
2Ar-CH).
EA #4] : Calcd(%) for CssHiN,0,S; : C 64.18; H 7.08; N
428; O 4.89; S 19.58. found (%) : C 63.00; H 7.61; N 5.96; O
4.84; S 18.59.
3. dut & nE

3.1. S HAE 2] &Y
F8 URRAR AR Sl EloghtHolE a5
SYRAE A AHZEE X EHES, FUe 2 SENES
FAstsith C4-DTC-OES] 3742 tFeolvly CS,9)
WSS #ste] CRErE Q7HIAKC4-DTCA)S st o
KOHS} Feikgste] tlRer e e7MIAL  potassium  salt  (C4-
DTCA-K)E FA3Ith HElembolE I18S Zhe A4
DTC-C = 0)9 $42 C4-DTCA-KZ 1,3-dichloroacetone¥} ]t
HEE-stol FASISITE Figure 5ol4 B Higl 2ol @4 = FT-IRS
ool Al k=rd7IC = 0)°l 71Ug 1730 em' 9] I A7}
AEe B F44Le FAsUth 'H-NMR AFEHS NC(=S)
S-CH,-C(=0)- ZRE] 7]Q1%t 442 ppm T|AZFE T4 Flat
S H(Figure 6). C4-DTC-OH?| 3 C4-DTC-C = OS5 NaBH. &
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ol
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o
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KN
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SRR A AHEA YukRAe] $4 55

C4-DTC-C=0

Ca-DTC-0H

%T |C4.DTC-OE

4000 3000 2000 1000 400
‘Wavenumber|cm-1]

Figure 5. FT-IR spectra of C4-DTC-C=0, C4-DTC-OH and C4-
DTC-OE.

(CH,CH,CH,CH, ), N-C(=8)SK"
d ¢ b a

l _.;L_ - _}TJ_J il - 1

{CHCH;CHyCH, ), N-C(=8)8-CH,C{=0)CH-8-(5=)C-N{CH,CH,CH,CH, ),
d ¢ b aa €

¢ aa b d
(CH,CH,CH,CH,),N-C(=8)8-CH,CH{-OH)CH,-8-{8=)C-N(CH,CH,CH,CH,),
d ¢ b aa ] f

Q-C{=0)-R. R=0leyl

- M . L'ULL, |u |

7 6 5 4 3 2 1 FPM

Figure 6. "H-NMR spectra of C4-DTCA-K, C4-DTC-C=0, C4-DTC-
OH and C4-DTC-OE.

ARgste] BHRES-S Folol TSIt A § FT-IROIA 7t2R
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Table 1. Thermal Properties of Oleic Acid Esters and Mo-DTC

TGA results, °C

Esters
TDs FDT
C4-DTC-OE 212 254
C8-DTC-OE 205 264
Pyrro-DTC-OF 192 257
Bz-Thia-OE 217 311
Mo-DTC (Sakura-165) 117 214
C4-DTC-0E
L JJL ﬁﬁ 1;1}' lUl 1
CR-DTC-0E ‘
] |
l A A UL
Pyrero-DTC-OE
I
Bz-thia-OE
JLLAQ;_M__JM J_L
T 6 5 3 2 PPM
Figure 7. '"H-NMR spectra of C4-DTC-OE, C8-DTC-OE, Pymo-

DTC-OE and Bz-thia-OE.
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Pyrro-DTC-OE?] 22 5313191 Bz-Thia-OE2] ¥qHy4dol 7}
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7] wjFolzt AtEEH Alo]Z e TZE ZH= Pyrro-DTC-OES] &
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Figure 8. FT-IR spectra of C4-DTC-OE, C8-DTC-OE, Pyrro-DTC-OE
and Bz-thia-OE.
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Figure 9. TGA thermograms of Oleic Acid Esters and Mo-DTC.
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Table 2. Elemental Analysis and Solubility Results of Antiwear Agents

At AHEA YukEAe] $4 57

EA (%) Solubility*
DTC-T
N S 100 N BO Rapeseed Oil
C4-DTC-OE 3.96 17.12 ins sol
C8-DTC-OE 2.98 12.85 sol sol
Pyrro-DTC-OE 4.54 17.24 sol sol
Bz-thia-OE 5.96 18.59 sol sol
*1% Z7FA] solubility (ins: insoluble, sol: soluble)
Table 3. 4-ball WSD Results
4-ball WSD, mm
DTC-T
100 N Soybean oil
C4-DTC-OE 0.6028 0.8776
C8-DTC-OE 0.9317 0.9190
Pyrro-DTC-OE 0.6530 0.8260 & g,
i C4-DTC-OE
Bz-thia-OE 0.5499 0.9637
Mo-DTC 0.5351 -
i Lubrication by thermal films
/ |n1hfyldu-carrcglmc
Additive i ey - i~
a /( / \ (( ” Pyrro-DTC-OE Bz-thia-OE
% MO+S — Figure 11. 4-ball wear scar wom surface in 100 N BO.
M-S+ OF
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Elimination of abrasive particles
by tribochemical repction

Figure 10. Schematic function of lubricant film formed from chemical
reaction of additives and metal surface.
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Figure 12. 4-ball wear scar wom surface in soybean oil.
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Act.

DTC-TE WrkEAI2] 100 N BOY A&Efod UrtRsS H7)st
Ay} 100 N BO°IA 4-ball v}EE2] 7S Bz-thia-OE < C4-
DTC-OE < Pyrro-DTC-OE < C8-DTC-OEY] 0% & gk vl
of UmpaAdso] vaiA velkdth &, 84k e $Eo] gl N
S ol I 4-ball Urkzo] Fagleh #9, 8ol
4-ball #F2E9] A7o] 0.8260 mmolA 0.9637 mmS UER|o] Ujn}
BAY A7tab e goktk
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