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Abstract

1,3-Dipolar cycloaddition of 3,4-dihydro-6,7-dimethoxyisoquinoline-N-methoxycarbonyl methylide to Schiff
bases results in the imidazo[2,1-alisoquinolines as single racemates. The cycloadducts obtained are exo isomers,
with one exception. The only compound with endo structure isomerized via cycloreversion followed by
cycloaddition to the thermodynamically stable exo isomer. Structural assignment of the products was achieved by
comprehensive two-dimensional NMR methods. Both the exo and endo isomers exist in a trans == cis-1 ===
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cis-2 conformational t:q‘uummjm © 1999 Elsevier Science Lid. All rights reserved.
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Introduction
Previously we reported the 1,3-cycloaddition of azomethine ylide 2 obtained from the
quaternary  isoquinoline  salt 1  (N-methoxycarbonylmethyl-3,4-dihydro-6,7-dimethoxy-
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isoquinolinium bromide) under basic conditions with olefins, where generally endo cycloadducts

were formed [1-3]. Another study showed that ylide 2 formed with 3,4-dihydro-6,7-dimethoxy-
isoquinolines a dimer with endo structure [4]. Further reactions of 2 with Schiff bases resulted in
imidazo[2,1-alisoquinolines. When the substituent R was methyl, only the pure exo isomer could

1L 1IN ao Liillyl, wild ule I111C LI

hoe Adatertad hnt whon a

nhon
Uw Uvivvivil, Uul vwilvii Pll\all

o

exo-endo isomeric mixture was formed [5].
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ivity, we have employed as
Schiff bases, synthesized from [-aralkylamines or methylamine and various aromatic aldehydes.
Considering the low energy barrier of the nitrogen inversion in Schiff bases, the E arrangement of
the R and Ar groups should be preferred.

The reaction of the Schiff bases 3-10 with ylide 2 gave cycloadducts 12-19 (Scheme 1), each as
a single racemate. When N-furfurylidenetryptamine (11) was used as dipolarophile, also a single
product (21) was obtained, but with different relative configuration in the imidazole ring. Taking
into account the concerted mechanism of the cycloaddition (see the transition state in Scheme 1),

the appearance of two types of products is unexnected and needs detailed explanation. The
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methods. Characteristic ‘H and *C NMR data are collected in Table 1
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Schiff Cyclo- R Ar
base adduct
3 12 Me 2-furyl
4 13 3,4-(Me0),CsH3-CH,CH; Ph
5 14 3 4-(M€O,2 e _3-CH2CH_" 2-f L‘yl
6 15 3-indolyl- CH,CH, Ph
7 16 3-indolyl- CH,CH; 3,4-(OCH,0)CgH3
8 17 3-indolyl- CH,CH;, 3,4,5-(Me0);C¢H,
9 18 3-indolyl- CH,CH, 2-thienyl
10 19 3-indolyl- CH;CH, N-methyl-2-pyrrolyl-
11 20,21 3-indolyl- CH,CH, 2-furyl

Scheme 1
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For sake of clarity only one enantiomer with H-10b in the o position is shown. Considering the
1

‘ . . il 1
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U
imidazoline ring opposite to H-2, so that the product should have H-10b a, H-2B, H-3B
configuration, and similarly, the exo-type cycloadduct should have a,o, configuration.

Table 1.
Characteristic chemical shifts [ppm] and coupling constants [Hz] for compounds 12-21

Compound 8H-2 8H-3 OSH-10b Jomsw 8C2 8C3  8C-6 SC-10b

12 3.80 3.90 434 7.2 64.9 69.5 27.4 81.7
13 4.13 3.56 4.94 7.5 71.4 71.8 24.8 80.2
14 4.24 3.70 4.82 1.4 64.0 68.5 25.3 80.0
15 4.20 3.60 5.00 8.0 71.6 71.6 24.5 80.0
16 4.11 3.53 4.96 7.9 71.2 71.8 24.8 79.8
17 4.18 3.70 5.06 7.8 71.0 72.4 24.7 80.8
18 4.53 3.65 4.98 7.5 66.7 72.0 24.2 80.1
19 4.36 3.70 4.95 8.0 64.5 69.2 25.1 79.6
20 4.34 3.86 4.92 7.2 63.8 68.5 253 79.6
21 4.50 430 5.04 6.8 585 66.4 244 78.7

Due to pyramidal inversion at N-4 bridgehead junction of the B/C rings analogously to the
pyrrolo[2,1-alisoquinolines discussed previously [3], the existence of a trans === cis-1 —= cis-2
type conformational equilibrium should also be expected in solution ( ¢f. Scheme 2a and 2b). It
emerges from the Schemes that only in the exo isomers are H-10b and H-2 in proximity. In fact on
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ireadiats H and 16. an intensity enhancement could be observed on the H
irradiation of the H-2 signal of 15 and 16, an int nsity ennancement couid b€ ooservea on tne n-

E

10b signal indicating the steric proximity of the respective protons. Irradiating on the H-10b signal
corroborated this arrangement. Thus from the NOE data it can be concluded that the H-2 and H-
10b protons are situated on the same side of the imidazole ring, i.e. the cycloaddition results in

products withan ¢
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Scheme 2a. Conformational equilibrium of the exo compounds



Scheme 2b. Conformational equilibrium of the endo compounds

When -fuxfuryhdenetryp e (11) was applied as dipolarophile, the NMR spectra of the

nces from thneca nf coomnnninde 12=19. H.? and .2
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wifield, while C(2) and N(1)-CHj signals had an upfieid shift compared to
the adducts with exo configuration. In the case of compound 21 the 1D NOE experiment detected
the steric proximity of the H-2 and H-3 protons, while the intensity enhancement was negligible at
the H-10b signal irradiating the H-2 signal. However, the NOE contact between H-10b and H-3"

oisiial. 11

of the furyl moiety unambigously proves the o, configuration and hence the endo structure of
compound 21. This means that a small modification of the structure of the Schiff base resulted in
different configuration of cycloadducts.

An interesting time dependence of the NMR spectra of 21 in CDCl; solutio observed,
with slow appearance of a set of new signals which could be assigned to an isomeric compound

(20) of the exo series. After a week, transformation to 20 was complete at room temperature.
Compound 20 was also prepared from 21 by boiling in chloroform-d for 24 hours. The 20-21
isomeric pair was the subject of a detailed NMR study, where the 1D NOE results were compared
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HMQC and HMBC spectra of these compounds were recorded. The resuits of these experiments
are summarized in Table 2. The 2D NOESY spectrum also corroborated the exo configuration of
compound 20.

Comparing the NMR data of the exo compound: ) with those ompound 21,
emerges that the Jy.» 4.3 coupling constants differ significantly. In the case of the compounds with
an exo configuration (12-20) these values are 7.2-8.0 Hz (which correspond to 0-20° dihedral
angle according to the modified Karplus equation [7]), while in the case of compound 21 it is only
6.8 Hz (dihedral angle ca 25° or 125°).

the 'Jcu coupling constants and this can be exploited for the determination of the relative
configuration of the NC-H hydrogens and of the lone pair [7]. For the analogous pyrrolo[2,1-
alisoquinoline derivatives it was found that in the case of an antiperiplanar arrangement the Jean

coupling constant is 141 Hz., whereas for the qvnnlmal arrangement the value is 149 Hz [1]. The
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the preference of the cis-/ conformation for both compounds. The slightly
smaller coupling observed for compound 21 reflects the higher population of cis-/ conformation
in the conformational equilibrium (cf. Table 2). Characteristically different values of Je,u were
measured for this pair of isomers, namely 136 Hz (20) and 147 Hz (21). This phenomenon reflects
the trans and cis arrangements of H-2 and the N-1 lone pair.

Table 2.

'H, '°C chemical shifts, characteristic NOESY and HMBC responses of compounds 20 and 21.

20 21
Atom 'H NOESY Be HMBC 'H NOESY Bc HMBC
(*H partners) (‘H partners)
2 4.34 3: 10b;NCH, 63.8 3;10b;NCH, 4.90 3;3;NCH, 58.5  3;NCH,
3 3.86 2; 50; 58; 6B 68.5 2;5B;10b 430  2:5B 66.4 250
5¢ 3.16 47.3 3;60;6B;106  3.10 48.0 6o 6B; 10b
58 3.32 3.02
600 2.64  50;58;7 253 50;5B;7 2.43 68; 7 244 5a;58;7
6p 2.92 3, 5b; 7 2.98
6a 127.1 7;10 126.9 7; 10
7 6.59 6a; 6B; MeO-8  111.0 60 6.70  60; MeO-8 111.5 60; 10
8 148.1  10; MeO-8 148.1  10; MeO-8
5 146.9  7; MeO-9 146.9  7; MeO-9
10 6.73  10b; MeO-9; 1114  7,10b 6.61 10b; MeO-9; 1115 7, 10b
NCH, NCH;,
10a 128.0 60 7; 10; 10b 130.8 7;10; 10b
10b 4.92 2;10; NCH, 79.6  2; 50 10; 5.04 10;3'; NCH, 787  2; 5 10;
NCH; NCH,
Cc=0 1727 2;3; MeO 171.6  3; MeO
MeO  3.77 52.2 3.55 51.9
MeO-8  3.84 7 55.7 .88 7 56.0
MeO-9  3.51 10 55.5 3.68 10 55.8
2 1537 2:33,4,5 151.1 2,3, 4,5
3 6.17 2:3 107.6 2 4;5 6.41  2; 10b; 4 110.0 2,45
4 6.27 5 110.2 3,5 6.38 3,5 110.1 3
5 7.34 4 142.0 34 7.47 ' 142.6 3.4
NCH, 3.13  10;10b 52.8 2; 10b 252  10;10b 49.1  2;3;10b
3.28 2.94

In our previous works [1,3] we reported that in solution imidazo[2,1-a]isoquinolines show a
trans = cis-1 == cis-2 conformational equilibrium. On the basis of NMR parameters this

conformational eguilibrium could be evaluated semiguantitatively, In this resnect the value of the
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JsHo6-Hp IS informatwe, because these protons are antiperiplanar in the frans and cis-/ conformer,
while they occupy gauche position in the cis-2 conformer. On the other hand, the chemical shift of
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C-6 reflects the relative weight of the cis-1 conformer, because in this conformer a Y-gauche steric

affart ic meacan AN L Lo chifind 20 f:

CHeCi is p:camu and C-6 is shifted LipliE}d The chemical shift o C-6 without this Y-gaucne effect

is 29.0 ppm in our model compound [3]. The chemical shifts of the C-6 signals (24-25 ppm)
indicates that in each case, but with compound 12 the conformer cis-/ predominates.

Compound 8C-6 Js Ha6HB trans % cis-1 % cis-2 %
16 24.8 10.4 8 76 16
20 25.3 8.2 ~0 62 38
21 24.4 10.9 12 76 12

The phenomenon of the 20 = 21 (endo == exo) isomerism shows that the reacti 2
with the Schiff bases results in the kinetically favoured endo cycloadduct. When the reaction of 2
with § and 6 was monitored by 'H NMR spectroscopy, initially the 31gnals of the endo
cycloadduct occurred, but later these signals disappeared. This means that the primary product of

the cycloaddition is the endo isomer in every case, altough only compound 21 is stable enough to

N ~ \N’ A
| ]
' |
Ph Ph
22 23 24
o arnlmn ~ crrn o ~ tlan o PR
In a further experiment N-phenylmaleimide (22) was added to the solution of compound 21.

The analysis of the reaction mixture revealed that, besides the Schiff base 11, 23 and 24,
pyrrolo[2,1-alisoquinolines were also formed, which were previously synthesized by us, reacting
2 with 22 [8]. From the facts mentioned above it can be concluded, that ylide 2 and Schiff base 11
are formed by the cycloreversion of the kinetically controlled adduct 21 and a further
cycloaddition led to thermodynamically more stable exo isomer 20. Our experiment aiso proves
that the pyrrolo[2,1-glisoquinolines are more stable than the analogous imidazo[2,1-
alisoquinolines. Literature data also show that cycloadducts synthesized from dipolarophiles
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Adding maleimide 22 to the solution of the more stable 14 exo cycloadduct, compounds 23 and
24 could both be detected by NMR spectroscopy. We found that the cycloreversion in this case
was much slower, than in the reaction of 21 endo cycloadduct.

Heatine the ethanolic solution of comnound 18 with 70% perc loric acid, the
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perchlorate calt of 1 was obtained, whereas in a control experiment without acid, the unchanged
15 was isolated. These findings also prove that an acid-catalyzed cycloreversion occurs. The
endo-exo isomerization 21— 20 also takes place via cycloreversion, because it is also catalyzed
by traces of acid. The solution of 21 is quite stable in acid-free chloroform and its isomerization

can be avoided in the presence of bases, e.g. triethylamine.

Experimental

General. Melting poi

ts were determined in a Gallenkamp meltin
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'H and >)C NMR spectra were recorded in CDCl; solution on Bruker DRX-500 and AC-250

spectrometers. For the two-dimensional experiments the Bruker software package was applied.
The known Schiff bases 3 [13], 4 [14], 5 [15], 6 [16] and 11 [17] were prepared according to

literature procedures. Schiff bases 7-10 were synthesized with the following general method.

g o PSRN G, S A pcemmn mal o 11 2n a4 [

I'ryptamine (8.0 g, 5 mmol) and aromatic aldehyde (5 mmol) in ethanol (20 ml) were boiled for 30
min. After cooling the reaction mixture, the Schiff bases formed slowly crystallized out. The crude
products were filtered, dried and recrystallized from ethanol.

''''''' Q

Piperonylidene tryptamine (N v1eld 1.28 g (87.7 %) pale ll()w crvstals
1

nm-l (NLY NMD € Q"
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3,4,5- Trimethoxybenzylidene tryptamine (8): yield 1.35 g (79.9 %) pale yellow crystals, mp
180-181°C. IR (KBr): 1635 cm™ (C=N); 3320 cm™' (NH) Nl\/ﬂ? 3.81 (s, 9H, OCH;); 8.02 (s, 1
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N=CH); 8.30 (broad, 1H, NH). Anal. Calcd for CyH;,N,03: C 70.99 H 6.55 N 8.28, found: C
70.76 H 6.36 N 8.0 3%.

2-Thienylmethylene tryptamine (9): yield 0.30 g (23.6 %) pale yellow crystals, mp 133-134°C.
(Lit. mp 98-102° (18] ) IR (KBr): 1640 cm™ (C=N); 3320 cm™ (NH), NMR 8.10 (s, 1H, N=CH);
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(N-Methyl 2-pyrrolyl)methylene tryptamine (10): yleld 0.26 g (20.6 %) pale yellow crystals,
mp 77-78°C; IR (KBr): 1640 cm™ (C=N); 3315 cm’ (NH), NMR 3.43 (s, 3H, NCHz); 8.03 (s,
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TH, N=CH); 8.30 (broad, 1H, NH). Anal. Calcd for C;sH;;N3: C 76.46 H 6.82 N 16.72, found: C
YL IN YT £ £1 AT 12 AOQY
/0.2 110,01 IN 10.4870.

exo  Methyl  1-methyl-2-(2-furyl)-1,2,3,5,6,10b-hexahydroimidazof2,1-a]isoquinoline-3-
carboxylate (12): N-Methoxycarbonylmethyl-3,4-dihydro-6,7-dimethoxyisoquinolinium bromide
(1, 1.0 g, 2.9 mmol), N-furfurylidene methylamine (3, 0.33 g, 3 mmol) and triethylamine (0.33 g, 3
mmol) were dissolved in CHCI3 (10 ml) and stirred for one day. After evaporation of the solvent,
the solid material was recrystailized from methanol/water. Yieid 0.50 g (46.1 %) colourless
crystals, mp 114-115°C. IR (KBr): 1735 cm™ (C=0). NMR: for chemical shifts see Table 1. 1D
NOE experiments: u'radlatmg at H-2 results in NOE enhancement at H-10b (5.6%), NMe (4.3%)

oy

W

and H-3 (3.5%) signals; irradiatin g at H-3 resu enhan H-2 (3%), H-5¢
(2.3%) and H-5B (3.1%) signals; irradiating at H-10b resuits in NOE enhancement at H-2 (6.1%),
H-10 (7.9%) and NMe (3.0%) signals; irradiating at the NMe signal results in NOE enhancement
at H-2 (13.7%), H-10 (10.9%), H-10b (9.8%) and H-3' (2.7%) signals. Anal. Calcd for
C20H24N,Os: C 64.50 H 6.50 N 7.52, found: C 64.43 H 6.42 N 7.44%.

General procedure for the preparation of cycloadducts 13-19 and 21:

N-Methoxycarbonylmethyl-3,4-dihydro-6,7-dimethoxyisoquinolinium bromide (1, 1.0 g, 2.9
mmol), dipolarophile (Schiff bases 4-11, 3.0 mmol) and triethylamine (0.3 g, 3 mmol) were
dissolved in methanol (10 ml) with stirring. The slowly crystallized cycloadducts were filtered,
washed with methanol and dried.

exo Methyl I-[2-(34-dimethoxyphenyl)ethyl]-2-phenyi-1,2,3,5,6,10b-hexahydroimidazof2,I-
ajisoquinoline-3-carboxylate (13): yield 0.95 g (61.7 %) pale yellow crystals, mp 84-85°C. IR

(KBr): 1735 cm™ (C=0). NMR: see Table 1. Anal. Calcd for C31H3gN;O4: C 69.91 H 6.81 N
5.26, found: C 69.75 H6.70 N 5.07%.
A
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2-(3,4-dimethoxyphenyl)ethyl]-2-(2-furyl)-1,2,3,5,6,10b-hexahydroimidazof2,1-
ajisoquinoline-3-carboxylate (14): yield 0.90 g (59.2 %) colourless cryst. powder mp 77-78 C.
IR (KBr) 1735 cm™ (C=0). NMR: see Table 1. Anal. Calcd for CooH3N,0;5 : C 66.65 H 6.56 N

5.36, found: C 66.42 H 6.48 N 5.18%.
exo Mﬂfh\:’ I1- f7 /? ngfln.l\;“afhvll] p R nhan\)! 12 3

YR T h‘ll&l«
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line-3- carboxylate (15): yield 0.99 g (66.9 %) white powder, mp 136-137°C. IR (KBr) 1735 cm
(C=0); 3325 cm™ (NH). NMR: for chemical shifts see Table 1. 1D NOE experiments: irradiating
at H-2 results in NOE enhancement at H-3 (1%), H-10b (2.9%) and H-2',6' (Ph ortho) (10.5%)

signals; irradiating at H-3 results in NOE enhancement at H-2 (2.3%) and H-5 (4.4%) signals;

crrleo NNE en l.n....-m.«,-. nt LT N 72 L0\ 7L NOIN o3 NIMITY 78 NOIN
irradiating at H-10b results in NOE enhancement at H-2 (3.6%), H-10 (6.0%) and NCH, (6.0%)

signals. Anal. Caicd for C3;H33N304: C 72.78 H 6.50 N 8.21, found: C 72.58 H 6.29 N 8.09%.
exo Methyl 1-[2-(3-indolyl)ethyl]-2-(3,4-methylenedioxyphenyl)-1,2,3,5,6,10b-hexahydroimid-

azo(2,1-ajisoquinoline-3-carboxylate (16): yield 1.00 g (62.1 %) white powder, mp 172-173°C.
IR (XBr) 1735 em™ (C=0); 3325 cm™ (NH). NMR: for chemical shi ble 1. 1D NOE

NLKfo LN1IVAIEN. AVE ViINILL L2 ES LNNILs
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experiments: irradiating at H-2 results in NOE enhancement at H-10b (2.7%) H-2‘ (4.0%) and H-

\
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and NCH, (5.8%) signals. Anal. Calcd for C3;H33N306: C 69.17 H 5.99 N 7.56, found: C 69.02
H5.79 N 7.56%.
exo Methyl 1-[2-(3-indolyl)ethyl]-2-(3,4,5-trimethoxyphenyl)-1,2,3,5,6,10b-hexahydroimid-

azo[2,1- a]zsoqumolme 3‘carboxylate (17): yield 1.48 g (85.1 %) white powder, mp 97-98 ‘C.IR

=\ 171D PRV PP AT I TR 1 A ~1 7

(KBr) 1730 em™ (C=0); 3325 cm™ (NH), NMR: see Table 1. Anal. Calcd for CyHigN;05: C
67.87 H 6.53 N 6.98, found: C 67.69 H 6.41 N 6.81%.

exo Methyl 1-[2-(3-indolyl)ethyl]-2-thienyl-1,2.3,5,6,10b-hexahydroimidazo[2,1-a]isoquino-
line-3-carboxylate (18): yield 0.40 g (26.6 %) pale yellow powder, mp 160-161°C. IR (KBr) 1735

-1 (C=0); 3330 -1 (NH). NMR:
\LiVNK N,

HAM
am =U); 335U Cm K]y LNIVE

7 l. V.JJ

=3
')
i:
z,
n .
D
( 3
~.1
bs

AT O 1 /HA1'1’E‘AI’\\TF’AP

N 8.12, found: C 67.21 H 5.88 N 7.95%.

exo Methyl 1-[2-(3-indolyl)ethyl]-2-(N-methyl-2-pyrrolyl)-1,2,3,5,6,10b-hexahydroimidazo-
[2,1-a]isoquinoline-3-carboxylate (19): yield 0.94 g (63.1 %) pale yellow powder, mp 156-
157°C. IR (KBr) 1735 cm’ (C=0); 3345 cm' (NH), NMR: see Table 1. Anal. Calcd for

M I AN MTINNY LT £ ££6 N PR RP | O& LY £ AO NT 1 £
U301341N4U4. U /U VUL 11 U, 00 N 1U 07, u)uuu \407 oJ I1 V.90 1Y 1U. UJ /O

endo Methyl 1-[2-(3-indolyl)ethyl]-2-(2-furyl)-1,2,3,5,6,10b-hexahydroimidazo[2,1-a]iso-
quinoline-3 carboxylate (21)' yield 1.40 g (55.8 %) pale yellow powder, mp 183-184°C. IR (KBr)
1745 cm™ (C=0); 3420 cm™ (NH), NMR: see Table 1 and 2, assignment of the 3-indoyl-CH,

1H I—IR\ 711 (+ TH H_E)Y 726
150y KK~ fy 1.

41 \L, ALLy ll'U} I o I
R :121.7 (C-2); 114.0 (C-3); 118.7 (C-
4) 118.9 (C- 5) 121 5 (C- 6) 111 0 (C—7) 136.1 (C 8); 127.4 (C-9); 24.1 (CH,). Anal. Calcd for
Ca9H3;N305 (501.58), caled: C 69.44 H 6.23 N 8.38, found: C 69.31 H 6.10 N 8.23%.

exo Methyl 1-[2-(3-indolyl)ethyl]-2-(2-furyl)-1,2,3,5,6,10b-hexahydroimidazo[2,1-a]isoquino-
line-3-carboxylate (20): 21 (0.50 g, 1 mmol) dissolved in chloroform-d (0.6 ml) was boiled for 24
h. After evaporation of the solvent, pure 20 was obtained. Yield 1.39 g (99.2 %) pale yellow
powder, mp 126-127°C. IR (KBr): 1735 cm™ (C=0); 3380 cm™ (NH), NMR: see Table 1 and 2,
assignment of the 3-indoyl-CH, moiety : TH-NMR : 6.82 (s, 1H, H-2); 7.30 (d, 1H, H-4); 7.03 (t,

TH HS5Y: 712 (¢t 1TH HAB) 745 (d 1 SN 283 (m. 2H f‘ﬂ-\ 13P -NMR : 121.5 (C-24C- R\

LEkg BATU Jy Feh & \by L1y BXTUJy 1T \My 2Ry L2717 Jy &0 00 \1iky &kly X217 LNAVEEN o L&l \NTLT

11”//”*’1\ 110 & r&rv AN 110 O 7 & A N a N BV e o By AN 1t AL 1 s ON ka1 B TIFY o I o WY la Yo BV -4 I a1 v\ A 1

113.6 (C-3); 118.5 (C-4); 118.8 (C-5); 110.8 (C-7); 136.1 (C-8); 127.2 (C-9); 23.5 (CH,). Anal.
fo

. ); 110.
Calcd fo C79H31N3O5 C69.44H6.23 N8 38,
The ring cleavage of methyl I-[2-(3-mdolyl)ethyl]-2-phenyl-1 2,3 5 ,6,10b-hexahydroimid-
azo[2,1-a]isoquinoline-3-carboxylate (15) with 70% perchloric acid: preparation of N-

VA /S L Shadd

methoxycarbonylmethyl-3,4-dihydro-6,7-dimethoxyisoquinolinium perchlorate: Methyl 1-[2-(3-
indolyl)ethyl]-2-phenyi-1,2,3,5,6,10b-hexahydroimidazo[2,1-a]isoquinoline-3-carboxylate (15,
0.20 g, 0.4 mmol) was suspended in ethanol (5 ml), 70% perchloric acid (2 ml) was added and the

reaction mixture cautiously was boiled during stirring. After some minutes a yellow precipitate
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was formed, which was

ket 4
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