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Abbreviations

Many abbreviations are used throughout in this dissertation in order to

save space. For convenience, a list of most abbreviations is compiled for

€asy access.
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AEAY I WAL el ks wdel gith W ohe

Lawesson's reagenti =¥ Wi F53F H,S 7FAE %5 59
kA AR YgE gAAE = ATsEol AEFHI o Qo

[sothiocyanate® &gAI7l= WOz  d#HZA  reducing agentolli=
BusSnH,?" SmI,**¢} CpZrHCI*?©] QA %t substrate scope’} #|3H2 o]z}

4 7153k thioformamideZ} w9~ $H4 2] o]t}

E
0 _s
/
0 / é‘ﬁ > S

"N H ) ; *N
2 (Lawesson's reagent ) B2
Bus;SnH 0
usSn
rR-"sc ° - Ry
~S ether, rt |
H
S 3+ t S
m BuOH
rRsc oM " Ns - Ry
S R—N:C/ |
H
Cp,ZrCl S
r-"sc 2 L R
~S LiAI(O'Bu)gH |
H

Scheme 8. Reduction of isothiocyanate

- 10 -



o
=

gl

rr

oo ¥ AGAL thioglycolic acid?} S A|lFA|FoZA ZHE-

83te] amine¥d HAE AAES 3P 1 A3} thioglycolic acids

o] &3l amine°l thioformyl”|7} ESi®s F<lsto] ofo] digt ATE

b,

ol

%

11 -



o. 23y 4 3

II —1. Aryliodide$} thioglycolic acid&

=+

=

1FF TEl F&

s C-S 2% 34 Y A7

T

= AT AN =

RIS

=

L=
=

n:°1'
(o]

PR S8 ATE

L.

glycolic acid®] “O” 7}

T2 Full skl glycolic acidE Cuy— 0
‘0”& coupling partner@ ©]&3}o] 2—phenoxyacetic

B3k v} Qltk(Scheme 9).

4% 34
acidg]

A= h

ofell 2tk o

spol 2 Qi

G2 “S”% ¥k thioglycolic acidE -8 =v)

stollA “S”  coupling partner® ©]g3}o] (arylthio)acetic acidE o
T S Aol of)itsta AHE Asyskgith
5 mol% cu(OH)2
036q egCOIiC acid I SN OH
NaOH, DMSO/H,0 (1/1) RT
N 120°c, 6 h
X
R-L
=
10 mol% Cul 0
X=1 Br 3.0 eq. ic acid
) g. glycolic OQJ\
C52COz, DMSO/H;0 (211) NS OH
120°c, 24 h L
Scheme 9. 78 4 Z4| 3t glycolic acidg ©] &3 C.y—0 AT A HHS

12 -



A8 A5 A7 DMSO/H,0 2312 of%det vkl 2 biaryl disulfide”}
PAE R, s DME/H,O0 ZAeA = o7st (phenylthio)acetic acid7}

9 s Gt (Scheme 10). 2H2e) whg-2 HA3 =20 AdS &
3 1) biaryl disulfide : DMSO/H;0 (2 mL/1 mL), Cu(OAc)yH,O 10 mol%,
thioglycolic acid 1.1 eq, K»CO3 2.0 eq, 120 °C, 16 hr, 2) (arylthio)acetic
acid : DMF/H,0O (2 mL/1 mL), Cul 5 mol%, thioglycolic acid 3 eq, K,CO4

4.0 eq, 120 °C, 20 hr 2.2 A Hs}lgt}.

10 mol% Cu(OAc)2 H20

1.1 equiv thioglycolic &cid =
2.0 equiv K,CO4 N S :—R
DMSOM 0 zmiiml) o N S X
120 °c, 16 h =

" —
= 5 mol% Cul

3.0 equiv thioglycolic acid
K,CO3 4.0 equiv

o)
DMF/H,0 2 mL/ImL . @SQJ\OH
NG
=

120 °c, 20 h

Scheme 10. A3 % thioglycolic acidg 0] &3t C,ryy=S BF A W AT

Biaryl disulfides= #3] %W X ¥o] o aryl thiol® HGA = 22o]= 3}

rEo]th. Biaryl disulfide® /338t WH o2+ Sgoly thioureas ©] 838}

= 9 So] a# A YA thioglycolic acidE o] €38t= WPHE Byd A

o] §lo] A3 AGellAl biaryl disulfide &/del st A& W33

13 -



A8 Ao A A3 A 2AS tpekst 715719 aryl iodide©l
Agsle] AdS AYP3FF T (Table 1). A8 A3} electron donating group=

7R A 0% ©13e £ FER IFEEe d= F UMARE halide”] =

Zb= aryl iodide ] A-$-olE &) wa FAAEQ biaryl sulfide?] v]&

Frt

=25 gdoldgdrt. webA halide groups 715712 2= aryl iodide 713 E

A8 Ao A0 thioglycolic acid® Z&el W& Jge lar] 3|
thioglycolic acidE 1.1 eqellAl 3.0 eq7hA QW&HE 2SS R3Ys3ct.
Thioglycolic acid®] @&o] 3.0 eq? A5l 3a°] 69% =% & IS Ho
thioglycolic acid 3.0 eq®} K,COs; 4.0 eqe HA3} o=z At}

(Tablel).

- 14 -



Table 1. Substrate scope of biaryl disulfide (A3 T+ A3})*0

| on 10 mol% cu(OAc)2 H20 _
X 2.0 equiv K,CO IR
R—! + HS/\g/ q 23 S\S/Q

X
DMSO/H,0 (2 mL/1 mL) R—:<>/
o =
1 2 1.1 eq 120 °c, 16 h 3

@S\SQ /©/S\S/©/ \©/S\S/©\ @S\S

73% 83% 79% 73%
t-Bu OMe OMe
oo o)
S S S
M
t-Bu MeO € MeO
75% 85% 90%
OMe
OMe
S S
~g M ~S
e
75% 7% 7% 80%

Cl- : 3a Br- i 3b F- i 3c

49% (2:1)" 52% (1:1)" 57% (1:1)"
69%0

2 total G.C yield of biaryl disulfide and biaryl sulfide, ° thioglycolic acid 3.0 eq, K,CO3 4.0 €q

A

A7 L biaryl

e

AHE S 7102 biaryl disulfideE 34 A, 71 &
sulfide’} A A o2 AAAHETE Folt), o233t FAH 2 halide groups 2t
I Q& aryl iodide 712l WS FEe Atk 188k halide groupe 7zt
= aryl iodide®] A3 =7 MM = 2ZAEZ biaryl disulfide} biaryl

sulfide A B && ZAES Aol H o)



Thioglycolic acid®} 719 AHE AGZFS e Fuf ¢l WhE a3E B

71 Q& AdE RHaAsFTH(Table 2). A8 LS 1—iodo—4—chlorobenzene<
WS- 5242 dodecane 7]+EdE Fal GC-MSE o] g3t disulfide}t

sulfide®] A H]&& AHKRT A Ay F8 Fujo Fo] 1.0 eqd d
disulfide®] gAH] &0l 238 === RS E 4 Qv (Table 2, entry
5). H & sulfided] A% o] S7FA T disulfide”} 7Hg @ol] A H %

721 entry 39 Aol wet 8] Fwlo S 15 mol%E g3kt

Table 2. Effect of amount of Cu(OAc) yH30 on disulfide bond formation

between 1—iodo—4—chlorobenzene and thioglycolic acid

Cl
S\
| 0 K[Cu] Zrcr;ol% /@/ s~ C
CO; 4.0 equiv
+ 2403 q +
HS cl
cl \)J\OH

DMSO/H,0 2/1 mL

. s
3.0eq 120°c, 16 h /@/ \©\
cl cl

Entry [Cu] X mol% dodecane : disulfide : sulfide®
1 Cu(OAc)2 H20 5 mol% 1:0.44:0.15
2 Cu(OAc)2 H20 10 mol% 1:0.42:0.08
3 Cu(OAc)H0  15mol% 1:0.51:0.13
4 Cu(OAc)2H20 20 mol% 1:0.42:0.13
> Cu(OAc)2 H20 1 equiv 1:0.22:0.26

& molar ratio of GC MS

theow gu =79 DMSO$ H,09 H|&o WE ks w7 g3 A

- 16 -



S AYsAT (Table 3). A% A DMSOS 29 nlgo] 1:12 A$ A4
AEC] AL AAHA gtom (entry 1) 1.5 1 191 A5ole F&°] 79%%
S7bakdth (entry 3). L2t} biaryl disulfide®}t biaryl sulfide®] #2]7} €%
ool &z S biaryl sulfide® Aol A2 ¢l DMSO/H,0 1:1 & H3a}

ATt

Table 3. Effect of solvents on disulfide bond and sulfide bond formation

from 1—iodo—4—chlorobenzene

cl
s T
| o CU(OAc)2H,0 15 mol%
+ K,CO3 4.0 equiv +
HS\)J\
cl OH DMSO/H,0

S
o]
B
3.0eq 120 "c, 16 h /@/ \©\
Cl Cl

Entry Solvent (1,5 mL) Ratio Yield(A)® Yield(B)®
1 DMSO/H,0 1:1 73% 0%
2 DMSO/H,0 2:1 75% 10%
3 DMSO/H,0 15:1 79% 8%

% isolation yield

Halide group< 7}%l biaryl disulfide® &&Z <l AL QalirE= 7|& =%
el vlsl] T2 Suje] o] 5 mol% B ZAF3 DMSOL H,08] Bl&2
112 2dste] FA8E sulfides HAsE 5 v A2 FHs =4

S AyE Atk Cu(OAc)»H,0 15 mol%, thioglycolic acid 3.0 equiv,

17 -



K,CO3 4.0 eq, DMSO/H,0 1:1, 120 °C, 16 h.

M2 A ARE ortho—, meta—, para—°ll 9X3F= o8] halide group=
7}A aryl iodidedll 288tk (Table 4). 7 A3} 3a, 3e, 3g, 3h, 3i% 4%

A2 65% ©]de] £ +&

ftlo

@3tk 3b, 3¢, 3d, 3fi= DMSO/H,0 1.5:1

Ol

H] &9 &n] ZANA 70% o)A &2 dojA

o
-1 {

Nl

U\:]_.

¥

Table 4. Synthesis of biaryl disulfide from aryl iodides having halide

substituents and thioglycolic acid

CU(OAC), H,0 15 MOl9

/
| . . |
o) K,CO, 4'0 equiV /E}R s
+ 2 3 S | + X X
Hs VSO AN TSN RIL | g
cVEJ OH SOM,0 RE _ _
3 4

120°C’ 16 h
yield (3 4

|
cl 3a 3b 3c

|
(73%' 0%)° 56%’ 3%)° (89%' 0%°

(79%' 9%)° (74%' 11%)P (T7%' 0%)°
Br S S
/@/S\S \©/ ~S Br ©/ ~S
Br 3d 3e 3f '
0’ 0% 0’ 9% 0’ 1%
(38%'’ 0%)° (59%' 5%)” (67%' 1%
(79%' 6%)° (75%' 12%)P
F
oy 2,
Sss F Sss F Ss
F 39 3h 3i
37% 1%)* (74%' 9%)* (66%' 6%)°

(75%' 4%)°

isolatjon yield’ 2 DMSO/H,0 1:1’' ® DMSO/H,0 1'5'1

- 18 -



kx 7iEgol A AFelA FJHek DMF/H,O 2:1, Cul 5 mol%,

thioglycolic acid 3 eq, KsCO3 4.0 eq, 120 °C, 20 h Ao 2 w-$-3&}

rlr

%

—o

o &= (phenylthio)acetic acid7} FRHAAEZ A A t}H(Scheme 6). ¥ 79

AE olF 7IMre R bekst 715 71E 7HA aryl iodideel #HZA 3 S A&
St AEs AyYPa 1 A} oherdt 715719 (arylthio)acetic acidE 43

gk 4 Qltk(Table 5).

Phenyl7]o] W& W9 7]57]E *¥33t (arylthio)acetic acidE A

2= A 3lt} Electron donating group B+ electron withdrawing group= %t

rlo

+ aryl iodides< EF Hw3 £ &2 (arylthio)acetic acid® 3%
Stk 53] electron donating group= 7F{ 4% 81~98%° =& +&& H
3L electron withdrawing group< 7F%l 7-¢-¢ll= electron donating group
S 7H ASHT oFt W &S5 HT Phenyls 7E7]E 7ML Ao
T 89%9 &5 H¥Y(Table 5, 5v). Electron withdrawing group?! CN
T+= NOE zZtE= aryl iodided A$ ¢ w2 2XoA WS H8Yskict

(Table 5, 5s, 5t). Hydroxyl groupS 2zt+= aryl iodide: hydroxyl group

o H357] glo|% free—OH AHjoA] w0l HaE 4= 9t} (Table 5, 5u).

19 -



Table 5. Synthesis of various (arylthio)acetic acid from various aryl iodide

5 mol% Cul

o
I o K,CO4 4.0 equi
A + 2 3 4.V equiv S
R_:(;/ HS\)J\oH DMF/H,0 2 mL/1 mL R \)J\OH
3.0 equiv 120 °c, 20 h s 5
o o o o
s s
5a, 85% 5b, 97% 5c, 98% 5d, 92%
o o
s s s MeO s
on T o |0 o
Se, 89% 5f, 91% 59, 94% 5h, 87%
OMe o o) o)
| S
S\)J\OH S\)J\O"' /©/S\)J\OH C\©/ \)J\OH
5i, 87% t-Bu 5), 81% 5k, 87% 51, 90%
cl o o Br o
s s s
\)J\OH /@/ \)J\OH \@/ @/ \)J\OH
5m, 89% Br 5n, 50% 50, 95% 5p, 84%
o o o
s s s
3O e AT e O Oy
5q, 81% 5r, 82% 5s, 69%®  O2N 5t, 87%P
o o
s s
5u. 89% Ph 5v, 89%

#70°c, 20 hr,P70°c, 3 hr

- 20 -



II —2. Thioglycolic acidE& ©]&3 FZFv] 219 thioformamide

T4 a7

g

AFA A ZFu ¢lo] thioglycolic acidE ©]€3 amine®] thioformyl

7]

i

=913}l thioformamideE g3

ok

F ASS Felaa A A0
A olo sk HAst 21 e APES AYysSlot. 1 A3 23 amine
2 thioglycolic acid 1.2 eq, DMSO 1 mL, 100 °C, 16 hr ¢ A3 w& %

A

-

to

12 amine< thioglycolic acid 1.2 eq, N, N—
diisopropylethylamine (DIPEA) 1.5 eq, DMSO 1 mL, 100 °C, 16 he #Z&
3} AL, aniline< thioglycolic acid 1.2 eq, DIPEA 1.5 eq, BF30Et, 1.0
eq, DMSO 1 mL, 80 °C, 16 hr9] ®k-g 23} 0] A3 =3tk (Scheme

11).
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O o) DMSO 1 mL O
+
N HS N

\)J\OH 100 °c, 16 h

H
1.2 equiv S}\H
60%
o 1.5 eq DIPEA j\
INNH, T i
SN
2 HS\)J\OH DMSO 1 mL N H
. 100 °c, 16 h
1.2 equiv ' 75%

1.0 eq BF, OEt
0 q brs 2

NH H
2 . 1.5 eq DIPEA N_ _H
HS\)J\OH DMSO 1 mL ©/ \E

o
1.2 equiv 80°C, 16 h

63%
Scheme 11. A3 ¥ optimized conditions for synthesis of thioformamide

B A= 1, 22} amine 2 aniline®] o3t FHEH wre FAS A
ShH A sk HAstela HZA s 271S vkt amine”| Aol A -&-3le] thek

3t thioformamideE 14 3%t}

DMSO/H,09] H]&©] 0.95/0.05¢ @ 70%= F&o°] 7ME =& 3 F2lst
Aok w3 2xek Az 71E 79 100 °Ce 16 hd = 7B a&3
AL 8ol vk (Table 6, entry 2). 2 H7Fehd 22 amined 66%°lA]
70%%, 12 amine 75%°14 92%% F&°] &3A%k, aniline?] Z$-o=
23]y F&o] volxlth, wEba HFAQ! thioformamide 34 #H &3 =71

< amine® Firol wet A tEY oS Zoy 1) 2% amine:

-22-



thioglycolic acid 1.2 eq, DMSO/H20 0.95/0.05 mL, 100 °C, 16 h, 2) 1*

amine: thioglycolic acid 1.2 eq, DIPEA 1.5 eq, DMSO/H,0 0.95/0.05 mL,

100 °C, 16 h, 3) aniline: thioglycolic acid 1.2 eq, DIPEA 1.5 eq, BF5OEt,

1.0 eq, DMSO 1 mL, 80 °C, 16 h.

Table 6. Effect of ratio of DMSO/H,0 on synthesis of

N—thioformylpiperidine

.o OMSOI,O )
N s Mg, 100°C, 16 h N
H 1.2 equiv S)\H
Entry DMSO/H,0 (mL) Temp Time Yield®
1 1/0 100°C  16h 66%
2 0.95/0.05 100°C 16h 70%
3 0.9/0.1 100°C  16h 67%
4 0.8/0.2 100°C 16 h 60%
5 0.6/0.4 100°C 16 h 55%
6 0.5/0.5 100°C 16 h 47%
7 0.95/0.05 100 °C 8h 61%
8 0.95/0.05 100°C  10h 63%
9 0.95/0.05 100°C  14h 66%
10 0.95/0.05 80 °C 16 h 27%
11 0.95/0.05 60°C  16h 0%

% yield of G.C MS

715719 22—, 12} amine %

aniline Ztzte] A &sto] vfst 715715 7F thioformamide® A sh=

AeS APt (Table 7,8,9).

-23-



22} amine< 1%} amine¥ anilineo] 8]a] vlw 4 & F=& =2 ¥Ek$o] A

il

A= AAT gt 7]571E 7 23k amine® RWESell Fofekgitt. 6¢cy 6f
A ¥ heterocycle 715715 7F%l thioformamide”} ¥R, free—OH
7](Table 7, 6g) 1t ester?] (Table 7, 6D & 7HA3L do& i 7Is71& 7}
A thioformamide”’} &/ =Sl Table 79 6d9} 6eEs H]W A], steric

hindrance® 9 thh Hh= Fo0F HlTY

Table 7. Various substrate scope of thioformamide from secondary amine

R._NH *+ DMSO/HZO )S]\
2= HS
\)J\OH 100 °c, 16 "100°C, 16h R,N H
1.2 eq 6
@)
/\/\N/\/\ SN [ j O
S)\H S)\H N N
6a, 65% 6b, 52% S H S)\H
6¢c, 63% 6d, 68%

S)\H S)\H S)\H

6e, 60% of 69, 56% 6h, 60%
, 66%
(0] O\ S
A
N b SRS
S)\H 6j, 53% 6k, 44%
6i, 60%
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1 # amine & 7% benzyl amine < 3X3%3F UT}3t amine ©|

thioformamide = T == A A5 &

ol
jab)
=
e}
3
jab)
=,
@}
3.
=]
0Q
=
oR
ot

okt

%8715 Zbi= benzyl amine < HAWFH O R £ F£&9 ARE dflom

heterocycle & 7} 7p A% &4 H A (Table 8). Free—OH 7| & 7}

o,

Lo % A EATH(Table 8, 7q). Alkyl 71Z 7}%l amine ¢ ZA$-ol% 7b,
7d & 85% oA &S HAAT 7c 9o A= AAET FE 40%9
FHE BT Alkyl 719 Wdke] OH 7F €9 A%+ gdAdo] A kA wt

OMe 7} &€ 7e &= A

ot

- A

Aniline %2 4% N9 nucleophilicity7} o} A& AtoA Zs=

additive 7} A3S& E3) Lewis acid 9&L 3= BFy0Et, 1.0 equive

:
o
B
12

3 2o 2 Aetdlal, olF VINeRE g 7E2E

7}%l aniline substrateE ©]&3to] 3}ES AUH(Table 9). st 7s

v}

715 zte= anilined A¥FA o ®E F=2 89 thioformamideZ H3+E At}

8ce} 8d #2 cyclic alkyl®| aromatic ring®l] ¢ % 70% °]4e +&

o
kel
it
sk
o0
o

kit
v
flo
4
ifo
o
N,
[-'E]
dt
o
)
32
O
>
(@]

e
<
~N
i
N
N
=
o
+
rlr

pyridine
50%° €< 95 4 23t} Steric hindrance”’} 91& ZA o & Ho|:= 8p2

AEAE 66%2 F&= T =AU
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Table 8. Various substrate scope of thioformamide from primary amine

. S
DIPEA 1'5 €q
R-NH, *+ R
2 HS\)J\OH DMSO/H,0 ° )J\H
0, ’
12eq 100°C’ 16 h ;
j\ s s s
HN™ ~H /\/\NJ\H /\/\/\NJ\H /O\/\NJ\H

PN H H H

72 30% 7b’ 85% 7C' 93% 7d' 84%
)\/\ i
N N)J\H
H H
7€' 74% 7 79% 7g 85% 7h' 80%
S S S
N H NJ\H NJ\H NJ\H
H H H
F
7’ 83% Me 71 88% 7k’ 74% | 71" 79%
S
A &
v @f
H
Cl
M 7504 mn: 70% 70" 74%
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Table 9. Synthesis of various thioformamide from aniline

BF; OEt, 1.0 eq

NH 0 N
X 2 DIPEA 1.5 eq PLNPL
RIL + ons . - R \[51/
_ OH DMSO, 80°c, 16 h L
8

1.2 eq
H H
® ITH O@FNITH C@ T
8a, 64% 8b, 61% 8c, 70% 8d, 72%
H H H H
N\Q/H MeO N\Q/H e} N\Q/H O N\Q/H
eo/©/ Meoj@/ O: i: [oj@/
8e, 84% 8f, 77% 89, 66% 8h, 50%
H H
" '
8I 64% 8] 63% 8k, 61% 8I, 50%
H H N H N K H
Q T Q T ﬁ T g
HO tBu X
8m, 86% 8n, 72% 80, 22% 8p, 66%
H OMe H H H H H
e T T
Ve 8 38% | 8s, 40% o B8t 50%
8q, 45%
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Flot
ﬂ
i3
)
)
rr
4
EN
l
o
m{m
fol
o
Yy
|o
i
%
o
ol
N
Ho
o
rO
4
N
N,
b
Al
&l
S
v

D-1oA4Es T8 +% =1 3lolA aryl iodide} thioglycolic acidE ©] &
&l Coy—S AF === T8 2t A5 JAF AT 7]Ee] 2hol=
S AlgAlekZ thiolo] WA IH o)== WAste] vF7] o WAzt £
oktl= w0 Qlo] biaryl disulfideo]Yt thiourea Z2 thiole WA= 2+
= sl AEHL v # dAvs S AlTAGer Bad Hol gle

thioglycolic acidE ©o]&3ste] tefst 7|57]E 7FX biaryl disulfide%}

)
=
)
O
1o
)
=
=)
i
rlo
ofo
=
PN
o
°
32
o
i)
Il
ol
jmn
=
o
@
0
L
@]
o
S
o
N
N
™
g,
)
=
=

disulfide®] “4-% DMSO% =9 H|&o] A &5 AAA A, Electron
withdrawing group< 7}% biaryl bisulfide® #Z 3 x4 Cu(OAc)yH,O
15 mol%, thioglycolic acid 3.0 equiv, Ky,CO3 4.0 eq, DMSO/H,0 1:1, 120

H

ftlo

°C, 16 holglal %ol we}t DMSO/H,0 1.5:1 ZdA ¢ & +&

- 28 -



o

ESE Itk

N

(arylthio)acetic acid® - Cul 5 mol%, thioglycolic acid 3 eq, K,CO4
4.0 eq, DMF/H;0 2:1, 120 °C, 20 h &7l thekst Mol 7|57 7kA

R =

o
i
Mo

FEE BT 5 AU

I-2°A4% T8 &% =1 ¢lo] thioglycolic acidE ©]€3}e] thioformyl
715 amine°] E¢st= ME2S ZAS AGsEE Y. Thioformyl7] &= thoFst
F7I8bE-2] SA P dAE, AsierA 24 SolA Fo FRAE E87bs
g =dolv. 2y I gARel vhefetx] ol A7t miulsith HYE ok
A YHEE F53F 7FA el H,SE 2271 Lawesson's reagent 2 71
FEAE ol&ste= A olfele &HA ¥y gl 2 AFelAE
thioglycolic acidg ©]&3to] 7]l gl AM=EF FaHES /st =5
=) glo] kA7l Ao 13}, 22} amine 9 oY} anilinedl® U %
Aol A thioformyl7]E& =& 4 QItl; 1) 2% amine: thioglycolic acid
1.2 eq, DMSO/H,0 0.95/0.05 mL, 100 °C, 16 h, 2) 12} amine: thioglycolic
acid 1.2 eq, DIPEA 1.5 eq, DMSO/H,0 0.95/0.05 mL, 100 °C, 16 h, 3)

aniline: thioglycolic acid 1.2 eq, DIPEA 1.5 eq, BF50Et, 1.0 eq, DMSO 1

mL, 80 °C, 16 h.
Z}7y0]l Z715°] amined} aniline®] 2+= N2] nucleophilicity =}o]e] wh
g} debd S #elsta, F 47709 amine substrateES 22-93%° &

S 7tE= thioformamide® AgE = At}
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v. 4 3

1. 437171 & AleF
(1) 43717

'"H NMR#} C NMR ~#E#L Varian—500(500 MHz for 'H, 126 MHz
for '"C) #ZEOL-500(500 MHz for 'H, 126 MHz for "’C) -3 A ZHE &
om, NMR &% CDCl;, DMSO—dgE AHE-3F3ith. Chemical shifti= 3%
+54 tetramethylsilane (TMS) Z5-E ppm Y@= 7|=3}3 ). dol g+
Chemical shift multiplicity (s—singlet, d—doublet, t—triplet, m—multiplet,
dd—doublet of doublet, df—doublet of triplet), coupling constant(Hz),
intergration®] <A =2 7]=3}3t}. Gas chromatography (GC)+ Hewlett
Packard Series 6890 X2 & HP—1 capillary columne AFE-3}131, MSD
ZRE AZEEA7](MS)= ionization W O % electron impact (ED) el 9
3] do] m/zZ 7]=38F Tl Thin layer chromatography (TLC) ¥ Merck
A9 silica gel 60 Fos 7} 943 A glass plateE AFE38FE 31 TLC Aol ¢
¥ EHo g 98 UV lamp(254 mm)S AFE3HAY KMnO, £ 9]

staindlo] 1331,
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(2) Ak

HESo] AFEE o2 Aok Sigma—Aldrich, Alfa Aesar, TCIoA] ¢

stol Mxe] Al glo] AHgseth

2. Ay

s

1) Biaryl disulfide 33&E9 A

General procedure A

Test tube®] aryl iodide 1.0 mmol, Cuy(OAc)yHsO 15 mol%, KyCO5 4.0
equiv & 21 argon X & 3t} 1 thS DMSO 2.0 mL ¢} Argon®. & X gt
H H,0 1.0 mLE A 7}3t & thioglycolic acid 3.0 equive A 7}3tt}. Sealing
$- 120 °C oil bathell ©7F 16AI1ZF &< HEGAIZITE AF2olA 213 v 1
M HCIZ quenchingdt & H,08} ethyl acetate® extraction 3+ 3 §=2&

0 wol MgSO, 2 We B& AAY F AL B §3% Y o
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1,2—bis (4—chlorophenyl) disulfide (3a)

o

General procedure A WO Z seal tube°] iodobenzene 0.5 mmol,
thioglycolic acid 3.0 equiv.& Y1 WHgsle] AL EGHA A, 104 mg,

73%)S Attt 'H NMR (500 MHz, DMSO-D6) 6 7.54-7.51 (m, 2H),
7.44 (tt,J = 7.1, 2.3 Hz, 2H). *C NMR (126 MHz, DMSO-D6) 6 134.5,

132.5, 129.5, 129.2.

1,2—bis (3—chlorophenyldisulfide (3b)

CI\©/S\S/©\CI

General procedure A WH O =2 seal tube® 1—iodo—3—chlorobenzene 0.5
mmol, thioglycolic acid 3.0 equiv.e Y1l HE&3sto] A E(FA AA|, 76
mg, 53%)2 43d. 'H NMR (500 MHz, DMSO-D6) 6 7.57 (t,] = 1.7
Hz, 1H), 7.49 (dt, J = 8.2, 1.4 Hz, 1H), 7.43-7.39 (m, 1H), 7.37—7.35

(m, 1H). *C NMR (126 MHz, DMSO-D6) & 137.7, 134.1, 131.3, 127.7,
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126.2, 125.5.

1,2—bis (3—bromophenyl) disulfide (3e)
r

General procedure A W 92 seal tube®| 1—iodo—3—bromobenzene 0.5
mmol, thioglycolic acid 3.0 equiv.= Y3l HE&slo] WA E(FA AA, 124
mg, 59%)< ¥tk 'H NMR (500 MHz, DMSO-D6) 6 7.70 (t, J = 2.0
Hz, 1H), 7.54=7.49 (m, 2H), 7.35 (t, J = 8.0 Hz, 1H). '"C NMR (126

MHz, DMSO—-D6) 6 137.9, 131.5, 130.6, 129.0, 125.9, 122.5.

1,2—bis (2—bromophenyl) disulfide (3f)

S
~S
r

General procedure A HH'H 9 2 seal tube®| 1—iodo—2—bromobenzene 0.5
mmol, thioglycolic acid 3.0 equiv.= Y3l Hk&3lo] WA E (A 14, 125
mg, 67%)& ¥t '"H NMR (500 MHz, DMSO-D6) 8 7.70 (d, J = 8.0
Hz, 2H), 7.53 (dd, J = 8.0, 1.7 Hz, 2H), 7.45-7.42 (m, 2H), 7.26—-7.22

(m, 2H). C NMR (126 MHz, DMSO-D6) ¢ 134.7, 133.2, 129.1, 129.0,
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127.1, 120.7.

1,2—bis (4 —fluorophenyl) disulfide (3g) [CAS]
F
ore :
F

General procedure A WHH 9 2 seal tube®| 1—-iodo—4—fluorobenzene 0.5
mmol, thioglycolic acid 3.0 equiv.e Y1l HE&-3sto] WA E(F2 AA] 47
mg, 38%)<S <tk 1H NMR (500 MHz, DMSO—-D6) 6 7.55 (qd, J = 4.6,

2.0 Hz, 2H), 7.26-7.21 (m, 2H). *C NMR (126 MHz, DMSO-D6) 6

162.9, 161.0, 130.9, 130.8, 116.7, 116.5.

1,2—bis (4 —fluorophenyl) disulfide (3h)

F\©S\S
General procedure A WH'H 9 2 seal tube®] 1—-iodo—3—fluorobenzene 0.5
mmol, thioglycolic acid 3.0 equiv.& Y1l HES-3Fo] AAE(FA o4 94
mg, 74%)< 49ttt 'H NMR (500 MHz, DMSO-D6) & 7.46—7.42 (m,

1H), 7.40-7.36 (m, 2H), 7.20—-7.12 (m, 1H). 13C NMR (126 MHz,
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DMSO-D6) ¢ 163.4, 161.4, 137.9, 137.9, 131.5, 131.4, 122.9, 122.9,

114.7,114.6, 113.7, 113.5, 40.0, 39.8, 39.7, 39.5, 39.3, 39.2, 39.0.

1,2—bis (2—fluorophenyl) disulfide (3i)

S
o

General procedure A WHH 9 2 seal tube® 1—-iodo—2—fluorobenzene 0.5
mmol, thioglycolic acid 3.0 equiv.e Yil HE&3Fo] AAE(F2 A4, 84
mg, 66%)< A9tk 'H NMR (500 MHz, DMSO-D6) & 7.62 (td, J = 7.7,

1.4 Hz, 2H), 7.43 (q, ] = 6.5 Hz, 2H), 7.30 (t, J = 8.9 Hz, 2H), 7.24 (t,J

= 7.4 Hz, 2H). *C NMR (126 MHz, DMSO-D6) & 161.1, 159.2, 131.9,

131.2, 131.1, 125.5, 125.5, 125.4, 122.3, 122.2, 116.4, 116.3, 116.2,

116.1.

2) (Arylthio)acetic acid 33H&2] 3ITA
General procedure A

Seal tube®] Cul 5 mol%$ aryl iodide 1 mmol, K,CO3 4.0 eq= FH 3l
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mlo

stirring barg %1 Argon *| &3t & DMSO/H,0 2.0/1.0 mLe] =9 t}
thioglycolic acid 3.0 eqe H7Fstt}. whe &35S 120 °ColA 20 h Fot
stirring3 &  A2o]A 213tk 1M HCIE quenchingdl& % ethyl

acetate® FE3t}t. FE3 o5 MgSO,E ol A& =5 AAS =+

column chromatography @ hexane®} ethyl acetateS ©]&3] &g A |3t}

(Phenylthio) acetic acid (ba) [CAS 103—-04-28]

S\)]\OH
r

General procedure A W O =# seal tube©l iodobenzene 1.0 mmol,
thioglycolic acid 3.0 equiv.e& 23 ¥F23}lo] (phenylthio)acetic acid (52

M), 143 mg, 85%)<S ATl 'H NMR (500 MHz, CHLOROFORM-D) &

7.42 (d,J = 7.4 Hz, 2H), 7.31 (t, J = 7.4 Hz, 2H), 7.25 (t, J = 6.0 Hz,

1H), 3.67 (s, 2H).

4—Methyl phenyl thioacetic acid (5b) [CAS 3996—29-0]

SQJ\OH
AT
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General procedure A HH O # seal tubeo] 4—iodotoluene 1.0 mmol,
thioglycolic acid 3.0 equiv.& Y1 HF83}9 4—methyl phenyl thioacetic
acid (84 14, 176 mg, 97%)& &3tk 'H NMR (500 MHz, CDCls) &
7.38 = 7.29 (m, 2H), 7.13 (d, J = 8.4 Hz, 2H), 3.62 (s, 2H), 2.33 (s, 3H).
¥C NMR (126 MHz, CDCly) & 175.26 (s), 137.68 (s), 131.00 (s),
130.63 (s), 129.95 (s), 37.30 (s), 21.07 (s). MS (ED) m/z = 182, 164,

151, 137. FT-IR : 2917, 2688, 1696, 1200, 798 cm™'

2—[(3—Methylphenyl) thio]acetic acid (6¢) [CAS 3996—30—23]

S\)J\OH
o

General procedure A WO Z seal tube°] 3—iodotoluene 1.0 mmol,

ol

1 HE

olo

thioglycolic acid 3.0 equiv.& 5} 2—[(3—
methylphenyl)thio]acetic acid (82 1A, 179 mg, 98%)<S <ct. 'H

NMR (500 MHz, CDCly) ¢ 7.25 = 7.17 (m, 3H), 7.09 — 7.04 (m, 1H),
3.68 (s, 2H), 2.33 (s, 3H). "®C NMR (126 MHz, CDCl3) & 175.27 (s),

139.02 (s), 134.13 (s), 130.61 (s), 129.01 (s), 128.12 (s), 126.95 (s),
36.54 (s), 21.30 (s). MS (ED m/z = 182, 164, 151, 137. FT—IR : 2919,

2580, 1696, 1198, 770 cm™!
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2—[(3,5—Dimethylphenyl) thio] acetic acid (5d) [CAS 253304—-13—1]

S\)J\OH

General procedure A HH'H O 2 seal tube®] 5—iodo—m—xylene 1.0 mmol,

thioglycolic acid 3.0 equiv.=

in
R
=
olo
ol
o
£

2—[(3,5—
dimethylphenyl) thiolacetic acid (B2 1A, 164mg, 83%)S 4t 'H

NMR (500 MHz, CDCl3) 6 7.02 (s, 2H), 6.87 (s, 1H), 3.66 (s, 2H), 2.28
(s, 6H). "°C NMR (126 MHz, cdcl3) & 175.54 (s), 138.84 (s), 133.90

(s), 129.11 (s), 127.55 (s), 36.55 (s), 21.18 (s). MS (ED m/z = 196,

178,151, 137. FT—IR : 2920, 2853, 1710, 1192, 828 cm™'

2—[(2—Methylphenyl) thio]acetic acid (5e) [CAS 18619—-15-3]

s Aon

General procedure A HHH O # seal tubeo] 2—iodotoluene 1.0 mmol,

)

thioglycolic acid 3.0 equiv.s Il 13- 510 2—[(2-

o

methylphenyl)thio]acetic acid (84 14, 162mg, 89%)< <At 'H

NMR (500 MHz, CDCly) 6 7.38 — 7.32 (m, 1H), 7.22 — 7.18 (m, 1H),
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7.16 (s, 2H), 3.66 (s, 2H), 2.42 (d, ] = 0.5 Hz, 3H). '°C NMR (126 MHz,
CDCl3) 6 174.55 (s), 138.35 (s), 133.56 (s), 130.39 (s), 129.44 (s),
127.13 (s), 126.76 (s), 35.64 (s), 20.31 (s). MS (EI) m/z = 182, 151,

137,124. FT-IR : 2913, 2694, 1701, 1193, 888, 745 cm™*

2—[(2,6—Dimethylphenyl) thio] acetic acid (5f) [CAS 32133—-94—-1]

S\)J\OH

General procedure A ¥ O % seal tube®] 2—iodo—m—xylene 1.0 mmol,

oL

thioglycolic acid 3.0 equiv.< Il HE-§-3} o 2—[(2,6—
dimethylphenyl) thiolacetic acid (34 1x], 178mg, 91%)& <A} 'H

NMR (500 MHz, CDCl;) 6 7.20 — 7.06 (m, 3H), 3.39 (s, 2H), 2.55 (s,
6H). *C NMR (126 MHz, CDCl3) 6 176.29 (s), 143.35 (s), 131.61 (s),

129.10 (s), 128.33 (s), 36.67 (s), 21.78 (s). MS (EI) m/z = 196, 178,
151, 137. FT=IR : 2920, 2659, 2555, 1697, 1460, 1426, 1399, 1374,

1118,775 cm™!
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2—[(4—Methoxyphenyl) thio]acetic acid (5g) [CAS 3406—77—7]

O

o
M€O

General procedure A WW O =2 seal tube®] 4-—iodoanisole 1.0 mmol,

I Ht-§-5}o] 2—[(4-

o

thioglycolic acid 3.0 equiv.=
methoxyphenyl) thio]acetic acid (22 114, 187mg, 94%)< <Lddt. 'H

NMR (500 MHz, CDCl3) 6 7.48 — 7.41 (m, 2H), 6.89 - 6.83 (m, 2H),

3.80 (s, 3H), 3.55 (d, J = 0.8 Hz, 2H). '*C NMR (126 MHz, CDCl3) ¢
175.75 (s), 159.84 (s), 134.28 (s), 124.47 (s), 114.79 (s), 55.33 (s),
38.55 (s).

MS (ED m/z = 198, 183, 167, 153, 139. FT-IR : 2926, 1703, 1285,

12335, 827 cm ™!

2—[(3—Methoxyphenyl) thio]acetic acid (6h) [CAS 3996—32—5]

o

Meo : SQLOH

General procedure A WHOZ seal tube®] 3—iodoanisole 1.0 mmol,

ol

1 HE

olo

thioglycolic acid 3.0 equiv.& 5} 2—[(3—

methoxyphenyl)thiolacetic acid (4 4], 172mg, 87%)< AUt 'H
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NMR (500 MHz, cdcl3) 6 7.22 (t, J = 8.0 Hz, 1H), 6.97 (ddd, J = 7.7,
2.9, 1.4 Hz, 2H), 6.81 — 6.75 (m, 1H), 3.79 (s, 3H), 3.69 (s, 2H). 3C
NMR (126 MHz, CDCl;) & 175.81 (s), 159.89 (s), 135.82 (s), 130.00

(s), 121.75 (s), 114.97 (s), 112.99 (s), 55.30 (s), 36.34 (s), 26.34 (s).
MS (ED m/z = 198, 186, 153, 138. FT—IR : 2936, 2668, 1706, 1588,

856 cm !

2—[(2—Methoxyphenyl) thio]acetic acid (5i) [CAS 18619—-21-1]

General procedure A WW O =2 seal tube®] 2-iodoanisole 1.0 mmol,

thioglycolic acid 3.0 equiv.< Il HE-S-3}od 2—[(2—

o

methoxyphenyl)thiolacetic acid (82 1A, 172mg, 87%)<S 4tt. 'H
NMR (500 MHz, CDCly) & 7.41 (dd, J = 7.6, 1.7 Hz, 1H), 7.29 (ddd, J =
8.2, 7.5, 1.7 Hz, 1H), 6.93 (td, J = 7.6, 1.2 Hz, 1H), 6.89 (dd, J = 8.2,
1.2 Hz, 1H), 3.89 (s, 3H), 3.64 (s, 2H). "*C NMR (126 MHz, CDCly) &
174.95 (s), 158.15 (s), 132.32 (s), 129.32 (s), 121.77 (s), 121.15 (s),

110.86 (s), 55.70 (s), 35.53 (s). MS (ED) m/z = 198, 186, 167, 157.
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FT-IR : 2919, 1698, 1245, 755 cm !
2—[[4— (1,1 -Dimethylethyl) phenyl] thio] acetic acid (5j) [CAS 4365—
63—3]

O

joRa:
t-Bu

General procedure A W © = seal tube®ll 1-tert—butyl—4—iodobenzene
1.0 mmol, thioglycolic acid 3.0 equiv. ¥ Hk-g3slo] 2—-[[4—(1,1—
dimethylethyl) phenyl]thio]acetic acid (5 A, 182mg, 81%)< At}
'"H NMR (500 MHz, CDCl3) 6 7.35 (dd, J = 18.0, 8.7 Hz, 4H), 3.65 (s,

2H), 1.30 (s, 9H). *C NMR (126 MHz, CDCl3) & 176.08 (s), 150.60 (s),

131.00 (s), 130.29 (s), 126.24 (s), 37.04 (s), 34.55 (s), 31.24 (s). MS

(ED m/z = 224, 209, 191, 181. FT—-IR : 2960, 2868, 1707, 1267, 823

cm™!

2—[(4—Chlorophenyl) thio]acetic acid (5k) [CAS 3405—88—7]

S\)J\OH
AT

General procedure A WY 22 seal tube®] 1—Chloro—4—iodobenzene 1.0
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mmol, thioglycolic acid 3.0 equiv.e Y1 H3 2-[4-
chlorophenyl) thio] acetic acid (B 1A, 176mg, 87%)<% <tt 'H NMR

(500 MHz, CDCl3) 6 7.38 — 7.34 (m, 2H), 7.30 — 7.27 (m, 2H), 3.64 (s,

2H). C NMR (126 MHz, CDCl3) & 174.71 (s), 133.54 (s), 132.87 (s),
131.61 (s), 129.33 (s), 36.66 (s). MS (EI) m/z = 202, 184, 157, 143.

FT-IR : 2920, 1691, 1094, 887, 808 cm™!

2—[(3—Chlorophenyl)thio]acetic acid (51) [CAS 3996—38—1]

O

cl s QJ\OH
o

General procedure A HWHH O # seal tube©l] 3—chloroiodobenzene 1.0
mmol, thioglycolic acid 3.0 equiv.e Y1 H23 2-[(3-
chlorophenyl) thiolacetic acid (@& 22 1A, 90%)S 4t 'H NMR
(500 MHz, CDCl3) & 7.40 (td, J = 1.8, 0.5 Hz, 1H), 7.28 (dt, J = 7.3,

1.8 Hz, 1H), 7.25 - 7.19 (m, 2H), 3.69 (s, 2H). 'C NMR (126 MHz,

CDCly) ¢ 175.41 (s), 136.56 (s), 134.85 (s), 130.17 (s), 129.30 (s),
127.61 (s), 127.29 (s), 36.15 (s). MS (ED) m/z = 202, 186, 174, 157,

143. FT—IR : 2919, 2583, 1696, 1425, 893, 774, 678 cm™!
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2—[(2—Chlorophenyl)thio]acetic acid (bm) [CAS 18619—18—-6]

@SQKOH

General procedure A W5 © 2 seal tube® 1—chloro—2—iodobenzene 1.0
mmol, thioglycolic acid 3.0 equiv.e Y31 HHgsle]l 2-[(2-
chlorophenyl) thio] acetic acid ()= 1A, 181mg, 89%)< < tt. 'H NMR

(500 MHz, CDCl3) 6 7.43 — 7.38 (m, 2H), 7.24 (td, J = 7.6, 1.6 Hz, 1H),
7.21 - 7.16 (m, 1H), 3.72 (s, 2H). '"C NMR (126 MHz, CDCly) ¢

174.88 (s), 134.36 (s), 133.55 (s), 129.98 (d, J = 14.9 Hz), 128.00 (s),
127.42 (s), 35.00 (s). MS (ED) m/z = 202, 184, 157, 143. FT—IR : 2918,

2852, 1694, 1430, 1200, 750 cm™*

2—[(4—Bromophenyl)thiolacetic acid (5n) [CAS 3406—76—6]

> Mo
AT

General procedure A ¥ © % seal tube®] 1—bromo—4—iodobenzene 1.0
mmol, thioglycolic acid 3.0 equiv.e Y31 ¥®F$sle] 2—-[(4-
bromophenyl)thiolacetic acid (8 1A, 124mg, 50%)<% 49t 'H NMR

(500 MHz, CDCl3) 6 7.38 — 7.34 (m, 2H), 7.30 — 7.27 (m, 2H), 3.64 (s,
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2H). C NMR (126 MHz, CDCl3) 6 175.16 (s), 133.62 (s), 132.25 (s),
131.65 (s), 121.40 (s), 36.50 (s). MS (ED m/z = 248, 231, 203, 189.

FT-IR : 2922, 2851, 1692, 1473, 1195, 808 cm™*

2—[(3—Bromophenyl)thio]acetic acid (50) [CAS 3996—39—-2]

S\)J\OH
o

General procedure A WW O Z seal tubeo] 3—bromoiodobenzene 1.0

ot

mmol, thioglycolic acid 3.0 equiv.= i H{bkgstel 2—-[(3—
bromophenyl) thio]acetic acid (2 A, 95%)< <4t 'H NMR (500

MHz, CDCly) & 7.55 (t, J = 1.7 Hz, 1H), 7.40 — 7.35 (m, 1H), 7.33 (d, J
= 8.6 Hz, 1H), 7.18 (t, J = 7.9 Hz, 1H), 3.69 (s, 2H). "’C NMR (126 MHz,
CDCly) 6 174.98 (s), 136.86 (s), 132.17 (s), 130.44 (s), 130.19 (s),
128.12 (s), 122.90 (s), 36.19 (s). MS (ED) m/z = 248, 228, 218, 203,

189. FT—IR : 2920, 2852, 2583, 1697, 1553, 1199, 892, 774, 749 cm™!
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2—[(2—Bromophenyl) thio]acetic acid (5p) [CAS 15939—-85—-2]

@S%OH

General procedure A WW O Z seal tubeo] 2-bromoiodobenzene 1.0

gin

mmol, thioglycolic acid 3.0 equiv.e Y1 H23 2-[(2-
bromophenyl)thiolacetic acid (8 A, 84%)<L <dtt 'H NMR (500
MHz, CDCl3) § 7.57 (dd, J = 8.0, 1.3 Hz, 1H), 7.38 (dd, J = 7.9, 1.5 Hz,
1H), 7.29 (d, J = 7.7, 1.3 Hz, 1H), 7.10 (td, J = 7.9, 1.5 Hz, 1H), 3.72
(s, 2H). "C NMR (126 MHz, CDCly) & 174.63 (s), 135.65 (s), 133.23
(s), 129.54 (s), 128.02 (d, J = 10.3 Hz), 124.27 (s), 35.32 (s). MS (ED

m/z = 248, 228, 216, 203, 189. FT—-1IR : 2916, 2852, 1700, 1426, 1197,

746 cm™!

2—[(4—Fluorophenyl)thiolacetic acid (5q) [CAS 332—-51—4]

s M
e

General procedure A WWO=Z seal tube®] 4—fluoroiodobenzene 1.0
mmol, thioglycolic acid 3.0 equiv.e Y31 HF2se] 2—-[(4-

fluorophenyl)thiolacetic acid (28 1A, 151mg, 81%)<S AArt. 'H NMR
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(500 MHz, CDCly) 6 7.49 — 7.42 (m, 2H), 7.06 — 6.98 (m, 2H), 3.60 (d,
J = 0.4 Hz, 2H). ¥C NMR (126 MHz, CDCl;) & 175.7, 163.6, 161.6,

133.7, 133.6, 129.2, 116.5, 116.3, 37.7. MS (ED m/z = 186, 167, 157,

141, 127. FT-IR : 2921, 2608, 1698, 1489, 1430, 1393, 1196, 807 cm™'

2—[[4— (Trifluoromethyl) phenyl]thio] acetic acid (br) [CAS 102582—

93—4]

O

o
FiC

General procedure A HHH O % seal tube°l 4—iodobenzotrifluoride 1.0
mmol, thioglycolic acid 3.0 equiv.s Y1 H23 2-[[4-
(trifluoromethyl) phenyl] thio]acetic acid (=% 34|, 194mg, 82%)= 43

t}. 'H NMR (500 MHz, CDCl3) 6 7.59 — 7.52 (m, 2H), 7.49 — 7.43 (m,
2H), 3.75 (s, 2H). *C NMR (126 MHz, CDCl;) 6 175.20 (s), 139.88 (s),

128.83 (s), 128.57 (s), 128.22 (s), 125.94 (q, J = 3.8 Hz), 125.00 (s),
122.84 (s), 35.16 (s). MS (ED) m/z = 236, 217, 191, 179. FT—IR : 2919,

2852, 1695, 1603, 1321, 1096, 821 cm™'
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2—[(4—Cyanophenyl)thiolacetic acid (bs) [CAS 17893—44—-6]

.
AT

General procedure A HHH O % seal tube©] 4—iodobenzonitrile 1.0 mmol,
thioglycolic acid 3.0 equiv.& ¥ ¥Fg3le] WAHAE(FEM 1A, 69%)
A2tk 'H NMR (500 MHz, DMSO—dg) 6 7.78 — 7.72 (m, 2H), 7.49 -
7.42 (m, 2H), 3.98 (s, 2H). '"C NMR (126 MHz, DMSO—dg) 6 170.46
(s), 144.25 (s), 132.87 (s), 126.93 (s), 119.24 (s), 107.73 (s), 33.92

(s).

—[(4—Nitrophenyl) thio] acetic acid (5t) [CAS 3406—75-5]

Y
O,N

General procedure A WO 2 seal tube®] 1—-iodo—4—nitrobenzene 1.0
mmol, thioglycolic acid 3.0 equiv.e Y1 HF$3te] AAE(GFEM 114,
87%)% At 'H NMR (500 MHz, dmso) 6 8.19 — 8.12 (m, 2H), 7.55

- 7.49 (m, 2H), 4.05 (s, 2H). 'C NMR (126 MHz, DMSO—-D6) & 169.8,

147.4,144.4, 126.1, 123.8, 34.4. FT—IR : 2920, 2851, 1694, 1312, 1186,
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836 cm™!

2— (3—Hydroxyphenyl) sulfanylacetic acid (5u)

S\)J\OH

H

General procedure A WO 2 seal tube ©| 4—phenyliodobenzene 1.0
mmol, thioglycolic acid 3.0 equiv.e Y1 HH&slo] (AA 14, 69%) =

A2tk 'H NMR (500 MHz, DMSO—ds) 6 7.08 (t, J = 7.9 Hz, 1H), 6.76
- 6.63 (m, 2H), 6.56 (d, J = 8.0 Hz, 1H), 3.71 (s, 2H). "C NMR (126
MHz, DMSO—ds) 6 171.06 (s), 158.15 (s), 137.18 (s), 130.32 (s),

118.53 (s), 114.60 (s), 113.48 (s), 35.31 (s). FT—IR : 3375, 3056,

2922, 1709, 1583, 1180, 894, 771 cm™!

2— (4—phenylphenyl) sulfanylacetic acid (5v)

SQJ\OH
N

General procedure A ¥ O % seal tube ©°| 4—phenyliodobenzene 1.0

mmol, thioglycolic acid 3.0 equiv.e Y1 Y3t (AA 14, 69%) =
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Aot 'H NMR (500 MHz, DMSO—dg) 6 7.62 (dd, ] = 12.6, 8.0 Hz, 4H),
7.51 — 7.37 (m, 4H), 7.34 (t, ] = 7.2 Hz, 1H), 3.83 (s, 2H). *C NMR
(126 MHz, DMSO—dg) 6 171.05 (s), 139.80 (s), 138.14 (s), 135.51 (s),

129.42 (s), 128.64 (s), 127.64 (s), 126.88 (s), 35.35 (s). FT—IR : 2921,

2694, 2590, 1691, 1599, 1203, 916, 820, 759, 700 cm™!

3) Thioformamide 3}3&2 A4

Z¥7ke] amine3} anilinembth A4 W ol zpol7h Slth 3HES d el

Solgk Hol At Aeks stes e wWrkd Abei R HAN vlE] w@e

sheh 4w g ) AMgdlT Fhge

My
rlo
4
ftfo
il
o
oX
Al
2
)

Bk olye}l 12} amines ©]&3 W thioformamides conformer”} 43

i

AT,
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General procedure A of secondary amine

Seal tube°l Arg& A 3ke ¥ DMSO$ Hy,O 0.95/0.05 mL ¥& 3
thioglycolic acid 1.2 eq& #H& €=t 22 amine 0.5 mmolE ¥ 1 100

°CollA 16 h =9oF stirringdt & A4 2l¢ltt. 1M HCIZ quenchingdl<

< ethyl acetate® FE3tth. F%3 th3 Na,SO= HofF e & AASH
% column chromatography® ethyl acetate®} hexaneS o|&3] #g

A ke

General procedure B of primary amine

Seal tube°] Are X33 ¥ DMSO® H,O0 0.95/0.06 mL ¥& %
thioglycolic acid 1.2 eq, DIPEA 1.5 eqe FH3 ¥ & 60 °CollA 1 h WA
Ao £3ES A2 28 F 1% amine 0.5 mmolS ¥l 100 °CollA]
16 AlZFEet stirringdt & A4 2%tk 1M HCIZ quenchingdls& %
ethyl acetate® FE3tth. 553 5 Na,SO2 Hob Sl == AAT 5

column chromatography® ethyl acetate?} hexaneg ©]&3 &2 A A 3t}

General procedure C of aniline
Seal tube°] Ar<g 33t ¥ DMSO 1 mL ¥ 3 thioglycolic acid 1.2 eq,
DIPEA 1.5 eqs FHal ¥ % 60 °Cold 1 Azt WA =3, &858 A

Lo A A3 & aniline 0.5 mmol®} BF;0Et, 1.0 eq ¥ 1 80 °CellA 16 h
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Eol stirringdr & AF2ox] 213ltlt. 1M HCIZ quenchingdl+ & ethyl
acetate® FE3oth. FE3 t5 Na,SOE Hol Sl &5 AAS F

column chromatography® ethyl acetate ¢} hexanes ©]&3al] v A3t}

N, N-Dibutylmethanethioamide (6a) [CAS 13749—-55-8]

INCTSNTTTN

S)\H
General procedure A WY O % seal tube©] dibutylamine 0.5 mmol,
thioglycolic acid 1.2 equiv.S S HE-8-3} o] N,N—

dibutylmethanethioamide ()= M|, 56 mg, 65%)< ATt 'H NMR (500

MHz, CDCl3) 6 9.21 (s, 1H), 3.78—=3.75 (m, 2H), 3.46 (t, J = 7.2 Hz,

2H), 1.68—1.59 (m, 4H), 1.35 (tt, J = 22.1, 7.4 Hz, 4H), 0.96 (td, J =

7.3, 4.8 Hz, 6H). "C NMR (126 MHz, CDCl3) & 187.5, 56.2, 47.5, 30.6,

28.0, 20.2, 19.7, 13.8, 13.6. MS (ED m/z = 173, 158, 144, 130. FT—-1IR :

2957, 2930, 2871, 1671, 1502, 1217, 1168.

N,N-Diethylmethanethioamide (6b) [CAS 13839—14-0]

SN

A

General procedure A WY O % seal tube¢] diethylamine 0.5 mmol,
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thioglycolic acid 1.2 equiv.S S HE-8-3} o] N,N—
diethylmethanethioamide (Z2 9, 30 mg, 52%)< <t 'H NMR

(500 MHz, CDCl3) 6 9.23 (s, 1H), 3.86 (q,J = 7.3 Hz, 2H), 3.54 (q,J =

7.3 Hz, 2H), 1.27 (dt, ] = 25.8, 7.2 Hz, 6H). '*C NMR (126 MHz, CDCls)

§ 186.8, 50.7, 42.3, 14.4, 11.2. MS (ED) m/z = 117, 102, 88. FT—-IR :

2974, 2934, 1666, 1636, 1431, 1397, 1380, 1350, 1102 cm™*

4—Morpholinecarbothioaldehyde (6¢c) [CAS 5780—-30—3]

)

S)\H
General procedure A WO Z seal tubeo] morpholine 0.5 mmol,
thioglycolic acid 1.2 equiv.< ST HE-8-3} o] 4—

morpholinecarbothioaldehyde (=% 1A, 41 mg, 63%)< At 'H NMR

(500 MHz, CDCly) 6 9.27 (s, 1H), 4.11 (t, J = 4.9 Hz, 2H), 3.79-3.76
(m, 4H), 3.68 (t, J = 4.6 Hz, 2H). *C NMR (126 MHz, CDCl;) 6 186.8,

66.8, 66.0, 55.0, 45.5. MS (EI) m/z = 131, 116, 117, 103. FT—IR : 2965,

2907, 2854, 1637, 1500, 1108, 849 cm™*
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1 —Piperidinecarbothioaldehyde (6d) [CAS 7584—-63—6]
)
S)\H

General procedure A WWO=Z seal tube®| piperidine 0.5 mmol,

I wgEe]  1-

o

thioglycolic acid 1.2 equiv.<
piperidinecarbothioaldehyde (#4 34|, 44 mg, 68%)< 4Act. 'H NMR
(500 MHz, CHLOROFORM-D) & 9.22 (s, 1H), 4.01 (t, J = 5.7 Hz, 2H),
3.60 (t, J = 5.4 Hz, 2H), 1.75-1.67 (m, 6H). MS (EI) m/z = 129, 114,

100.

2—methylpiperidine—1—carbothialdehyde (6e) [CAS 20278-12-0]

Gk

s

General procedure A W S 2 seal tube®] 2—methylpiperidine 0.5 mmol,
thioglycolic acid 1.2 equiv.e Y1l W$3ste] 2-—methylpiperidine—1—
carbothialdehyde (=& 9NA], 43 mg, 60%)S <tk 'H NMR (500 MHz,

CHLOROFORM-D, mixture of conformers) 8 (major of conformer) 9.29

(s, 1H), 4.33-4.29 (m, 1H), 3.89-3.85 (m, 1H), 3.84-3.79 (m, 1H), ,
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1.86—1.68 (m, 6H), 1.37 (d, J = 6.9 Hz, 3H), (minor of conformer) 'H

NMR (500 MHz, CHLOROFORM-D) ¢ 9.17 (s, 1H), 5.52-5.49 (m, 1H),

3.58 (d, J = 2.3 Hz, 1H), 3.56 (q, J = 2.3 Hz, 1H), 1.67-1.52 (m, 6H),

1.25 (d, J = 7.4 Hz, 3H). '3C NMR (126 MHz, CHLOROFORM-D) &

185.6, 184.3, 60.3, 51.8, 48.1, 43.1, 32.5, 29.2, 26.4, 24.9, 20.7, 18.8,
17.8, 14.6. MS (ED) m/z = 143, 129, 114, 100. FT-IR : 2936,

2860,1481, 1441, 1062 cm™*

1,4—Dioxa—8—azaspiro[4.5]decane—8—carbodithioic acid (6f)

f,\j
s)\H
General procedure A WH O 2 seal tube°] 4—piperidone ethylene acetal
0.5 mmol, thioglycolic acid 1.2 equiv.& Y1 ¥Fg3sle] AAE (= 114,

62 mg, 66%)< A%t 'H NMR (500 MHz, CDCl3) 6 9.25 (s, 1H), 4.15

(t, J = 6.0 Hz, 2H), 4.04-3.98 (m, 4H), 3.73 (t, J = 5.7 Hz, 2H), 1.83—

1.78 (m, 4H). "»C NMR (126 MHz, CDCly) ¢ 186.6, 106.5, 64.7, 53.1,

42.5, 35.6, 33.9. MS (ED) m/z = 187, 171, 158, 144, 128. FT-IR : 2963,

2894, 1717, 1637, 1505, 1446, 909 cm™"
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3—Hydroxypiperidine—1—carbothioaldehyde (6g)

e
N

P

General procedure A WO = seal tube°] 3—hydroxypiperidine 0.5
mmol, thioglycolic acid 1.2 equiv.= Y1l ®WFg3lo] AAAE (et AH), 38
mg, 53%)& 43Utk 'H NMR (500 MHz, CDCl3) 6 9.24 (d, J = 41.8 Hz,
1H), 4.27 (dd, J = 12.6, 3.4 Hz, 1H), 4.06—3.90 (m, 2H), 3.87—3.75 (m,
1H), 3.65—-3.49 (m, 2H), 3.01 (s, 1H), 2.03—1.88 (m, 2H), 1.80—1.73
(m, 1H), 1.65-1.57 (m, 1H). "’C NMR (126 MHz, CDCl;) 6 187.3, 187.2,
66.0, 65.5, 61.6, 55.8, 51.3, 45.3, 32.0, 31.9, 22.7, 20.6 MS (E) m/z =
145, 128, 116, 102. FT—IR : 3358, 2927, 2859, 1650, 1499, 1440, 1232,

988 cm™!

1—Pyrrolidinecarbothioaldehyde (6h) [CAS 2474-33—1]

!

N
S)\H
General procedure A WHO=Z seal tube°] pyrrolidine 0.5 mmol,
thioglycolic acid 1.2 equiv.& i HE-8-3} o] 1-
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pyrrolidinecarbothioaldehyde (Z2 x| 35 mg, 60%)= At 'H NMR

(500 MHz, CDCl3) 6 9.35 (s, 1H), 3.74—3.70 (m, 4H), 2.07-2.01 (m,

4H). FT—IR : 2971, 2876, 1654, 1502, 1420, 1388, 1157 cm™*

N,N—Bis (phenylmethyl) methanethioamide (6j) [CAS 25576—20—-9]

General procedure A WY O =2 seal tubeo] dibenzylamine 0.5 mmol,

ot

thioglycolic acid 1.2 equiv.& al HE-8-5o] N,N—
bis (phenylmethyl) methanethioamide (=% 1A, 64 mg, 53%)<= LAt}
'"H NMR (500 MHz, CDCly) 6 9.62 (s, 1H), 7.41-7.32 (m, 6H), 7.30—
7.28 (m, 2H), 7.16 (dd, J = 7.9, 1.3 Hz, 2H), 5.00 (s, 2H), 4.53 (s, 2H).
C NMR (126 MHz, CDCl;) & 189.6, 134.8, 134.1, 129.2, 128.9, 128.7,

128.5, 128.1, 128.0, 58.8, 49.3. MS (ED) m/z = 241, 165, 150, 123. FT—

IR : 2922, 1658, 1497, 1439, 1193, 751, 696 cm !

N—Benzyl-N—ethylmethanethioamide (6k)
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S
©AN)J\H
General procedure A HH'H 0% seal tube©] N—benzylethylamine 0.5 mmol,
thioglycolic acid 1.2 equiv.& Y31  ¥$3sto] N-benzyl-N-—

ethylmethanethioamide (Z® A=), 39 mg, 44%)S At 'H NMR (500

MHz, CDCly) 6 9.43 (d, J = 20.6 Hz, 1H), 7.40-7.29 (m, 4H), 7.23—

7.21 (m, 1H), 5.12 (s, 1H), 4.65 (s, 1H), 3.79 (q, J = 7.1 Hz, 1H), 3.47
(q,J = 7.3 Hz, 1H), 1.21 (dt, J = 33.6, 7.2 Hz, 3H). ?C NMR (126 MHz,

CHLOROFORM-D) ¢ 188.4, 188.1, 135.0, 134.5, 129.1, 128.8, 128.6,

128.2, 128.0, 127.8, 59.7, 50.1, 49.8, 42.3, 14.0, 10.8. MS (ED) m/z =
179, 163, 150, 91. FT—IR : 3208, 2974, 2932, 1602, 1494, 1430, 1159,

696 cm™!

(7a)

S

HNJ\H
/\)\

General procedure B WFH O 2 seal tube®] 2—aminopentane 0.5 mmol,
thioglycolic acid 1.2 equiv.& Y1l WFS3to] AL E (A A, 20 mg, 30%)

< ¥t 1H NMR (500 MHz, CHLOROFORM-D, mixture(1:1) of



conformers) § 9.39 (d,J = 7.4 Hz, 1H), 9.17 (d, J = 15.5 Hz, 1H), 7.77

(s, 1H), 7.16 (s, 1H), 4.78—4.73 (m, 1H), 3.67 (dt, J = 15.3, 7.0 Hz, 1H),
1.63-1.50 (m, 4H), 1.45-1.33 (m, 3H), 1.27 (dd, J = 16.3, 6.6 Hz, 6H),

0.96-0.92 (m, 6H). *C NMR (126 MHz, CDCl;) & 189.5, 187.8, 56.5,

48.6, 39.2, 37.9, 21.4, 19.3, 19.1, 19.1, 13.9, 13.7. MS (ED) m/z = 131,

116, 104, 88.

N-Butylmethanethioamide (7b) [CAS 60448—-30—28&]
S
/\/\NJ\H
H
General procedure B WO Z seal tubeo] butylamine 0.5 mmol,
thioglycolic acid 1.2 equiv.S ¥3 ¥k$3}lo] N-butylmethanethioamide

(A2 A3, 50 mg, 85%)S At '"H NMR (500 MHz, CHLOROFORM-D,

mixture of conformers) & (major of conformer) 9.43 (d,J = 6.3 Hz, 1H),

7.39 (s, 1H), 3.73-3.69 (m, 2H), 1.69-1.57 (m, 3H), 0.96 (q, J = 7.4

Hz, 5H); 6 (minor of conformer) 9.15 (d, J = 14.9 Hz, 1H), 7.81 (s, 1H),

3.45 (q, J = 6.7 Hz, 2H), 1.46—1.35 (m, 3H), 0.96 (q, J = 7.4 Hz, 5H).

¥C NMR (126 MHz, CHLOROFORM-D) & 188.9, 49.5, 43.2, 32.1, 29.9,

20.1, 19.5, 13.7, 13.5. MS (ED m/z = 117, 102, 88, 75. FT—IR : 3195,
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2959, 2930, 2871, 1667, 1529, 1444 cm™!

N—-Hexylmethanethioamide (7c) [CAS 13989-76-9]

S
/\/\/\NJ\H
H

General procedure B WH O # seal tube°l] hexylamine 0.5 mmol,
thioglycolic acid 1.2 equiv.& %31 HF23}o] N—-hexylmethanethioamide
(&2 oA, 68 mg, 93%)& Atk . PC NMR (126 Mz,
CHLOROFORM-D) ¢ 191.0, 188.9, 49.8, 43.5, 31.3, 31.2, 30.1, 27.8,
26.5, 26.0, 22.5, 22.4, 14.0 MS (ED m/z = 145, 130, 116, 112. FT-IR :

3207, 2926, 2856, 1668, 1527, 1443, 1290. 868, 724 cm™!

(7d) [CAS 2361305—-36—2]

/O\/\NJ\H
H

General procedure B ® S % seal tubeo] 2—methoxyethylamine 0.5
mmol, thioglycolic acid 1.2 equiv.& Y1l HES3Fo] AAE (A2 A4 50
mg, 84%)S A3 1H-NMR (500 MHz, CHLOROFORM—-D) 6 9.46 (d,

J = 6.3 Hz, 1H), 7.75 (s, 1H), 3.91 (q, J = 5.2 Hz, 2H), 3.61 (t, ] = 5.2
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Hz, 3H), 3.39 (d, J = 3.2 Hz, 2H). '*C NMR (126 MHz, CHLOROFORM—

D) 6 189.2, 69.3, 59.1, 58.9, 42.9. MS (ED m/z = 119, 104, 88, 74.

N—isoamylthioformamide (7e) [CAS 873974—-70-0]
S
)\/\NJ\H
H

General procedure B WH O % seal tube©] isoamylamine 0.5 mmol,
thioglycolic acid 1.2 equiv.& Y1l H¥F23}9] N—isoamylthioformamide (Z
AN 49 mg, 74%)S ATk 'H NMR (500 MHz, CHLOROFORM-D,

mixture of conformers) & (major of conformer) 9.42 (d,J = 6.0 Hz, 1H),

7.35 (s, 1H), 3.75-3.70 (m, 2H), 1.54 (qd, J = 14.2, 7.3 Hz, 3H), 0.95

(q, J = 6.1 Hz, 6H); (minor of conformer) 6 9.15 (d, J = 14.9 Hz, 1H),

7.76 (s, 1H), 3.46 (q, J = 7.1 Hz, 2H), 1.71-1.64 (m, 3H), 0.95 (q, J =

6.1 Hz, 6H). *C NMR (126 MHz, CHLOROFORM-D) 6 190.9, 188.8,

48.0, 41.9, 38.8, 36.7, 26.0, 25.2, 22.4, 22.2. MS (ED m/z = 131, 116,

102, 90, 75. FT—IR : 3207, 2955, 2869, 1664, 1527, 1442, 1291, 872.

Cyclohexylthioformamide (7f) [CAS 2248161—-17—1]

SAh

General procedure B W © & seal tube®l| cyclohexanemethylamine 0.5
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mmol, thioglycolic acid 1.2 equiv.e Y1l WHg-3to] YA E (AN AA, 62 mg,
80%)& ¥tk 'H NMR (500 MHz, CHLOROFORM-D, mixture of
conformers) 6 9.46 (d, J = 6.3 Hz, 1H), 7.48 (s, 1H), 3.57 (t,J = 6.3
Hz, 2H), 1.77—1.72 (m, 6H), 1.69 (tt, J = 10.5, 3.8 Hz, 4H), 0.98—0.90
(m, 1H); (minor of conformer) 6 9.09 (d, J = 14.9 Hz, 1H), 7.90 (s, 1H),
3.27 (t, J = 6.6 Hz, 2H), 1.58—1.50 (m, 1H), 1.32—1.11 (m, 6H), 1.07—
0.99 (m, 4H). "’C NMR (126 MHz, CHLOROFORM-D) 6 191.4, 189.1,

56.3, 49.6, 38.5, 36.8, 30.9, 30.4, 26.2, 26.1, 25.7, 25.6. MS (ED) m/z =

157,142,124, 114. FT—=IR : 3205, 2920, 2849, 1530, 1445, 1277, 865.

N—Benzylthioformamide (7g) [CAS 20278—-32—4]

o

General procedure B WH¥ OS2 seal tube°] benzylamine 0.5 mmol,
thioglycolic acid 1.2 equiv.& Y1 W23} N-benzylthioformamide (Z
Aol A 64 mg, 80%)= AUttt ITH-NMR (500 MHz, CHLOROFORM-D,

mixture of conformers) 8 (major of conformer) 9.50 (dd, J = 6.3, 1.1 Hz,

1H), 7.55 (s, 1H), 7.40—-7.32 (m, 5H), 4.87 (d, J = 5.2 Hz, 2H; (minor of

conformer) § 9.25 (d, J = 14.9 Hz, 1H), 7.89 (s, 1H), 7.40-7.32 (m,
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5H), 4.60 (d, J = 5.7 Hz, 1H). *C NMR (126 MHz, CHLOROFORM-D) 6

188.8, 135.6, 129.1, 129.0, 128.5, 128.3, 128.3, 127.5, 53.4, 47.6. MS

(ED) m/z = 151, 118, 106, 91.

4 —methylbenzylthioformamide (7h) [CAS ]

foaa

General procedure B W S 2 seal tube®] 4—methylbenzylamine 0.5
mmol, thioglycolic acid 1.2 equiv.e Y1l HE&3sto] A E (A2 A4 66
mg, 80%)< <9tt. 'H NMR (500 MHz, CHLOROFORM-D, mixture of
conformers) (major of conformer) 6 9.49 (dd, J = 6.3, 1.1 Hz, 1H), 7.46
(s, 1H), 7.19-7.12 (m, 4H), 4.82 (d, J = 5.2 Hz, 2H), 2.35 (s, 3H);
(minor of conformer) 6 9.25 (d,J = 14.9 Hz, 1H), 7.78 (s, 1H), 7.22 (4,
J = 8.9 Hz, 4H), 4.56 (d, J = 5.7 Hz, 2H), 2.35 (s, 3H). '"C NMR (126

MHz, CDCl3) 6 191.4, 188.7, 138.1, 132.6, 129.8, 129.7, 128.4, 127.5,

53.3,47.4, 21.2. MS (ED) m/z = 165, 132, 118, 91.
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N—[(4—Methoxyphenyl) methyll methanethioamide (71) [CAS

1219505-09-5]

S

@ANJLH
H
MeO

General procedure B WS % seal tube®] 4—methoxybenzylamine 0.5
mmol, thioglycolic acid 1.2 equiv.e Y31 H-$3e] N-[U4-
methoxyphenyl) methyll methanethioamide (Z2 14|, 75 mg, 83%) S <

9t} 'H NMR (500 MHz, CDCl3) & 9.48 (dt, J = 6.4, 1.1 Hz, 1H), 7.28—
7.27 (m, 2H), 6.91—-6.88 (m, 2H), 4.79 (d,J = 5.7 Hz, 2H), 3.81 (d,J =
2.3 Hz, 3H). C NMR (126 MHz, CDCl;) 6 188.6, 159.6, 129.8, 129.0,

127.7, 114.4, 55.3, 47.2. MS (ED m/z = 181, 166, 153, 121. FT-IR :

3164, 2953, 1668, 1609, 1510, 1242, 870, 682 cm™*

N—(3,4—dimethoxybenzyl) methanethioamide (7j)

Y
H
MeO
Me
General procedure B HPH O # seal tube®l 3,4—dimethoxybenzylamine

0.5 mmol, thioglycolic acid 1.2 equiv.e Y1 ¥F23leo] N-[(3,4—
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dimethoxyphenyl) methyl] methanethioamide (Z2 1.4, 93 mg, 88%)<
Atk '"H NMR (500 MHz, CDCl3) 6 9.50—9.49 (m, 1H), 7.48 (s, 1H),
6.90—6.84 (m, 3H), 4.80 (d, J = 5.2 Hz, 2H), 3.88—3.87 (m, 6H). °C
NMR (126 MHz, CDCly) & 188.6, 149.3, 149.0, 128.2, 120.9, 111.5,

111.3, 56.0, 47.6. MS (EI) m/z = 211, 196, 183, 169, 151. FT—IR : 3312,

2920, 1669, 1608, 1508, 1436, 1233, 1149, 1017.865, 806 cm™!

N—[(4—fluorophenyl) methyl] —methanethioamide (7k) [CAS 1379249—

29-2]

foan

General procedure B WO Z seal tube®| 4—fluorobenzylamine 0.5
mmol, thioglycolic acid 1.2 equiv.e Y31 W3l N-[U4-
fluorophenyl) methyl] —methanethioamide (Z2 A 63 mg, 74%)= AU
t}. '"H NMR (500 MHz, CHLOROFORM-D, mixture of conformers)
(major of conformer) 6 9.51-9.49 (m, 1H), 7.53 (s, 1H), 7.34-7.31
(m, 2H), 7.07-7.03 (m, 2H), 4.86 (d, J = 5.7 Hz, 2H); (minor of

conformer) & 9.27 (d, J = 14.9 Hz, 1H), 7.90 (s, 1H), 7.25-7.23 (m,

2H), 7.09 (dd, J = 9.5, 3.2 Hz, 2H), 4.59 (d, J = 5.7 Hz, 1H). C NMR
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(126 MHz, CHLOROFORM-D) ¢ 191.6, 189.0, 163.5, 161.6, 131.5,

131.5, 130.2, 130.1, 129.4, 129.4, 116.2, 116.1, 116.0, 115.8, 52.7, 46.7.
MS (ED m/z = 169, 152, 121, 109. FT-IR : 3201, 2964, 1602, 1506,

1440, 1218, 818 cm ™!

(7D

General procedure B WH¥ O % seal tube®] 3—chlorobenzylamine 0.5
mmol, thioglycolic acid 1.2 equiv.e Y1l HE&3sto] A E (A A4, 73
mg, 79%)& ¥tk 1TH-NMR (500 MHz, CHLOROFORM~D, mixture of
conformers) (major of conformer) & 9.53—-9.52 (m, 1H), 7.57 (s, 1H),
7.34=7.28 (m, 4H), 4.88 (d, J = 5.7 Hz, 2H); (minor of conformer) &
9.27 (d,J = 14.9 Hz, 1H), 7.89 (s, 1H), 7.25=7.14 (m, 2H), 4.59 (d, ] =
6.3 Hz, 2H). C NMR (126 MHz, CHLOROFORM-D) & 189.3, 137.6,

134.8, 130.2, 128.4, 128.3, 126.4, 52.7, 46.6 MS (ED m/z = 185, 155,

140, 125. FT=IR : 3195, 2965, 1516, 1429, 1282, 679.
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(7m)

S

NJ\H

General procedure B ®HO 2 seal tubeo] 2-—chlorobenzylamine 0.5
mmol, thioglycolic acid 1.2 equiv. ¥ Y53t A= (ZA A, 70
mg, 75%)% 4tk 'H NMR (500 MHz, CHLOROFORM-D, mixture of

conformers) (major of conformer) & 9.51 (d,J = 6.3 Hz, 1H), 7.63 (s,
1H), 7.41 (dd, J = 7.2, 2.0 Hz, 1H), 7.31-7.25 (m, 3H), 5.00 (d, J =
5.7 Hz, 2H); (minor of conformer) 6 9.30 (d, J = 14.9 Hz, 1H), 7.86 (s,
1H), 7.48 (dd, J = 7.2, 2.6 Hz, 1H), 7.31-7.25 (m, 3H), 4.70 (d, J = 6.3
Hz, 1H). "’C NMR (126 MHz, CHLOROFORM~-D) & 192.0, 189.0, 134.0,

133.2, 131.3, 130.1, 130.1, 129.8, 129.7, 127.5, 127.2, 51.3, 45.1. MS

(ED m/z = 185, 150, 125, FT—=IR : 3203, 2960, 1680, 1516, 1439, 747.

N-— (2—Furylmethyl) thioformamide (7n) [CAS 2248161—16—0]

Qi

General procedure B WHW O 2 seal tube°l furfurylamine 0.5 mmol,

ot

thioglycolic acid 1.2 equiv.< al HE-8-51of N-(2-

-67 -



Furylmethyl) thioformamide (Z2 94| 49 mg, 70%)<S <tt. 'H NMR
(500 MHz, CHLOROFORM-D, mixture of conformers) (major of
conformer) 6 9.48-9.47 (m, 1H), 7.54 (s, 1H), 7.41 (d, J = 1.1 Hz,
1H), 6.37 (d, J = 3.7, 1.7 Hz, 2H), 4.88 (dd, J = 5.2, 1.1 Hz, 2H);
(minor of conformer) § 9.27 (d,J = 14.9 Hz, 1H), 7.81 (s, 1H), 7.42 (d,
J =1.7Hz 1H), 6.32 (d, ] = 2.3 Hz, 2H), 4.58 (d, ] = 5.7 Hz, 2H). '°C
NMR (126 MHz, CHLOROFORM-D) &6 191.9, 188.8, 148.6, 143.5, 142.8,

110.7, 109.3, 109.0, 45.9, 40.3. MS (EI) m/z = 141, 112, 96, 81. FT—IR:

3195, 2965, 1716, 1517, 1450, 1008, 867, 734.

N—Phenylmethanethioamide (8a) [CAS 637—51—4]

H
ohd
General procedure C WH S 2 seal tube®] aniline 0.5 mmol, thioglycolic

acid 1.2 equiv.S Y1 ¥F$3o] N—phenylmethanethioamide (Z2 14,

44 mg, 64%)= 23Uk MS (ED m/z = 136, 104, 93, 77.
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N—-3,5—dimethylphenylmethanethioamide (8b)

H
~ ; N\E/H
General procedure C WH 9 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.e Bl ¥Hgato] A= (s 1A, 50 mg, 61%) = LATH

'H NMR (500 MHz, CDCl3) 6 9.75 (dd, J = 14.6, 3.2 Hz, 1H), 9.19 (s,

1H), 6.88 (s, 1H), 6.74 (s, 2H), 2.34—2.32 (m, 6H). *C NMR (126 MHz,

CDCly) 6 187.2, 140.0, 138.4, 128.1, 115.3, 21.3. MS (ED) m/z = 164,

150, 138, 105. FT=IR : 3206, 3092, 3013, 2913, 1568, 1329, 837.

(8¢)

H
Iy Y
General procedure C WH O = seal tubeel 5,6,7,8—tetrahydro—2—
naphthylamine 0.5 mmol, thioglycolic acid 1.2 equiv.< 93l ¥F&3lo] (=

& 1A, 67 mg, 70%)& LAk 'H NMR (500 MHz, CDCl3) 6 9.71 (d, J

= 14.9 Hz, 1H), 9.31 (s, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.86 (dd, J = 8.0,

2.3 Hz, 1H), 6.83 (d, J = 1.7 Hz, 1H), 2.75 (t, J = 6.9 Hz, 4H), 1.82—
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1.77 (m, 4H). 'C NMR (126 MHz, CDCl3) 6 186.9, 139.1, 136.0, 135.7,

130.5, 118.0, 114.9, 29.5, 28.9, 23.0, 22.8. MS (ED m/z = 191, 173, 164,

158. 3047, 2926, 1555, 1317, 967, 800.

(8d)

H\g/H

axy

General procedure C W S 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.s ¥ ¥hgsto] A= (A3 =& 14, 64 mg, 72%) = 4
2t} 'H NMR (500 MHz, CDCly) 6 9.72 (d, ] = 14.9 Hz, 1H), 9.21-9.41
(1H), 7.21 (d, J = 8.0 Hz, 1H), 7.01 (s, 1H), 6.89 (dd, J = 7.7, 2.0 Hz,
1H), 2.94-2.88 (m, 4H), 2.15-2.09 (m, 2H). "*C NMR (126 MHz, CDCls)
6 187.1, 146.5, 142.9, 137.1, 125.5, 116.0, 113.9, 33.0, 32.4, 25.6. MS
(ED m/z = 177, 161, 150. FT—IR : 3060, 2965, 2587, 2126, 1693, 1600,

1563, 1331, 805.
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(8e)

H
N\Q/H

General procedure C WH 9 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.s ¥l HEG3st] A E (& A4, 70 mg, 84%)S Ut
'"H NMR (500 MHz, CDCl3) & 9.71 (s, OH), 9.64 (d, J = 14.9 Hz, 1H),

7.11-7.09 (m, 2H), 6.92—6.90 (m, 2H), 3.82 (s, 3H). *C NMR (126

MHz, CDCl3) 6 186.9, 158.2, 132.2, 119.4, 115.1, 55.6. MS (ED) m/z =

167, 151, 140. FT—IR : 3184, 3066, 2932, 2836, 1675, 1506, 816.

(8)

MeO H H

MeoD/ \g/

General procedure C W S 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.& ¥a ¥-gato] A= (e 1A, 76 mg, 77%) = L3AT

'"H NMR (500 MHz, CD Cl3) 6 9.67 (s, 1H), 6.85 (d, J = 8.6 Hz, 1H),

6.73 (dd, J = 8.6, 2.3 Hz, 11D, 6.69 (d, J = 2.3 Hz, 1H), 3.89 (d,J = 5.7
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Hz, 6H). "’C NMR (126 MHz, CDCl3) 6 187.0, 149.9, 147.8, 132.4, 111.8,

110.1, 102.3, 56.2, 56.1. MS (ED m/z = 197, 180, 170, 155. FT-IR :

3130, 3065, 1602, 1285, 970.

(82)

o N_ H

AT T

General procedure C WH S 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.s ¥l REgsto] A E(FA 314, 60 mg, 66%)= D3It
'H NMR (500 MHz, CDCl;) 6 9.60 (d, J = 14.9 Hz, 1H), 9.36 (s, 1H),

6.79 (d,J = 8.0 Hz, 1H), 6.68 (d, J = 2.3 Hz, 1H), 6.59 (dd, J = 8.6, 2.3

Hz, 1H), 6.01 (s, 2H). '*C NMR (126 MHz, CDCl;) 6 187.1, 148.9, 146.3,

133.3, 111.4, 108.8, 101.9, 99.8. MS (ED) m/z = 181, 154, 136, 121.

FT-IR: 3147, 3057, 29095, 1680, 1617, 1488, 1250, 793.

(8h)

CIYY

ZT
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General procedure C ® © % seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.e ¥il W3] AN E (@2 w3 114, 49 mg, 50%) = 4
2tk 'H NMR (500 MHz, CDCl3) 6 9.61 (d, J = 14.9 Hz, 1H), 9.33 (s,

1H), 6.86 (d, ] = 8.6 Hz, 1H), 6.68 (d, J = 2.9 Hz, 1H), 6.62 (dd, J = 8.6,

2.9 Hz, 1H), 4.29-4.26 (m, 4H). *C NMR (126 MHz, CDCl;) 6 187.0,

144.3, 142.3, 132.6, 118.3, 111.1, 107.1, 64.5, 64.3. MS (EI) m/z = 195,

168, 154. 135. FT—=IR : 3057, 2905, 1500, 1250, 793.

(81)

H
M€O N H
T
me
General procedure C ® 2% seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.& ¥ W&t AN E(ES =& 74, 73 mg, 64%)= &4

Atk "H NMR (500 MHz, CDCl3) 8 9.72 (d, ] = 14.3 Hz, 1H), 9.58—-9.67

(1H), 6.37 (s, 2H), 3.87 (s, 6H), 3.84 (s, 3H). ¥C NMR (126 MHz,

CDCly) ¢ 187.3, 154.3, 136.6, 134.8, 95.6, 61.1, 56.4. MS (ED) m/z =

227,212, 200, 185. FT—IR : 3276, 2925, 1607, 1293, 1121 cm™!
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(8j)

N__H
AT
General procedure C WX O Z seal tubeo] 4—fluoroaniline 0.5 mmol,
thioglycolic acid 1.2 equiv.& Y1 WSt A E (vt 1A, 49 mg, 63%)
S A9tk 'H NMR (500 MHz, CDCly) 6 9.71 (d, J = 14.3 Hz, 1H), 9.59

(s, 1H), 7.15-7.08 (m, 4H). *C NMR (126 MHz, CDCl;) & 187.7, 161.8,

159.9, 134.9, 119.5, 119.5, 117.0, 116.8. MS (ED) m/z = 155, 139, 111,

95. FT—=IR : 3051, 2921, 1503, 822, 507.

(8k)

N_ H
General procedure C W'HO® seal tube°l 4-—chloroaniline 0.5 mmol,
thioglycolic acid 1.2 equiv.& Y1l W&t AP E (st 1A, 52 mg, 61%)

S 43tk '"H NMR (500 MHz, CHLOROFORM—D) & 9.77 (d, ] = 14.9 Hz,

1H), 9.25-9.46 (1H), 7.37 (dd, J = 6.6, 2.0 Hz, 2H), 7.09 (dd, J = 6.9,

2.3 Hz, 2H). *C NMR (126 MHz, CDCl;) 6 187.5, 137.1, 131.8, 130.1,
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118.7. MS (ED) m/z = 171, 144, 138. FT—IR : 3058, 1483, 1313, 943,

819.

(8D

H

N\E/H
|/©/
General procedure C WO Z seal tube®| 4—iodoaniline 0.5 mmol,
thioglycolic acid 1.2 equiv.& ¥ WSt AP E (st 14|, 66 mg, 50%)

S A9l 'H NMR (500 MHz, DMSO-D6) & 12.22 (d, J = 13.7 Hz, 1H),

9.99 (d,J = 13.7 Hz, 1H), 7.70 (dd, J = 6.9, 1.7 Hz, 2H), 7.22 (dd, J =

6.6, 2.0 Hz, 2H). ?C NMR (126 MHz, DMSO—-D6) & 189.6, 139.9, 138.7,

119.9, 90.1. MS (ED m/z = 263, 230, 219, 203. FT—IR : FT—IR : 3166,

3056, 1548, 1314, 945, 812.

(8m)

H
N\Q/H
General procedure C " 0% seal tube®| 4—hydroxyaniline 0.5 mmol,
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thioglycolic acid 1.2 equiv.e ¥ HEg3Fo] A E (= 114, 66 mg, 86%)
S 4tk '"H NMR (500 MHz, DMSO-D6) 6 12.04 (d, J = 13.7 Hz, 1H),
9.71 (dd, J = 14.3, 4.0 Hz, 1H), 9.49 (s, 1H), 7.19 (t, J = 4.6 Hz, 2H),
6.75—6.73 (m, 2H). >C NMR (126 MHz, DMSO-D6) & 187.2, 155.8,

132.4, 123.9, 119.5, 116.4, 115.5. MS (ED m/z = 153, 137, 126, 108.

FT-IR : 3197, 3095, 1570, 1213, 945, 823,509.

(8n)

H
N\Q/H
tBu/O/

General procedure C W S & seal tube®l 4—tert—butyl aniline 0.5 mmol,
thioglycolic acid 1.2 equiv.e ¥ ®k&ste] AGE (G 14, 69 mg,
72%)S ATh 'H NMR (500 MHz, CDCl3) 6 9.75 (d, ] = 14.3 Hz, 1H),
7.40 (d, J = 8.6 Hz, 2H), 7.08 (d, ] = 8.6 Hz, 2H), 1.32 (s, 9H). ’C NMR
(126 MHz, CDCls) & 186.9, 149.6, 136.3, 126.7, 117.4, 34.5, 31.3, 31.2,
MS (ED) m/z = 193, 178, 166, 151. FT—IR : 3171, 3107, 3074, 2955,

2856, 1673, 1513, 1306, 972, 817.
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(80)

H
_ N H
PO
General procedure C WH 9 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.& Yl ®Eg8to] AAAE (RS 24 1A, 17 mg, 22%)S o
itk 'H NMR (500 MHz, CDCly) & 10.29 (d, J = 13.7 Hz, 1H), 9.79 (s,
1H), 8.22 (s, 1H), 7.53 (dd, J = 8.3, 2.0 Hz, 1H), 6.87 (d, J = 8.0 Hz,
1H), 2.33 (s, 3H). *C NMR (126 MHz, CDCl;) 6 188.6, 149.0, 148.2,

139.5, 130.8, 109.8, 17.9. MS (ED m/z = 152, 122, 107, 93. FT-IR :

3029, 2920, 2850, 1688, 1544, 1304, 3820.

(8p)

H
@RNITH
General procedure C ® © % seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.& ¥l HE&sle] AAE(ZA 14, 55 mg, 66%) S AU
'H NMR (500 MHz, CHLOROFORM-D, mixture of conformers) (major of

conformer) 6 9.22 (d, J = 14.9 Hz, 1H), 8.87 (s, 1H), 7.13 (t,J = 7.7

Hz, 3H), 2.31 (s, 6H); (minor of conformer) & 9.69 (d,J = 5.7 Hz, 1H),
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8.39 (s, 1H), 7.23-7.16 (m, 3H), 2.26 (s, 6H). *C NMR (126 MHz,
CHLOROFORM-D) & 193.2, 189.1, 136.9, 135.4, 133.9, 128.9, 128.4,

128.2, 18.6, 18.2 MS (ED) m/z = 165, 150, 138. FT—IR : 3319, 3122,

2921, 2851,2079, 1483, 1236, 777 cm™*

(8aq)

General procedure C ® © % seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.& ¥ wrgsl] AP E (=t 14|, 42 mg, 45%)= AT}
'"H NMR (500 MHz, CDCl3) 6 9.80 (d, J] = 14.3 Hz, 1H), 9.72 (s, 1H),
7.95 (dd, J = 21.2, 8.0 Hz, 2H), 7.83 (d, J = 8.0 Hz, 1H), 7.65=7.58 (m,
2H), 7.49 (t, J = 7.7 Hz, 1H), 7.41-7.40 (m, 1H). 'C NMR (126 MHz,
CDCly) & 190.6, 134.8, 134.2, 128.7, 127.7, 127.4, 127.1, 125.8, 125.6,
120.6, 117.7. MS (ED) m/z = 187, 177, 160, 154. FT—IR : 3111, 3015,

2954, 1654, 1541, 1334, 962, 767 cm™!
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(8r)
HITH

2

General procedure C WHO Z seal tubeol| 2,5—dimethoxyaniline 0.5
mmol, thioglycolic acid 1.2 equiv.e ¥ il RE&slo] A E (=t 4], 37
mg, 38%)& 42lrt 'H NMR (500 MHz, CDCl3) 6 9.79 (d, J = 14.9 Hz,
1H), 9.45-9.64 (1H), 6.87—6.84 (m, 2H), 6.70 (dd, J = 8.6, 2.9 Hz, 1H),
3.86 (d, J = 6.3 Hz, 3H), 3.78 (d, ] = 2.3 Hz, 3H) *C NMR (126 MHz,
CDCl3) 6 185.8, 154.3,141.8, 128.3, 112.4, 110.2, 102.4, 56.3, 55.8. MS

(ED m/z = 197, 181, 166, 155. FT—IR : 3359, 3246, 2922, 2831, 1659,

1534, 1221, 700.

(8s)

@/H\gH

General procedure C ® 0% seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.e ¥il W3] AN E (@2 v 114, 34 mg, 40%)= 4

9lth. 'H NMR (500 MHz, CDCl3) & 9.80 (d, J = 14.3 Hz, 1H), 9.31 (s,
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1H), 7.33 (t,J = 8.0 Hz, 1H), 7.23 (dd, J = 8.0, 1.1 Hz, 1H), 7.16 (t,]J =
1.9 Hz, 1H), 7.03 (dd, J = 8.0, 1.7 Hz, 1H). *C NMR (126 MHz, CDCl;)

6 187.7, 139.5, 135.8, 131.1, 126.3, 117.6, 115.5. MS (ED) m/z = 170,

142, 138. 127. FT—=IR : 3056, 1590, 1472, 1326, 770.

(8t)
N H
T
O
General procedure C W S 2 seal tube®] aniline 0.5 mmol, thioglycolic
acid 1.2 equiv.& ¥ wrgsl] AN E (=t 14|, 45 mg, 45%) = AT}
'"H NMR (500 MHz, CDCl3) 6 9.89 (d,J = 14.3 Hz, 1H), 9.36—-9.49 (1H),
7.81 (dd, J = 6.3, 1.1 Hz, 1H), 7.76 (t, J = 2.0 Hz, 1H), 7.52 (t,J = 8.0
Hz, 1H), 7.35 (dd, J = 7.7, 2.0 Hz, 1H), 2.64 (s, 3H). °C NMR (126 MHz,
DMSO-D6) ¢ 198.0, 190.2, 140.5, 138.6, 130.6, 125.3, 122.1, 117.3,
27.4. MS (ED m/z = 179, 164, 150, 136. FT—IR : 3247, 3071, 2921,

2851, 1673, 1549, 1312, 944, 782 cm ™'
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Abstract

Introduction of sulfur—containing functional group into aryl compounds

using thioglycolic acid

Young—Jin Shin
Department of Chemistry
Graduate School of

Sungshin University

C—S bond formation is important for the synthesis of various chemicals
such as pharmaceuticals, pesticides, and polymer materials. Several
reagents such as HyS, NaSH, sulfur powder, etc. have been used as
sulfur source for the C—S coupling. However, they have some limitations;
they are highly reactive and toxic, and have unpleasant odor.
Thioglycolic acid can be a complementary sulfur source for copper—

catalyzed C—S bond forming reactions and the most important variable in
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this reaction is the solvent; polar aprotic solvents such as DMSO or DMF
work best. Interestingly, several different C—S bond containing products
were obtained depending on the reaction solvents. Each optimized

protocol gave biaryl disulfide and 2— (phenylthio)acetic acid, respectively.

Thioglycolic acid can be also used to introduce a thioformyl group into
amines. Thioformyl group are often used as an intermediate of various
compounds. However, its synthetic methods have been rarely reported.
Toxic HyS gas or reagents of low atom economy are required to prepare
thioformamides. Yet, these reagents produce a very limited variety of
thioformamide. This study discovered that the introduction of thioformyl
group into primary and secondary amines and aniline is possible by using

of thioglycolic acid in the absence of a transition metal catalyst.
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Appendix

Figure 3. 'H NMR spectrum of 3a
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Figure 5.

'H NMR spectrum of 3b
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Figure 11. '"H NMR spectrum of 3e
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Figure 13. '"H NMR spectrum of 3f
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Figure 14. '*C NMR spectrum of 3f
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Figure 15. 'H NMR spectrum of 3g
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Figure 17. '"H NMR spectrum of 3h

abundance

]
!

6.0

50

A0

30

20

10

T
100 20

2 parts per Million : Proton
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Figure 19. 'H NMR spectrum of 3i
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Figure 21. 'H NMR spectrum of 5a
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Figure 23. '"H NMR spectrum of 5b
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Figure 25. '"H NMR spectrum of 5¢
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Figure 26. '*C NMR spectrum of 5¢
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Figure 27. '"H NMR spectrum of 5d

700
—6.87

HaC s\\\’,/ﬂ\\
OH

366

o0

T T T T T T T T T T T T
05 100 ¥5 B0 BA  BO b 40 B BO b5 50
1 {ppm;
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Figure 29. '"H NMR spectrum of 5e
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Figure 31. '"H NMR spectrum of 5f
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Figure 33. '"H NMR spectrum of 5g

)
3.56
356

<4

800

800

700

600

400

300

F200

=100

1.88-T

Figure 34. '*C NMR spectrum of 5g

b 3 g 5 B 2
£ E R # |
TR |
13
a5
30
| e
|
Loo
F15
F1o
]
]
]
[
ol ) |
. ey : e gy " sy to
220 210 200 190 180 170 180 150 140 130 120 110 100 g0 5C 0 B0 50 40 30 20 10 Q =10

1 {ppm;

- 100 -



Figure 35. '"H NMR spectrum of 5h
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Figure 37. 'H NMR spectrum of 5i
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Figure 39. 'H NMR spectrum of 5j
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Figure 41. '"H NMR spectrum
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Figure 43. '"H NMR spectrum of 51
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Figure 45. '"H NMR spectrum of 5m
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Figure 46. **C NMR spectrum of 5m
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Figure 47. '"H NMR spectrum of 5n

5\)J\
OH
Fase

k300
Feso
F2o0
k150

100

175.16

—121.40

—36.50
]
T
o
o

fas

F4o

=30

F

T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 150 150 140 130 120 110 100 o
1 {ppm;

- 107 -
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Figure 51. '"H NMR spectrum of 5p
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Figure 52. '*C NMR spectrum of 5p
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Figure 53. '"H NMR spectrum of 5q
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Figure 54. '*C NMR spectrum of 5q
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Figure 55. '"H NMR spectrum of 5r
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Figure 57. '"H NMR spectrum of 5s
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Figure 59. '"H NMR spectrum of 5t
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Figure 61. '"H NMR spectrum of 5u
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Figure 63. '"H NMR spectrum of 5v
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Figure 65. '"H NMR spectrum of 6a
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Figure 67. '"H NMR spectrum of 6b
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Figure 68. '*C NMR spectrum of 6b
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Figure 69. '"H NMR spectrum of 6¢
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Figure 71. '"H NMR spectrum of 6d
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Figure 73. '"H NMR spectrum of 6e
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Figure 74. °C NMR spectrum of 6e
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Figure 75. '"H NMR spectrum of 6f
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Figure 77. '"H NMR spectrum of 6g
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Figure 78. '*C NMR spectrum of 6g
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Figure 79. '"H NMR spectrum of 6h

9348

<
- 4
-4

=)

i
e

T T
110 100 9.0 g0 70 6.0 50 40 30

2.0 1.0 (1]
i = i
X: parts perMillion : Proton. = jd
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Figure 83. 'H NMR spectrum of 6j
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Figure 84. '*C NMR spectrum of 6j

=l

013014015016017.018012020021.022023.0

801001101

50 60 70 8O
i

30 40

20

199,505

— sss0
— 427

T T T T T T T T T T T T T T T
200 2100 2000 1900 1800 170.0 1600 1500 1400 1300 1200 1100 1000 SO0 800
- parts per Million : Carbonl 3

T T T T T T
0.0 600 500 400 300 200

T
0.0

T
i

T T
-100 200

- 125 -




Figure 85. '"H NMR spectrum of 6k
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Figure 86. '*C NMR spectrum of 6k
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Figure 87. 'H NMR spectrum of 7a
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Figure 89. 'H NMR spectrum of 7b
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Figure 90. *C NMR spectrum of 7b
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Figure 91. '"H NMR spectrum of 7¢
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Figure 92. '*C NMR spectrum of 7c
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Figure 93. '"H NMR spectrum of 7d
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Figure 95. '"H NMR spectrum of 7e
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Figure 96. '*C NMR spectrum of 7e

et
€Iz
TS
TCOSE

NV

|

oot p—

[
9LE 06T ——

10.0

A0.0

60.0

T T
1000 900

100

T T T T T
1700 1600 1500 1400 1200

1900

2000

B AR LA R A R L AL RS R R A RS RALA RALE LELA) RANSS LEbA) AASRS SLRAN KRAR) SRR LA
OFTOECOCTOITAOCOGLOBTIOLIONOSTIORLOECIOTIOIOOL 06 08 0L 09 0€ OF 0E OT 0T 0

(stppumsnon)

200

300

50.0

00

BO.O

1300

1800

3

X parts per Millien : Carbonl

- 131 -



Figure 97. '"H NMR spectrum of 7f
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Figure 98. *C NMR spectrum of 7f
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Figure 99. '"H NMR spectrum of 7g
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Figure 101. 'H NMR spectrum of 7h
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Figure 102. ®C NMR spectrum of 7h
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Figure 103. 'H NMR spectrum of 7i
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Figure 104. ®C NMR spectrum of 7i
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Figure 105. '"H NMR spectrum of 7j
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Figure 107. 'H NMR spectrum of 7k
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Figure 108. **C NMR spectrum of 7k

4.025.0
I
52716

— 191550

188989
— 163,543
T 46158

T 46717

T AR

7.0 B0 9.010011.012.013.014.015016017.018.012.020021.022.023.0
Tisslazact RO PP T PRERT Fa

20 30 40 50 60

(thousandths)
0 10
i

o, | J . i

T AT T T T T N T T T T T T T T T
1900 1800 1700 1800 1500 1400 1300 1200 1100 1000 900 80.0 0.0 600 500 0.0 300 200 100 Q
¢ : parts per Million : Carbonl 3

- 138 -



Figure 109. 'H NMR spectrum of 71
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Figure 111,

'H NMR spectrum of 7m
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Figure 112. ®C NMR spectrum of 7m
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Figure 113. 'H NMR spectrum of 7n
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Figure 114. *°C NMR spectrum of 7n
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Figure 119. 'H NMR spectrum of 8b
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Figure 120. *°C NMR spectrum of 8b
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Figure 121. '"H NMR spectrum of 8¢
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Figure 122. ¥C NMR spectrum of 8c
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Figure 123. '"H NMR spectrum of 8d
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Figure 124. ®C NMR spectrum of 8d
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Figure 125. '"H NMR spectrum of 8e
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Figure 126. *C NMR spectrum of 8e
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Figure 127. '"H NMR spectrum of 8f
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Figure 128. *C NMR spectrum of 8f
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Figure 129. 'H NMR spectrum of 8g
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Figure 130. *C NMR spectrum of 8g
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Figure 131. '"H NMR spectrum of 8h
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Figure 132. ®C NMR spectrum of 8h
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Figure 133. 'H NMR spectrum of 8i
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Figure 134. ®C NMR spectrum of 8i
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Figure 135. '"H NMR spectrum of 8j
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Figure 137. 'H NMR spectrum of 8k
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Figure 138. *C NMR spectrum of 8k
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Figure 139. 'H NMR spectrum of 8l
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Figure 140. ®C NMR spectrum of 81
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Figure 141. '"H NMR spectrum of 8m
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Figure 143. '"H NMR spectrum of 8n
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Figure 144. *C NMR spectrum

of 8n
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Figure 145. '"H NMR spectrum of 8o
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Figure 146. *C NMR spectrum of 8o
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Figure 147. '"H NMR spectrum of 8p
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Figure 148. *C NMR spectrum of 8p
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Figure 149. 'H NMR spectrum of 8q
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Figure 150. *C NMR spectrum of 8q
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Figure 151. '"H NMR spectrum of 8r
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Figure 152. *C NMR spectrum

of 8r
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Figure 153. '"H NMR spectrum of 8s
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Figure 154. *C NMR spectrum of 8s
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Figure 155. '"H NMR spectrum of 8t
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Figure 156. *°C NMR spectrum of 8t
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