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Abstract - Anions of B,B-disubstituted acetyl acetates (2, CH COCR R COOR

R = Me 17 Et, R, = COOMe, R, = Et, R2 = SPh) add to ? tosyl 3 4, 3_
—trimeéhyl A -imidazolinfum iodide (%) to give the corresponding imidazoli-
nes (i) which are regarded as models of methylenetetrahydrofolate These
mode 1s transfer C(2) of the imidazalodine -with its appended carbon frag-
ment- to tryptamine and 2-(3,4-dimethoxybenzene)ethyl amine to yield enami-
noketo ester intermediates which can be converted into benzol[alquinolizine
and indolo[2,3~alquinolizine derivatives, respectively, in two cyclization
steps The intermediate derived from transfer of carbon fragment

\CN-CH COC(SPh)(Et)COOMe to tryptamine exhibits reactions which involve nu-
cleuphiiic displacement at a sulfur atom of a thio ether bond

The application of suitable designed imidazolidines in the syntheses of a number of heterocyclic

systems has been recently reported from this laboratory 3a-c

This general approach has been termed
as "carbon-fragnent transfer methodology", in view of the analogy of the crucial step of the reac-
tion sequence t> the one carbon unit transfer by coenzymes of tetrahydrofolate 4 The imidazolidines
themselves have therefore been regarded as models of Ns,N1O-methylenetetrahydrofolate 5 We present
here the convenient synthesis of benzolalquinolizine and indolo[2,3~alquinolizine derivatives via
suitable models A preliminary communication on this work has been reported earlier 6

An appropriate methylenetetrahydrofolate model which can -via carbon-fragment transfer- lead to ben-
zo[alquinolizine and indolo[2,3-alquinolizine derivatives, in turn capable of elaboration to a num-
ber of 1soquincline and indole alkaloids, is imidazolidine derivative 1 (Scheme A) Although 1 could
be readily synthes1zed7 and 1ts C{2)~-fragment transferred with facility to 3,4-dimethoxybenzeneethyl
amine and tryptamine, the resulting enaminoketo ester intermediates (analogous to g and 7 Scheme A)
could not be efficienly cyclized7 to the desired benzoquinoline and indoloquinolizine derivatives

It was felt thet the enolizable proton of the B-keto ester moiety in the intermediates, derived from
1, interfered vith the base-catalyzed cyclization step This reasoning suggested (a) a study aimed
at confirmatior of the proposed role of the enolizable proton and (b) a synthetic strategy in which
a blocking grotp introduced at a-carbon of the model (l) was removed after the sequence of cycliza-
tion steps, stzrting from enaminoketo esters of type 5 In order to test whether a-proton(s) of the
aforementioned intermediates 1nhibited acid/base catalyzed cyclizations, the model 33 was synthe-
sized by addition of salt 3 to anion 2a (LDA/THF, -40°) Workup of the reaction mixture showed (NMR)
that product 4a was contaminated by varying amounts of the enaminoketo ester S5a The imidazolidine
3 2h) to
yield crystalline 5a in quantitative yield Reaction of 5a with 3,4-dimethoxybenzeneethylamine and

ring of 4a could, however, be readily opened by treatment with triethylamine (50°, CHC1

tryptamine, in presence of acetic acid, resulted in a smooth exchange of the amine moiety of Ba, to
give 6 and Ta, respectively

Orientation expariments aimed at accomplishment of the two sequential cyclization steps, starting
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from § and Ta, pointed to the advantage of the sequence in which initial ring closure involved the
formation of the lactam molety The reactions gg B § and 7a - 10, proceded in high ylelds when the
starting esters were allowed to react with NaH in THF (Scheme B) The pyridones § and 10 underwent
smooth acid catalyzed cyclizations to tri- and tetracyclic heterocycles 9 and 11, respectively The
indoloquinolizine 11 1s highly prone to (air) oxidation to the dehydro product 12 Thus, during at-
tempted purification or when solutions of the compound are allowed to stand for long periods of time
11 is converted into 12 However, crystalline 11 is a stable compound when kept at 0°, under nitro-
gen

Having established that the presence of an enolizable proton in the enaminoketo ester, (derived
from reaction of 1 with arylethylamine or tryptamine) prevented the facile cyclizations leading to
benzoquinolizine and indoloquinolizine derivatives, attention was directed to introduction of
groups, in the model, which could be later removed at a convenient point in the synthetic scheme 1In
the first attempt towards this objective, model ﬂg was synthesized by reaction of anien 22? with
salt 3 Transfer of the carbon-fragment of ﬂg, via 5b, to tryptamine yielded the expected enamino
ketone 7b Interestingly, whereas 7a was a single isomer possessing the Z geometry, Tb consisted of
a mixture of Z (70%) and E (30%) geometric isomers (vide experimental) The base-catalyzed cycliza-
tion of the amino ester moiety was then examined Treatment with NaH in tetrahydrofuran, at 0 °C re-
sulted in the formation of pyridone lﬂ, in which the second ester group had been lost In contrast,
when the reaction was carried out at -40 °C, the formation of ester 13 could be demonstrated Fur-
thermore, it was observed that at -15 °C, the reaction mixture contained 13 as the sole reaction
product These results suggest that while at -40 °C, cyclization occurs in the expected manner, to
give product 13, the latter is unstable with respect to a nucleophilic attack at the ester carbonyl
function, by the methoxide ion generated in the reaction The subsequent loss of the ester moiety of
13, to yield 14, is obviously a consequence of the facile expulsion of the highly stabilized B-keto
amide anion Although 13 could be conveniently prepared by the abovementioned sequence of reactions,
the inability to convert lﬂ to 15a, due to the presence of the highly acidic proton, led us to aban-
don this approach where the enolizable proton was exchanged for an ester moiety It should be men-
tioned that although 13 could be directly cyclized to 15b (HCl/EtZO, C6H6), the availibility of 13
was 80 restricted as to make the method of little use for practical purposes

In a second attempt to introduce a removable group at the a-position of the B-keto ester system
5, attention was directed to model ﬂg It was visualized that the thiophenyl group could, after oxi-
dation,9 be subjected to a base~catalyzed elimination reaction Ester 2c was readily obtained in two
steps, from methyl 2-bromobutyrate (16 = 17 = 2c, Scheme D) The anion of 2c reacted with 3 to yield
5c (via 4c) which allowed the transferof C(2) -with its appended carbon fragment- to tryptamine, to
form enaminoketo ester 7c However, when attempts were made to cyclize Tc, under influence of base
(NaH), two products were obtained in 80% yield One of the products was identical to pyridone 14,
while the second component aas been assigned structure lﬁ (Scheme E) This assignment is based upon
spectral data of the compound (vide experimental) In particular, the mass spectrum was specially
informative A comparison of the mass spectra of 15 and 1§ shows that both compounds exhibit an
analogous fragmentation pattern with significant peaks which differ by a constant mass displacement
of 108 Thus, the peaks at 252, 251 and 238 in the spectrum of 18 parallel the peaks at 144, 143 and
130 in that of 1& The lastmentioned fragments are typical of 3~indole derivatives bearing the 4-
-hydroxy-2-pyridone moiety10 and can be attributed to jons a, b and ¢ (R = H, Scheme F) By analogy,
the ions of 108 mass units higher, arising from 18, can be assigned to ions a, b and ¢ (R = SPh)

The formation of lﬂ and 12, upon treatment of 7c with NaH, deserves comment It is evident that
in both products the -SPh group has migrated from its original position to either an external accep-
tor or the indole nitrogen This requires an initial sulphur-carbon bond fission of the thio ether
molety under basic conditions Although cleavage of thio ethers is generally subject to electro-
philic catalysls,1l nucleophilic substitution at dicoordinated sulfur, especially involving dis-

placement of electronegative groups (halogens, O-, S-, N ) is well documented 12 In contrast, cases

of displacement of a carbon fragment are scarce and limited to examples of stabilized carbanions 3
Bearing these results in mind a mechanistic pathway is suggested for the formation of 1& and lg, in

Scheme E Removal of a proton from 13 can result in an equilibrium mixture of two anions, namely 19
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and 20 It should be emphasized at this point that while the geometry about the double bonds of Ta-c
is dependent upon steric factors and hydrogen bonding, the Z and the E isomers are, in principle,
interconvertible A similar lack of geometrical integrity of the double bonds in the enamide chains
in 19, 20, 22 and 23 is also valid According to the proposed mechanism, anion 20 cyclized to the
unsaturated keto lactam 21, which, under the reaction conditions, is not stable with respect to a nu-
cleophilic attack by the generated methoxide anion on the sulphur atom of the thio ether moiety It
wi1ll be appreciated that the facility of this reaction finds its origin in the high stability of the
departing pyridine-2,4~dione anion For the formation of 1§, an intramolecular transfer of the SPh
group from C to N1 (12 - gg), via a nucleophilic substitution at the sulfur in 19, is visualized as
the initial step The released carbanion moiety in 22 is, once again, a highly stabilized species
Conversion of 22 to l§ involves an initial N - O proton shift, followed by cyclization of the re-
sulting anion 23, via an ester aminolysis step

The crucial step in the aforementioned mechanistic scheme, for the formation of lﬂ and l§, com-
prises displacement of a resonance stabilized anion by nucleophilic attack on divalently bonded sul-
fur In support of the mechanisms suggested in Scheme E, it was found that treatment of T7c with so-
dium methoxide resulted in the formation of both li and lﬁ as the main products Development of syn-

thetic strategy which makes use of other removable groups is currently in progress

EXPERIMENTAL

All mps are uncorrectgq IR spectra were recorded on a Perkin-Elmer 257 spectrometer The absorp-
tions are given in cm PMR spectra were run on a Varian Associlates Model A-60-D and XL-100 or
Bruker WM 250 instruments, using TMS as an internal standard Masas spectra were obtained with a Va-
rian Matt-711 spectrometer Analyses were carried out at the Microanalytical Laboratory, Department
of Physical-Organic and Analytical Chemistry, Organic Chemistry Institute, TNO, Zeist, The Nether-
lands THF was distilled from LiAlHu before use

Methyl 2-ethyl-2-(phenylthio)acetate 2¢c

To a solution of 10 mmol LDA in 100 ml THF was added 10 mmol 17 (2 10 g) dissolved in 5 ml THF at
-78 °C under nitrogen After 15 min, 2 5 eq CH,COCl was added to the mixture which was distilled be-
fore use After stirring for lhr at -40 °C a cgncentrated NaHCO, solution was added to the reaction
mixture The mixture was extracted with ether, the organic laye; washed with NaHCO,, followed by
NaCl and then dried over MgSO Evaporation of the solvent, chromatography on Si0O,”with EtOAc/hexane
(1 6) followed by bulb to bulb distillation gave a colourless oil (160 °C/0 002 mm) 2¢ Yield 1 91
g (72%) IR(CHCIQ) 1763 (w), 1735 (w), 1722 (m), 1709 (s), 688 (m) PMR(CDCl,, 60 MHz) 0 98 (t,

J = T Hz, 3H, CH,CH,), 2 10-1 65 (m, 2H, CH_CH,), 2 30 (s, 3H, CO£§3), 374 (;, 3H, COO£§3), 7 50-

7 20 (m, SH, S-ASHYS FD (m/e) 252 (M') 273

Ethyl-4-[2-(1-tosyl-3,4,4-trimethyl)imidazolidinyl]-2,2-dimethyl-3-oxo-butancate (4a) and Ethyl (E)-
5-[2-{tosylamino-1, 1-dimethyl)ethyl methylJamino-2,2-dimethyl-3-oxo-4-pentencate (5a)

17 01 g of diisopropyl amine (10 mmol, 1 §2 ml) was dissolved in 150 ml of dry THF under nitrogen At
-78 °C 10 mmol 95 a soln of n-butyllithium in hexane was added to the mixture After 10 min 1 58 g
(10 mmol) of 2a , dissolved in 2 ml THF, was added to the mixture After stirring for another 10
min at -78 °C 3 94 g of 3 (10 mmol) was added while the mixture was vigorously stirred The mixture
was kept at -40 °C for one hour Subsequently, the reaction mixture was allowed to reach room tempe-
rature (2 hr) The reaction mixture was concentrated under reduced pressure The residue was fil-
tered through a column filled with silica gel using EtOAc (ethylacetate) as the eluent Concentra-
tion of the filtrate ylelded an oil which contained unreacted 2a, the product ﬁg and a large amount
of ring-opened product 5a ﬂg was recognized in the mixture by some characteristic signals in the
PMR(CDC1,,) spectrum O 25 (1s, 3H, NC(CH3)), 2 05 (s, 3H, N-CH_), 2 42 (s, 3H, TOS CH,) Isolation
from this mixture of ﬂg was not possible” When the mixture was~bolled in CHC1 contaiéing triethyl-
amine (1%) 4a could be readily opened to the more polar compound 5a After 2 Nr the mixture was con-
certed under reduced pressure Recrystallization from EtOH gave 5a as white crystals 5a Yield 2 8
g (66%), mp 130-132 °C (from EtOH) IR(CHC13) 3400-3300 (w), 1716 (s), 1645 (s), 1550 (vs), 1330
(m), 1160 (s) PMR(CDCl,, 100 MHz) 1 25 (t; J = 7 Hz, 3H, O-CH.CH.), 1 32 (s, 6H, NC(CH.)),), 1 38
(s, 6H, (CH3) c-C=0), 2°45 (s, 3H, TOS CHB)' 2 73 (s, 3H N-CH,), 96 (d'SJ = 7 Hz, 2H, Q_Q-NH).
417 (q, J = 7 Hz, 2Hc,0-CH,CH.), 5 09 (d7 J = 8 Hz,,2H, TOS Hand TOS C°H), 7 76 (d, J =78 Hz,
2H, TOS C“H and TOS CH), 7 92°(d, J = 12 Hz, 1H, C'H) FD (m/e) u24 (M) Found C, 59 S50, H, 7 50,
N, 6 50 Calc for C21H32N28105, c, 59 43, H, 7 54, N, 6 60

Methyl (E)-5-[2-(tosylamino-1,1-dimethyl)ethyl methyl Jamino-2-ethyl-2-(methoxycarbonyl)-3-oxo-4-
—pentenoate (5b)

To a solution of 150 ml THF containing 10 mmol LDA (lithiumdiisopropylamine) was added 2 02 g (10
mmol) of 2b dissolved in 2 ml THF at =78 °C under nitrogen After stirring for 10 min at -78 °C 3 94
g (10 mmol) of 3 was added while the mixture was vigorously stirred The temperature was kept at -70
°C for at least 2 hr After this, the reaction mixture was allowed to reach room temperature (2 hr)
After evaporation of the solvent under reduced pressure and chromatography on silica gel using ETOAc
EtOAc/hexaan (1 1) as the eluent, 5b could be obtained as white crystals after recrystallization
from EtOAc The yleld depended on the temperature agter the addition of the salt (g) Higher temper-
ature (-40 °C) gave a much lower yleld of 5b (13%) 5b Yield 1 68 g (36%), mp 172~173 °C (from
EtOAc) IR(CHC13) 3400-3300 (w), 1730 (s), 1648 (8), 1600 (w), 1550 (vs), 1160 (8) PHR(CDC13)
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096 (t, J=174H, 3H, C2-CH

oCHa) , 129 (s, 6H, NC(CH)),), 2 16 (q, J = 7 & Hz, 2H, CP~CH,CH,),
2 41 (s, 3H, TOS CH.), 2.69 (s> 3R, N=CH,), 2 94 (g4, J =964 Hz, 2H, CH.NH), 3 Th.(s, 6H, COBCHD),
5511-5 06 (m, 1H, M), 525 (d, J + 12 23Hz, 1, CH), 7.29 (d, J = 8.3°Hz, TOS g3n and TOS o
C’H), 7.69 (d, J = 8 3 Hz, 2H, TOS C°H and TOS CCH), 7.88 (d, J = 12.2 Hz, 1H, C°H). MS Found

468.1917 Calc for 022H32N28107 468 1930.

Methyl (E)-5-[2-(tosyl)amino-1,1~dimethyl)ethyllmethyl amino-2-ethyl-2-(phenylthio)-3~0x0-4-
-pentenoate (5c)

To a solution of 6.4 mmol LDA in THF {-78 °C, nitrogen) was added 1612 mg of 2c (6.4 mmol) in 10 ml
THF After 15 min 2.52 g of 3 (6 4 mmol) was added to the reaction mixture The reaction mixture
was rigorously stirred for 1 hr at =40 °C After stirring for another hr at room temperature the
reaction mixture was concentrated under reduced pressure The residue was filtered through a short
column (SOZ/EtOAc). Isolation from this resulting mixture of lc was not possible. Ring~-opened prod-
uct Sc was crystallized from this mixture with EtOAc (500 mg, O 96 mmol) The resulting mother lay-
er was allowed to stand for 24 hr at 20 °C in CHCIB. Chromatography on Si0, with CH,C1_,/EtO&c (3 1)
gave an additional 1170 mg (2 25 mmol) of 5¢c after~crystallization from EtUAc The First fraction
which was collected from this chromatography on Si0, was a mixture of starting ester 2¢ and 17 (15%
and 10%, respectively) 2c has a tendeqey to fragment to the corresponding ketene and to the anion
of methyl-2-{phenylthio)butyrate (17) S5¢  Yield 1670 mg (50 3%), mp 203-205 °C (from EtOAc).
IR(CHC1,) 3400-3300 (w), 3240-3100 (w), 1725 (s), 1640 &s), 15601550 {vg}, 1160 (s), 1372 (m),
1330 (mJ PMR(CDCL , 250 MHz) 0.99 {t, J = 7 3 Hz, 3H, C°-CH,CH,), 2.39 (s, 3H, TOS CH,), 2 71 (s,
3%, N-CH,), 2 90 (é, J =z 68 Hz, 2H, CH_NH TOS), 3 70 (s, 3§, COOCH, )

g 532 (d, J =.12°1,Hz, IH,
CH), 5 33 (¢, J=6 86Hz, 1H,2NH), 7 33-7 24 (m, SH, TOS C°H, T0§ C’H and gAr (C”'H, C'H, C'H),

7 44-7 uoﬁ(m, 2H, SArC'H, SArC¢H), 7 70 (d, J = 8.2 Hz, 2H, TOS C°H and TOS C H), 7 91 (d, J = 121
Hz, 1H, C'H) EI (70 eV) no M . FD 518 C(alc for C26H3QN28205 518

Ethyl(Z)-5-(3,4-dimethoxyphenethylamino)-2,2~dimethyl-3~oxo-4-pentencate (6} 15

A mixture of 5a (1 mmol, 424 mg), 3,4-dimethoxyphenylethylamine (226 55 mg, 1 25 mmol)}, acetoni-
trile (5 ml, dry) and acetic acld (0.5 ml, dry) was refluxed for 2-2 5 hr (under nitrogen atmos-
phere)} The reaction was monitored on silica gel using EtOAc/CH2C1 {1 2! as eluent The mixture
was concentrated under reduced pressure, using toluene to remové tge acetic acid. The resulting red
oil was brought on silica gel using EtOAc/CH_Cl_ (1 3) as the eluent After concentration under ree
duced presgure, the eneaminoketo ester was ogtafned as a yellow oil 6 Yield 279 mg (80%)
IR(CHC1.) ' 1718 (s), 1635 (8), 1560 (5), 1510 (m), 3300-3100 (w) PMR{CDCl,, 100 MHz) 1 24
(t, J =7 Hz, 3H, OCH 253), 1 38 (s, 6H, C (CH )2), 279 (¢, J = 65 Hz, 2H, CH_CH_NH), 3 50-3 30
(dt, J = 6 5 Hz, J = 85 , 2H. CH,CH.NH), 3.38 (s, 6H, 2xOCH.), 4 17 {q, J =9 HZ, 2H, OCH,CH.),
495 (4, J =75 Hz, H, CH), 6.607(ad, J = 12.0 Hz, J = 7 5 Hz, 1H, C'H), {after quenching with
Dgo this dd gives a d centered at 6 60), & 86-6 66 {(m, 3H, Ar), 10 0-9 65 {bs, 1H, N-H) MS Found
389 1906 Calc for C19H27N10S 349 1889

Ethyl(Z)-5-[2-(3-indolyl) —ethylaminol-2,2-dimethyl-3-oxo-4-pentenoate (7a)

A mixture of 5a {1 mmol, 42§ mg), tryptamine (200 mg, 1 25 mmol) (mw 160.22, mp 114-119 °C), aceto-
nitrile {5 ml, dry) and acetic acid (0 5 ml, dry) was refluxed for 2-2.5 hr. After workeup of the
reaction mixture (which was identical to that of 6), a yellow oil was obtained 7a Yield 262 4 mg
(80%) IR(CHCla) 3480 (s), 3400-3200 (w), 1720 (s), 1638 (s), 1562 (s), éuBS (w), 1380 (m), 1360
(m). PMR(CDC1.; 100 MHz) 1.24 (t, J = 7 Hz, 3H, OCH CHa), 139 (s, 6H, C“(CH.),, 279 (t, J =65
Bz, 2H, CH,-CR,-NH), 3 60-3.46 (dt, J 7 6.5 Hz, J = b 5°Hz, 2H, CH,~CH-NH), # 16 (g, J = 7 Hz, 2H,
O-CH_-CH,), 4 64 (d, J =7 5 Hz, H, CH), 6 64 (dd, J = T 5 Hz, J°= 12.0 Hz, H, C'H), 6 96 (4,

JT %2 z, 1H, indole C°H), 7 60-7 10 (m, 4H, indole ArH), 8 45-8 30 {bs, 1H, indole NH), 10-9 60
(bs, 1H, NH) MS Found 328 1794 Calc for C19H2uN203 328 1786

Methyl (Z/E)-5[2-(3-indolyl)-ethylamino]-2-ethyl-2-(methoxycarbonyl)-3-oxo~4-pentenocate (7b)

& mixture of 5b {1 mmol, 468 mg), 200 mg tryptamine (1.25 mmol), acetonitrile {5 ml, dry) and ace-
tic acid (0 5 ml, dry) was kept at 60 °C during 72 hr under nitrogen until all the starting materi-
al had disappeared (TLC 8102, EA/CH Cl2 1 5) Evaporation of the solvent and chromatography on 8102
using EtOAc/CH201 (1 5) as"the eluént afforded a yellow oil concisting of 3 products, Z and E
lsomers of the eneamino-keto ester 7b and a small amount of the piperidine-2,4-dione (13). FD of
the mixture gave m/e 372 {7b) and m/e 340 {13} According to NMR the mixture consisted of 72 6% z,
20.4% E and 7% of compound 13 Yield 82% based on 5b. When 4 5 mmol tryptamine was used instead of
1 25 mmol the reaction was completed within 3 hr (75 °C). After identical work-up, the yield was
70% The mixture consisted of the Z and E isomers only (Z/E, 7 3) 7b Yield 260 4 mg (70%) Yel~
low oil IR(CHCl.,) 3480 (m), 3599-3200 (w), 1330 (s), 1638 (s), 1570-1555 (s), 1485 (m)
PMR{CD_,CN, 259 Mgz 0 87 (t, J = 7 4 Hz, 3H, C -CH2§§3), 205 (q, J = 7.4 Hz, 2H, C ~CH_CH ), 2 94
(t, J 267Hz, 2H, CH,-CH,-NH), 3.48 (dt, J = 6 7°Hz; J = 6 6,Hz, 2H, CH,-CH,-NH), 6.06-5790 (bs,
14, NH(E)), 3 62 (s, &8, 2XCOOCH, ), 4 96 (d, J =T ¥ Hz, 1H, C H(Z)), 5.36 (d°.J = j268z 1M,
C'H(E)), 6 79 (dd, J = 7 4 Hz, J°= 13,3 Hz, 1H,C H(Z)), T 16=6 96 (m, indole C’H, C H, C°H) + C"H
(E)), 7 35 (d, J = 8 Hz, 1H, indole C H), 7 53 (d, J = 7 7 Hz, 1H, indole C K}, 9 70-9 60 (bs, IH,
NH(Z)), 9 10-9 08 (bs, 1H, indole NH). MS. Found 372 1640 Calc for CzoﬂzuNzo5 372 1685

Methyl (Z/E)-5[2-(3-indolyl)-ethylamino]-2-ethyl-2-(phenylthio)~3-oxo-4-pentencate (7c)

A mixture of 5c (259 mg, 0 5 mmol) 100 mg tryptamine (0 625 mmol), acetonitrile (5 ml) and acetic
acid (0 5 m) was kept at 70 °C under nitrogen for 71 hr (TLC EtOAc/CH,Cl, 1 1) Evaporation of the
solvent, chromatography on 810, (EtOAc/CH,Cl, 1 3) gave a yellow foam coflsisting of the Z and E
isomers of the eneaminc keto eSter 7c Yi€ld"183 mg (87%). IR(CHC1,) 3480 (m), 3500-3200 (w), 1725
(2), 1639 (vs), 1570~1555 (vs}, 1470 (m). PMR(CD3CN, 250 MHz, 2/E = 7 3) 0 89 {¢t, J = 7.3 Hz, 3H,
CoCH,CHy), 1 79-1 68 (m, 2H, C°-CH,CH.), 2 94 (t; J = 6 7 Hz, 2H, CH,CH,NH), 3.49 (dt, J = 6 7 Hz,
J = g_g HE' 2H, CH Eﬂg"H)' 36 Eﬁg 3759 (2xs, 3H, 2xCOOCH,), (Z and E fsomers), 496 (d, J =T 4
Hz, 14, C'H(Z)), 5735 (d, J = 11 7 Hz, '"H C"H(E), 5 95 (b8, 1H, NH(E)), 6 78 (dd, J = 7 4 Hz, J =
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13 3 Hz, 1H, CSH(Z)). 7 38-6 97 (m, gll aromatic protons, except for the indole C“H which i{s lo=
cated at 7 55 (d, J = 8 t Hz, 1H), C H(E) could not be recognized in this multiplet), 9 1 (bs, 1H,
indole N-H}, 9 % (bs, 1H, NH(Z)) MS. Found 422.1654. Calc for CERH26N20351 422 1664,
3,3-Dimethyl-5, 6~dehydro-1-{3, 4~dimethoxyphenethyl)pyperidine-2, 4~dione (8} 16
To a suspension of 1 mmol NaH in 10 ml dry THF was added 1 mmol of the eneaminoketo ester (fa, 349
mg) dissolved in 5 ml dry THF The reaction mixture was stirred under nitrogen at 0 °C for 1 hr
{TLC EtOAc/CHCL, t 3). After all the starting material had disappeared, the reaction mixture was
neutralized wit§ concentrated NHuC1/H20 The organic layer was separated and the water layer was ex-
tracted with Et ,0 The organic layer was washed with NaHCO3 soln and NaCl soln Drying over Nazsou
followed by evdporation of the solvent, yielded a residue which was purified by chromatography
(810,, EtOAc/hexane 1+1) 8- Yield 212 mg (70%), yellow oil. IR(CHC1l_.) 1695 (s}, 1655 (s), 1629
(8),71511 {m), 1461 {m), 1381 (m), 1370 {(m). PMR(DMSO-d., 100 MHz) ?.20 {s, 6H, C7(CH )}, 2.79
{t, J = 70 Hz, 2H, Ar=CH_-CH,), 3.715(5, 3H, OCH,), 3.9# (s, 3H, ocH.), 3 8% {t, J = 7.0 Hz, 24,
CH2-CH -N}, 5.36 {d, J = §.0 z, IH,C7H), 6.92-3—33 (m, 3H, Ar), 7 53744, J = 8,0 Hz, 1H, CH). M8
RGQ 303 1470. EI (70 eV, m/z (%)). 303 {20.9), 165 (13), 164

Foun3~§G3.3ﬂ89, Calc for C 32 N
(100), 151 (46 T7), 82 (29 5?, 895 (11.5)

9, 10-Dimethoxy~3, 3-dimethyl-1,2,3,4,7, 11b-6H-Benz[al quinolizine~2, 4~dione (9)

Piperidine-2,4~dione 8 {1 mmol, 303 mg) was dissclved in 20 ml freshly distilled EtOH. Nitrogen was
bubbled through the solution for Y} hr After this the reaction mixture was cooled to U °c and dry
HCl was bubbled through the solutioh for 10 min After the vessel had been closed the reaction mix-
ture was kept at 20 °C for 18 hr. After evaporation of the solvent and crystallization from EtOH
the product could be isolated as white needled. § Yield 210-240 mg (70-80%), mp 168 °C {from EtOH).
IR{CHC1 ) 1725 SS)’ 1640 (s8), 1511 (s), 1&651(m), 1g30 (s),71360 {s) TPMR(DMSO dé, 250 MHz). 1.25,
128 (28a, 6H,,C(CH,).), 2 93-2 67 (m, 44, C'K_, C°H_, C'H_ and CTH_ ), 3 17°(dd, J = g 2

C

1]
3= 159 Hz, CgH_1,33375 (s, 6, 2x0cH,) 4-692 62 (A} 1n, H_), 8906-5 00 (m, 14, C''°H),
6 78 (s, H, C H?? 6.9?1és, 1H, ¢ H). %he results of dR (doyble re§dnance) techniques were as fol-

lows irradiation of C' "H {5 06-%5 00) gives a doublet for C'H__ centered at 6 3 17 (J = 15 9 Hz),
enhancement of the ainglet for C 'H {loss of allylic coupling) 3na changes in the multiplet from
2 93-2 67. MS. Found 303 1460 Cale for C .{H N,O 303 1476, BEI {70 eV m/e (%)) 303 (100}, 302
(4575), 288 (33.9), 272 (39 9), 191 (66.8}7 83 {38 7). Found c, 67 10, H, 6.89, N, 4 60. Calc for

C17H21N10u' c, 67 32, H, 6.93, N, 4 62

2, 3-Dimerkyl-3, b=denydro-1-f2-(3-ndolyllethvl - ipe=~ 4 1e=2,%-d1-ne (10)

racedare for ‘he syrthesie ¢ was idemiica. tr that of i Tre -roduct after column chromatogra-
jhy was ~nmystallized {r.m rerzene;*k (F1-87r 1) VYie,d 97 mg { )%, mp 114-115 °C (white crys-

tals) IR(CHCl,) 3480 (m), 1695 (s),_1656 (s)7 1628 (s), 1455 (w), 1435 (m), 1380 (m), 1370 (m),
PMR(DMSO-d,, 230 Miz) 1 17 (s, 6H, CO-CH,), 2.95 (f, J = T 3 Hz, 2H, CH,=CH,-N), 3 85 {t,, J = 7 3
Hz, 2H, CHo-CH,-N), 6.95 (t, J = 8 Hz, 1H> indole C°H), T O (t, J = 8 Hz, 14, indole C'H), 7.12
(g, J = 2 2 W) 1M, {ndole C°H),7.31 (d, J = 7 9 Hz, TH, indole C'H),,7.48 (d, J = 8 3 kz, 1,
C°H), 528 (d, J = B 3 Hz 1H, COH), T 54 (d, J = T 9 Hz, 1H, indole C'H), 10 82 (s, 1H, indole

N-H) MS Found 282 1345 Calc for C,.H,oN,0, 282 1368 EI (70 eV m/e (%)) 282 (125), 144
(13.71), 143 (89 1}, 130 {100), 103 23 *g), 32 (16 24), Pound C, 72.17, H, 6 50, N, 9.8% Cale for
C17H,5N203= C, 72 34, H, 6.38, N, 9.92.

3,3-Dimethyl-2, 4-dioxo~1,2,3,4,6,7,12, 12b~octahydroindolol2,3-alquinolizine (11)

The same procedure was used as for the synthesis of § Solvent used for the cyclization was dry
benzenhe After 24 hr at 20 °C the reaction mixture was concentrated under reduced pressure. The re-
sulting brown crystals were brought on a short silica gel column with EA/PE (60-80) as the eluent.
After evaporation of the solvent and crystallization from Et20 or benzene the product could be ob-
tained as white crystals 11 Yield 197 mg (70%), mp 214-2157°C (fromEt,0) IB(CHCL,) 3465 (m),
1725 {8}, 1645 (8}, 1430 (s}, 13556(w). ;MR(DMSO~d6,?250 MHz): 1 28 (s, 3H, C°CH,},”1 29 (s, 3H,
C‘CHB}, 3.05=-2 71 (m, uH, céﬁax’ cC'H__,C'H x and C Heq)izé'ZT {dd, J = 3.9 Hz,”J = 15 1 Hz, 1H,
C'H %), 4.94-4.88 (m, 'H, G H-T), 5.3%.5 1%%(m, 14, c'ToH), 7.01 (t, J = 7 8 Hz, M, CgH),
7.18%¢, 3 = 7.9 Hz, M, C OHYY 7 34 {d, J = 7.9 Hz, M, C 'H}, T.4 (d, J = 7.8 Hz, H, C'H), §-13
{3, 1H, H-H)} Results of dR1§bchniques were irradiation of C°H at & 7 46 giv?s a doublet for C'H
at & 7 01 Irradiation of C ~ H gives a doublet at 6 3,37 (J = 15 1 Hz) forC'H and changes in the
multiplet at 3.05-2 71 Homoallylic coupling between C ° H and one of the C protons has been
proven. MS Found 282 1345. Calc for C H,gN,0,° 282.1368. EI {70 eV m/e (%)) 282 (100}, 281
(23.9), 267 (11.8), 212 (12), 184 (23 13,383 T14.1), 170 (32.3), 169 (76 6), 156 (64 6), 154
(36.8). Found C, 72.15, H, 6.40, N, 9.80 Cale for C,.H, gN,0, C, 72 34, H, 6.38, N, 0 92.

3, 3-Dimethyl-2, 3-dioxo=2,3,4,6,7, 12-hexahydroindolel2, 3-alquinolizine (12}

Cyclization of the piperidine-2,3-dlone 10 in benzene/HCl containing O, gives cyclization followed
by oxidation to compound 12 in T0% overall yield Pure quinolizine i1 Could be oxidized in CHCL
containinga few percent HC1/Et,0 within one hour in an almost quantitative yield to compound 127
12 mp 258-260 9C (from EtOAc/gaxane, yellow crystals IR(CHCl,)+ 3400-3150 (m), 1689 (m), 1628
(a), 1604 (vs), 1%85 {w), 1430 (m), 1369 és). PMR{DMSO-d ., 2?0 MHz} 1 35 (s, 6H, C CH3}9 3.09 (&,
J = 6.4 Hz, 2H, C.H), 4.09-4 05 (m, 2H, C'H), 6 08 (s, 1&, C'H), 7 12 (t,qd = 7 9 Hz, “CH), ] 32

(t, J = 8.2 Hz, C'"H), T45(d, J = 8 2 Hz, C 'H), 7.67 {d, J = 7.9 Hz, C'H), 11 75 (s, 1H, N'H)
FD 280 (M'). Found C, 72 80, H, 5.73, N, 9.85. Cale for C_.H N,0, C, 72.85, H, 5.71, N, 10.0.

3-Ethyl-3-(methoxycarbonyl)=-i=[2=(3~indolyl)ethyl ]-5,6~dehydro-piperidine-2,i-dione {13}

To a suspenaion of 1 mmol NaH in 10 ml dry THF (~40 °C, under nitrogen) was added 1 mmol of the
eneaminoketo ester 7b (372 mg) Temperature was kept -40 °C. TLC monitoring was done with Si0 /
EtOAc After 4 hr {all starting material has disappeared), NI, CY/HC1/H,O was added to the reaction
mixture at =30 °C. Etzu extraction followed by treatment of N§HCO3 sola and NaCl soin Drying over
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Na sou and evaporation of the solvent gave the crude product which was purified on silica gel
(E€0Ac/hexane 10 1) 13 Yield 272 mg (80%), yellow oil IR(CHCl,) 3480 (s), 1764 (s), 1699 (s),
1655 (8),.,1622 (8), 1456 (m), 1448 (m), 1424 Sm), 1378 (s). PMR( D3CN, 250 MHz) 0 70 (t, J =7 6
Hz, 3H, C°CH,CH,)), 2 09 (q, J = 7 6 Hz, 2H, C EEQCH3)’53 02 (m, 2H; ggecu N), 3 60 (s,S3H, COOQ§3),
369h-3 84 (m, 2H, CHZCH N}, S 33,.(d, J = 8 4 Hz, 1H; C"H), 6 99-T7 16 (q, 2H, indole C°H, indole
CH), 7 3)4(d, J=28 z, 1H, C'H), 7 02 (d, = 1 9 Hz, 1H, indole C°H), 7 36 (d, J = 7 9 Hz, 1H,
indole C'H), 7 58 (d, J = 7 7 Hz, 1H, indole C H), 9 10 (bs, 1H, indole NH) MS Found 340 1441
Calc for C19H20N20u 340 1424

3-Ethyl-4-hydroxy-1-[2-(3-indolyl)ethyl ]-2-pyridone (14)

To a suspension of 0 5 mmol NaH in 10 ml dry THF (under nitrogen) was added 0 5 mmol of 7b (186 mg)
dissolved in 2 ml THF The reaction mixture was kept at 0 °C for 18 hr (TLC SiO,/EtOAc) The reac-
tion mixture was neutralized with conc NH Cl/H20 soln, Et20 extraction followeg by NaCl/H20
washing of the organic layer, drying over ﬁaZSO and evaporation of the solvent gave the crude
product which was purified on SiO_/EtOAc 15 Y?eld 112 mg (79%), white crystals from EtOAc, mp
189-191 °C, IR(CHCl,) 3600 (w), %500-3000 (w), 1655 (s), 1645 (s), 1622 (w), 1610 (w), 1562-155
(s), 1468 (s), 1&“23(3), 1280 (s), 1135 (g) PMR(CD.CN + DMSO-dG, 250 MHz) 0 98 (t, J = T 4 Hz,

3H, C°CH,CH), 2 44 (q, 2H, J = 7 4 Hz, C°CH,CH,), 3 05-2 99 (m,g2H, CH,CH,N), 4 05-3 99 (m, 2H,
CH,CHNY; 5°76 (d, J = 7 4 Hz, C’H), 6,85 (d; J°= 7 b Hz, 1H, C°H), 696(d, J = 2 6Hz, M, in-
dofe C°H), T 24-6 92 (m, 2H, indole C’H, iﬂdole C'H), 7 31 (d, J = 8 Hz, 1H, indole C'H), 7 54 (d,

J =78 Hz, 1H, Indole C'H), 9 43 (s, 1M, C'OH), 9,76 (bs, indole NH) 14 PMR(CD.CN, 250 Mz) O 99

(t, J =74 He, 3H, C'CHCH)), 2 53-2 37 (m, 2J, C°CH,CH)), 3 07-3 00 (m, 2H, CH,CH,N ), 4 0T-4 00
(m, 2H, CH,CHN ,), 5 73°(d; J = 7 4 Hz, 1H, C’H), €87 0d, J =7 4 Hz, 1H COH)Z 6290 (4 J =24
Hz, 1H, 1ngole C°H), 6 97 {t, J = 8 Hz, 1H, indole C°H), 7 07 (t,,J = 8 Hz, 1H, indole C, H), T 32

(d, J = 8 Hz, 1H, indole C'H), 7 54 (d, J = 7 6 Hz, 1H, indole C H),,8 0-7 2 (bs, 1H, C OH), 9 07~
9 05 (bs, 1H, 1ndﬁle NH) NOE results in CD,CN/DMSO irradiation of C'OH at & 9 43 gave a positive
enhancement for C H at 6 5 76 DR (dogble rgsonance) results were (~n CDBCN) irradiation of C’H at
& 5 73 gave a singlet at_6 6 87 for C H Irradiation of CHZCHZN at & 3°07-3 00 gave a relative
enhancement for indole C“H (Toss of allylic coupling, see also compound l§ ) MS Found 282 1401
Calc for C17H18N202 282 1368
3-Ethyl-3-(methoxycarbonyl)-1,2,3,4,6,7,12,12b-octahydroindolo{2,3-alquinolizine-2,4~dione (15b)
The ester 13 (140 mg, 0 %11 mmol) was dissolved in dry benzene (10 ml, distilled from CaH_,) A ni-
trogen stream was bubbled through the solution for 2 hr After this 2 ml of a concentrated HCl/
Et20 soln was added to the reaction mixture (20 °C) The reaction was monitored with SiO2 EtOAc/
hexane (1 2) After evaporation of the solvent (reaction time 5 5 hr) and chromatography on 8102
EtOAc/hexane (1 3) two prodvsts were isolated starting material 13 33 mg (0 097 mmol) (23 6%)
Product 15b 74 mg (52 9%) White crystals, mp 88-220 °C (diastereomers) IR(CHCl,) 3468 (m),
1764 (s), 1729 (s), 1650 (s), 1460 (m), 1438 (s), 1305 (s) PMR(CDCl,/one drop of p;ridine) [two
diastereogers (88 5% 11 5%) chemical shifts of major diastereomer aqg giveg], 0 91 (t, Jd =,7 4
Hz, 3H, C’CH_CH.), 2 45-2 22 (m, 2H, C°CH,CH.), 3 13-2 80 (m, 4H, C'H__, C°H__, ¢'H _ anda c'd_),
3,38 (a4, J 298" Wz, J = 3 6 Hz, TH, "chﬁe ), 363 (3,030, coocH, 3 5 03%% 96 (&) w, ,, 0
C'°"H), 5 24-5 14 (g, M, C'H_ ), 7 187,06 (89 28, c’H,¢'°H), 7 30-7 24 (m, 1H + CHCl., C''H),

7 51-7 48 (m, 1H, C H), 10 27 ?s. 1H, N °H) Nuclqgs Overhauser Difference (NOE) exper?m?sts were
carried out SBruker WM 250 MHz) Irradiation of C " H gave_a positive enhancement for N “H at 6
10 27 (8), C He at 6 328 (d, J = 15 18Hz, J =36 Hz), C CHZEE at80 81 (t, J = 7 4 Hz) and@b
small positive gffect for COCH,CH, at & 2 45-2 22 This indicateg a cis relationship between C
and the ethyl-function at C3_Tfn éhe major diastereomer) MS Found 340 1441 Calc for C, K, .N
340 1424 1972072

0y

Methyl-2-(phenylthio)butyrate (17) 19,20

Sodium (1 38 g, 60 mmol) was dissolved in 100 ml dry MeOH (-5 °C under nitrogen) To the solution
was added 60 m? 1 thiophenol, which was distilled before use After 15 min, 60 mmol of methyl 2-
-bromobutyrate (10 86 g) was added to the reaction mixture AFter stirring for 2 hr at 20 °C, the
solvent was evaporated and the residue was filtered through a short Si0_, column with EtOAc as the
eluent Evaporation of the solvent and a bulb to bulb distillation (100°°C/) 1 mm) gave a colour-
less oil 17 Yield 12 0 g (95%) IR(CHCI3) 1729 (g), 1582 (w), 1458 (s), §u36 (s), 1160 (s), 688
(s) PMR(&DCI , 60 MHz) 0 98 (t, J = 7 S"Hz, 3H, C H), 2 16-1 60 (m, 2H, C°H), 3 47 (t, J =7 5
Hz, 1H, C°H),”3 62 (s, 3H, COOEE3), 7 66-7 15 (m, SH, s-ArH) FD = 210 (M5 C]1H1u028

3-Ethyl-U4-hydroxy~-1-[2-(3-indolyl-1-phenylthio)ethyl]~2-pyridone (18)

To a stirred solution of 0 59 mmol NaH in 15 ml THF was added 250 mg (0 59 mmol) of 7Tc dissolved in
2 ml THF (T = -40 °C, under nitrogen) No reaction was objected at -40 °C for 2 hr (TLC EtOAc/

CH 012 on S10_) At -15 °C (0 5 hr) two products were formed, compound 18 and the more polar com-
pound lﬂ After an additional stirring for 2 5 hr at 0 °C a concentrated NH Cl/H20 soln was added
to the mixture Et_O extraction followed by NaCl treatment, drying over Na §ou and evaporation of
the solvent gave tﬁe crude products Chromatography on Si0O_ with EtOAc/CHeél2

(12 -1 1) gave two
crystalline products which were both recrystallized from EEOAc 18 Yield 90"mg (39%), mp 180-181
°C (from EtOAc) 14 Yield 68 mg (40 8%), mp 189-191 °C (from EtOAc) 18 IR(CHC1)) 3600 (w),
3500-3000 (w), 1645 and 1655 (s), 1622 (w), 1562-1550 (s), 1468 (s), 1442 (s), 1230 8)

PMR(CD,CN + DMSO-d¢, 250 Miz) 0 95 (1, J = 7 4 Hz, 3H, C°CH,CH;), 2 37-2 49 (p, 2H,C CH CH,),3 05-
310 (3. gH. CHZCHZN)’ 4 0l-4 10 (m, EH, Cﬂzgﬂeﬂg, 571 (d,”J =7 5 Hz, 14§, C'H), 6 83_?d, J=175
Hz, 1H,.C H), 8756 91 (m, 2H, -SArCH, §ArC H), 7 06 (s, 1H indole C°H), 7 0747 27 (m, SH, in-
dole C"H, indole C'H, -SArC°H SArC H, sArCuH), 7 47 (d, J = 7 8 Hz, 1H, indole C'H), 7 60 (d, J=
7 5 Hz, 1H, indole C H), 11 0-8 O (bs, 1H, C OH) The results of dr (double resonance) techniques
were as follows 21rradiation of the multiplet of CH CH2N at &6 3 05-3 10 gave a positive enhancement
for the indole C°H at 8 7 06 (relative to the aroﬁsgic protons), which is a result of loss of al-
lylic cougling with CH CH2N PMR(DHSO-d6, 250 MHz) 0 97 (v, J = 7 4 Hz, 3H, CSCH CH. ), 2 35-2 51
(m, 2H, CoCH,CH,), 3 08-3209 (m, 2H, CHOCHN), 4 06-4 15 (m, 2H, CH,CHN), 5 82 (&, 3 = 7 2 Hz, 1H,
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c5H), 6 97 (d, J = 7 2 Bz, 1, c°H), 6 99 (bs, 1H, indole CPH), 7 14=7 36 (m, TH, indole C°H, in-
dole C'H, al) aromatic protons o£ S-Ar), 751 (d, J =8 1 Hz, 1H 1indole C'H), 7 71 (d, J = 7 6 Hz,
1H, indole C H), 10 02 (s, 1H, C'OH) MS Found 390 1385 Calc for C2 H_ N 0231 390 1402 Treat-
ment of compound 18 with 10 eq NaOCH3/THF at 20 °C gave an almost quaétfgagive yield of 14 after 72
hr
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