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Synthesis of 3-mercapto-4H-pyrrolopyridine

Eun-sook Ma*
College of Pharmacy, Catholic University of Daegu, Hayang, 712-702, Korea

Abstract — Dilithiation of 4-(pivaloylamino)pyridine (5) followed by reaction with tetraisopropylthiuram disulfide(TITD)
Zave rise to 3-(diisopropyldithiocarbamato)-4-(pivaloylamino)pyridine (6). 3-Mercapto-4H-pyrrolopyridine(2) was synthe-
sized from compound 6 by two methods. The first method was that compound 6 was treated with 5SM-HCl to form 2-t-
butylthiazolo[5,4-clpyridine (7) and hydrolysed in refluxing 10% NaOH and solid NaOH to prepare bis(4-amino-3-
pyridyDdisulfide (8). And compound 8 was reacted with 2,5-dimethoxytetrahydrofuran and NaBH, to afford compound 2.
The second method was that compound 6 was hydrolysed with 10% NaOH and followed to react with 2,5-dimethox-
ytetrahydrofuran to form compound 11. And then compound 11 was treated with 20% ethanolic KOH solution to synthesize

compound 2.

Keywords [] Dilithiation, 3-mercapto-4H-pyrrolopyridine, tetraisopropylthiuram disulfide (TITD), bis (4-amino-3-pyridyl)

disulfide, 2,5-dimethoxytetrahydrofuran
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B A#olME pyrrolopyridothiazepine =4 (1)2] S
3lo] Scheme 17} 7] retrosynthesisst] 32l 714 54 &
Aol 718 402 A2 5 & 3-mercapto-4H-pyrro-
lopyridine(2)8 &/d3la7t 313irh. s}3hE 29] FAell lojx
FAELE SH719] E9lelth 1= g SH719 avEql =i
2l8lo] EEAZ 4-aminopyridineS ARE310] pivaloyl chlorlde
9} ¥ESAJA 4-(pivaloylamino)pyridineS 438} x,1 -78°CellA]
25M n-BuLig 7}8le dilithio intermediate® A A)711
tetraisopropylthiuram disulfide(TITD)Z 7}&kod  dithiocar-

FEAE FATGD o] HFTEL Ao A sty
thiazolopyridine -F =415 F4ska o8 7] =4 3lolq g
3}93 bis(4-amino-3-pyridyl)disulfideZ L=}, 01 pyrroledlst
31 NaBH,ZE #9AA bisFhE monodZ sk 497 vk
22 HFAPYEES A . o Wz s
dithiocarbamate F+E=AE VA F7) 27 sllA 71523A1A
pivaloyl”| & A At mono-amine 718 717 3FHE-S FAIT
t}. o] & pyrrole3A|7]1 1 7] 27 dlollA] dithiocarbamate?]
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Aot R 77| - Aol A8 AJ9FE2 Aldrich AF9} Fluka
AtellA E3-& T8l ARSI, 4F Bulle A9 AR
5}l t}. Methylene chloride®} tetrahydrofuran(THF)= 545
Na &4 slol|A] 24A3F o] S/ G2 AAsk] Ag-st
R o2 £ molecular sieve 4A 22 ko] AMEEIY
t}. §732 Gallenkamp 595-030GE ARE-8lo] E733glom B
AL 3K il IR 2FEH2 Jasco FT-IR 300E spec-
trometerE A&t 53T NMR AHE 72 Varian
Gemini 200 MHz spectrometerE A}-8-5}o tetramethylsilan
(TMS)E YR EZEAZ 3l CDCLE |2 ARgslg o,
chemical shift= 8(ppm)°.Z X A18}% I coupling constant=
HzZ Jehiilch. d#-41& Shimadzu QP-5000 A3t &
stk TLC platet Merck®] Kieselgel 60 Fps (Art. 5715)
£ A3 A1, column chromatography-8 ZZ Al Kieselgel
60(Merck Art. 9385, 230~400 mesh)yE ARE-3I3ict.

2y

4 H-Pyrrolopyridine(3)2| 439 — 4-Aminopyridine (4.7 g,
0.05 mo)E WEAF 656 mio] HEAIZL Hel 25-dimeth
oxytetrahydrofuran (13.2 g, 0.1 mol)2] WZAF 25 miE A2
A AA3] 7Rt A 715 StllA REEEES 100°C 78
oA 30%7F WHEAIZI T Ao F Yzl ¥ 7Ijt sEEka
AFA L oeH=2 43 &3ty £33} NaHCO,, B2 M|Z3}
3 AEAI Axd oH2 F8 o33 § obg I F5
8}1l column chromatography(ethyl acetate: #-hexane=1:5)%
ANate] £t FHES 2T

yield : 6.3 g(86.8%), mp : 85.7~86.3°C

'H-NMR(CDCly) & : 6.40(2H, t, B-pyrrole-H), 7.20(2H, t,
a-pyrrole-H), 7.29(2H, d, J=6.1Hz, ArH), 8.62(2H, d, /=5.8
Hz, ArH)

3-n-Butyl-4 H-Pyrrolopyridine(4)2] &4 - 318& 3 (1 g,
6.94 mmolys 77 tetrahydrofuran 100 m/el| §-3jA17j1 ¥

ETEL -78°CE WA F 25M w-butyllithium(6.25 ml,
13.9 mmol)& HA3] 7[8h} ke 252 0°CE S 3 A2
ol A 1MZF WA BhE 22 ohA) 78°CR WAL
sulfur powderE 713t} Wb EFES A2oA] 3417 BEEA|
7ith. TLCE &dHEdo| AR ERIsta WH-EdEd I
55 AH3] 715t & ethyl acetate® 33 F&8}1 o1}, A%
3l crude compound® LYth ©1Z column chromatography
(ethyl acetate: n-hexane=1:5)5 A3t &5t WA 44 &
At

yield : 3.15 g(63%)

'"H.NMR(CDCly) § : 0.95@3H, t, CHy), 1.30~150(2H, m,
CH,), 1.67~1.82(2H, m, CH,), 2.82(2H, t, CH,), 6.39(2H, t,
B-pyrrole-H), 7.12(2H, t, a-pyrrole-H), 7.20@2H, t, ArH), 8.50
(1H, d, /=5.4Hz, ArH)

4-(Pivaloylamino)pyridine (5)2] &M - 4-Aminopyridine
(18.82 g, 0.2 mol)2] 75 A3} #leddl 90 m/ £l triethyl
amine 27 m/& 7}kl 0°CE WZA]7] vEe-E3HEol pivaloyl
chloride (24.33 m/, 0.2 moD)?] 5 3} viEd 36 m/ §4=
17 B9 MA3] 7Rt Aol 6AI7F HEEAI - 25 V)
stal @3} Wdd e R 33] FEskal 7132 23k NaHCO,, &
2 MFstaL, o BSE 3t vgdor A FE5] F &
7158 @it} $1%S MgS0,2 A%, oFsta ofie 7t
FE5t] A FAE ethyl acetate/n-hexane© 2 A2 G A|A
TS WAEE S ATk

yield : 30.41 g(85.3%), mp : 135~137°C, IR(KBr) cm™ :
3507, 2967, 1701, 1591

'H-NMR(CDCl,) & : 1.33(9H, s, -C(CHy)y), 7.51(2H, d, J=
6.1Hz, ArH), 7.61(1H, brs, NH), 8.48(2H, d, /=5.8Hz, ArH)

Tetraisopropylthiuram disulfide(TITD| &M —40% NaOH
£ (57.2 g in 145 ml H,0)# diisopropylamine (200 mi,
143 moD9] EFES -10°CY W& FolA] CS, &ull Foll 141
7¢ Eek A3 7HEh & 2000 mio)l potassium ferricyanide
(475 g, 1,44 mol)E &allA17]31 0°C WLl 2AI7bel AA 9]
o] vhg-olef] 3] 7t Ao A 2412F v WHHALIA A8
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g A5 FHES F3t vlEABX 1000 m) = %"-%‘Ffb—r_
5% 73] A, T4 MgS0,2 HFAI7) 1 o33t ojalg 73
FEetol g2 1AlE LU ©|E methylene ChIOl’ldG‘,ﬂ' n-
hexare® 2 At o3t B4 WA A& Aot

yied : 186.28 g(73.9%), mp : 114~116°C

"H-NMR(CDCly) § : 1.52(12H, s, -CH(CH,), X2), 1.56 (12H,

-CH(CHy), X 2), 5.00(4H, very brs, -CHX4)

3-( V, V-Diisopropyldithiocarbamato)-4-(pivaloylamino)
pyridine(6)2] &4 -3l¥E 5 (1782 g 0.1 mo)S FF
tetral ydrofuran 160 m/ell -§3l|A17] 2 WHe-E3HE-S -78°CE ‘ﬁ
2kA171 & 2 5M n-butyllithium (84 mJ, 0.21 mol)& 2A17te] 2
) 71Me] 78kaL golZo] TR AAHES wwk Ao 5
l »;_’“"" 0°C 7HA 2=5 gula Wy FHlo] 4d w7k 1
vk 2] 5 78°CE thA] WZkA)7]r F4= THF 140 miell TITD
(35.2¢ g, 0.1 molyS =4q! 898 2 Al7F B¢ AA3] 718t
W E8Eg H20% 7keslal oo] wobd wi7hA] §hgAl7
3l TLCE Whge) A& gRlgitt. vhg- 161%01] E 180 miE

7}8l 3. ethyl acetate™ 33] F&3lo 33l &7 ]?% B2 A
skal 7~ MgSO,= X, offst oANS 73} sFHato] S
o} At B2 A o] ethyl acetate/n-hexanef’_i A
AYzto] 258 E 22 g(71.3%)E YU 2L 553}
' cclumn chromatogra phy(ethyl acetate: n-hexane=1:3)%
ArlEle] 54 g(15.3%)8 T Fof 30.62 g w3 W9
Hglt: ShHES Yk,

yield : 30.62 g(86.6%), mp :
345(,, 2965, 1686, 1591

"H-NMR(CDCly) & : 1.25(9H, s, -C(CHa)), 1.53(12H, brs,
-C(CHy), X 2), 4.802H, very brs, -CHx2), 837(1H, d, J=
5.5Hz, ArH), 8.50(1H, s, ArH), 8.60(1H, d, /=5.5Hz, ArH)

2- Butylthiazolo[5,4-Ipyridine(7)2| &4 - 33E 6 (10
g, 45.25 mol}& 5.0M-HCl €9 155 mi& 7}k & 5 A7k wyk
g+ 7]z TLCE tﬂ%ol FTHAHRTE IRzt Aoz Y
gl kg ERES oEH2 70 miE AFska E& F5E&
20% NaOH &M= FHAZITH 755 P2t A=A (100 m/x
3)0 % FE3}o] elal F MgSO,= 7ZF, o9t ojig 7+

oF 4= Eglo] o] A At o]F oEH|Z9 n-hexane

R fzigste) WAl JAt S Ak

y1e:li : 8,63 g(99.2%), mp : 52~54°C, IR(KBr) em™ ; 2960,
1580, 1510, 1440

"H-NMR(CDCly) & : 1.60(9H, s, -C(CH,)y), 8.29(1H, d, J=
6.7Ez. ArH), 8.73(1H, d, J=6.4Hz, ArH), 10.04(1H, s, ArH)

Bis '4-amino-3-pyridyldisulfide(8)2] &4 -10% F&7d
NaOF £ 65 mlo] 83-E 7 (5 g, 26.04 mmol)yS 7}3}1L 6

AL EF AR F i B Shdel 29738 &30

117~119°C, IR(KBr) cm™

A2 O
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6417+ o 712 B
e KA p

ZA5bA solid NaOH 6.5 g& 7}ala thA|
AlA wbgo] SHs] FAHA dh g ERES
A3t wgo R AHslal B2 GV 75 X3 AR T
spale] WA EE o] FHUERS AFAIA AAT o
ol ethyl acetateZ 7}3l1L Q& FEH=] oA 247 FE314
F715E It P& 7207 HE| 3] AL ethyl acetate
2 A FE3] A715S Fetal 74 MgS0,E AxAIT o
Theto] AL {715E wFste] 4 A S ook A2H
2 methylene chloride®} 7-hexane® 2 AA3}o] wiiae] $=4=
o AHE It

yield : 3.58 g(55%), mp :
3389, 1634, 1536

1H-NMR(CDCI3) d : 6.71(2H, d, /=5.8Hz, ArH), 7.70(1H,
s, ArH)

EIMS(n/z) : 250M™*)

Bis(4 H-pyrrolo-3-pyridyldisulfide(9)°] &4 - 3)3ME 8 (5
g, 0.02 moh)E Ah&3te] sk 39 A Wt FYskAl A
3l99 1, A= column chromatography(ethyl acetate : -
hexane=1:3)% °©]-&3l] &It

vield : 2.2 g(31.3%), mp : 1153~116.8°C, IR(KBr) cm™
1648, 1568

'H-NMR(CDCLy) & : 6.35(@2H, t, B-pyrrole-H), 6.89(2H, t,
o-pyrrole-H), 7.16(1H, d, /=5.3Hz, ArH), 853(1H, d, J=
5.2Hz, ArH), 8.67(1H, s, ArH)

EIMS(m/z) : 175(M*/2)

4-Amino-3-(N, Adiisopropyldithiocarbamato)pyridine(10)
°l B - 3E 6 (3g, 8.5 mmol)E WIThE 30 miell §3ir17]

I W& ZollA 10% NaOH §-< 60 mig 7Fobal 4l2ollA 18

A BEEAIZIE}, vEgo] Zfge] whe} WA HAo] Mgt
274E At £2 3] AHsl] @& AL A =
2 AAAse] &5 9 Z2gg AR

vield : 2.24 g(98%), mp : 119~201°C, IR(KBr) cm™
3413, 2965, 1630, 1586

'H-NMR(CDCL) & : 151(12H, brs, -C(CH,), X2), 4.792H,
very brs, -CHX2), 6.40(1H, d, /=5.6Hz, ArH), 7.27(1H, s,
ArH), 8.25(1H, d, J/=5.2Hz, ArH)

EIMS(m/z) : 269M™)

4 H-Pyrrolo-3-( N, N-diisopropyldithiocarbamato)pyridine
(A1) B - 33E 10 @2 g 7.43 mmoD)S AHEEl 3E
39 A4 R sdstA AAsEE ZAE column
chromatography(ethyl acetate: #-hexane=1:3)2 ©]-83l¢ a3}
et

yield : 1.5 g(63.5%), IR(neat) cm™
1450, 1381

136~138°C, IR(KBr) cm™

1 2972, 2893, 1658,
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a) 2,5-dimethoxytetrahydrofuran, acetic acid glacial, 100°C, 30 min, b) 2.5M zn-butyllithium, -78°C, S, anhydrous THE, ¢) pivaloyl chloride, 0°C, anhydrous
dichloromethane, Et;N, d) TITD, 2.5M z-butyllithium, -78°C, anhydrous THE e) 5M-HCI, reflux, 5h, f) 5M-NaOH, solid NaOH, reflux, 18h, g) NaBH,,
anhydrous ethanol, reflux, 1h, h) 10% NaOH, methanol, rt, 24h, i) 20% ethanolic KOH, rt, 12h

Scheme 2 - Synthesis of 3-mercapto-4H-pyrrolopyridine(2).

"H-NMR(CDCl,) § : 1.46(12H, brs, -C(CH,), X 2), 4.70(2H,
very brs, -CHX2), 6.302H, t, B-pyrrole-H), 7.03(2H, t, a-
pyrrole-H), 7.29(1H, d, J=5.4Hz, ArH), 8.67(1H, s, ArH),
8.70(1H, s, ArH)

EIMS(m/z) : 319(M™)

3-Mercapto4H-pyrrolopyridine(2)2] #/d — A) 3135 9

29 2AZ AL 3EE 9 (165 g 4.7 mmo)S T oﬂ%
< 20 mpll 7I3ka 85 AIFIEA NaBH4 a3 71t 1A]
&AM R A7 F olljbeS BT AAsk ARl &

Z}\] )\E}j 7.“

2234 7lety 93 dedo R &3y FE2AE T
MgSOﬁ AZAZI, 0)F AFS F ANS 7} FHsl] o
2 ZHES column chromatography(ethyl acetate: #-hexane
=L:1E ANl e 92 279 SRIES 2Tt yield :
670 mg (81%)

B) B8 11 & 2% 232 AHg: HEE 11 (15 g 47

mmol)°l 20% ethanolic KOH 30 miZ 715t A-20A] 12417¢
HRSA1Z1 & TLCE HhEe] FAHANSS FRIsty F2 ate
2 FIA EERES o] HES FHIt E3 v
galor 3] 2319 €2 §715E& 75 MgSO,E 1=RA|
Zth o1F o3 F oA W A9l FUsH Halskih
yield : 587.6 mg(71%)

mp : 122.6~123.8°C, IRKBr) cm™ : 2560, 1480, 1320

'H.NMR(CDCly) & : 337(1H, s, SH), 6.33(2H, t, B-pyrrole-
H), 6.95(2H, t, o-pyrrole-H), 7.15(1H, d, /=5.2Hz, ArH),
8.53(2H, s, ArH)

EIMS(m/z) : 176(M*)

Az o ¥
AAH T4 H4E Scheme 20 vERon 7 Segel

J. Pharm. Soc. Korea
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2] & NMR, IR, mass spectrum 522 gelstgict, Bak=
3}t E¢] A2 ortho lithiation AEA] £& A A
g Frgofl vl f-83 ot} 18122 4-aminopyridine
ZpL =

vt 547 AMES}o] 2 5-dimethoxytetrahydrofuran®t ¥hS-A]A
4H-pyrrolopyridine(3y& 43t ©]& 2.5M n-butyllithium .
2 >rtho lithiationA1Z] ¥ elemental ST 7Fslo] WhS-AIZATE 11
Zit SHY| tiilell n-butyl17h 2185 S_HE 41 dojxlnt. o]
= -yridine, pyrimidine™} 72 m-electron deficient heterocycle
2 ¢lkyllithium Z-2 nucleophilic metalating agentol 2]%t
protcn abstractiono] JAA] FAo &) tiAFH Rz IAR}
Ait 2BAA + A €t £ 4-aminopyridine?] ortho
lithiazion®ll &J8+ SH712] 28 &Ql &8lo] Erbssivt. 18ju=
NH, 7| & pivaloyl 7|2 ¥ A7 2 ZA] pivaloyl group 2]
oxyz:n9 regiospecific protophilic attack®] £o]3}Al = o]
dilithio ntermediateZ YA, o} Al A 7 ¥
A¢- vhol AR L] FHo] o] FAREE g}, T2ut WA
A4 24 elemental sulfur 23 HhgAIA P2l thiol 3
435 W FANES) Mgl R Ik AR AMES T
-E AL A o)F B SlEke] TITDE AMEst
& 582 amino’|9] ortho YA 715 BT & 9l
T o]g3titt.

4-nminopyridined W52 & AMHE-5}o] pivaloyl chloride®
4-(pi raloylamino)pyridine(5)& F/335k o1& -78°ColA] 2.5M
n-butyllithium© 2 dilithio intermediateE A4JA]71 & TITDZ
7F6<q dithiocarbamate 54 65 2dsI3{c}. TITDE carbon
disulide, diisopropylamine, potassium ferricyanideZ A}F&-3}o]
0°C> A 23 g8t} ARt 3jhe 60l SM-HCES: 715}
I " E FFAIA 2-fert-butylthiazolo[5,4-c]pyridine(7)& €0
o, 1= 153 ppmellAd UERES isopropyl’]7} Akt o= A &
ols-3ttl 385 7€ aquous 10% NaOH=Z 6A)7F 7148 35
Azl % solid NaOHE 748tz wAl#A  bis(4-amino-3-
pyridyDdisulfide 8y ¥/33tith. o] 3HE2 Foll thgt &3
- AA fr7] SRS FEo] §olatA] oot Ad FEA
o 22.7F FE3l0] AU SRHE 8 & WEAM] &ajA71n
2,5-d methoxytetrahydrofuran® 713k 100°ColA 3007+ Hk&-
Al# pyrrole %A 9 & SIS F58o| vl WdTh
Pyrrcle 3¢ AAE NMR A#E#HA 635 ppmol A B-
pyrrcleS] 5491 6.89 ppmellA a-pyrrole 471 VERG R 2.
2 2918 £ Aty HFBAE 3-mercapto-4H-pyrrolopy-
ridire (2)& disulfide| S NaBH42 #91sto] fglem, 3.37
ppme % SHZ1S) proton peak® 1S ER15IIT), o) 34 |
He gk 89 99 g gpgolA FAlQ) ojzl gy} EEol W
& o] gk

nHBg FEEC] FUkel 2] folAS gste] siEhE

In rlo

.
g
t

2 1

o

.
-
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ARE310] 10% NaOH=Z 7F#31A17 mono-amine F A
IEEE 91, olF BE 99 FAUHH FYstA A
1] pyrrole A4 115 AT olwf) ZZAZE HEEA]7]
™ amino”]7} acetyl8}5 3 ortho $X]9] dithiocarbamate®} H}
2-8}9 2-methylthiazolo[5,4-c]pyridinec] BAH P2 WAzt
& UF 4A s SE8ol| ZAadn HF AHE 2 = 20%
ethanolic KOH &7} vb-SAJA Aoict. o] F 714 #4
el Qi TRkl ubHe- AR uhHRTE 1 9] A B
gk ohe} 3 o] folst HAl £5ER FUHEE A3

o] A3tt.
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