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Ethyl 2-[(2-substituted ethyl)thio]-3-indolizinecarboxylates (1a—f and Sa—f) were deprotected with potassium

tert-butoxide in N,N-dimethylformamide and the resulti

ng potassium 2-indolizinethiolates were alkylated with

various alkylating agents such as chloroacetone (3a), phenacyl bromides (3b—d), and nitrobenzyl bromides (3e,f) to

afford smoothly the corresponding S-functionalized indoliz
On the other hand, the similar reactions of 3-acetyl-2-

ine derivatives (4a—r and 6a—r) in considerable yields.
[(2-substituted ethyl)thiolindolizines (7a—f) provided 3-

methylthieno[2,3-b]indolizine derivatives (8a—o), formed via the further intramolecular cyclizations of the initially
generated S-alkylated indolizines under the reaction conditions employed here. The functionalized indolizines (da—r
and 6a—r) obtained above could also be transformed to the corresponding thieno[3,2-a]- (10a—-r, 14a—d, and 15a,b)

and thieno[2,3-blindolizine derivatives (11a—h and 12a—d)

under various alkaline conditions.

Keywords 2-[(substituted ethyl)thiolindolizine; deprotection; 2-[(substituted methyl)thiolindolizine; 2-indolizinethiol;

thieno[3,2-glindolizine; thieno[2,3-blindolizine; alkylation

In our preceding paper? we described the preparations
of some S-protected indolizines, 2-[(2-cyanoethyl)thio]- and
2-[(2-ethoxycarbonylethyl)thiolindolizine derivatives, and
their smooth deprotections to the corresponding 2-
indolizinethiol compounds with the elimination of acryloni-
trile or ethyl acrylate. In addition, we also reported that
the 2-indolizinethiols reacted with ethyl bromoacetate in
the presence of base to afford 2-[(ethoxycarbonyl-
methyl)thiolindolizines which are well documented as
potential precursors for thieno[3,2-a]- and thieno[2,3-
blindolizines.? These findings and pharmaceutical con-
siderations® prompted us to study further the preparations
of "these heterocycles, though the indolizine derivatives
having a functional group other than (alkoxycarbonyl-
methyl)thio at the 2-position were not accessible by our
previous methods.>* In this paper we wish to report the
S-functionalizations of 2-indolizinethiol derivatives gener-
ated in situ by the alkaline treatment of the 2-[(2-cyano-
ethyl)thio]- and 2-[(2-ethoxycarbonylethyl)thio]indolizines
and the transformations of the products thus obtained
to thienof3,2-a]- and thieno[2,3-blindolizine derivatives.

Results and Discussion

S-Functionalizations of 2-Indolizinethiol Derivatives
When ethyl 1-cyano-2-[(2-cyanoethyl)thio]-3-indolizine-
carboxylates (1a—c)," were allowed to react with potassium
tert-butoxide and then with chloroacetone (3a) or phenacyl
bromide (3b) in N,N-dimethylformamide (DMF) at room
temperature, the corresponding 2-(acetonylthio)- (4a—c)
or 2-(phenacylthio)indolizine derivatives (4d—f) were
obtained in 38, 51, and 49%, or 91, 82, and 90% yields,
respectively. The same products (da—f) were also formed
in 58, 63, 67, 77, 73, and 69% yields from the reactions of
l-cyano-2-[(2-ethoxycarbonylethyl)thiolindolizines (1d—f)
with 3a,b. The similar reactions of la—c with p-
chlorophenacyl bromide (3c), p-bromophenacyl bromide
(3d), p-nitrobenzyl bromide (3e), and o-nitrobenzyl bromide
(3f) in the presence of potassium fert-butoxide provided
the S-functionalized indolizine derivatives (4g—r) in good
yields (Chart 1). Analogously, the alkaline treatment of
diethyl 2-[(2-substituted ethyl)thio]-1,3-indolizinedicarbox-
ylates (Sa—f) followed by the alkylations with the same
reagents (3a—f) gave the corresponding S-functionalized

R3 CN R3 CN - R3 CN
R tert-BuOK/OMF | R DXCH R, 3a-F R
SCHZCHZR T—‘—'— SK ;)———F—-—— SCH2R4
1 it 1 aq.
COOEL I COOEL at r.t. COOEL
1a-f 2 4a-r
1] Ry R2 R3R 3 R4 4| R, R2 R3 R4 4 R‘I R, R3 Ry
alH H H CN a| Ac alH H H Ac i|/H H H p-BrBz
b|H Me H CN b | Bz b|lH Me H Ac k|H Me H pBrBz
c| Me H Me CN c i pCiBz c|{Me H Me Ac 1|{Me H Me p-BrBz
dlH H H COOEt d | p—BrBz d/H H H Bz miH H H p—NOZPh
e|H Me H COOEt e p—NOZPh e|H Me H Bz niH MeH p—NOZPh
f | Me H Me COOEt £ o—NOzPh f| Me H Me Bz ojMe H Me p—NOZPh
Bz : benzoyl g|H H H p-CiBz p|H H H 'o—NOZPh
h{H Me H p-CiBz q|H MeH a—NOZPh
i|Me H Me p-Ci1Bz r|Me H Me a-NOZPh
Chart 1
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R3 COOEt R3 COOEt
R 1) tert~BuOK/DMF R
SCH,CH,R SCH_R
272 24
; 2)XCH,R, 3a—Ff
COOEL 3)aq. HC1 COOEL
S5a-f Ba-r
5 R1 RZ R3 R 6 R1 R2 R3 R4 6 R1 RZ R3 R4
a|lH H H CN alH H H Ac J H H p-BrBz
blH Me H CN biH MeH Ac k Me H p—-BrBz
c|Me H Me CN c| Me H Me Ac 1| Me H Me p—BrBz
d|H H H COOEt d/H H H Bz H H pﬁNOZPh
e|H Me H COOEt e|{H Me H Bz n Me H p—NOZPh
f| Me H Me COOEt f| Me H Me Bz o| Me H Me p—NOZPh
g|/H H H p-CiBz o} H H a-NOzph
h|H Me H p-CiBz q Me H o—NOZPh
i | Me H Me p-CiBz r| Me H Me D—NOZPh
Chart 2
R3 COOEt R3 COOEt Ry COOEtL
R 1) tert~BuOK/DMF R
SCH,CHR + SCHAR
22 B} 2R4
1 2)XCH2R4 3a-e ]
COMe 3)aqg. HCI 4 COMe
Za-c 8a—o 9a-o (trace)
7 R1 R2 R3 R 8,9 R1 R2 R3 R4 8,9 R1 R2 R3 R4
alH H H CN a |H H H Ac i Me H Me oClBz
b{H MeH CN b |H Me H Ac J H H H pBrBz
c| Me H Me CN c Me H Me Ac k |H Me H p-BrBz
d{H H H COOEt d |H H H Bz 1 Me H Me p-BrBz
e|H Me H COOEt e |H Me H Bz m |H H H p——NOZPh
f| Me H Me COOEt f |Me H Me Bz n |H MeH p—NOZF’h
g H H H p-CiBz o Me H Me p—NO2Ph
h H Me H p-CiBz
Chart 3

indolizine derivatives (6a—r) in good yields, respectively
(Chart 2). On the other hand, the reactions of ethyl
3-acetyl-2-[(2-substituted ethyl)thio]-1-indolizinecarboxyl-
ates (7a—f) with 3a—e in the presence of the same base at
room temperature afforded ethyl 3-methylthieno[2,3-b]-9-
indolizinecarboxylates (8a—o), together with trace amounts
of the S-alkylated indolizines (9a—o). The reactions of
7a—f with 3a—e under heating gave exclusively tricyclic
thienoindolizine derivatives (8a—o) (Chart 3).

The structures of these indolizines (4a—r and 6a—r)
and thieno[2,3-bJindolizines (8a—o0) were mainly determined
from the elemental analyses and proton nuclear magnetic
resonance (\H-NMR) and infrared (IR) spectral inspections.
In particular, all of the elemental analyses of these
compounds (4a—r, 6a—r, and 8a—o) were consistent with
the proposed structures. The 'H-NMR spectra (Table I) of
the indolizines (4a—r and 6a—r) always showed a singlet
signal due to the active methylene group in the 2-substituent
in the range of 6 3.73—4.81 and no proton signal? arising

from the (2-cyanoethyl)thio or (2-ethoxycarbonylethyl)thio
group of the starting indolizines (la—c or S5a—c) was
detected. On the other hand, the *H-NMR spectra (Table
II) of the thienoindolizines (8a—o) showed a markedly
shifted 5-proton signal (appearing at ca. 68.1—8.7)
compared with those (ca. §9.7—10.1) of the indolizines
(7a—f),V and no proton signal attributable to the active
methylene group was seen. The high-field shift of the
5-proton associated with the structural change from the
bicyclic indolizine to the tricyclic thieno[2,3-blindolizine has
already been observed by us.? Similarly, the change of the
IR absorption bands between the S-protected indolizines
(la—f, Sa—f, and 7a—f)" and the S-functionalized
indolizines (4a—r and 6a—r) or thienoindolizines (8a—o)
(see Tables IV and V) were consistent with the alterations
of the 2-substituents.

Preparations of Thieno[3,2-a]- and Thieno|2,3-b]indoli-
zines from S-Functionalized Indolizines When ethyl 1-
cyano-2-(acyl- and 2-[(arylmethyl)thiol-3-indolizinecarbox-
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TasLe 1. 'H-NMR Spectral Data for 2-(Substituted Methylthio)indoli- TaBLE II. 'H-NMR Spectral Data for Thieno[2,3-b]indolizines
zines

Compd.? 5 (CDCly) Me, OH,
Compd.? 6 (CDCly) No. €5 C6 C7 cg COOEt R, or OMe
No. €5 C6 C7 c85CH, R, COOEt
, 8a  8.57 6.80 7.27 8.31  1.44 435  2.51 2.90
42 9.527.027347.69 409 234 142 443 brd dt brt brd t q s s
brd dt brt brd s s t g 8b 8.35 6(.‘6(11 2.39 %09 144 436 2.50 2.88
4b 943 681 238 741 406 232 141 44 s brs t g s s
4 dd s brs 43 s ¢ 4q0 8 812223683272 143430 250 2.85
brs s brs s t q s s
e 329197695 267 388 2041 432 84 872683 7.31 844  1.39 437 73—8.1 2.83
brd dt brt brd t q m s
) b,
4 2,60 7.00 YoM 479 7383 137438 8¢  8.51 673 2.47 827 141 439 7.3—8.0 2.89
rd  dt PR m t 9 d dd s brs t q m s
de 942 685244 481 72—83 138439 8f 824231 690 283  1.39 433 7.3—8.0 2.85
d dd s s m t g brs s brs s t @ m $
4f 9.30 2.38 6.97 2.73 4.60 7.3—8.3 1.33 4.35 8g 8.67 6.85 7.31 8.39 1.39 438 7.3—8.1 2.86
brs s brs s $ m t q brd dt brt brd t q m $
4g 964700 ® 471 72-82 139 436 8h  8.63 6.76 2.49 821  1.43 446 7.3—8.1 2.95
brd dt s m t q d dd s brs t q m s
4h  9.50 6.84 2.42 745 472 7.3—83 138 4.34 8 83723670028 142437 73—8.1 2.93
d dd s brs s m t g . brs s brs s t g m s
4i 9.32 230 6.97 2.68 4.47 7.3—8.2 1.31 4.31 8 8.66 6.84 7.31 841  1.39 435 7.5—8.0 2.86
brs s brs s s m t q brd dt brt brd t q m s
4 957701 P B 474 72—81 1.40 4.41 8k 8.51 6.73 2.49 8.15 1.42 441 7.5—8.0 2.93
brd dt s m t g d dd s ‘brs t q m s
4k 942684 243 743 472 74—8.1 138 4.38 81 83423469928 141435 74-80 2.92
d dd s brs s m t q brs s brs 5 te 4 m S
4l 925236 696 2.74 452 7.4—80 1.33 4.33 Sm 8.8 6.78 7.21 145 439 7583 272
brs s brs s s m t q
4m 951700 ¥ P 451 7284 143 443 80 84366124 oy 147 4'39 7'4;8'6 2'58
brd  dt s m t q 8o 825229 6.81 283 144 434 7.5-86 2.68
dn 942 7.09 238 7.42 446 7.3—8.4 142 4.38 brs s brs s t q m s
d dd s brs s m t g 11a 871 695 7.41 827 144 442 238 ca. 10.0
40 924226 694 2.63 431 7.3—83 142 4.36 brd dt brt brd t g s br
brs s brs s s m t q 11b 853 676 2.46 801 145442 236  cal10.0
4p 955700 B D 475 7283 1.39 439 d dd s brs t q s br
brd dt s m t q 11c 876 692 7.35 820 141 440 7.3—8.2 ca.13.0
49 939684242 P 473 72-83 1.39 437 brd dt brt brd t q m br
d dd s s m t g 11d 855670238 » 140 441 73—82 ca.13.0
4 9.23 2.31 6.94 2.68 4.61 7.2—8.1 136 4.30 d dd s t q m br
1le 871692735818 140 439 73—82 ca. 125
A L %) . brd dt brt brd  t g m br
6a  9.51 698 7.34 837 383 224  1.46 1.46 4.48 4.50
brd dt bt brd ; t 11f 860 6.75 243 7.94 141 440 7.3—82 ca. 13.7

6b 939 681 243 833 380 2.3 1441244(}17437 d dd s brs t 9 m
-39 681 2.43 8.33 3. ' 44 144 4.47 4. g 875693 7.37 820 140 438 7.4—8.0 ca. 10.6

d dd s brs s s t ot a4 d brd dt brt brd ¢ m br
6c %}25 2~s29 %f: 2-:2 3~s73 2-522 1-:‘0 1-;‘3 4-(‘1‘3 4-;‘5 Ih 862678 243 DT 141439 73081 ca 100
60 940688 ® 828 439 7.0—8.0 1.21 1.37 420 433 2 89378 5 v 1914% 737es 5319
brd dt brd s m t t q q brd dt t q m s
6e 9.28 6.75 2.39 8.07 4.31 7.1—8.0 1.20 1.35 4.18 4.32 12b 8.77 6.86 2.48 » 1.40 440 7.3—8.5 5.279
d dd s brs S m t t q gq d dd s t q m s
6f  9.19 229 6.80 242 432 7.0—8.1 130 1.30 4.26 4.28 12 901 7.10 P 833 142442 7.3-83 5.969
brs s brs s ] m t t q ¢ brd dt brd t g m s
6g 942693 ® 831 433 7.0—8.0 125 1.38 427 4.37 12 887 691 2.51 P 140 439 7.3—8.3 5.939
brd dt brd s m t t q gq d dd s t q m s
6h 9.34 6.81 2.43 832 433 7.1—8.0 1.26 1.39 427 4.38 13a 857 690 737 832 146 443 2.63 4.16
d dd s brs s m t t q q brd dt brt brd t g s s
6i 9.20 2.30 6.83 2.42 427 7.1—8.0 1.31 1.43 4.27 4.33 13b 845675246 810 144 442 261 4.13
brs 8 bis s s m SIS 13 8%5 6ng 7.40 é)r3§/ 143443 74°82 397
6i 9.45 6.97 7.33 833 433 74—80 127 1.39 4.27 4.36 © bed it bet bed M Pl o
brd dt brt brd s m t t q gq b -
6k 934680243 811 432 7480 127 139 429 438 134 880 6.73 247 bpragh 73 82 3%
dd s rs s m t t q gq b) .
6l 9.21 231 6.85 243 428 7.4—8.0 1.31 1.34 4.28 4.34 13e ?,-33 6;34 %}33 1'?4 434 7'2m8'2 3'?9
brs s brs s s m t t q g 13f 861 6.78 2.50 8.16  1.43 444 7.3—8.1 3.99
6m 939692 P 829 428 7.0—8.0 139 1.44 438 4.44 d dad s brs t q m s
brd dt brd s m t t q gq 13z 8.69 689 7.38 832 142 442 7.4—8.1 3.97
6n 9.8 6.78 2.43 8.07 4.27 7.1—82 1.40 1.46 4.38 4.43 brd dt brt brd t q m s
d dd s brs s m t t q gq 13h 857 6.74 2.47 8.10 142 441 7.4—8.1 3.96
60 919229 682240 417 7.1—82 1.35 1.43 4.34 4.39 d dd s brs t q m s
brs s brs s s m t t q q 13 8.53 687 726 P 146 443 7.7—8.5 3.90
6p 940691 P 832 457 7.0—8.1 133 1.4 4.32 443 . brd dt brt t 4 m s
brd dt brd s m ot q g 13§ 8.:112 6(.1313 248 1.:17 444 7.7—85 3.91
9.27 6.73 2.40 8.09 4.53 7.0—8.1 1.31 1.43 4.28 4.41 s q m s
bq T d 5 bre s m vt a4 13k fls).rsg 6£0 7bff ?,'33 1.:14 4.32 7481 372
6 20231082241 447 69-82 134138434 434 131 839 6.62 241 8.06  1.43 440 7.4—8.1 3.70
a 4 d dd s brs t g m s

a) The coupling constants are as follows: Js g=J¢,=7.0, J, §=9.0, Js 5=2.0,

The coupli tant: follows: Js¢=Jg,=7.0, J,3=9.0, Js g=2.0,
and Jg,=7.0Hz. b) Overlapped with the phenyl proton signals. 9 Q1D N8, SONSAnLs are as 1o ows: Js,¢=Js,, 78 6.8

and Jg,=7.0Hz. b) Overlapped with the phenyl proton signals. ¢) The methine
proton signal at the 2-position. .
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ylates (4a—o, r) were heated under reflux in ethanol in a
water bath in the presence of 1,8-diazabicyclo[5.4.0Jundec-
7-ene (DBU), the expected ethyl 3-aminothieno[3,2-a]-9-
indolizinecarboxylates (10a—o,r) were obtained in 21—
90% yields, respectively. On the other hand, the reactions
of indolizines (4p, q) with DBU under the same conditions
gave only unidentified products,® but those at low temper-
ature (40—50°C) gave the expected 3-aminothienoindol-
izines (10p, q) in 50 and 78% yields (Chart 4).

The reactions of diethyl 2-[(acylmethyl)thio]-(6a, b, d, e,
g, h, j, k) and 2-[(arylmethyl)thio]-1,3-indolizinedicarbox-
ylates (6m, n, p, q) having no methyl group at the 8-position

Vol. 38, No. 6

with potassium zerz-butoxide in DMF at room temperature
followed by the neutralization of the mixtures with aqueous
hydrochloric acid gave the corresponding ethyl 3-hy-
droxythieno[2,3-b]-9-indolizinecarboxylates (11a—h) and
the 3-oxo derivatives (12a—d) in very good yields, re-
spectively. Furthermore, the addition of dimethyl sulfate
to the reaction mixtures of the indolizines (6a, b, d, e, g, h,
i, k, m, n, p, q) with potassium terz-butoxide yielded only
the corresponding 3-methoxythieno[2,3-b]indolizine deriva-
tives (13a—1) in moderate to good yields (Chart 5). On the
other hand, the alkaline treatment of the indolizines (6c,
f, i, 1, o, r) possessing the 8-methyl group afforded ethyl
3-hydroxythieno[3,2-a]-9-indolizinecarboxylates (14a—d)
and the 3-oxo isomers (15a, b) in 42—92% yields. How-

Ry CN ever, further reactions of these thieno[3,2-alindolizines
R DBU/ELOH (14a—d and 15a, b) with dimethyl sulfate proved extremely
SCH R, T difficult, and, even under heating, only trace amounts of
1 COOEL the 3-methoxy derivatives (16) could be obtained (Chart 6).
The orientations observed in these cyclizations were
4a-r completely regiospecific and coincided with our previous
results obtained in the similar reactions of 2-[(ethoxy-
10| Ry Ry Ry Ry 10| Ry Ry Ry Ry carbonylmethyl)thiolindolizines.?
alH H H Ac jlH H H p-Brbz The structures of these compounds (10a—r, 1la—h,
12a—d, 13a—1, 14a—d, and 15a, b) were determined by their
biH Me H Ac k Me H p—BrBz 1 . .
elemental analyses, 'H-NMR and IR spectral inspections,
c| Me H Me Ac Me H Me p-BrBz and mechanistic considerations. In particular, the molecular
d|H H H Bz m H H p-NO,Ph compositions of all products were in good accord with our
o N M Be | K e e s ) and Srorythieno.2
| Me H Me Bz o Me H Me poNOPR  n iolizines (14a—d), and 3-hydroxy- (11a—h) and 3-
g|H H H pCiBz p|H H H o-NO,Ph  methoxythieno[2,3-blindolizines (13a—1) were, except the
h|H Me H p-ClBz q|H Me H o-NO,Ph proton signals due to thg 2-substitue_nts, quite similar to
i| Me H Me p—CiBz r|Me H Me o-NOPh those of the thienoindolizines synthesized earlier by us, py
the alkaline treatment of 2-(ethoxycarbonylmethylthio)in-
Chart 4 dolizine derivatives.?’ On the other hand, the structures of
COOEt COOEt COOEt
R 1) tert -BuOK/DMF R 3
SCH2R4 2)aq. HCI )
COOEL R4
6a,b,d,e,g,h, j,k,m,n,p,q H
11a-h 12a-d
1) tert~BuOK/DMF ial react g g iy | Tt o g
2)Me,S0,, 6 2 "4 6 25
3)ag HC1 a a H Ac a a H Me
b b Me Ac b b Me Me
c d H Bz c d H Ph
. COOEE d| e MesBz d| e MePh
S e g H p-CiBz e g H pCIPh
£ h Me pClBz £ h Me pCIPh
Me 4 g!| Jj H pBrez g | j H pBrPh
13a-1 h k Me p-BrBz h k Me p~BrPh
i m H p-NOPh 12 | react & g
J n Me p—NOZPh 6 2 4
k p H oNOPh a m H p~NOPh
1 q Me o-NOPh b n Me p~NO,Ph
c p H o—NOZPh
d q Me o—NOZF’h
Chart §
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- . H
Me COOEt Me 5 Me R4
1) tert—BuOK/DMF
SCHR ) ———— S or S
M 2)ag. HCI M M
COOEL COOEt COOEt
6ec,f,i,l,0,r 14a—-d 15a,b
1) tert ~BuOK/DMF ; react
reac
2) Me,S0,, 14| 75" Ry 15| g Ry
3) aq HC1 a c Me a [o] ,D‘NOZPh
'*I/le b f Ph b r  o-NOPh
Me 4 c i p-C1Ph
& d 1 p-BrPh
M
COOEt
16 (trace)
Chart 6
Tapte Il 'H-NMR Spectral Data for Thieno[3,2-alindolizines relief of the thiazapentalene structure and the absence of
s 5 (CDCl the hydrogen-bonding further stabilizing the aromatic
Compd. ( 3 COOEt R, NH,orOH thiophene structure. The failure of the preparations of
No. C7 C6 C-5 C4 P : e 1av prep
3-methoxythieno[3,2-glindolizines (16) may be due to the
10a  9.86 7.10 7.39 7.81  1.44 440  2.36 6.90 steric hindrance of both the 4-methyl group and the 2-
brd dt brt brd t q s brs substituent with the 3-hydroxyl group.
10b 9'(?4 6('1?12 2':5 %:2 1':‘3 441 2'837 %f: In conclusion, it was shown that 2-indolizinethiol de-
10¢ 931 231 6.83 270  1.45 4%8 235 724 rivatives, readily obtainable by deprotecting 2-[(2-cyano-
brs s brs s t q s brs ethyl)thio]- and 2-[(2-ethoxycarbonylethyl)thio]indolizines
104 975707 @ 9 1.38 440 7.1—8.1 9 (1a—f, Sa—f, and 7a—f) possessing electron-withdrawing
brd dt t q m o groups at the 1- and the 3-positions, are useful precursors
10e 9'58 6('313 2':'6 Z;r2s6 1'5’9 4.38 7'3;8'2 of S-functionalized indolizines, thieno[3,2-a]- and thie-
10f  9.48 2.29 6.88 2.80  1.35 435 73—81 9 no[2,3-blindolizines which are not available by other
brs s brs s t q m methods.
10i 9.50 2.33 6.96 2.84 1.36 4.36 7.3—8.0 o
brs s brs s t q m .
101 9.48 232 6.94 285  1.39 439 7.3—8.0 9 Experimental . , _ , ,
brs s brs s t q m Melting points were measured with a Yanagimoto micromelting point
10p 9.64 6.97 724 9 141 443 7.3—8.1 3.88 apparatus and are uncorrected. The microanalyses were carried out on a
b.r d ;it t;rt t g m t;rs Perkin-Elmer elemental analyzer. 'H-NMR spectra were determined with
10q 9.42 6.73 2.34 7.38 1.42 436 7.4—82 3.87 a Varian EM360A spectrometer in deuteriochloroform with tetra-
d dd s brs t q m brs methylsilane as an internal standard and the chemical shifts are expressed
10r 9.52 2.29 6.85 2.78 141 433 7283 3.80 in 6 values. IR spectra were taken with a Hitachi 260-10 infrared spec-
brs s brs s t q m brs trophoton}eter.‘ . L .
14a 9.31 2.38 7.02 2.82 1.48 4.44 2138 d) S-Functionalizations of 2-Indolizinethiols. General Method Potassium
brs s brs s t q s tert-butoxide (0.28 g, 2.5 mmol) was added at room temperature to a DMF
14b 9.22 2.29 6.94 2.83 1.41 440 7.4—82 15.95 solution (2ml) of 2-[(2-substituted ethyl)thiolindolizine (2mmol) which
b'r s .s l;r s 's .t q m brs was prepared according to the procedure described in our preceding
14¢ 9.30 2.35 7.03 2.88 142 441 73—8.1 ca. 16.0 paper,) and, after sufficient stirring using a spatula, the resulting mixture
brs s brs s 4 q m br was kept standing for an additional 15min. An alkylating agent (3,
14d 9.40 2.37 7.12 2.93 1.41 447 7.4—8.1 ) 2.5mmol) was added to the reaction mixture at room temperature and
br s s b'r s s t q m the resulting solution was allowed to react for 1 h with occasional stirring.
15a 9.30 2.34 7.10 2.79 142 442 74—85 5.26% The mixture was neutralized with dilute hydrochloric acid and the
b'rs .s l;rs .s t q m S precipitate that separated was collected by filtration. It was dissolved in
15b 9.31 2.39 7.13 2.87 1.42 441 7.3—8.2 5.919 chloroform and the solution was filtered through phase-separating filter
brs s brs s t q m s paper. The filtrate was concentrated and the residue was separated by

a) The NMR spectra of compounds 10g, h, j, k, m—o could not be measured
because of low solubility. 5) The coupling constants are as follows: Js.6=J6,,=10,
Ja,5=9.0, J, =20, and Jg=7.0Hz. ¢) Overlapped with the phenyl proton
signals. d) The hydroxyl proton signal was not clearly seen. ¢) The methine
proton signal at the 2-position.

the 3-oxo derivatives (12a—d and 15a, b) were concluded
based on the basis of the a singlet signal (6 5.26—5.96) due
to the 2-proton in their '"H-NMR spectra. These compounds
(12a—d and 15a, b) may exist as a keto form owing to strain

column chromatography (alumina) using chloroform as an eluent.
Recrystallizations from ethanol gave the corresponding S-alkylated
indolizines (4a—r and 6a—r) and 3-methylthieno[2,3-blindolizines (8a—o).

The results and some physical and spectral data of the reactions of
indolizines (1a—f and 5a—f) with 3a—f are shown in Tables I and IV; the
products (4a, b, n, p and 6a—h, m—o) were obtained as colorless needles,
4c, m as colorless prisms, and 4d—1, o, q, r and 6i—1, p—r as pale yel-
low needles. The data for the reactions of the indolizines (7a—f) with
3a—e are given in Tables II and V; 8a—1 were obtained as yellow nee-
dles and 8m—o as red needles. The formations of the S-alkylated ethyl
3-acetyl-1-indolizinecarboxylates (9a—o) in these reactions at room
temperature could sometimes be detected by means of "H-NMR spectral
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TaBLE IV. Some Data for 2-(Substituted Methylthio)indolizines

Analysis (%)

Compd. Yield mp v (KBr) cm ™! Caled (Found)

No. React. (%) e CO and CN Formula
C H N
4a la 3a 38 93—94 1669 1704 2200 C,sH,N,058 59.59 4.67 9.27
1d 3a 58 (59.89 4.33 9.31)
4b 1b 3a 51 111—113 1665 1710 2200 C;6H;6N,035 60.74 5.10 8.85
le 3a 63 (60.79 5.05 8.85)
4c 1c 3a 49 124—126 1668 1715 2205 C,+H3N,03S 61.80 5.49 8.48
1f 3a 67 (61.92 5.39 8.46)
4ad la 3b 91 163—165 1672 1686 2200 C,0H;6N,058 65.92 4.43 7.69
1d 3b 77 (65.71 4.55 7.77)
de 1b 3b 82 158—161 1679 2200 C,;HgN,058 66.65 4.79 7.40
le 3b 73 (66.57 4.77 7.49)
4f 1c 3b 90 128—130 1678 2204 C,,H,,N,0,58 67.33 5.14 7.14
1f 3b 69 (67.36 5.05 7.21)
4g 1a 3c 72 165—167 1680 2200 C,0H;5CIN,0;8 60.23 3.79 7.02
(60.10 3.74 7.20)
4h 1b 3c 67 161—163 1671 2200 C,:H,,CIN,0;8 61.09 4.15 6.78
(61.05 4.04 6.93)
4i 1c 3c 70 201—203 1680 2210 C,,H,,CIN,0,S 61.89 4.49 6.56
(61.88 4.40 6.66)
4j 1a 3d 57 174—176 1673 2200 C,oH,;sBrN,0;S 54.19 341 6.32
. (54.19 3.24 6.49)
4k 1b 3d 70 162—164 1680 2200 C,,;H,BrN,0;S8 55.15 3.75 6.13
(55.18 3.79 6.08)
41 1c 3d 86 200—202 1670 1690 2210 C,,H,4BrN,0;S 56.06 4.06 5.94
(55.99 4.09 5.98)
4m la 3e 93 124—126 1672 2200 C,oH,sN;0,S 59.83 3.96 11.02
(59.84 3.84 11.14)
4n ib 3e 51 141—144 1670 2200 C,0H{7N;0,S 60.75 4.33 10.63
(60.88 3.99 10.84)
40 1c 3e 71 109—110 1670 2205 C,H4N;0,8 61.60 4.68 10.26
(61.31 4.75 10.48)
4p 1a 3f 75 138—140 1679 2200 CoH;5sN;3;0,8 59.83 3.96 11.02
(59.84 3.95 11.02)
4q 1b 3f 73 127—128 1674 2202 C,0H,;,N;0,S 60.75 4.33 10.63
(60.67 4.32 10.66)
4r 1c -3f 82 107—108 1676 2205 C,,H,oN;0,8 61.60 4.68 10.26
(61.60 4.73 10.21)
6a 5a 3a 66 71—73 1680 1704 C,H,;oNO;S 58.44 5.48 4.01
5d 3a 69 (58.41 5.30 4.04)
6b 5b 3a 72 62—64 1677 1706 C;gH,;NO;S 59.49 5.82 3.85
Se 3a 76 (59.30 5.79 3.94)
6¢c S¢ 3a 72 64—65 1678 1708 C;oH,3NOS 60.46 6.14 37
Sf 3a 81 (60.22 6.04 3.69)
6d Sa 3b 90 75—17 1671 C,,H,;NO;S 64.22 5.14 3.40
5d 3b 87 (64.16 5.01 3.44)
e 5b 3b 94 102—103 1674 C,3H,3NO4S 64.92 5.45 3.29
Se 3b 86 (65.01 5.48 3.16)
6f 5¢ 3b 90 91—93 1676 1708 C,H,sNOsS 65.58 5.73 3.19
5f 3b 93 (65.72 5.66 3.06)
6g Sa 3c 91 95—97 1674 C,,H,,CINO,S 59.26 4,52 3.14
(59.26 4.48 3.18)
6h 5b 3c 91 115—117 1670 C,3H,,CINO,S 60.06 4,82 3.05
(59.90 4.86 2.99)
6i 5¢ 3c 97 95—96 1672 1705 C,,H,,CINO,S 60.82 5.10 2.96
(60.81 5.05 3.16)
6§ 5a 3d 88 121—123 1674 C,,H,,BrNOS 53.89 4.11 2.86
(53.72 3.94 2.70)
6k 5b 3d 96 112—114 1680 C,3H,,BrNO;S 54.77 4.40 2.78
(54.55 4.44 2.80)
61 Sc 3d 92 98—100 1675 1709 C,4H,,BrNO;S 55.60 4.67 2.70
(55.55 4.58 2.84)
6m 5a 3e 94 117—119 1678 1690 C,1H,(N,04S 58.87 4.71 6.54
(58.84 4.65 6.63)
6n Sb 3e. 93 116—118 1675 1690 C,,H,,N,048 59.72 5.01 6.33
(59.79 491 6.36)
6o 5¢ 3e 91 99—101 1671 1710 C,3H,4N,06S 60.51 5.30 6.14
(60.53 5.09 6.33)
6p 5a 3f 96 91—93 1671 C,1H,0N,048 58.87 4.71 6.54
(59.02 4.44 6.32)
6q 5b 3f 92 90—92 1679 1694 C,,H,,N,068 59.72 5.01 6.33
(59.75 4.84 6.47)
6r Sc 3f 94 110—112 1676 1715 C,3H,4N,068 60.51 5.30 6.14
(60.59 5.19 6.18)

NII-Electronic Library Service



June 1990 1533

TaBLE V. Some Data for 3-Methylthieno[2,3-b]indolizines

Analysis (%)

Compd. Yield mp y (KBr) cm™1! Caled (Found)
NOI? React. (%) (oC) Cco Formula
C H N
8a 7a 3a 68 181—182 1636 1685 C,6H;sNO;S 63.77 5.02 4.65
7d 3a 95 (63.66 5.04 4.85)
8b Te 3a 77 171—173 1633 1685 C,,H,,NO;S 64.74 5.43 4.44
(64.65 5.57 4.67)
8c " 3a 69 161—164 1637 1702 C,gH,,NO,S 65.63 5.81 425
(65.70 5.87 4.52)
8d 7a 3b 75 201—202 1686 C,,H,,NO;S 69.40 4.72 3.85
d 3b 88 (69.48 4.64 3.85)
8e b 3b 88 188—189 1690 C,,H,4,NO;S 70.00 5.07 3.71
Te 3b 69 (69.87 5.05 3.86)
8f Te 3b 54 157—159 1704 C,3H,,NO;S 70.56 5.41 3.58
" 3b 79 (70.59 5.63 3.33)
8g 7d 3c 70 199—200 1675 1683 C,H,(CINO,S 63.39 4.05 3.52
(63.39 421 3.36)
8h Te 3c 80 156—158 1685 C,,H,CINO,S 64.15 4.40 3.40
(53.86 4.57 3.68)
8i " 3¢ 96 176—178 1631 1711 C,3H,,CINO,S 64.86 4.73 3.29
(64.57 4.80 3.51)
8j 7d 3d 97 194—195 1677 1684 C,;H,(BrNO;S 57.02 3.65 3.17
(57.10 3.67 3.08)
8k Te 3d 67 164—166 1674 C,,H,sBrNO,S 57.90 3.98 3.07
(57.76 3.98 3.21)
81 U 3d 92 178—180 1630 1709 C,3H,,BrNO,S 58.73 4.29 2.98
(58.43 425 3.31)
8m 7d 3e 57 211212 1657 C,0H,6N,0,S 63.15 4.24 7.36
(63.14 4.25 7.42)
8n Te 3e S3 220—223 1654 C,1H,gN,0,S8 63.95 4.60 7.10
(64.21 4.81 7.17)
80 " 3e 41 212—213 1689 C,,H,N,0,S 64.69 4.94 6.86
(64.73 4.94 6.82)
TaABLE VI. Some Data for 1-Aminothieno[3,2-alindolizines
. Analysis (%)
Compd. Yield mp v (KBr) cm™ Calcd (Found)
No. React. (%) ¢C) CO and NH, Formula
C H N
10a da 73 262—263 1673 3300 3400 C,sH,,N,0,8 59.59 4.67 9.27
(59.49 4.78 9.26)
10b 4b 70 261—264 1685 3260 3340 C;16H16N,058 60.74 5.10 8.85
(60.74 5.00 8.93)
10c 4c 80 215218 1672 3240 3460 C;,H gN,0,58 61.80 5.49 8.48
(61.90 5.39 8.48)
10d 4 84 225228 1672 3350 3420 C,0H16N,0,8 65.92 443 7.69
(65.97 442 7.65)
10e 4e 58 251—253 1670 3290 3400 C,,H;gN,0O,8 66.65 4.79 7.40
(66.66 4.65 .1.53)
10f af 90 203—204 1670 3420 3480 C,,H,0N,0,S 67.33 5.14 7.14
(67.32 5.00 7.28)
10g 4g 55 265—268 1673 3290 3400 C,oH,sCIN,0,S 60.23 3.79 7.02
(60.09 3.80 7.14)
10h 4h 57 295—298 1680 3290 3400 C,;H,,CIN,0,8 61.09 4.15 6.78
(61.08 4.04 6.90)
10i 4i 63 239—242 1680 3380 3480 C,,H4CIN,0;S 61.89 4.49 6.56
(61.91 441 6.62)
10j 4j 39 273—236 1680 3300 3380 C,0H,sBrN,0,S 54.19 3.41 6.32
(53.95 3.40 6.58)
10k 4k 49 297—300 1680 3300 3400 C,;H,,;BrN,0;S 55.15 3.75 6.13
(55.02 3.66 6.35)
101 41 55 236—238 1680 3380 3480 C,,H,4BrN,0,8 56.06 4.06 594
(55.93 4.00 6.13)
10m 4m 76 278—280 1656 3340 3420  C,,H,;N,0,S 59.83 3.96 11.02
(59.84 421 10.76)
10n 4n 88 218—220 1660 3350 3410 C,0H,,N;0,8 60.75 4.33 10.63
(60.79 448 10.44)
100 40 76 235—237 1670 3340 3400 C,:H,;4N;0,S 61.60 4.68 10.26
(61.62 4.61 10.32)
10p 4p 50 165—168 1672 3345 3418 CyoH sN;0,S 59.83 3.96 11.02
(59.60 -4.26 10.95)
10q 4q 78 190—192 1686 3340 3420 C,0H,,N;0,8 60.75 4.33 10.63
(60.87 4.49 10.56)
10r 4r 21 193—196 1664 3340 3420 C,;1H4sN;0,8 61.60 4.68 10.26
(61.85 4.86 10.04)
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TaBLE VII. Some Data for 3-Hydroxy-, 3-Oxo-, and 3-Methoxythienoindolizines

Analysis (%)

Compd. Yield mp Calcd (Found)

No. React. %) ©C) v (KBr) cm™! Formula
C H N
11a 6a 72 150—152 1690 @ C,sH,3NO,S 59.39 4.32 4.62
(59.35 4.31 4.86)
11b 6b 98 142144 1685 9 C,6H,5NO,S 60.55 4.76 4.41
(60.39 477 4.56)
11c 6d 73 171—173 1675 C,0H,sNO,S 65.74 4.14 3.83
(65.65 4.14 3.83)
11d 6e 83 176—177 1676 @ C,,H{,NO,S 66.48 4.52 3.69
(66.43 4.46 3.68)
11e 6g 89 173—176 1671 @ CoH,4CINO,S 60.08 3.53 3.50
(59.90 3.66 3.27)
11£ 6h 79 195—197 1670 @ C,,H,,CINO,S 60.94 3.90 3.38
(60.62 4.07 3.54)
11g 6j 92 187—189 1688 @ C,oH,4BrNO,S 54.07 3.18 3.15
(53.75 3.23 3.42)
11h 6k 92 202—203 1690 @ C,,H,(BrNO,S 55.03 3.52 3.06
(54.77 349 3.35)
12a 6m 92 220—222 1644 1690 C,oH,,N,0,8 59.68 3.69 7.33
(59.48 3.69 7.53)
12b 6n 84 233—235 1643 1687 C,0H,6N,0S 60.60 4.07 7.07
(60.48 3.94 7.32)
12¢ 6p 97 168—169 1639 1696 C,oH4,N,O;S 59.68 3.69 7.33
(59.58 3.79 7.32)
12d 6q 95 198—200 1631 1696 C,oH cN,05S 60.60 4.07 7.07
(60.45 4.10 7.18)
13a 62" 30 165—166 1685 C,6H,5NO,S 60.55 476 441
(60.58 4.72 4.41)
13b 6bY 47 124—126 1685 C,,H,,NO,S 61.62 5.17 4.23
(61.42 5.08 4.52)
13¢ 6d» 28 95—97 1690 C,,H,,NO,S 66.48 4.52 3.69
(66.45 4.51 3.73)
13d 6e” 63 224—225 1685 C,,H,,NO,S 67.33 4.62 3.57
(67.04 4.84 3.64)
13e 6g? 77 135137 1685 C,,H,,CINO,S 60.94 3.90 3.38
(60.69 3.96 3.57)
13f 6h? 82 170—172 1674 C,,H,3CINO,S 61.75 424 3.27
(61.69 4.10 3.47)
13¢g 6> 60 108—109 1689 a 52.95 3.81 2.94
(52.74 3.96 3.00)
13h 6k? 67 168—170 1690 C,,H,;sBrNO,S 55.94 3.84 2.97
(55.75 - 3.82 3.18)
13i 6m? 60 152—155 1687 C,0H;(N,0,S 60.60 4.07 7.07
(60.36 4.15 6.93)
13§ 6n” 26 246—247 1692 C,,H,5N,0,8 61.45 442 6.83
. (61.17 4.44 7.09)
13k : 6p” 32 174—176 1673 9 57.96 4.38 6.76
(57.94 4.60 6.56)
131 6q" 32 158—161 1672 C,,H,;sN,0,8 61.45 4.42 6.83
(61.26 4.42 7.02)
14a 6¢ 91 122124 1674 @ C,,H,,NO,S 61.62 5.17 423
(61.55 4.94 4.14)
14b 6f 92 205—207 1671 @ C,,H,,NO,S 67.16 4.87 3.56
(67.29 4.97 3.60)
14c 6i 45 238—239 1661 @ C,,H,;CINO,S 61.75 424 3.27
(61.51 4.27 3.48)
14d 6l 42 252254 1659 9 C,,H,sBrNO,S 55.94 3.84 2.97
(55.67 3.86 3.22)
15a 60 92 195—197 1659 1687 C,,HgN,0;8 61.45 4.42 6.83
(61.20 4.38 7.11)
15b 6r 81 178—180 1660 1690 C,1H,5N,0,8 61.45 442 322
(61.28 432 4.09)

a) The absorption bands due to the hydroxyl group were not clearly seen. b) Plus dimethyl sulfate. ¢) C,,H,cBrNO,S+H,0. d) CyoH,6N,05S+H,0.

inspections (on the basis of the presence of the methylene proton singlet ~ derivatives (82—o). The yields of 8a—o listed in Table V are those obtained
in the range of § 3.50—5.00) of the crude products, but these products under the heating.

could not be isolated because of their low yields. The reactions at 50—60 °C Preparations of 3-Aminothienof3,2-alindolizines. General Method An
in a water bath for 3h yielded only 3-methylthieno[2,3-blindolizine ethanolic solution (30 ml) of 1-cyanoindolizine (4, 0.15—0.20g) and DBU
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(0.40 g) was heated under reflux in a water bath until the indolizine (4)
was no longer detectable on thin layer chromatography (ca. 3—12h). The
reaction solution was kept for 12h in a freezer and the product that
precipitated was collected by filtration. Recrystallizations from ethanol or
chloroform gave the corresponding 3-aminothieno[3,2-glindolizine de-
rivatives (10a—o, r).

The corresponding 3-amino-2-(o-nitrophenyl)thienoindolizines (10p, q)
could be formed from the reactions of the indolizines (4p, @) with DBU
by lowering the reaction temperature to 40—350 °C, though they were not
obtained under reflux.”

Compounds 10a, c—ij, | were obtained as yellow needles, 10b as yellow
prisms, 10k as orange needles, 10m, o—r as black needles, and 10n as red
needles. Some data for 10a—r are listed in Tables III and VI.

Reactions of S-Functionalized Indolizines with Potassium fers-Butoxide.
General Method A  Potassium terz-butoxide (0.14 g, 1.25 mmol) was added
to a DMF solution (2 ml) of the S-alkylated indolizine (6, 1 mmol) at room
temperature and the resulting mixture was stirred well using a spatula.
The suspension was kept standing for an additional 2h and then
neutralized with dilute hydrochloric acid. The product that precipitated
was collected by filtration, dissolved again in chloroform (30 ml), and freed
from water by filtration through a phase-separating filter paper. The flltrate
was concentrated and the residue was separated by column chromatography
(silica gel) using chloroform as an eluent. Recrystallizations from ethanol
gave the thienoindolizine derivatives (11a—h, 12a—d, 14a—d, and 15a, b).

General Method B Dimethyl sulfate (0.19 g, 1.5mmol) was added to
the reaction mixture including 3-hydroxy- (11a—h) or 3-oxothieno[2,3-
blindolizines (12a—d) prepared in General Method A, and the resulting
solution was kept at room temperature for 2h with occasional stirring.

1535

Usual work-up gave the corresponding 3-methoxythieno[2,3-blindolizine
derivatives (13a—1).

In the similar reactions of 3-hydroxy- (14a—d) and 3-oxothieno[3,2-
alindolizines (15a, b), however, these compounds were almost inert to
dimethyl sulfate even under heating (70—=80 °C) and only trace amounts
of the 3-methoxy compounds (16) were detected by examination of the
'H-NMR spectra. Compounds 12a, b, g, h, 13c, e—h, and 14b—d were
obtained as yellow needles, 12e—f and 13d as orange needles, 12a—d, 13a,
b, and 15a, b as pale yellow needles, 13i as red needles, 13j as black needles,
13k, 1 as dark red needles, and 14a as brown needles. These results and
the physical and spectral data are summarized in Tables II, 111, and VII
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