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Abstract— Several unsuccessful attempts are described at the synthesis of the carbon-nitrogen
skeleton of lycorine, utilising 1,2-dihydroisoquinoline intermediates.

All attempts that have been made so far to syn-
thesise Amaryllidaceae alkaloids of the lycorine
(1) type have failed, although compounds con-
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have been prepared. Compounds with ring C
aromatic have usually been produced'— by using
the Pschorr ring-closure, whereas partially reduced
derivatives, such as B-lycorane® (2) and (3),® have
been obtained in sequences utilising a Diels-Alder
reaction as the key step.
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It has been established” that 1,2-dihydroiso-
quinolines may undergo electrophilic attack (e.g. by
aldehydes) at C, and, in the derived imminium ion,
nucleophilic attack at C;. The approach to the
synthesis of lycorine to be described here involved
the preparation of the enamine {4b) foliowed by ihe
introduction of a 3-carbon unit at C, capable of
cyclisation with the CO function. It was envisaged

that pyruvic aidehyde might provide such a frag-
ment and that the tetracyclic compound (5b) may
result. Since it is known?® that ring C of lycorine is
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scheme that leaves the formation of ring C to a late
stage seemed to possess considerable advantages.
Since the completion of our work.? the enone (5b)
has been prepared by an alternative method.!°
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1 2—D1hydronsoqu1nohnes that possess an elec-
tron-attracting group attached to the enamine
system have not been investigated previously, so as
a preliminary to our main aim, we studied some
properties of the enamine (6). The methiodide of
the readily available!!-1? methyl isoquinoline-3-
carboxylate was reduced easily to 6 with sodium
borohydride; even in aqueous ethanol solution,
reduction did not proceed any further. The ena-
mine (6) reacted normally with piperonal veratral-
dehyde, glyoxyhc acid and pyruvnc aldehyde to glve
the 1,4-dihydro-4-benzylideneisoquinolines (7) or
the aromatic quaternary salts (8). The 1,2-dihy-
droisoquinoline (6) failed, however, to react with

the ethv] acetoacetate nnder the canditions of the
e elayl acergaceiale e COor NS o1 e

Mlchael reaction.
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7a: Ar = 3,4-CH,;0,CH; 8a: R = 3,4-CH,0,C.H,
Th: Ar = 3,4-(OMe)yCsH, 8b: R = 3,4-(OMe);CeH;
8c:R= COgH
8d: R = COCH;
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Encouraged by this result, attempts were made
to prepare the model compound (4a). The known'®
amino ketone (9a) gave only black, polymeric
material when attempts were made to dehydro-
genate it with iodine, but the ethylene ketal (10a)
when treated with iodine and sodium acetate gave a
very small amount of a yellow solid, the spectral
characteristics of which are in agreement with those
expected for the required sait (11a). Insufficient
material precluded any further investigation of 11,
in particular its reduction with LAH.
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12b: R, = CH,CH,CN; R, =H
12c: Rl = CHgCHzCOzEt; Rg = Et

The tricyclic ketone (9b) was prepared in accept-
able yield from 12a, the product obtained from the
azlactone of piperonal. Alkylation with 3-bromo-
propiononitrile gave 12b, which with sulphuric acid
and ethanol yielded the diester 12c. A Pictet-
Spengler reaction on the latter, followed by a
Dieckmann ring-closure of the resultant 1,2,3,4-
tetrahydroisoquinoline-3-ester produced 9b, an un-
stable oil. Oxidation of the derived ketal (10b) with
iodine as before gave a mixture of 13 and the re-
quired 11b. The former was converted into the
latter by a more extended reaction time. Once again
the overall yield of 11b was very small, so an
alternative approach was investigated.

Whilst the above work was in progress, the pre-
parations of 14 and 15 were reported!* in a lengthy
series of reactions. In repeating this work we have
introduced some minor modifications (Experimen-
tal) involving glycine, rather than @-alanine, as
starting material. Our spectral data for 14 indicated
that the compound exists entirely in the enol form
(16) and all efforts toketalise, acetylate orbenzoylate
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it, or to reduce it with LAH failed. However, ketal-
isation of 15 followed by reduction with LAH gave
the required 1,2-dihydroisoquinoline (17). The
yield was 2% in a thirteen stage sequence from
glycine.

A shorter route has been developed from ethyl
isocoumarin-3-carboxylic acid (18a),'* which, with
ethyl B-aminoproprionate afforded the isocarbo-
styril (19a). The derived ester (19b) was success-
fully cyclised to 15, and shown to be identical with
the material obtained by Shamma and Novak.!

The reaction of the enamine 17 with pyruvic
aldehyde was then subjected to an intensive study,
but none of the hoped-for condensation product

could be isolated from the complex reaction mix-
tures.

I QT

CO.H

17
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19a: R, =R, =H
19b: R, = Et,R, = H
19¢: R, =HR, = CO, Et

In a final attempt to prepare the required C-N
skeleton of lycorine, the acid-ester!® (18b) was
reacted with ethyl gB-aminoproprionate, but the
expected product (19¢) was not obtained: the
anhydride 20 was formed instead. Prolonged heat-
ing with ethanolic sulphuric acid yielded the tri
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ester (21), which, with sodium ethoxide yielded a
substance the spectral characteristics of which are
in accord with the structure 22. However, in view
of the many difficulties and poor yields of products,
even in the model series, this type of approach to
the synthesis of lycorine has been abandoned.
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EXPERIMENTAL
All m.ps are uncorrected. UV spectra are reported for
solns in EtOH (95%) and IR data refer to nujol mulls.
NMR spectra were recorded at 60 MH; using TMS as
internal reference.
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2-Methyl-3-carbethoxyisoquinolinium iodide. To a soln
of ethyl 1,2,3,4-tetrahydroisoquinoline-3-carboxylate (10
g) in tetralin (300 ml), was added Pd-C (2 g; 10%), and the
resulting suspension was heated under reflux for 6 hr,
under N,. After cooling, the charcoal was removed by
filtration, the soln extracted with 2N HCI (3 X 100 mi) and
the extracts combined and washed with ether. On basifi-
cation with Na,CO;, the aqueous soln was re-extracted
with ether (3 X 50 ml). After drying and evaporation, the
combined ethereal extracts gave 2-methyl-3-carbethoxy-
isoquinoline as a pale yellow oil (8-85 g), Without further
purification, the base was dissolved in acetone (20 ml) and
Mel (10 ml) added. After standing overnight, pale yellow
needles were obtained m.p. 162-163° (8-5g; 72%) viax
cm™?, 1735 (C=0); Apax(€) nm, 241 (56,300) 277 (3,320)
341 (7,400); NMR (CD;SOCDys) ppm, 10-44 singlet [1]
(C,—H) 9-28 singlet [1] (C,—H) 8-1-8-7 complex [4]
(aromatics) 4-70 singlet [3] (N*—CHS3) 4-56 quartet [2]
J=7Hz (—OCH,CHg) 1-48 triplet [3] J=7Hz
(—OCH,CH;). (Found: C, 45-45; H, 4-0; N, 4-25; 1, 366.
CsH i NO;I requires: C, 45-5; H,4-1; N, 4-1; 1,37-0%.)

Condensation of aldehydes with ethyl 2-methyl-1,2-
dihydroisoquinoline-3-carboxylate. To asoln of the crude
1,2-dihydroisoquinoline (ex borohydride reduction of the
above methiodide (1-0 g)) in EtOH (20 ml) was added an
equimolecular amount of the aldehyde. The resulting soln
was heated with stirring in a N, atmosphere, and conc HC1
(5 ml) was added dropwise. After 2 hr heating, the soln
was left to cool overnight. The mixture was reduced to
low bulk in vacuo, water (10 ml) added and the soln
washed with ether (3 X20ml). The aqueous phase was
again evaporated, and the residue dissolved in EtOH
(5 ml). After adding a few drops of perchloric acid, the
appropriate 4-substituted isoquinolinium salt slowly de-
posited (Tables 1 and 2).

The ketal (10a). A soln of 9a3 (0-90 g), p-toluenesul-
phonic acid (0-9g) and ethylene glycol (2-0 ml) in dry
benzene (50 ml) was heated under a Dean and Stark trap
until no more water was liberated (about 4 hr). On cooling,
the soln was washed with sat NaHCOQsaq and water, and
then dried. Evaporation of the solvent yielded a pale
yellow oil which slowly crystallised to give nearly colour-
less plates. Recrystallisation from light petroleum (60-80°)

Table 1. Physical data of products from the alkylation of 6

Analysis
Required Found
% Molecular
Yield* m.p. Formula C H N Cl C H N Cl
R==C¢Hjy 62 177-  CyHgoNOCl 592 50 345 87 595 53 36 84
179°
R==3,4-C¢H;(OCHj;) 56 159- C,H NOCl 567 52 30 76 565 54 33 79
161°
R=3,4-C;H;(0,CH,) 56 248- C,;H;oNO,Cl 560 47 3-1 79 564 42 34 76
250°
R=CO,C,;H; 26 141- C,;H,;NO,Cl 508 50 3-5 88 505 45 41 92
143°
R=COCH, 47 155- C,HisNO.Cl 517 49 3-8 9.5 520 47 40 985
157°

*Based on methiodide of ethyl isoquinoline-3-carboxylate
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Table 2. Spectral data of products from the alkylation of 6
NMR-ppm
CH, CH; CH. CH;, IR uv
C—H s Ns ¢ t Misc. Venax €M1 Amax NM
R=C¢H; 968 472 466 468 142 1785(C=0) 237(62,000)
1735 282(7,150)
1635 (C=N+*) 342(8,250)
R=34-C;aH,(OCH,;), 974 466 4:66 468 1-48 1745 (aroms) 237 (41,800)
3945 (OCHo) 1635 (C=N*) 344(7,200)
R=34-CgH,(O,CH;) 970 474 468 470 1-50 1780 (C=0) 238(51,200)
5965 (OCH,O) 1735
1630 (C=N+) 344(7,900)
R=COOC;H; 924 494 468 442 134 4-82q(CH,) 240 (61,300)
1-60t (CHy) 1740 (C=0) 280(4,150)
1635 (C=N"*) 343 (10,000)
R=COCH;, 972 474 466 468 1-56 260 1730 (C=0) 242(45,300)
(COCHy) 1635 (C=N*) 345 (8,600)

s = singlet; t = triplet; q = quartet; m = multiplet.

gave the required 10a (0-92g; 83%) m.p. 87°; NMR
(CDCI;) ppm, 7-1 complex [4] (aromatics) 3-9 complex
[4] (—OCH,CH;0—) 4:2-2:0 complex [9] (aliphatics).
(Found: C, 72-8; H, 7-6; N, 6-2. C,,H,,NO, requires: C,
72-7;H,7-4; N, 6:1%.)

Dehydrogenation of ketal (10a). A soln of the ketal
(500 mg) and anhyd NaOAc (200 mg) in EtOH (20 ml)
was heated on a steam-bath, while I, (1-0g), as a soln in
EtOH, was slowly added. On cooling, the soln was satur-
ated with SO, to remove excess I, and then concentrated
to low bulk. Water (100 ml) was added, and the mixture
was extracted with chloroform (3 X 20 ml). After drying
and evaporation of the solvent, the combined extracts
gave a yellow solid (220 mg) which was recrystallised
from EtOH m.p. 205-210°% vye, cm~! 1640 (C=N+) 1615
(C==C); Apnaxy nm 235, 342.

N-(B8-Cyanoethyl)-3,4-methylenedioxyphenylalanine.
3,4-Methylenedioxyphenylalanine (3-65 g) was suspended
in water (15 ml) and NaOH (0-70 g) added; the mixture
was then vigorously stirred until complete soln was at-
tained. Acrylonitrile (1-15 ml) was introduced, maintain-
ing the temp below 20°. The soln was left stirring over-
night at room temp, and then heated on a steam-bath for
2 hr. After cooling, the soln was neutralised to pH 7 with
2N HCIL. The resultant solid was collected and recrystal-
lised from water, giving the nitrile as white needles (3-76
8; 82%) m.p. 233-234°; vy cm™* 3200-2400 (NH,*) 2250
(C=N) 1585 (CO,"); NMR (CF;COOH) ppm, 6-9 com-
plex [3] (aromatics) 6-00 singlet [2] (—OCH,0—) 4-05
multiplet [1] (—CH,CH—) 2:8-3-9 complex [6] (3x—
CH,—). (Found: C, 59-75; H, 5-5; N, 10-7. C;;H4,N,O,
requires: C, 59-5; H, 5-4; N, 10-7%.)

N-(8-Carbethoxyethyl)-3,4-methylenedioxyphenylalan-
ine, ethyl ester. N-(8-cyanoethyl)-3,4-methylenedioxy-
phenylalanine (2-94g), dissolved in EtOH (120 ml) and
conc H,SO, (10 ml), was heated under reflux for 40 hr.
After concentration in vacuo to approx 30 ml, ice-water
was added and the soln was made alkaline with ammonia.
The mixture was extracted with ether (3 X 25 ml) and the

extracts dried. Evaporation of the solvent gave a pale-
yellow oil (3-11g; 82%); vmax cm™! 3360 (N—H) 1730
(C=0); NMR (CDCl,) ppm, 6:7 complex [3] (aromatics)
5-90 singlet [2] (—OCH,0—) 4:12 quartet [4] J=7Hz
(2x—OCH ,CHj) 34 multiplet [1] (—CH,;CHCO—) 2-1-
3-0 complex [6] (3x—CH,—) 1-96 singlet [1] (—NH—,
disappears on deuteration) 1-22/1-18 two triplets [6] J =
7 Hz 2x—OCH,CHy;).

Ethyl 2-(B8-carbethoxyethyl)-6,7-methylenedioxy-1,2,3,
4-tetrahydroisoquinoline-3-carboxylate. The previously
described diester (3-1g) was suspended in water (20 ml)
and conc HCI (1-0 ml) was added. Complete soln was ob-
tained by vigorous shaking, and the pH was then adjusted
to 4 with NaOHaq. After addition of formalin (9-0 ml;
37%), the soln was left at 32° for 72 hr. Then a further
portion of conc HCI (0-70 ml) was added, and the mixture
was heated on a steam-bath for 4 hr. After cooling, the
aqueous soln was extracted with ether, and then made
basic with ammonia. Extraction with ether and evapora-
tion gave a yellow oil (2-28 g; 71%); Vmax cm™! 1735 (C=
0); Apax nm 293; NMR (CDCl;) ppm, 6-52/6-48 two sing-
lets [2] (Cs—H, Cq—H) 5-86 singlet [2] (—OCH,0—)
4-12 quartet [4] J =7 Hz 2x—OCH,CHj) 3-6-3-9 com-
plex [3] (ArCH,N<, —CH,CH<) 3-0 complex [4]
(ArCH,CH—, —CH,CH,CO—) 256 triplet [2] J =7
Hz (>NCH,CH,—) 1-22/1-20 two triplets [6] J=7Hz
(2x—OCH,CH,).

1,2,3,4,5,10,10a-Hexahydro-7,8-methylenedioxypyrrolo-
[1,2-blisoquinoline-1-one (9b). Na (80 mg) was added to
“super-dry”’ EtOH (20 ml). When the reaction had ceased,
dry benzene (100 ml) was introduced and the mixture
heated on a steam-bath, After removal of the solvents,
the ester (6g) (from the previous reaction) in dry ben-
zene (50 ml) was added and the mixture evaporated to
dryness over a period of 3 hr. HCI (20% 150 ml) was then
introduced and the soln heated to 100° for a further 3 hr.
After cooling and extraction with ether, the soln was
basified with Na,CO;. Re-extraction with CH,Cl, and
evaporation of the dried extracts afforded a pale yellow



solid (3-65g, 92%); m.p. 176-178° (MeOH); vy cm~’,
1750 (C=0); Apes 294 nm; NMR (CDCL;) ppm, 6 64,
656 two smglets [2] (aromatlcs) 59 smglet [2]
(—OCH,0—) 4-0 multiplet {1] (—CH,CHCO—), 4-5
multiplet [2] (Ar.CH,N) 2-2-3-0 complex [6] (3x CH ;).
This materiai rapidiy darkened on standing and was
characterized via its derivatives:

The ketone (1-09 g) was dissolved in aqueous EtOH
(20 ml) and NaBH. (1-0g) added in portions over 3 hr.
Extraction with chloroform (3 X 25 mli) gave, after remov-
al of the solvent, a colourless residue (0-91g) which
crystalhzed from EtOH to produce needles of 9b m.p.

100 10N0. —f AN FNNYTL ) A LA 20NN
183-190°; Apax %, 3200 (OH); Apax (€} i, 252 (4, SUG).

(Found: C 66-95; H, 6:45; N, 6-1, C,sH,;NO; requires:
C,66'9; H,6°5; N, 6-0%.)

Ketalisation of 9b. The ketone (7-6 g) was dissolved in
dry benzene (250 mi), together with ethylene glycol (10
ml) and p-toluenesulphonic acid (7-6 g). The mixture was
then heated under a Dean and Stark trap, until free

from watar Aftar nonline tha onln was washad firetly
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with Na,COsaq and then with water. The benzene soln
was then dried and evaporated to give a pale yellow oil
(2-08 g).

The crude ketal (0-2 g) was purified by eluting through a
column of alumina (30 g) with 1:3 chloroform-benzene as
solvent. The resuitant oil then slowly crystallised to give
buff-coloured plates m.p. 97-98% A .., (€} nm, 293 (5,200);

VIE-COI0UICE PSS 1L A8 M, P32,

NMR (CDCI:,) ppm, 6- 60/6 -52 two smglets [2] (aromatlcs)
5-88 singlet [2] (—OCH,0—) 39 complex [4] (—OCH -
CH,0—) 1-8-3-5 complex [9] (aliphatics). (Found: C,
64-5; H, 6:0; N, 4-95. C;H/NO, requires: C, 65-4; H,
62;N,51%.)

The methiodide of the above ketal (10b) was prepared
as buff-coloured blades (EtOH), m.p. 262-263°; A .. (€)
nm, 293 (5,150). (Found: C, 46:3; H, 5:0; N, 3-3; I, 30-8.
C16H20NO,I requires: C,46-1; H, 4-8; N, 3:4; 1, 30-4%.)

Dehydrogenanon of the ketal (10b). The ketal (l 8g)
was uenyarogenateu as prevmusny‘ described for %a to
yield brown prisms (1:37g; 32%) which recrystallised
from EtOH to give 11b as dark brown needles m.p. 212~
213° (dec); vmax cm* 1620 (C=N*); Apax (6 nm 260
(99,000); NMR (DMSO) ppm, 9-8 singlet (1] (C,—H),
8:3 singlet [1] (C,—H), 7-85, 7-76 two singlets [2 X 1]
(Cs—H, Co—H), 6+4 singlet [2] (OCH,0), 5-0 triplet J =

AL N I+\If‘l.l\ 4.2 complex 4 (OCH CH O, 2-8

Sig (4] INVUIig) 52 COMPCR (5] (Uudigpuiagy),

triplet J = 4H, [2] (CH,C). (Found: C, 28-1; H, 2-3; N,
2-3; I, 58:0. CysH,NO,I; requires: C, 27-8; H, 2:2; N,
2-15;1,58-2%.)

On repetition of the above experiment using smaller
amounts of I, and shorter reaction times (3 hr), a further
periodide salt was isolated in similar yields (15-25%)
which proved to be 13 ag brown needles m.p. 170-171°
(dec) (EtOH/acetone); vpay cm! 1650 (C=N*); Apnax (€)
nm 255 (19,900) 295 (21,700) 370 (20,300). (Found: C,
27-7; H, 2-6; N, 2.0; I, 58-4. C;;H,(NO,I; requires: C,
27-5;H,2-5; N, 2-1; 1, 582%.)

Ethyl N-carbethoxymethyl-B-aminopropionate. N-8-
cyanoethylglycine (82-4g) was heated under reflux for
36 hr with a mixture of conc H,SO, (100 mi) and EtOH
(11). The soln was concentrated in vacuo to 200 ml and
ice-water added. After basification with ammonia, the
mixture was extracted with ether (3 X 50 ml). After being

wachad with watar and driad tha coamhbinad atharal aw
wasach wilnh watllr and arnceq, o Comoinda enerar €xX-

tracts gave a colourless oil (90-4 g; 68%); vpaxcm™' 3380
(N—H) 1735 (C==0); NMR (CCl,) ppm, 4-24/4-18 two
quartets (4] J=7Hz 2x—0OCH,CH;) 3-32 singlet [2]
(—NHCH,CO) 2-3-3-1 compiex [4] (NHCH,CH,—) 208
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singlet [1] (—NH, disappears on deuteration) 1-34 triplet
[6]J = 7THz(—OCH,CH,).

Ethyl N-carbethoxy-N-carbethoxymethyl-8-aminopro-
prionate. The diester (90-4 g) described in the previous
experiment was cooled to 10° and ethyl chloroformate
(60-0 g) siowly added. The mixiure was aliowed to warm
to room temp and left for 1 hr. NaCO; (25-0g) in water
(90 ml) was then added, and the mixture heated on a
steam-bath for $ hr. On cooling, ether (200 ml) was added
and the etheral layer washed with 2N HCI1 (2 X 200 ml),
and then water. On drying and evaporation a colourless
oil was obtained (106-8 g; 88%); vpa, cm™! 1740 (C=0)
1700 (NC=0).

1,4-Dicarbethoxypyrrolidin-3-one. The triester (106-8
g) described above, in benzene (100 ml) was slowly added
to a heated soln of NaOEt (from Na 18-0g) in benzene
(300 ml), while the solvent was allowed to distil slowly
from the reaction vessel. After all the triester had been

added (about 3 hr) the heating was continued for a further
2 hr, until liberation of the EtOH nroduced in the reaction

3, QT2 AOCTANON O L1 U T procucec I L Icatidt

was complete. On cooling, AcOH (100 ml) was added and
the organic phase washed with water. The benzene layer
gave a yellow oil (80-2g; 90%); vpccm™ 1770, 1700
(C==0) after evaporation.

1-Carbethoxypyrrolidin-3-one. The B-ketoester (80-2g)
from the previous reaction was heated under reflux for
8 hr with AcOH (75-6 g) in water (600 ml). On cooling, the
soln was made basic with 2N NaOH, and extracted with
CH,Cl, (5% 50ml). Evaporation of the organic extracts
gave 1-carbethoxypyrrolidin-3-one as a pale yellow oil
(489 g; 89%); vmax cm™F 1760 (C=0) 1700 (NC==0);
NMR (CCl,) ppm, 4-14 quartet [2] J= 7 Hz (—OCH,-
CH,;) 3-80 triplet [2] J=7 Hz (—CH,CH,CO—) 3-70
singlet [2] (—NHCH,CQ) 256 triplet [2] J=7Hz
(—CH.CH,NH—) 1-26 triplet {3} J =7 Hz (—OCH,-
CH,).

7-Carbethoxy-1,4-dioxa-T-azaspiro[4,4)nonane. 7-Car-
bethoxy-pyrrolidin-3-one {48-9g), p-toluenesulphonyl
chloride (1-0g) and ethylene glycol (20 ml) were heated
together under reflux in benzene (300 mi) for 6 hr, with a
Dean-Stark adaptor fitted to trap the water produced. The
soln was then washed with Na,COsaq, and water. On dry-
ing and evaporating the benzene, a pale yellow oil (47-5 g;
76%); Vmaxcm™! 1700 (C=0); NMR (CCl) ppm, 4-24

aguastat M1 FT— Tl (__ N NLT Y 2,90 ¢rviealad 191 7.2 Q
quarct j4) v FOZ \TUN T 3] SOV UTIDICL j2j b =6

Hz (—COH,CH,) 3-70 singlet [2] (—NCH,CO—) 2-56
triplet [2] J = 8 Hz (—NCH,CH,~) 1-26 triplet [3] J =
7 Hz (—OCH,CH,), was formed, which was used for the
next stage without further purification.
1,4-Dioxa-T7-azaspiro [4,4] nonane. The amide (47-5 g)
was heated overnight under reflux with KOH (37-5 g) in

water (180 ml). After cooling, the mixture was extracted

Y 18V my) RICT COONRE, 1NC MIXIUIC Was €xiracicc

with CH2CI2 (4 X 40 ml), and, after drying and evaporation
of the solvent, the combined extracts gave a pale yellow
oil. Vacuum distillation afforded a colourless oil (23-2g;
76%) b.p.iz 90-95° (Lit. ¥b.p.os 53%; vmexem™' 3350
(N—H); NMR (CCL,) ppm, 3-84 singlet [4] (—OCH,CH,-
O—) 294 triplet [2] J=7Hz (—NHCH,CH,—) 2-74
singlet [2}] (—CCH,NH—) 1-88 singlet (1] (—NH, dis-
appears on deuteration) 1-82 triplet [2] J=7Hz
(—CCH,CH,—).

7- (o-Carbomethoxybenzoyl) 1 4—dtoxa-7 azaspzro [4 4]-

nonane. 1,4-Dioxa-7 a.Ln.apuu l-r,‘fj nonane \AJ 45) and
K.COj, (13-5 g) were stored at 0° in water (300 mi) while
methyl o-chloroformylbenzoate (36-0g) in acetone (120
ml) was added dropwise over a period of 5 min. The soln
was left overnight at room temp, and then extracted with
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ether (3X50ml). The combined ether extracts were
washed with 2N HCI, and water. After drying, the solvent
was evaporated to yield a pale yellow oil (42-9g; 82%);
Vimax €M~ 1720 (C==0) 1635 (>NC=0).

N-(o-Carbomethoxybenzoyl)pyrrolidin-3-one. The pre-
ceeding ketal (14-5 g) and oxalic acid (12-6 g) were heated
overnight under reflux in EtOH (100 ml) and water (200
ml). The soln was extracted with chloroform (3 X 50 ml),
and the combined organic layers were washed with
NaHCOsaq and then watet. On drying and evaporation, a
colourless oil (8-72 g; 71%) remained which slowly cry-
stallised on standing to give the required ketone m.p.
95-97° (lit."* m.p. 97-98°).

2,3-Dihydro-10-hydroxypyrrolo[1,2-b)isoquinolin-1,5-
dione. The previously obtained ester (3:0g) was heated
under reflux in diphenylether (50 ml) for 20 min. On cool-
ing, the soln was extracted with dilute NaOHaq (3 X 20
ml), and the combined aqueous layers were acidified.

The resultant green solid was collected, and recrystal-
lised from EtOH to give 14 (1-96g; 79%) m.p. 172-173°
(Lit."* m.p. 175-176°) vpax cm™? 3600-3200 (O—H) 1695
(C=0) 1625 (>NC=0); Apax (€¢) nm 217 (28,200) 260
(6,100) 356 (6,800); NMR (CDCl;) ppm, 8-6-7-5 complex
[4] (aromatics) 4-38 triplet (2] J = 8 Hz (—COCH,CH,—
2-92 triplet [2] J =8 Hz (—CH,CH;N<). (Found: C,
66-4; H, 4-4; N, 63, Calc. for C,;H)NOs: C, 67:0; H, 4-2;
N, 6:5%.)

Attempted reactions of 2,3-dihydro-10-hydroxypyrrolo-
[1,2-blisoquinolin-1,5-dione.

(i) The ketone (1-0 g) and p-toluenesulphonic acid (20
mg) was heated under reflux in benzene (50 ml) for 6 hr
with ethylene glycol (5 ml). The mixture was cooled, and
extracted with 2N NaOH (2 X 20 ml). Acidification of the
combined aqueous layers gave unchanged starting mater-
ial (0-94 g).

(ii) The ketone (1-0g) was heated on a steam-bath for
6 hr with Ac,O (or benzoy! chloride) (10 ml). On cooling,
water (100 ml) was carefully added and the resultant solid
collected, and recrystallised from EtOH to yield starting
material (0-82 g).

(iif) The ketone (1-0 g) was heated on a steam-bath with
acetyl chloride (2 ml) in pyridine (10 ml) for 6 hr. The
mixture was poured into water, and acidified with 2N
HCl to give starting material (0-98 g).

(iv) The ketone (1-0g) was heated under reflux with
LAH (1-0g) for 6 hr in THF (50 ml). On cooling, satur-
ated sodium potassium tartrate soln (20 ml) was carefully
added, and the resultant clear soln decanted. The THF
was removed in vacuo, benzene (30 ml) added, and the
soln was extracted with 2N NaOH (2 x 20 ml). Acidifica-
tion with HCl gave starting material (0-92 g).

7-(0-Hydroxymethylbenzoyl)-1,4-dioxa-7-azaspiro[4,4}-
nonane. A mixture of the ester (5-0 g) and NaBH, (5-0g)
were stirred overnight at room temp in EtOH (150 ml).
Water (500 ml) was added and the soln extracted with
chloroform (3 X 50 ml). After drying and evaporation of
the solvent, a colourless oil (2-80 g; 62%) was obtained,
which was used in the next stage without further purifica-
tion; vma, cm~1 3420 (O—H) 1615 (C=0).

7-(0-Formylbenzoyl)-1,4-dioxa-7-azaspiro[4,4]lnonane.
A mixture of the crude alcohol (2-80g) and freshly pre-
pared MnQ; (15-0 g) in EtOH-free chloroform (150 g) was
stirred overnight at room temp. The MnO, was removed
by filtration and the solvent evaporated from the filtrate to
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yield a colourless oil (1-88g; 68%); vgmaxcm™ 1705
(CH=0) 1620 (>NC=0).

2,3-Dihydropyrrolo[1,2-blisoquinolin-1,5-dione  (15).
The above aldehyde (1-88 g) was dissolved in conc H,SO,
(20 ml), and the soln left overnight. The mixture was then
poured onto ice-water, and the aqueous phase was ex-
tracted with chloroform (3 X 20 mi). On drying and eva-
poration of the solvent, a yellow solid (0-80g; 56%) re-
mained which recrystallised from EtOH to give pale-
yellow plates m.p. 189-191° (lit.* m.p. 191-192%); vpax
cm™! 1730 (C=0) 1650 (>NC=0); Apax (€) nm 250
(9,600) 335 (14,400); NMR (CDCls) ppm, 8-4 multiplet
[1] (C¢—H)7-7 complex [3] (aromatics) 7-12 singlet [1]
(Cio—H) 4-32 triplet [2] J = 6 Hz (—COCH,CH,—)2-88
triplet [2] J = 7 Hz (—CH,CH,—N<). (Found: C, 72-4;
H, 4:7; N, 7-2. Calc. for C,;H,NO,: C, 72:35; H, 4-55; N,
70%.)

Ketalisation of 2,3-dihydropyrrolo[1,2-blisoquinolin-
1,5-dione. A soln of the ketone (0-20g), p-toluenesul-
phonic acid (0-10g) and ethylene glycol (5-0ml) were
heated under reflux in dry benzene (100 ml) under a Dean
and Stark trap. When no more water could be removed,
the mixture was cooled, and washed with sat Na,COjaq
and water. Evaporation of the benzene yielded a pale-
yellow oil, which was eluted through a column of alumina
(30 g) with 1:1 benzene-chloroform mixture. This gave
the ketal as a pale yellow oil (0-21 g; 86%) which slowly
recrystallised to buff-coloured platelets m.p. 35-38°
Vmax €M™ 1660, 1630, 1600 (>NC=0); Ap.x (€) nm,
226 (17,800) 249 (7,300) 291 (9,500) 325 (4,800) 338sh
(3,500); NMR (CDCly) ppm, 8-5 multiplet [2] (Cs—H)
7-6 complex [3] (aromatics) 6-62 singlet [1] (C,,—H) 4:2
complex [6] (—OCH,CH,0—, —NCH,CH,—) 2-38
triplet [2] J =7 Hz (—CCH,CH,). (Found: C, 69:1; H,
5-2; N, 5-7. C;4H;3sNO; requires: C, 69-1; H, 5-4; N,
5-8%.)

Reduction of the above ketal. The ketal (250 mg) was
dissolved in THF (150 ml) and LAH (0-50 g) was added.
The suspension was heated for 2 hr and, after cooling, the
excess LAH was destroyed with sat sodium potassium
tartrate soln. The THF soln was decanted off and eva-
porated to low bulk in vacuo. The residue was dissolved
in water (50 ml) and extracted with CH,Cl, (3 X 25 ml).
After drying and evaporation, the combined extracts
yielded the amine 17 as an off-white solid (186 mg; 79%),
which recrystallised from EtOH as white needles m.p.
112-116°; oy cm~! 1645 (C=C); A pnax (€) nm, 238 (6,300)
334 (6,900); (Found: C, 73-2; H, 6:7; N, 6-1. C,;HsNO,
requires: C, 73-4; H, 6:6; N, 6:1%.)

N-(B-Carbethoxyethylisocarbostyril-3-carboxylic acid
(19a).

(a) Isocoumarin-3-carboxylic acid (0-2g) was heated
under reflux in EtOH (50 ml) for 6 hr, during which time
ethyl B-aminopropionate (5 ml) was slowly added. The
heating was continued for a further 10 hr, and the soln
then concentrated to low bulk. Benzene (50 ml) was added
and the soln extracted with sat Na,CQjzaq (3 X 30 ml).
After washing with benzene, the combined aqueous ex-
tracts were made acid with HCI and extracted with chloro-
form (3 X 30 ml). After drying and evaporation, the chloro-
form soln gave a white ppt (0-21 g; 69%). Recrystallisation
from benzene gave the isocarbostyril as white needles
m.p. 112-113°; yp,, cm™! 3300-2500 (O—H) 1725 (C=0)
1630 (CON<); Ayax (€) nm, 225 sh (14,800) 301 (7,800)
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325 sh (6,000); (Found: C, 62-2; H, 5-2; N, 4-9. C,;sH,s
NO; requires: C, 62-3; H, 5-2; N, 4-8%.)

(b) Isocoumarin-3-carboxylic acid (7-75g) in EtOH
(100 ml) was stood for 7 days at room temp with ethyl
B-aminopropionate (25g). The EtOH was removed in
vacuo, benzene (100 ml) added and the soln extracted
with sat Na,COsaq (3 X 50ml). The combined aqueous
extracts  were washed with benzene and then acidified
with dilute HCl. Extraction with chloroform (3 X 50 ml)
and evaporation of the solvent gave 2-g-carbethoxyethyl-
isocarbostyril-3-carboxylic acid (10-7 g; 91%.)

Ethyl N-(B-carbethoxyethyl) isocarbostyril-3-carboxy-
late (19b). The acid (2-46 g) was heated under reflux for
18 hr with conc HCI acid (30 ml) in EtOH (250 ml). The
soln was reduced to 50 ml in vacuo and ice-water added.
After basification with ammonia, the soln was extracted
with CH,Cl, (3x30ml). The extracts were dried and
evaporated to a yellow oil (2:25g; 83%); vmaxcm™ 1725
(CO.Et) 1660 (CON<); NMR (CDCIl;) ppm, 8:4 multi-
plet [1] (Cs—H) 7-4-7-8 complex [3] (aromatics) 7-22
singlet [1] (C,—H) 4-0-4-7 complex [6] 2x—OCHCHj,
—CH,;CH,CO—) 294 triplet [2]) J=7Hz (>NCH,-
CH,—) 1-42/1-22 two triplets [6) J =7 Hz 2x—OCH,-
CH,).

Ethyl 1,5-dioxa-2,3-dikydropyrrolo[1,2-blisoquinoline-
2-carboxylate. A soln of NaOEt, made in situ from Na
(0-4 g), was heated under reflux in benzene (250 ml) and
EtOH (20 ml), while a benzene soln of ethyl N-(8-car-
bethoxyethyl)isocarbostyril-3-carboxylate (2-8g) was
added dropwise. The azeotropic benzene-ethanol mix-
ture was allowed to distill slowly from the mixture. When
all the EtOH had been removed, the soln was cooled and
extracted with 2N NaOH (3 X 30 ml). After washing with
benzene the aqueous extracts were acidified with HCl and
the resulting ppt extracted with CH,Cl,. On drying and
evaporation, a brown solid (1-85 g; 77%) resulted which
afforded the B-ketoester on recrystallisation from EtOH
as pale brown plates m.p. 166-169°; v, cm™ 1730, 1710
(C=0) 1660 (CON<); Amax (€) nm, 249 (11,500) 254
(12,700) 261 sh (10,100) 329 (19,200) 345 (20,300) 355
(17,000). (Found: C, 67-4; H, 4-8; N, 5-5. C;;H;NO, re-
quires: C, 66-4; H,4-8; N, 5-2%.)

2,3-Dihydropyrrolo [1.2-b] isoquinolin-1,5-dione (15). A
soln of the B-ketoester (1-85g) in EtOH (100 ml) was
heated under reflux with 6N HCI (100 ml) for 3 hr. The
EtOH was evaporated in vacuo, and the aqueous soln
was extracted with chloroform (3 X 50 ml). After drying
and evaporation of the combined extracts, the residue was
recrystallised from EtOH to give the required ketone as
pale-yeliow plates (1-26 g; 93%) m.p. 189-191° (Lit.** m.p.
191-192°). This material was identical in all respects (m.p.
mixed m.p., IR, UV, NMR) with authentic 2,3-dihydro-
pyrrolo[1,2-blisoquinolin-1,5-dione as prepared by the
previous method.

Attempted reaction of amine (17) The amine (1-0 g),
stirring under N,, was heated under reflux with pyruvic
aldehyde (10 ml) in EtOH (50 ml) while 6N HCI (10 ml)
was added dropwise. The heating was then continued for
3 hr. The EtOH was removed in vacuo, and the aqueous
soln was washed with ether (3 X20ml). The aqueous
phase was then evaporated to dryness in vacuo, until all
excess HCI had been removed. The residue was taken up
in EtOH (10 ml), and perchloric acid (1-0 ml) added. The
resultant solid was collected and recrystallised to give the
quaternary salt (11a) as buff coloured needles (540 mg;
38%) m.p. 222-224°% ypy,.cm™ 1635 (C=N*); NMR

219

(CD3;SOCD;) ppm, 10-00 singlet [1] (Cs—H) 8-74 singlet
1] (Cio—H) 8:6-8-0 complex [4] (aromatics) 5-06 triplet
[2]J =7Hz (—CH,CH,—N") 4-3 complex [4] (—OCH -
CH,0-—) 2-80 triplet [2] J=7Hz (—CCH,CH;—).
(Found C, 51-6; H, 4:5; N, 4:3; Cl, 11-0. C,;H,,;NO:Cl
requires: C, 51:3; H, 4-3; N, 4-3; C1, 10-8%.)

Anhydride (20). 4—Carbethoxy1socoumann 3-carboxy—
lic acid (0-50 g) was heated under reflux with EtOH (20 ml)
for 18hr, ethyl g8-aminopropionate (5 ml) being added
very slowly over the first 6 hr, The EtOH was removed in
vacuo, benzene (50 ml) added and the soln was extracted
with sat Na,COsaq (3 X 20 ml). After being washed with
benzene, the combined aqueous extracts were acidified
with dil HCI and then extracted with chloroform (3 X 30
ml). Drying and evaporation of the chloroform gave a
pale-yellow oil. The product was heated with a small
volume of benzene, whereupon the yellow colour in-
tensified, and upon cooling the anhydride was deposited
as yellow needles (0-30 g; 50%) m.p. 151-153°; vy, cm™
1860, 1800, 1735, 1670 (C=0); Apax (€) nm, 214 (36,700)
299 (11,200). (Found: C, 60-7; H, 4-1; N, 4-6. C;sH;3NOq
requires: C, 60-95; H, 4:3; N, 4-4%.)

Diethyl 2-(B-carbethoxyethyl) isocarbostyril-3,4-dicar-
boxylate (21). The anhydride (1-5g) was dissolved in
EtOH (250 ml) and the soln heated under reflux with conc
H,SO, (30 ml) for 72 hr. The soln was concentrated to low
bulk, the residue dissolved in benzene, and the soln
washed with sat Na,COsaq and water. Evaporation of the
benzene solution gave a pale-yellow oil (1-54g; 84%)
which was used in the next stage without further purifica-
tion.

Diethyl 1,5-dioxo-2,3-dihydropyrrolo [1,2-b) isoquino-
line-2,10-dicarboxylate (22). A soln of 21'(1-33g) and
NaOEt (from 0-16 g Na) in dry benzene (200 ml) were
heated under reflux for 6 hr during which the azeotropic
mixture of benzene and EtOH was slowly distilled. On
cooling, the mixture was extracted with 2N NaOH (3 X 50
mi), washed with benzene, and the aqueous extracts ren-
dered acid with 2N HCI. After chloroform extraction
and drying, a white semi-solid (0-37 g; 32%) resulted on
evaporation. Recrystallisation from EtOH gave the -
ketoester as white platelets m.p. 196-198°; v, cm™ 3260
(O—H) 1735, 1720 (C=0) 1665 (CON<); Ay (€) nm,
214 (25,600) 256 sh (8,500) 332 sh (14,900) 347 (16,600)
356 (14,000); NMR (CDCl;) ppm, 9-2 broad absorption
[1]1 (—OH, disappears on deuteration) 8-4 multiplet [1]
(Cs—H) 7-8-7-4 complex [3] (aromatics) 4-68 singlet [2]
(—C—CH,—N<) 4-46/4-34 two quartets [4] J=THz
(—OCH,CH;) 1-46/1-38 two triplets [6] J=7Hz
(—OCH.CHj,). (Found: C, 63-0; H, 5-1; N, 3-95.
C,sH,;;NOgrequires: C,63-0; H, 5-0; N, 4:1%.)
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