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Phenacyldimedones (ia-d) undergo an anomalous reaction with N,N-
disubstitut'ed-hydrazines to afford 3-amino-1,5.6,7-tetrahY dro-4H-iDdol-4-
olle's (3), with only Id, the (\
mechanism is for reaction of la with N.N-dirnel:hylhy-
dragjne illvolving species 16 and 17 as intermediates. This is substan-

of la with N,Ndimethylhydrazine aDd excess of other
<,aniines likernorpholine, N,N- dlbenzylamme a.niline abd n-propylamine
|Iea,d|og to products 3d, 3f, 3J and 4 respectively _ 3f is
3.i,andf;hEnce deaw, illated to,kn!>wo.2-pheoyltetrahyd,roindole (9a).
tWO of withphenylglyoxal affords
K1l reac!s the acyclic triketone (7)to<afford only
Jhe product 8, whlle WIth 18, ketotetrahydrofndoles 9b and 23
through a complex sequence of reactions,

tbat while 2-pheQagyl-

> hyd!azrnes
to form'

a few
, .bY:drazD,es -was anomalous. ThepJ;'Poucts

the I:swhbst.ituted-perhydroindoles (2), and
3 wer.e on analyti-
of t]le

3$'from atDtnoketone :(ilO), (ph(—%nyl glyoxa and
morthllne|We have subsequently explored the
scope'8(this bbvd(reaction with a variety of N,N-

ketones la  an,d7.
into the possiblec6urse
allowed us'to devise
yield further examples
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Phenacyldimedone (la) and six N,N-disubstitu-
ted-hydrazines afforded the ketotetrahydroindoles
(3a- f; Table 1). Yields were in the range 43 - 66%
Witl,|Out effort at optimisation. Mother liquors
from ,larger runs of the :reaction between la and

were carefully investigated
for material balance. Chromatography gave small
amounts of methylene-bis-dimedone (5) and a

. cololired -'product, C,,oHlIsil<IO.-

tively to be 6 on the basis of ir and nmr data. The
reaction of 4-bromophenyl (Ib) and 4-fiuorophenyl
(Ic),k.etoNes w!th N-aminomorptioline

, andN--ailiinopiperidine' w'Mfaciteyielding 3g"'(60%)

and 3h (55%). In contrast, in one study with
2-phenacylcyclohe:xane-1,3-dione (Id) and No-amino-
3k Was obtained
only in 17% yield, whikt:be 'normal’ product 2a was
formed to the extent of 31%. From the reaction of
acetonyl dimedone (le) and N,N-dimethylhydrazine,
only small of 5 could be obtained. The
orlgln ofS in jinvolving
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hydrazine is not easily understood. Lastly, the
acyclic triketone, phenacyl acetylacetone (7) and
N-aminopiperidine gave a poor yield of 1-piperi-
dinopyrrole (8). 1-Unsubstituted-3-aminotetrahy-
droindoles of this study were characterised by the
presence ‘in the ir spectrum of a very broad NH
band around 3 100-3 200 cm~* and C=O band
between 1 610 and 1 630 cm~1, and a broad singlet
signal due to NH in the *H nmr spectrum at around
& 11.2 ppm which disappeared with D,O. 1-Amino
compounds 2a and 8§ on the other hand were readily
identified by the presence in their *H nmr spectra
of a singlet due to the proton en the g-carbon atom
at § 6.30 and. 5.83 ppm respectively. '

Structures 3 were proved in two ways. Dibenzyl-
amino derivative 3f was hydrogenolysed to the
3-aminoindole (3i) which was deaminated to the
known 2-phenyltetrahydroindole (9a)2. Secondly,
aminoketone (10) was allowed to react with phenyl
“glyoxal and morpholine to afford 3d although only
.in 6% yield.

. In contrast to the phenacyldimedone (1a), 2-
phenacylcyclohexanone (11) and N-aminopiperidine
afforded only the 1-piperidino derivative (12) and
not the 3-piperidinoindole (13)8. Taking this fact
into account, we visualise the formation of 3a from
1 (Chart 1) to- occur through the enaminoene (14)

- wherein the hydrazine N,N-bond is weakened to
- facilitate an intramolecular transfer of the disubs-
tituted amino group as shown to form 15. The
latter can lead to the formation of 3a via 16, which’
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- in turn will be in a reversible equilibrium with 17.
The formation of 3d from 10, phenyl glyoxal and
morpholine must be occurring through 17 and the
morpholine analogue of 16 as intermediates.
Reaction of 17 with excess N,N-dimethylhydrazine,
followed by oxidation would account for the
formation of 6 as a byproduct in the reaction of 1a
with this hydrazine. “

The mechanism proposed (Chartl) would
predict that the presence of an excess of a new
amine during the reaction of 1a with N,N-disubs-
tituted-hydrazine to form 16 would lead to incropo-

' ration of the amijne in 17 and hence into the final

products 3. We were pleased to find that "the

reaction of 1a with 3 molar equivalents of N,N-

dimethylhydrazine and 10 molar equivalents of

FORMATION OF 3-AMINO-1,5,6,7-TETRAHYDRO-4 H-INDOL-4-ONES eic.

morpholine indeed gave a mixture of 3aand 3d

approximately in the ratio of 3: 10 (*H nmr). Pure
3d was isolated from this mixture in 55% yield and
identified. When excess morpholine was replaced
by N,N-dibenzylamine or aniline, 3f and 3j were
isolable although yields were unsatisfactory (12%
and 6%). Excess n-propylamine led to double
incorporation, both at positions 1 and -3 to give 4
in 30% yield along with a little 3a. Its formation
can be rationalised by assuming that 17 not only
adds n-propylamine but also suffers an exchange of
the imino group with the primary amine to give an
analogue of 16 carrying two n-propyl groups.

Lastly, we studied the action of N-aminopiperi-
dine with «-dimedonylpropiophenone (18). The
reaction was sluggish and gave a complex mixture
of products from which 9p and 23 were obtained
in 12% and 4% yield respectively. The structure of
9b rested on analytical and spectral data. Identity
was further established by comparison with a sample
obtained by fusing 18 with ammonium carbonate.
The structure of 23 was deduced from analytical
as well as ir, nmr and mass spectral data. The *H
nmr spectrum was particularly diagnostic, showing
the indole «-H asa singlet at § 7.60 ppm. Signals
were lacking for both NH and g-protons. We

propose the tentative mechanism shown in Chart 2. -

80} (24)
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Chart 2

In the reaction of 18 with N-aminopiperidine, species
19 analogous to 17 is formed initially, but in the

presence of excess of the reagent, 19 is transformed

into 20. The dienamine tautomer 21 of 20 can
undergo intramolecular addition to form 22. The
observed final product 23 could arise by the oxida-
tion of 22 by species 19 which in'turn gets reduced
to 24 leading to 9b by cyclodehydration.

Physical and spectral data of compounds are
given in Tables 1 and 2.

Experimental

3-Amino-1,5,6,7-tetrahydro-4H-indol-4-ones . (3).
Method A : A mixture of the ketone (1a ;10 mmol)

* with N,N-disubstituted-hydrazine (30 mmol) pro-

duced an exothermic reaction. After it subsided,
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,a : Formation of 3-Amino-1,5 6,7-tetrahydro-4H-indol-4-ones
from 2-(2-Oxo-2-arylethyl)-1,3-cyclohexanediones
and N,N—Di§gbstitutcd-hydrazinesT
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Phenacyldimedones (la~d) undergo an anomalous reaction with N,N-
disubstituted-hydrazines to afford 3-amino-1,5,6,7-tetrahydro-4 H-indol-4-
ones (3), with enly 1d, additionally yielding the ‘normal’ product2a. A
mechanism is postulated for the.novel reaction of la with l\f;N—diixie'thylhy—
drazine involving species 16 and 17 as intermediates. This is substan-
tiated -by reaction of la with N,N dimethylhydrazine and excess of other

_-amihes  like “morpholine, N,N-dibenzylamine, anilioe aond n-propylamine
deading to products 3d, 3f, 3j and 4 respectively. 3f is hydrogenolysed to
3i.and thence deamigated.tq,‘kn,own,2-phenyltetrahquindole (9a). Reac-
‘tion of aminocyclohexénone 10) with phenylglyoxal and morphdline affords
-3d. N-Aminopiperidine reacts with the acyclic triketone (7) to éafford only
“the “normal’ product 8, while with 18, ketotetrahydroindoles 9b and 23
are formed through a complex sequence of reactions.

SOM,E years ago, we reported that while 2-phenacyl- -

; o : Q -
'dimedone gﬁa’) and ‘g{nzi;l:q’ ues underwent reaction - e a
Ml,,th"i;‘ly;dra‘z’i’iie“ and” monosubstituted hydrazines M i1 .
y m & et 45, ; Me” “OH 0 Pn Me” N Ph M NP
| O |

to form 5-keto:l,4.5;6, :8-hexahydrocinnolines*-?,
their behaviour tomards a few N,N:disubstituted-
 hydrazines was anomalous. The products‘wére not

the ‘expected’ '1:substituted-perhydroindoles (2), and n R WarR = H
o) Werg 'fi@ét}i_jﬁgd" as 3 'n_l,ri-fno-l,5,6,7-tetrahydro-4I:_I- (8b) R = Me
R~ indol-4-ones (3). Strugtures 3 were based on analyti- 0
~ ic,data t -

Q '
cal and spectroscopic,data, deaming jon of 3i to the :
fnown Ketotatrabiydraindole (9a) and synthesisof -~ ™ O, G, Goi,
3¢ from .aminoketone «(d0), phenyl glyoxal "and Mo Ny TS0 07Neh X "
-jnorphoéline. ‘We have subsequently explored the Q A
scope'of this hovel'reaction with a variety of N,N-

'di’s'l;i%ét’it’ﬁtedﬁﬁy razings and ketones ]lat;,-e a;xsiﬂ., an o) )
W¢é have dlso'gained. insight into the possible course Phenacyldi Co . . }
B S T I ST ORI - ; yldimedone (1a) and six N,N-disubstitu-
‘9f.the reaction which.un, furn allowed us o devise ted-hydrazines afforded the ketotetrahydroindoles

an. interesting modification-to yield further examples : ! ¢
s ot , : : (3a—1; Table 1). Yields were in the range 43 — 66%
«af-3. "'w‘e’;'P-I e;se_nt,m; Ehlgjggper fu}l' T\dc{talls < Qf R r. without any effort at optimisation. Mother liquors

: é}udles from larger runs of the ‘reaction between 1a and
0 N.N-dimethylhydrazine were carefully investigated
R, for material balance. Chrgmqtography gave small
E o 0P g amounts of methylene-bis-dimedone (5) and a
B Tl » coloured “product, CqoHgasMN,0, considered.tenta-
b o tively to be 6 on the basis of ir and nmr data. The
alR=Ph, Ry= Me @ 3} reaction of 4-bromophenyl (Ib) and 4-fluorophenyl
) (D= 4-BrCeHy RizMe  (aIR=PR, Rysh (1c) ketones respectively with N-aminomorpholine
. WeiRak TECEH L R TMe T S piperiging , ‘ and ‘N-aminopiperidine wds facile yielding 3g(60%)
P (1OIREPh , RyH : : ) and 3h (55%). In contrast, in one study with
"5 (ei R Ryzto 2-phenacylcyclohexane-1,3-dione (1d) and N-amino-
b S : + piperidine, the ‘anomalous’ product 3k was obtained
i NHNMe only in 17% yield, while,the ‘normal’ product 2a was
: M M >&é-coﬂ3 formed to the extent of 31%. From the reaction of

T NNMe acetonyl dimedone (ie) and N,N-dimethylhydrazine,
o ‘ only small ;amounts of 5 could be obtained. The
origin of 5 .n reactions .involving N.N-dimethyl-
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TABLE 1—PHYSICAL AND BPECTRAL DaTs OF COMPOUNDS (3)1

Compd,. R R, N« Yield*
no. %
‘3a H Me NMe, 66°
3b H  Me 1-Piperidinyl 61®
3¢ H Me 1-Hexahydro- 48°
azepinyl
t

3d H Me 4-Morpho- 538
linyl 55°

3e H Me 1-Methyl-4-  65°

piperazinyl
3f H Me N(OH O H,)s 48°

3g 4-Br Me 4-Morpho-
linyl -

3h 4-F Me  1-Piperi- |
dinyl

3i H Me NH,

3j H Me NHGCH,

3k H H 1-Piperi-
dinyl

120

60°

65

50

178

M.p**
‘0

250 - 52°

273~ 754

249 - b0°®

297 98¢

272748

203 — 052
(Chloro-
form ~

hexane)

>800!

287 - 88!
(Ethanol —
(methanol)

2921234

2701724

207 - 09%

:All compounds gave satisfactory G, H and N analyses.

#sMethod-A ; PMethod-B, **Soliv?
MeO

PCHCl, - kexane, lacetone, IEtOH ~

nt for cryst&llisation : CAcetone— EtOH, ¢EtOH, ¢CHOl, — EtOH, ITHF - EtOH, 8aq. EtOH;
H, ¥MeOH, lacetone ~ MeOH.,

In ®DV80-d,, 30DOl,, PCOL,. .

d
R

Mol. formula
(Mol, weight)

Ol QH’ !NIO
(262.4)

O! IH! ON’O
(822.4)

CysH,N,0
(336.5)

OSOHQQN Sol
(824.4)

0! IH!7N80’
(387.5)

Cs0HaoN,0
(434.6)

Os0H,s3BrN,O,
(403.8)

0,.H,,FN,0
(340.4)

Ci1eH,eN, 0
(254.3)

CssH, 4N O
(330.4)

Ol DH’ !NSO
(294.4)

Ymax (nujol)
om™?!

3 910,
1600

3 160,
1630

8 200,
1610

3160,
1610

8 160,
1 680

3 380, 8 200,
1610

8 220, 1 610

ot

m1,07 (6H, s, 20H,), 2.27 (28, s,
O0-5H,), 2.67 (8H, 8, O—TH,,
9NOH,), 7.10-7.60 (m, 8ArH),
7.6~7.80 (m,2ArH), 11.20 (brs,
NH)

m1,07 (6H, s, 20H,), 1.80-1,70
(6H, m, OH,0H,CH,), 2.28 (2H,
s, 0 ~b5H,), 2.66 (2H, 8, O - TH,),
2.80-8.10 (4H, m, OH,NOH,),

“6.90-7.50 (m, 8ArH), 7.46-17.95

(m, 2ArH), 11.17 (br s, NH)

m+n) 07 (6H, s, 20H,), 1,70-1.90
(BH; In, (OH2)4)» 2.28 (QH' 8,
0-5H,), 2.67 (2H, s, O-TH,),
2.956-8.30 (4H, m, OH,NOH,),
7.00—-7.60 (m, SArH), 7.90-8.15
(m, 2ArH), 10.70 (br s, NH)

m+n1,07 (6H, s, 20H,), 2.27 (2H, s,
0-5H,), 2.68 (2H, s, G—~T7H,),
8.00 (4H, m, 0H,—NCH,), 8.65
(4H, m, OH,O0H,), 7.00~7.60
(m, 8ArH), 7.80-8,10(m, 2ArH),
11.88 (br 5, NH)

m1,08 (6H, s, 20H,), 2.17 (8H, s,
NOH,), 290 (2H, s, O—5H,),
2.28—2.40 (4H, m, OH, - NOH,),
2.70 (2H, s, 0—~TH,), 6.95—17.48
(m, 8ArH), 7.50~17.90 (m, 2ArH),
1115 (br s, NH)

1,05 (6H, s, 20H,), 2.0 (2H, s,
0-5H,), 2.62 (2H, s, O—TH,),
4,92 (4H, s, 24r0H,), 6.90~-17.50
(m, 6ArH), 7.10 (10H, s, 2
0oH,0H,), 9.00 (br 5, NH)

m1,08 (6H, s, 20H,), 2.28 (28, s,
C-5H,), 2.70 (2H, s, O-TH,),
3.00 (4H, m, CH,NH,), 8.70 (4H,
m, OH,O0CH,), 7.55 (m, 3ArH),
7.90 (m, 2ArH), 11,40 (br s, NH)

m],06 (6H, s, 20H,), 1.30-1,80
(6H, m, OH,CH,CH,), 2.20 (2H,
s, O—5H,), .63 (2H, s, O—TH,),
2.956~8.16 (m, 4H, OH,NOH,;,
7.10 (m, 2ArH), 7.87 (m, 2ArH

11,17 (br s, NH)

m},08 (6H, s, 2CH,), 2.18 (2H, a,

' 0-5H,), 2.60 (2H, s, O-TH,),

4.80 (br s, NH,), 6.80~17.60 (m, 6
ArH), 10,92 (br s, NH)

m1.07 (6H, &, 20H,), 2.17 (2H, s,
O~5H,), 2.68 (2H, s, O~ TH,),
6.30—17.70 (m, 10 ArH), 6,65 (br 8,
ArNH), 11.22 (br s, pyrrole NH)

n} 20-1,80 (6H, m, CH,0H,0H,),
2.08 (2H, q, G~ 6H,), 2.45 (2H, t,
C-5H,), 2.80 (2H, t, O—7H,),
2.85-38.20 (4H, m, OH’NOHQ).
7.00~7.60 (m, 8ArH), 7.60-8,00
(m, 2ArH), 9,00 (br 5, NH)
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hydrazine is not easily understood. Lastly, the
acyclic triketone, phenacyl acetylacetone (7) and
N-aminopiperidine gave a poor yield of 1-piperi-
dinopyrrole (8). 1-Unsubstituted-3-aminotetrahy-
droindoles of this study were characterised by the
presence ‘in the ir spectrum of a very broad NH
band around 3 100-3 200 cm~t and C=O band
between 1 610 and 1 630 cm™1, and a broad singlet
signal due to NH in the *H nmr spectrum at around
8 11.2 ppm which disappeared with DgO. 1-Amino
compounds 2a and § on the other hand were readily
identified by the presence in their *H nmr spectra
of a singlet due to the proton on the g-carbon atom
at § 6.30 and. 5.83 ppm respectively.

Strugtures 3 were proved in two ways. Dibenzyl-
amino derivative 3f was hydrogenolysed to the
3-aminoindole (3i) which was deaminated to the
known 2-phenyltetrahydroindole (9a)2. Secondly,
aminoketone (10) was allowed to react with phenyl
glvoxal and morpholine to afford 3d although only
in 6% yield.

. In contrast to the phenacyldimedone (1a), 2-
phenacylcyclohexanone (11) and N-aminopiperidine
afforded only the I-piperidino derivative (12) and
not the 3-piperidinoindole (13)8. Taking this fact
into account, we visualise the formation of 3a from
1(Chart 1) to- occur through the enaminone (14)
wherein the hydrazine N,N-bond is weakened to

- facilitate an intramolecular transfer of the disubs-
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tituted amino group as shown to form 15. The
latter can lead to the formation of 3a via 16, which’

9
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- in turn will be in a reversible equilibrium’ with 17.

The formation of 3d from 10, phenyl glyoxal and
morpholine must be occurring through 17 and the
morpholine analogue of 16 as intermediates.
Reaction of 17 with excess N,N-dimethylhydrazine,
followed by oxidation would account for the
formation of 6 as a byproduct in the reaction of 1a
with this hydrazine. )
The mechanism proposed (Chartl) would
predict that the presence of an excess of a new
amine during the reaction of 1a with N,N-disubs-
tituted-hydrazine to form 16 would lead to incropo-
ration of the amjne in 17 and hence into the final

- products 3. We were pleased to find that 'the

reaction of 1a with 3 molar equivalents of N,N-
dimethylhydrazine and 10 molar cquiv_alents of

FORMATION OF 3-AMINO-1,5,6,7-TETRAHYDRO-4 H-INDOL-4-ONES efc.

morpholine indeed gave a mixture-of 3a and 3d
approximately in the ratio of 3: 10 (*H nmr). Pure
3d was isolated from this mixture in 55% yield and
identified. When excess morpholine was replaced

by N,N-dibenzylamine or aniline, 3f and 3j were

isolable although yields were unsatisfactory (12%

and 6%). Excess n-propylamine led to double

incorporation, both at positions 1 and -3 to give 4

in 30% yield along with a little 3a. Its formation
can be rationalised by assuming that 177 not only -
adds n-propylamine but also suffers an exchange of

the imino group with the primary amine to give an

analogue of 16 carrying two n-propyl groups.

Lastly, we studied the action of N-aminopiperi-
dine with «-dimedonylpropiophenone (18). The
reaction was sluggish and gave a complex mixture
of products from which 9p and 23 were obtained
in 12% and 4% yield respectively. The structure of
9b rested on analytical and spectral data. Identity
was further established by comparison with a sample
obtained by fusing 18 with ammonium carbonate.
The structure of 23 was deduced from analytical
as well as ir, nmr and mass spectral data. The *H
nmr spectrum was particularly diagnostic, showing
the indole «-H asa singlet at 6 7.60 ppm. Signals
were lacking for both NH and g-protons. We

propose the tentative mechanism shown in Chart 2.
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Chart 2

In the reaction of 18 with N-amincpiperidine, species
19 analogous to 17 is formed initially, but in the
presence of excess of the reagent, 19 is transformed
into 20. The dienamine tautomer 21 of 20 can
undergo intramolecular addition to form 22. The
observed final product 23 could arise by. the oxida-
tion of 22 by species 19 which in'turn gets reduced
to 24 leading to 9b by cyclodehydration.

Physical and spectral data of compounds are
given in Tables 1 and 2.

Experimental

3-Amino-1,5,6,7-tetrahydro-4H-indol-4-ones (3).
Method A : A mixture of the ketone (1a ;'10 mmol)

* with N,N-disubstituted-hydrazine (30 mmol) pro-

duced an exothermic reaction. After it subsided,
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