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INTRODUCTION

The literature on the alkyletion of oxindoles 1le culte
extenslve and sometimes contradictory. One arees which re-
quires clsrification is that of O-slkyletion and C-glkylation
of oxindole derivatives. The relnvestigestion of the elkyle-
tion of oxindoles and further extenslion of some of these
resctione ie imnortant for the rurpose of the reintervrete-
tion of vnoseibly incorrect structures in this field. Fur-
thermore, the recent feports indicating that seversl glkaloids,
notably geleemine, contain the oxindole molety, necesesitete
a general survey of clkyletions of simrnle oxindolee in order
to eselet in the elucidation of the structures of theee com-
pounds, &nd in the synthesls of their degradstion »roducts

as well se the alkslolde themselves,



HISTORICAL

Alkylation

The alkyletion of oxindole and ite derivetives may be
considered to take place by the attack of an anlon, formed
from the action of a base on the oxindole, on an alkyl halide.
Whether C-alkylation, O-slkylation or N-alkylation occurs
depends on the oxindole derivative used, the reactivity of
the elkyl halide, and the experimentsl conditions.

The action of a base on oxindole (I) would produce
anions which could best be represented by etructures Ila
and IIb. In such a case one could expect N-alkylstion, O-

alkyletion or C-alkylation.




If an N-substituted oxindole (III) were used, the action
of a basse would produce an anion of which two main resonance
contributors are IVa and IVh. In euch a case one could ex-

pect C-alkylation or O-alkyletion.

8% <
—_— e I
T O N o o@
|

R R
nr IV a Vb
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Baeyer and Comstockl report the firet studies of alkyla-
tion in the oxindole series. From the reaction of oxindole
(I) with ethyl iodide in sodium ethoxide solution, they iso-
lated l-ethyloxindole (V).

—
N 0 N 0o
]
H Bt
I Y

1a. Baeyer and W. J. Comstock, Ber., 16, 1704-11 (1883).



Brunner2 elkylated 3,3-dimethyloxindole (VI) with methyl
iodlide in sodium methoxlde solution to yleld 1,3,3-trimethyl-
oxindole (VII). However, when the silver ealt of VI was
reacted with methyl iodide in ether, an O-alkylated compound,
2-methoxy-3,3-dimethylindolenine (VIII), was formed.

N "0 N o
l |
H Me
pas Y
Ag-salt of WT > _
N OMe
yYir

The first instsnce of C-alkylation of oxindoles was

reported by Brunner> who alkylated 3-methyloxindole (IX)

%k, Brunner, Monatsh., 18, 95-122 (1897).
k. Brunner, Monatsh., 18, 527-49 (1897).



by the action of methyl 1lodide in sodium methoxide to yleld
1,3,3-trimethyloxindole (VII).

AL —
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|
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Further alkylations were those of Schwarzu who prepared
l-methyl-3-1isopropyloxindole (XI) by treating 3~isopropyl-
oxindole (X) with methyl lodide in sodium methoxide solution.
However, 1f the sllver selt of X was reacted with methyl
iodide in ether, Schwarz reported an O-alkylated product,

2-methoxy-3-isopropylindolenine (XII).

b4
(8]

z
o

v
= T

“H. Schwarz, Monatsh., 24, 568-78 (1903).

2t em?



Ag-sok of X -
N OMe

Jullian gnd co-workers5 were able to carry out the slkyla-
tion of l-methyl-3-formyloxindole (XIII) with methyl iodide
to give either 1,3-dimethyloxindole (XV), or 1,3,3-trimethyl-

oxindole (VII) depending on the amount of sodium methoxide

used.
- -
0 0
—_—————e
e e
Me ?\!12
X1 XN
|70 N
|
Me Me
X NIC

5?. L. Jullen, J. Pikl and D. Eoggess, J. Am, Chem, »oc.,
56, 1797-801 (1934).




Julian and co-workern5 were unable to isolate any of the
C~alkylated sldehyde (XIV), which he postulated as an inter-
medlate, and attributed this to the ease of hydrolysils of the
compound.

In further alkylation studies of l-methyl-3-formyl-
oxindole (XIII), Julian and co-workers> reported that reaction
of the sodium galt of l-methyl-3-formyloxindole (XIII) with
methyl lodide in acetone ylelded an O-methyl derivative, l-

methyl-2-methoxy-3-formylindole (XVI).

0]
Na -salt of XIT - @f
N OMe
Me

XVT—

The structure assignment for XVI was basged on the
aldehyde~-propertles of the compound, such ss the formation
of & sodium bisulfite addition comnlex, and the methoxyl
&nslysis,

The 2-ethoxy compound corregponding to XVI could be pre-

pared in e similar fashion by using ethyl iodide (5). The



2-ethoxy derivative could eglso be prevered by refluxing XVI
with ethanol5.

Attempts to make the 2-methoxy derivetive of 3-formyl-
oxlndole (XVI;) were uneuccessful®.

Julisn aﬂd co-workers’ reported the catelytic reduction
of XVI over vralladium to yileld l-methyl-2-methoxyindole-3-
carbinol (XVIII), which was readily hydrolyzed to l-methyl-

oxindole-3-carbinol (XIX).

' 0 OH OH
. | —
N OMe N OMe N (o]
| I |
Me Me Me

XVL XV XX

Direct salkylsation was ap-lied in the formation of 1,3-
dimethyloxindolyl-3-acetonitrile (XX) from 1,3-dimethyl-

oxindole (XV) and chloroacetonitriled.

6p. L. Julien snd H. C. Printy in R. C. flderfield,
"Heterocyclic Compounds, " Volume III, John %iley and Sons,
Inc., New York, N. Y., 1952, Chapter 1, p. 154.

7:. L. Julisn, J. Pikl &nd F. E. “antz, J. im. Chem.
Soc., 57, 2026-9 (1935).




: CN
—_—
N~ O N~ O
I l
M

e Me

XV XX

The same procedure waes successful in the alkyletion of
l-methyloxindole (XXI) with chloroacetonitrile but wes un-
successful in the alkylation of oxindole (I) with chloroaceto-
nitriles.

In another series of experiments, Julisn and Pik19 ex-
tended the alkylation of 1,3-dimethyloxindole (XV) to the
preparation of 1,3-dimethyl-3- 4 -phthalimidoethyloxindole
(XXII). Thie was done by refluxing an ethereal suspension
of the egodium salt of XV with nhthalimidoethyl bromide.

Br/\
Na-salt of XXI -+ —_—
N N~ o N
| (o] 0
Me

o) o]

XX

8p. L. Julien in R. C. Elderfield, "Heterocyclic Com-
pounds, " Volume III, John Wiley &nd Sons, Inc., New York,
N. Y., 1952, Chapter 1, p. 171.

9. L. Jullen end J. Pikl, J. pm. Chem. Soc., 57, 539-
44 (1935).
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A further extenslon of the alkylation of 1,3-dimethyl-
oxindole (XV) was carried out by Julian and Piklg,who prepared
1,3~dimethyl~-3~/4 ~bromoethyloxindole (XXIII) from .the sodium

salt of XV and ethylene bromide.

Na~salt of X¥ Ton

By an anslogous procedure using 1, 3-dimethyl-5~ethoxy-

10 prepared the 5-ethoxy derivative

oxindole, Julian end Pikl
of XXIII. |

In connectlion with a nropoced synthesis of oxytryptophan,
Julian and co-workers' glkylated 1,3-dimethyloxindole (XV)

with bromoacetal to yield 1,3-dimethyloxindolylacetal (XXIV).

OEt OEt
e o
Me h'/le
XV XXV

( ?09. L. Julian and J. Pikl, J. Am. Chem. Soc., 57, 755-7
1935).
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However, attempted alkylations of oxindols (I) &nd 1-
methyloxindole (XXI) with bromoacetsl were unsuccessful7 a8
wes an attempted elkylation of 3-acetyloxindole (XXV) with
bromoacetala.

Yhen Julien &znd co-workers7 treseted the sodium salt of
l-methyl-3-zcetyloxindole (XXVI) with methyl lodide in acetone,
a procedure which ylelded an O-methyl derivative (XVI) with
l-methyl-3-formyloxindole (XIII), a C-eglkyl derivative
(XXVII) was obtained.

No- salt of XXVT S~

This led tc the utilization of this method to prepare
gseveral l-methyl-3-moncalkyloxindoles, as the scetyl 2oroup
of compounds esuch ag XXVII could be readlly removed by

hyérolysis with sodium ethoxide.
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11 prepared l-methyl-3-(2-N-tetra-

Julian and co-workers
hydroisoquinolylethyl)-oxindole (XXVIII), from the sodium
salt of l-methyl-3-acetyloxindole (XXVI) end l-bromo-2-N-

tetrahydroisoquinolylethane 1n acetone,

Br/ﬁ
N
Noa-salt of XXV + —_—_—
n-o N
[:153%:] Je

XXV

The nreparation of l-methyl-3-(2-bromoethyl)-oxindole
(XXX) by Julian and co-workersll involved the reaction, in
acetone, of the sodium sclt of l-methyl-3-acetyloxindole
(XXVI) with A -phenoxyethyl bromide to form, after hydroly-
sls, l-methyl-3-(2-vhenoxyethyl)-oxindole (XXIX). The phen-
oxy group of XXIX was then replaced by bromine, using HBr,
to form XXX.

llP. L. Julian, A. Magnani, J. Pikl =nd V. J. Karvel,
J. Am. Chem. Soc., 70, 174-9 (1948).
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Na - salt of XXVT - of
0
|
XX Me
Br
N 0
|
Me
XXX

On treatment with sodilum ethoxide, or tetrahydroiso-
quinoline in the cold, l-methyl-3-(2-bromoethyl)-oxindole
(XXX) formed 2,3-dihydro-8-methylfuro [2,3-b] indole (XXXI),

which process is an example of intramolecular O-alkylationll.

LT —— LT

Me Me

XXX XXRL
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Evidence for the structure as:igned to XXXI was based
on analyses, and the conversion of XXXI to XXVIII by treat-

ment with tetrehydrolsoquinoline hydrobromide,

ouw T

Me Me

XXX XXVIT

Y
z

In connection with investigatione on the alkaloid
yohimbine, Jullan and Magnanilz had occaslion to carry out
further slkyletion of l-methyl-3-acetyloxindole (XXVI), and
reported the 1lsolation of an O-alkylation compound. The
product was obtained by treating the godium salt of XXVI
with 2-( Z-chloroethyl)-l-isoquinolone, 2-(/ -bromoethyl)-1-
isoquinolone, or 2-(/9—toluenesulfonoxyethyl)-1-1soquinolone

to give XXXII, an O-alkyleted compound.

12p, 1. Julisn and &. Megnani, J. Am. Chem, foc., 71,
3207-10 (1949).




Xﬂ
Na- salt of XX¥T + N T
o/\

N

XXX
(x=halo or tosyl)

The structure assigned to XXXII was based on analyses
and on hydrolytic studies using sodium ethoxide, which ylelded
2-( # -hydroxyethyl)-l-isoquinolone, 2-( 8-ethoxyethyl)-1-
isoguinolone and l-methyl-3-acetyloxindole (XXVI).

)

|

—Z

o/\| N
|
N Me

(Y=0H or OEt)
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The O-alkylated comnound XX¥XII could be thermelly re-
arranged to the C-alkyl compound XXXIII which could then be
deacylated to yleld l-methyl-3- [2-N-(1l-o0x0-1,2-d1lhydroiso~-
guinolylethyli]-oxindole (XXxIV).

0
' —————
f\ll o/\ - o
Me N
0
XXXIT [
NS0 N o
| |
Me
XXXIV—

korning and Rutenberg13 carried out some elkylations on

l-methyl-3-ethyloxindole (XXXV), in connection with the

13E. C. Horning &nd M. ¥. Rutenberg, J. £m. Chem. Soc.,
72, 3534-6 (1950).
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structure of mornhine derivatives and synthetic anzlgeelcs.
The various a2lkyl halides used were chloroacetonitrile, ¥ -
chlorobutyronitrile, and A -dimethylaminoethyl chloride,
yielding the resnective oxindole derivatives; l-methyl-3-
ethyl-3-cyenomethyloxindole (XXxVI), l-methyl-3-ethyl-3-

( o» ~cyanopropyl)-oxindole (XXXVII) and l-methyl-3~ethyl-3-
( A-dimethyleminoethyl)-oxindole (XXXVIII). In the csse of
chloroacetonitrile, sodium ethoxide in ethanol was used,

whereas with the other two alkyl halides, codamide in toluene

was employed,

CN
& _ N
T 0 IT 0 T M: \Me
Me Me Me

XXXVT XXV XEXVIT

|
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Palazzo end Rosnatilh carried out several slkylations
of l-methyloxindoles using sodsmide in toluenes, 1-Methyl-3-
phenyloxindole (XXXIX) reacted with & -dimethylaminoethyl
chloride to form l-methyl-3-phenyl-3-( @ -dimethylaminoethyl)-
oxindole (XL). Fowever, under the same conditione, both
dimethylsminoethyl chloride and diethylaminoethyl chloride
reacted with l-methyloxindole (XXI) to give the O-slkylated
derivetive (XLI).

Y

N
N O T O Ve Me
N|1e Me
XXXTX X

(P.-: Me or Et)

146. Palazzo and V. Rosnatl, Gezz. chim, itsl., 82, 584-
94 (1952).
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venkertlS hes cerried out slkylations of 3-phenylacetyl-
oxindole (XLII) with chloroacetonitrile using sodium carbonate
in acetone. Depending on the reaction time and the guantity
of chloracetonitrile used, the following wroducts were ob-
tained; l-vhenylacetyloxindolyl-3-scetonitrile (XLIII),
oxindolyl-3-scetonitrile (XLIV), and 3,3-dicysnomethyloxin-
dole (XLV).

Q CN
CN N
- —_—
N o T 0 N (o]
H .
0
XL X\

CN

T

II—Z

15E. Wenkert, Doctoral Dissertetion, Harvard University,
1951,
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Recently, Witkop and Patrick16 and Wenkert and Mertenl?

have dialkylaeted l-msthyloxindole (XXI) with tetramethylene
dibromide to form l-methyl-3,3-tetramethyleneoxindole (XLVI).

: :N:=° : :N: °
J |

e Me

XXT XLV

Witkop and Patrick16, in connection with reactions in-
volving gelsemine and dihydrogelsemine, both of which have
been considered as 3,3-dleubstituted oxindoles (XLVII), vre-
vared the N-methyl derivatives (XLVIII) of theee compounds
by refluxing thelr potassium salts with methyl iodide in

benzene.

K- salt of XIVIT .

L—z

e

16B. Witkop and J. B. Patrick, J. Am, Chem. Soc., 75,
2572-6 (1953).

17g. Yenkert and H. HMerten, unpublished studiles.
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The converslion of zn oxindole to the corresponding 1-
methyloxindole derivative has been revorted by Cook and co-
workersls. Reaction of 4-methoxyoxindole (XLIX) with methyl

jodide in sodium methoxide gave l-methyl-4-methoxyoxindole

(L).
OMe OMe
:i: N: Y :i: :N::lo
L |

Me
XLIX X

£ summary of the literature on the alkylation of oxin-
dole snd 1its derlvatives with alkyl halldes, 1g given in
Teble 1, This table covers the literature thoroughly through
1953, and includee dats on temperstures, reasction times,
product ylelds where poesible and apovropriaste references.

Another procedure to form l-methyloxindoles 1s by re-
acting 2 solution of the oxindole compound in excees base
with excess dimethyl sulfate. This procedure has been appliled

to geleemine (XLVII) by Venkerti® to give N-methylgelsemine

187, w. Gook, J. D. Loudon and P. McCloskey, J. Chem.
Soc., 1952, 3904-12.



Table 1. Summary of Alkylastions of Oxindole and Oxindole Derivastlves

Oxindole Alkyl Basge Mole Solvent Temp. Time Product  Yield Ref.
£nd Helide Ratio °¢
Deriv. of
A B C B:4:C
Oxindole excess sodium ethenol reflux. 2 hrs. l-ethyl- 1
ethyl ethoxlde ' oxindole
lodide
3, 3-di- methyl sodium methanol 100- 16 hrs. 1,3,3-tri- 2
methyl- iodide methoxide 1208 methyl-
oxindole
Gelsemine methyl potassium 1:1:1 benzene refilux. 2 hrs. N-methyl- 25 16
iodide sglt of gelsemine
A
Dihydro- methyl potessium 1,3:1:1 benzene reflux. over- N-methyl- 80 16
gelsemine = lodide sglt of night dihydro-
A gelsemine
3-1igopro- methyl sodium 8.5:1:3.8 methanol 110~ 16 hre. l-methyl-3- L
pyl- iodide methoxide 1208 isopropyl-
oxindole

8gegled tube.

bpreuared from potassium metzl and the oxindole derivastive.

44



Teble 1 (Continued)

Oxindole Alkyl Bage Mole Solvent Temp. Tire Product Yield Ref.
and H:1ide Retio oc %
Deriv. of
A B C B:A:C
L-methoxy- methyl sodium 1:1:1 methanol 40-45 6 hre., l-methyl- 19 18
iodide methoxide L-methoxy~
oxindole
3-methyl- methyl godium methenol 110- 11 hre. 1,3,3-tri- 3
10dide methoxide 1208 methyl-
oxindole
l-methyl- methyl godlium 2:1:1.1 methanol reflux. 3 hrse. 1,3-d1l- 100 5
3-formyl- lodide methoxide methyli-
oxindole
l-methyl- methyl sodium 2:1:2.2 methsnol reflux. 3 hrs. 1,3,3-tri- 5
3-formyl- iodide methoxide methyl-
oxindole
1,3-4i- methyl sodium 2.2:1:1.7 methanol reflux. 3 hrs. l,j,é—tri— 84 5
methyl- lodide methoxide methyl-
oxindole
1,3-di- chloro- sodium 1.8:1:1.2 ethanol 690 3 hre. 1,3-41- 90 5
methyl- zceto- ethoxide methyl-
nitrile oxindolyl-
3-aceto-

nitrile

4



Table 1 (Continued)

Oxindole Alkyl Base ¥ole Solvent Temp, Time Product Yield Ref
and Halide Ratio o¢
Deriv, of
A B . C B:A:C
1,3-di- whthal- sodium .8:1:1 diethyl reflux. over~ 1,3-di~ 73 9
methyl- imido~ salt of ether night methyl-3-
ethyl AC (f-phthal-
bromide imido-
ethyl-
oxindole
1,3-41- ethylene sodium 8.7:1:1 diethyl reflux. over- 1,3-d41- 61 9
methyl- bromide sglt of ether night methyl-3-
A (B-bromo-
ethyl)-
oxindole
1,3-41- ethylene  sodium diethyl reflux. over- 1,3-di- 10
methyl- bromide g2lt of ether night methyl-5-
S5-ethoxy- AC ethoxy-3-
{A-bromo-
ethyl)-
oxindole
1,3-4i- bromo~ sodium 1:1:1.1 ethznol reflux. 1 hr. 1,3-d1- 69 7
methyl- acetal ethoxide methyl-3-
oxindolyl
scetal

Corepared from godium metal :nd the oxindole derivative.

72



Table 1 {Continued)

Oxindole Alkyl Base Mole Solvent Tgmp. Time Product Yield Refl
and Halide Ratio C
Deriv., of
A B c B:a:C
l-methyl- methyl fodium acetone 1,3-d1- 7
3-acetyl- lodide g8lt of methyl-3-
ad acetyl-
oxindole
l-methyli- l1-bromo-2- sodium .9:1:1 acetonef 1008 24 hrs. l-methyl-3- 27 11
3-scetyl-  (N-tetra- sglt of (A-N-tetra-
hydroiso- A hydroiso-
quinolyl)- guinolyl-
ethane ethyl)-
oxindole
l-methyl-  l-bromo-2- sodium acetonefl 140- 24 hre. l-methyl-3- 27 11
3-acetyl-  (N-tetra- sglt of 1508 (p-N-tetra-
hydroiso- A hydrolso-
quinolyl)- guinolyl-
ethane ethyl)-
oxlindole

dprepared from sodium ethoxide and the oxindole derivative.

e

T

contzining sodium 1odide.

prepared from slcohollic silver nitrate =nd the oxindole derivative.

62



Table 1 (Continued)

nitrile

Oxindole Alkyl Bzse Mole Solvent Temp. Time Product Yield Refl
and Halide Ratio oc 4
Deriv. of
A B c B:A:C
l-methyl- l-bromo-2- sodium dioxaner 80-90 11 hre. l-methyl-3- 27 11
3-acetyl- (N-tetra- salt of (B-N-tetra-
hydrolso- Ad hydroiso-
quinolyl)- quinolyl-
ethane ethyl)=-
oxindole
l-methyl- tetra- sodium 1:1:2 ethanol reflux. 1 hr. l-methyl- 60~ 16,
methylene ethoxide 3,3-tetra- 70 17
bromide methylene-
oxindole
3-phenyl- chloro- sodium acetone reflux. 4-6 l1-phenyl- 15
acetyl- aceto~- carbonate hrs. ascetyl-
nitrile 3-ecyano-
methyl-
oxindole
3-vhenyl- chloro- sodium ecetone reflux. 17 hrs. 3-cyano- 15
acetyl- aceto- carbonate methyl-
nitrile oxindole
3-phenyl- excess codium acetone reflux. 48 hrs. 3,3-41- 15
acetyl- chloro- carbonate cyanomethyl
aceto- oxindole

92



Table 1 (Continued)

Oxindole Alkyl Base Mole Solvent Temp. Time Product Yield Refl
end Eallde Ratio oC
Deriv. of
A B C B:A:C
l-methyl- #-ai- godamide 1.3:1:1.3 toluene l-methyl-3- 14
3-phenyl- methyl- vhenyl-3-
smino- (F -di-
ethyl methylamino-
chloride ethyl)-
oxindole
l-methyl- chloro- sodium methanol l-methyl-3- 60 8
sceto~- methoxide oxindolyl-
nitrile aceto-
nitrile
l-methyl-  f-phen-  sodlium 5:1:1 scetonel 150~ 1 - -
3-acetyl-  oxyethyl sglt of 1208 5 bre. %-?gfg%:n- 6
bromide A oxyethyl)-
oxindole
l-methyl- chloro- godium 2:1:1.1 ethanol l-methyl- 13
3~ethyl- asceto ethoxide 3-ethyl-3-
nitrile oxindolyl-
aceto-
nitrile

€reflux, with o1l bsth temp. = 150-160°.

42



Table 1 (Continued)

Oxindole Alkyl Base Mole Solvent Temp. Time Product Yield Ref.
and Helide Ratio °c 4
Deriv. of
A B c B:4:C
l-methyl- g -di- sodamide 1.9:1:1.4 toluene l-methyl-3- 13
3-ethyl- methyl- ethyl-3-(p-
amino- dimethyl-
ethyl aminoethyl)-
chloride oxindole
l-methyl- F-chloro- sodamide 2.1:1:1.2 toluene l-methyl-3- 13
3-ethyl- propis - ethyl-3-(7-
nitrile cyanopropyl)-
oxindole
3,3-di- excess silver diethyl 602 10 hrs. 2-methoxy~ 2
methyl- methyl szlt of ether 3,3-41-
lodide A® methyl-
indolenine
3-1isovropyl- excess gsilver dlethyl 70& 12 hrs. 2-methoxy-3- L
methyl salt of ether isovropyl-~
iodide A® indolenine
l-methyl-  B-di- sodemide 1.7:1:1.2 toluene l-methyl-2- 41 14
methyl- (A-dimethyl-
amino- aminoethoxy)
ethyl indole

chloride

8¢



Table 1 (Continued)

Oxindole Alkyl Base Mole Solvent Temp. Time Product Yield Refl
and Halide Ratlo o¢
Deriv. of
A B c B:a:C
l-methyl- methyl sodium 3.1:1:1 acetone reflux. 5 hrs. l-methyl-2- 22 5
3-formyl- lodide sglt of methoxy-3-
A formyl-
indole
l-methyl- l-methyl- sodium ethznol room 10-15 2,3-dihydro- 100 11
3(@-bromo- 3(f-bromo- ethoxide temn.  min. 8-methylfuro
ethyl)- ethyl)- [2,3—%{-
oxindole indole
l-methyl- l-methyl- tetra- benzene room 10-15 2,3-d41- 100 11
3(g-bromo~ 3(A-bromo- hydro- temp.  min. hydro-8-
ethyl)- ethyl)- isoguino- methylfuro
oxindole 1line [2,3-v]) ~
indole
l-methyl-  2-(f - godium .5:1:1  dioxanef 100 17 hrs. l-methyl- 25 12
3-acetyl-  chloro- 851t of 2- [2-N-(1-
ethyl)- A oxo-1,2~-d1-
1-1s0- hydroiso-
quino- quinolyl-
lone ethoxy)] -
3-acetyl-

indole
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Table 1 (Continued)

Oxindole Alkyl Base Mole Solvent Temp. Time Product Yield Refl
end Halide Retlo o¢C 4
Deriv. of
A B C BiA:C
1-methyl- 2-(p- godium NSRS dioxanef 100 5 hrs., 1l-methyl- 22 12
3-acetyl-  bromo- sglt of 2- [2-N-(1-
ethyl)- A oxo-1, 2-di-
l1-iso~ hydroiso-~
guinolone quinolyl-
ethoxy)]-
3-acetyl-
indole
l-methyl-  2-(f-p- sodium L7312 scetone reflux. 1 hr. l-methyl- 55 12
3~-acetyl-~ toluene- salt of 2- [2-N-(1-
sulfon- A oxo-1,2-di-
oxyethyl)- hydroiso-
1-1go- quinolyl-
guinolone ethoxy)] -
3~acetyl-

indole

o€
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(XLVIII) and to 3,3-tetramethylene-5-nitrodxindole (LI) by
Witkop and Patrickl®, to give

) l

Me

XLNIT XUV

l-methyl-3, 3-tetramethylene-5-nitrodxindole (LII).

NO, NO,
N0 o N0
l |
H Me
Ir im-

Dlazomethane has been emrloyed to prepare O-methylasted

oxindole derivatives. VWhereas Hornerl9 reported thst

19L. Horner, Ann., 548, 117-46 (1941).
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treatment of 3-formyloxindole (XVII) with diazomethane ylelds
3-methoxymethyleneoxindole (LIII), Julien® found that dlazo-
methane reacted with l-methyl-3-formyloxindole (XIII) to
form l-methyl-2-methoxy-3-formylindole (XVI), and slso 1-

methyl-3-methoxymethyleneoxindole (LIV), by analogy with

Horner'e compound (LIII).

(o] QMe
——+
T 0 N o]
H

XVIT I

o OMe (o}
N Y N OMe
|
Me

N (o)
I
Me

X IV XVT
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Acylation

Acylation of oxindole derivatives can occur by the at-
tack of anions, formed from the intersction of oxindoles
with bases, on ecyl helidee, esters, or anhydrides. As men-
tioned previously, the products would be N-acylasted, O-
acylated or C-acylated compounds, depending on experimental
conditions and the nature of the reactants.

Suida® prepared l-acetyloxindole (LV) by reaction of

oxindole (I) and acetlc anhydride.

N7 O N O

I

! OJ\
T 1V

20y, suldas, Ber., 12, 1326-8 (1879).
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Other oxindole derivetives similerly yleld l-acetyl
éerivatlvesz'B’u'Zl'22'23.

Heller and Heinezu reacted the sodium salt of oxindole
(I) with benzoyl chloride to give l-benzoyloxindole (LVI).

With an exceses of benzoyl chloride, & tribenzoyl derlvatlive

(LVII) was formed.

£ o
o]
1
~——— Na-saltof I —

N

0 P’ ﬁ

o NIC

2lg. Mazzara and 4. Borgo, Gazz. chim., 1tal., 35, 1I,
320-6, 563-9 (1905).

22, Relesert and J. fcherck, Ber., 31, 387-97 (1898).

23¢. “ahl, Monatsh., 38, 525-35 (1917).
44, Heller snc H. Helne, Ber., 49, 2775-8 (1916).
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Stollé and co—worker525 ghowed that 1~ henyloxindole
(LVIII) could be condensed with ethyl formate in the presence

of eodium to yield l-phenyl-3-formyloxindole (LIX).

o
0 3 ::::]::u::[;
|
Y.

IVII IIX

Q—Z

Julizn and co-workers> expanded thile reaction to include
not only formylation with ethyl formate, but generel acylation
with a Variéty of esters7'11. The genersl nrocedure con-
elsted of reacting the ester with l-methyloxindole (XXI) in
the presence of a slizht sxcess of sodium ethoxide to ~roduce

l-methyl-3-acyloxindoles (LX).

23R, s£tollé, H. Hecht and U. Becker, J. prekt. Chem.,
135, 345-60 (1932).
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(o]
R
N~ O N~ O
i |
Me Me
XXT I

Esters emrloyed by Jullan and co-workers were ethyl
formate>, ethyl proplonate®, ethyl scetate, ethyl dimethyl-
aminocacetate, ethyl melonate’ and ethyl tstrahydrolsoguinolyl-
5cet&tell. In the case where the ester wes ethyl melonate,
elther LXI or LXII could be obtained depending on the con-

édltions.

(o]
:: :N:[O o; OEt O
l
Me

IXT X
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The acylation of l-methyloxindole (XXI) was also

26, who prepared the 3-acyl

studled by Porter and co-workers
derivztive using ethyl oxalate.
Hornerl? applied the same reaction to oxindole (I) and
prepared 3-acyl derivatives (LXIII) from ethyl acetate, sthyl
oxalate, ethyl malonate, ethyl glycolate and ethyl glycolste

methyl ether.

o)
R
N o T 0
! H
I LXOT

However, Horner19 wag unable to prepare 3-acyl derive-
tivee of oxindole from ethyl phthallimidomelonate, ethyl iso-
nitroesomalonate, ethyl lsonitroeocyanocacetzte, and ethyl tar-
trate. From the scylastion of oxindole with ethyl melonate,

in contrzet to Julisn'e work on l-methyloxindole (XXI),

263, ¢, Porter, R. Roblnson and M. tyler, J. Chem.
Soc., 1941, 620-24,
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Horner was unsble to obtaln the desmethyl vroduct anzlogous
to LXI, but obteinec only the desmethyl anslog of LXII.
The catalytic reduction of l-methyl-3-zcyloxindolee

7

(Lx) hes been reported by Julian and co-workers’ to give the

corrsgponding l-methyl-3-alkyloxindoles (LXIV).

Q
R
R
——-
N (o] N 0
|
Me

X - IO

It is interesting to note however that in the reduction
of l-methyl-3-( 4 -N-tetrahydroisoquinolylacetyl)-oxindole
(LXV), two products were obtained; the alkyl oxindole (X VIII),

and the scyl indoline (LXVI)ll-

o 0
- +
T o ~N o N T N
Me Me

N
I
Me

XV XXV LXVT
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Eornert? reported that 3-acyl oxindoles (LXIII) were
not catalytically reduced to 3-alkyl oxindoles. However,
Julianll found no difference in the reduction of LXV, and
the corresponding desmethyl derivative, although in the
latter case, no products were isolsted.

Grdnacher and Mahal??! considered 3-formyloxindole {(XVII)
to exiet principally in the enol form (LXVII).

o OH
——
<

N o N o}

|

H

XVIC ILXvIT

The enolbenzoate (LXVIII)19'27’28, enolbenzenesulfonate
(LXIX) and enolacetate (Lxx)19+28 of LxvII are known, as well
ee the enolbenzoste (LXVIII)?8, and enolscetate (Lxx)28 of
l-methyl-3-hydroxymethyleneoxindole (LXXI)(enol form of XIII).

27C. Grdnacher and A. Mahal, Helv. Chim. Acta., 6, 467-
82 (1923).

28H. Fischer and K, Smeykal, Ber., 56, 2368-78 (1923).
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o o)
@;(:J\ /d T 0 SO,_\ /0’
R H

LXVIT IXTX
(R=Hor MG)
: : ]
1 °J\
R
IXXC
(R:H or Me)

£ proof of the structure of LXVIII wae given by Hornerlg,

who showed that on catalytic hydrogenation, LXVIII was con-

verted to 3-methyloxindole and benzoic acid.

(o}
J\_____>. +  Hcoon
N0 07 Ny N7 7O

|
H

XV x=
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Condensgsatlion of oxindole aldehydes

Fischer and Smeyka128 in attempted Perkin condensatlons

of LXVII and LXXI obt:zined producte which they consider to
be LXXII, but which.Hbrnerlg, on reinvestigation, belleved
to be LXXIII.

Attempted condensations of 3-hydroxymethyleneoxindole
28

(LXVII) with rhodanine were unsuccessful, a fact accribed
to enolic charscter of LXVII.

However, Fischer and Smeykalz8 were sble to condenee
elther LXVII or LXXI with hippuric acld in the presence of
sodlum acetate 1in acetic anhydride, to give an acetyl azlac-

tone (LXXIV) which could be hydrolyzed to the azlactone (LXXV).



L2

OH ,-——COOH

(R: H or Me) (&’H or Me)

Inasmuch ¢s8 the azlactone could not be hydrolyzed to
the expected acrylic =zcid, and after reinv=stigetion of the
reaction, Horner19 postulat=d the formation of the enolace-
tste (LXX), followed by condensation at the 2-position to
give an acetyl azlactone (LXXVI) which could then be hydro-

lyzed to the azlactone (LXXVII).
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o —Z

0
0//u\‘ OH
—_—
N N
R NYO k

-4 b 4
LT LXRVIT

The condensstion of 3-hydroxymethyleneoxindole with
hydantoin29 in the nresence of ascetlic anhydride formed an
N-acetyl condensation product (LXXVIII), which could then

be hydrolyzed to the deacylated compound LXXIX.

297. Iwao, T. Katumure snd ¥. Kotakl, J. Chem. Soc.
Janan, 60, 454-6 (1939).
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Oxindole alkaloids

Recently, several alkalolds from varioue plant specles
have been considered to be oxlindole derivetivee. Of these,
one of the flret was gelsemine, derived from Gelsemium

sempervirens Alt. The evidence for this conclusion came

from degradetion studies on gelsemine, in which 3-methyl-

oxindole (IX) wae isolated from a zinc dust dietillstion of
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gelsemine hydrochlorideBo; and also from svectral studles
by Kates and Marion3! who ehowed that the ultraviolet ab-
sorntion snectra of gelsemine and 3,3-dimethyloxindole (VI)
were supéerimposable, whille comparison of the infrzred ab-
sorption epectra showed excellent correlstion for imino,
carbonyl and benzene ring sbsorption.

Schwarz and Marion32 in further investigations on alka-
loide derived from the gelsemium svecles, isolated two minor
alkaloide of the group, gelsedine and gelsevirine which, on
the basis of comparicons of ultraviolet and infrared epectra,
were considered to be 1,3-disubstituted and 1,3,3-trisubsti-
tuted oxindole dzsrivetives respectively.

£ comparison of the ultraviolet spectra of gelsemine;
and formosanine, rhyncophylline and mitraphylline derived
from various mitragyna species was mede Dby Raymond~Hamet33.
On the baels of similerities in the svectra, it was proposed
that these mitresgyna alkaloids had simlilser structural

cherscteristics to gelsemine.

30R, Goutarel, M. M. Jenot, V. Prelog, R. P. A. Sneeden
and W. I. Taylor, Helv. Chim. Acta, 34, 1139-53 (1951).

31
(1951).

32H. Schwarz and L. Marion, Can. J, Chem., 31, 958~
75 (1953). o

33Raymond-Hamet, Compt. rend., 230, 1405-7 (1950).

M. Kates end L. Marion, Can. J. Chem., 29, 37-45
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Degredation studles on rhyncophylline” ", mitraphyllineBs,

end uncarine-4 from Uncarlc kewskimii Hayat&Bs yielded &

010890N compound. Berger and co~worker834 obtsined the com-
pound by & calcium oxlide distillation of rhyncophylline and
thought it to be methylcarbostryril, whereas Cook and co-
workerel® isolsted & C10HgON compound from a zinc dust dis-
tillation of mitraphylline hydrochloride, which was consldered
to be 1ldentical with the product derived from rhyncophylllneBa,
but was thought to be 3-vinyloxindole (LXXX)35. The product
1solated by Kondo and Nozoye36 by the pslladium distillation
of uncarine-A or the degradative dietlllation of uncsrine-A

methiodide was thought to have the dihydrofuroindole structure

(LXXXI).
e
LI
0 \|~l o)
H

XX TXXXT

Ir—z

BQG. Berger, E. Dysr end L. J. Ssrgent, J, Org. Chem,,
4, 418-27 (1939).

35J. v. Cook, R. M, Gailey znd J. D. Loudon, Chemiestry
and Industry, 1953, 640.

36y, Kondo, T. Nozoye and M. Tomlte, Annusl Rept, ITS8UU
Lab., 1, 30-6 (1950).
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The structure LXXX35 wae assigned on the bssls of
anelyses, ultraviolet absorption spectra, and the catalytic
hydrogensation of LXXX to 3-ethyloxindole, while LXXXI36 wae
ascsigned on the negative evidence of unresctivity toward

ozone, thus eliminating LXXX, and on analyses.
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DISCUEEION

The actlion of bsses on oxindole may lead to the forma-

tion of anions as represented by the following equestion.

This affords the oprortunity of N-alkylation, O-alkyla-
tion or C-alkylation on reaction with elkyl hslldes.

1'2’4, however, with perhaps two exceptionsB'u,

In general
it hee been shown that when the possibllity of N-alkylation
existe, 1t 1s the preferred reactlion. Therefore, whenever
C-alkylation was attempted>’''8:9,10, o 1f C-alkylation
versuge O-alkylation wase to be studied5'll'12, N-alkylated
oxindoles have be=n usec.

Instances in the oxindole series in which O-alkylation
1s reported to occur in preference to C-alkylation are gulte
rare, and it beceme of interest to reinvestigate some of

these for posslible structural mleginterpretations and also

for use that could be maede of an O-alkylaeted oxindole to
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function as a "model" com-ound for infrared and ultraviolet
absorption studies.

The O-slkylation of l-methyl-3-formyloxindole by Julian
and co-workers7 to rroduce l-mesthryl-2-methoxy-3-formylindole,
although not an ealkylstion of & eim-le oxindole, seemed to
Justify re-examinetion for the followlng ressons. It seemed
strange that alkylation of this A-dlcarbonyl system should
occur on the carbonyl group of the amide function rather
than that of the formyl group*.

It wae hoped that & structure could bs unambiguously
assigned by a considerstion of the infrared and ultrzviolet
absorption spectra of the slkylastion product and ite reduction
product, and also chemlecelly, by ozonization studles.

Echematically the structursl possiblilities could be

outlined as follows:

0 OH
//7( | Ha |
N OMe N OMe
OH | |
Me Me
N 0
| \ OMe OMe
Me Ha
_*
N o N~ Y0
I I
Me Me

*It has been reported27 that 3-formyloxindoles are highly
enollc, exieting as the hydroxymethylene tautomers.
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It was found in fact that the ultreviolet absorption
spectrum of the alkylation product and starting material were
very eimilar; the maxima appearing at 265 mp (log & 4L.45),
301 mp (log € 4.00), and 265 mp (log € 4.38), 308 mp (log €
4.10) respectively. The ultraviolet sbsorption spectrum of
the reduction product was very similer to a simple oxlndole,
having a characteristic meximum at 252 mp (log € 3.98).
Furthermore, the infrared sbsorptlion spectrum of the alkyla-
tlon product was guite similar to thet of a slmple oxindole
with the addition of an absorption peek at 6.03 u, which
could be attributed to the enol ether linkage, while the
infrared absorption gpectrum of the reduction product showed
charecteristic oxindole carbonyl absorption at 5.82 p and
was in fact superlimposable on that of 1,3-dimethyloxindole.
In chemical studles, 1t was shown that the ozonlzation of
the alkylation product ylelded l-methylisatin. Infrared and
ultraviolet gpectrs are shown in Figurees 1, 2, 12 znd 13*
and these together with the chemical deta obtained indlcated
the alkylation product to be l-methyl-3-methoxymethylene-
oxindole rather then l-methyl-2-methoxy-3-formylindole.

*Phese figures and all othere mentioned subeequently
appear in the Spectrz section.
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Thise would lead to the prediction that in other instances

involving the reported O-alkylation of 3-acyloxindole812

, reé-
action mey have occurred at the ketone carbonyl rather than
the amide carbonyl.

The reported O-alkylstion of l-methyloxindole with
,9--di.met;hylamince‘chylchloric‘ie;ll'P warranted further study since
the gtructural asslignment seemed to be based on inconclusive
evidence. The authore made & comparison of ultraviolet ab-
gorption spectre which showed considerable similerity to a
simple oxindole, and compared the melting points of deriva-
tives of their product with the corresponding C-alkylated
product prepared by Julian7. However, the derivatives com-
pered were not the same, being in one case the picrolonatelu,
and in the other the picrate7.

A careful repetition of this work yielded & product
which gave an ultraviolet absorption spectrum completely in
agreement with that of e simple oxindole, and an infrared ab-
sorptlon spectrum showing the characteristic oxindole carbonyl
absorption at 5.82 p. Furthermore, analyses of the plcrate,
and comparison with an authentic sample of the picrate of
the C-alkyleted product (prepared by Julisn's method) indi-
cated thst the product was indeed C-alkylsated.

Congiderable difficulty was encountered in the prepara-

tion of thie picrate due to the insbility to obtain the
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reportec melting polnt7. Even after repe:sted recryetelliza-
tione 1t melted about elght degrees below the reprorted value.
It was therefore necessary to obtaln an authentic sample of
the picrate*, which on comparison shoved the same melting
point, and gave no depression on mixed melting point deter-
mination. Infrered &nd ultraviolet abeorption spectra are
shown in Figures 3 and 14.

& further literature search for simple O-alkylsted oxin-
doles per se, in an attempt to obtain a "model" compound for
infrered and ultraviolet absorntion spectra studies indicated
thaet the reported intremolecular O-alkyletion of l-methyl-3-
( A-bromoethyl)-oxindole to produce & dihydrofuro der1Vat1ve11
e8 outllined in the following eqguation would be worthy of

repetition.

= I\
t‘]l o Br RS T o
Me

Me

*
An suthentic sample was kindly sup-lied by Dr. P. L.
Jullan.



53

It i1s of interest to note that in the prepsasration of
l-methyl-3-( # -bromethyl)oxindole, contrsry to published re-
ports7, that an N-alkylated oxindole unsubstituted in the 3-
position cannot be alkylated directly, the direct C-alkyle-
tion of l-methyloxindole could be used. The general procedure
developed involved the prior formation of the anion from an
equivaelent amount of sodium hydride in benzene, followed by
reaction with the apnropriate alkyl halide*.

The further resction of l-methyl-3-(4 -bromoethyl)-
oxindole with sodium ethoxlide solution yielded the supposed
O-alkylation vroduct. However, the ultraviolet absorption
spectrum of thie compound showed &1l the characteristics of
& simple oxindole, while the infrared absorption spectrum
contained the cheracteristic oxindole carbonyl bsnd. Fig-
ures 4 and 15 sehow the infrared and ultraviolet absorption
spectra comparisone which lndicate, when coupled with ansaly-
ses that the compound must be l-methyl-3,3-dimethyleneoxin-

dole, formed according to the following equation.

B@
Br
e o
Me

Me

*See p. 87 for further discussion of this procedure.



54

The chemlical evidence clted by Julian11 to support the
O-alkylated structure, such as conversion to starting mesterial
with concentrated hydrobromic acid, would ap: ly egually well
to the above C-alkylated structure.

This study led to some interesting vredictions in the
fleld of oxindole alkaloide. In view of the fact that three
groups of investigator334'35'36, had 1solsted a compound
having an emnirlcal formula CjoHgON from degradation studies
of the oxindole alkaloids rhyncophyllineBu, mitranhy111n935
and uncarine-236, and thet the reported melting pointe and
other physical and chemical properties were in good agreement,
it would not be too surprising if they were identicsl. How-

ever, conflicting structures had been assigned es followe,

A, o™ g

H
34 35 36

r—2

although.Cook35 felt that his comvound on the basls of re-

34

duction to 3-ethyloxindole and that of Barger” were identlical

and had the 3-vinyloxindole structure. Kondo36 on the other
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hend ruled out the 3-vinyloxindole structure on the basils of
unreactivity towsard ozone, which should also heve ruled out
the O-alkylated structure which he assigned. The other
structural possibility neglected by these authors was the
3,3-dimethyleneoxindole structure, which had been synthe-~
elzed by Markees and Burger37 in connection with some anti-
tubercular etudies. Its melting point and ultraviolet ab-
corption spectrum, run on an authentic sample*, were in good
agreement with the degradstion products and its ultreviolet
spectrum was of couree simlilar to that of l-methyl-3,3-di-
methyleneoxindole. It was predicted therefore, on the besis
of these similarities and by comparison with l-methyl-3,3-
dimethyleneoxindole, that the degradstlion nroducte from the
oxindole slkaloilds had the structure 3,3-dimethyleneoxindole.
Figures 5 and 16 glve infrared and ultreviolet absorption
spectra comparisons. A melting point sample of Kondo's com-
pound** showed no depression on mixed melting point deter-
mination with authentle 3,3-dimethyleneoxindocle.

Since for blogenetic reasons oxindole alkaloids must
possess & 3-ethenamino srouping, & possible mechenism for the

formatlon of the degredstion product would be the following.

37p. @. Markees and A. Burger, J. Am. Chem., Soc., 71,
2031-5 (1949).

*aA gample was kindly supplied by Professor Burger.

»o
A sample wee kindly supplied by Dr. T. Nozoye of

Dr. Kondo's group.
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Some attempts were made to synthesize 3-vinyloxindole
to compare 1ts »nropertiee with those of 3,3-dimethyleneoxin-
dole., The synthetic path pronosed was to react lithlum
acetylide with iestin to form the corresponding dioxindole,
and then by a reductive step (catalytically, chemicslly or

both) nroduce 3-vinyloxindole.
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Precedence for the reductive ster can be found in various
reports of conversion of dloxindoles to oxindole838'39'uo'41,
and of triple bonde to double bondsu2'43.

However, although 3-ethynyldioxindole was synthesized,
verious attempted catzlytic reductions of other dioxindoles
to oxindoles suggested that catalytic conditions stringent
enough to remove the hydroxyl group by hydrogenclysls would
certalnly reduce & triple-bond to the singly-bonded system.

Lrs

38

C. Marschalk, Ber., 45, 582-5 (1912).

39J. M. Gulland, R. Robinson, J. Scott and S. Thornley,

QOP. L. Jullen &nd H. C. Printy, J. Am. Chem. Soc., 71,

3206-7 (1949).
“1p. Sakurai, Bull. Chem. Soc. Japan, 17, 269-74 (1942).

“2¢ . N. Campbell anda M. J. O'Connor, J. Am. Chem. Soc.,
61, 2897-900 (1939).

43A. F. Thompeon end £. B. Wyatt, J. Am. Chem, Soc., 62,
2555-6 (1940).
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For example dioxindole wag not cetalytically reduced using
palladium hydroxide on barium sulfate while with platinum
oxide in glscisl acetic acid and 3-isopropyldloxindole,
emounts of hydrogen equivalent to two to three moles were
absorbed, indlcating s much deeper-seated reaction then sim-
ple hydrogenolysie. Furthermore, although mild catalytic
condltions might be predicted to nroduce 3-vinyldlioxindole
from 3-ethynyldlioxindole, further chemical reduction of the
hydroxyl group would give s2g a final product 3-ethylidene-
oxindole. Infrarsd and ultraviolet abeorvtion svectra are
given in Flgures 6 and 17.

One of the posrible exceptions mentioned earlier to the
criterion of N-alkylstlon prior to C-glkylatlon or O-zlkyla-
tion is found in the reported O-alkylation of 3-isopropyl-
oxindole through 1ts silver salt to produce 2-methoxy-3-

1sopropylindolenineu.

N o N OMe
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In view of the well-establlished fact that indolenines, to be
getable as such, muet be 3,3-disubstituted, it seemed more
vrobable that thie compound would actually have the tautomeric
indole structure, and if so, would be a good "model" compound
for infrared and ultraviolet absorptlion spectre studies of
O-alkylated oxindoles.

Consequently, this reaction was reinvestigated, the first
step being the eynthesls of 3-1sopropyloxindole by the Brunner
nrocedure. Thie involves the condensation by ring closure
of & phenylhydrazide in the presence of calcium oxlde, of

which the following mechaniem represents a possible path.

R R R
H
=
@KFO (l\ro @i\ro
B
R —> N, T =

N TH N O R :4

I I

H H H

R R
R
o, o
(' NH, LNH 0
{{@ N ® N
I
H H

xr
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The repetition of this prepsration gave a compound the
melting point of which wae in good agreement with that of
Schwarzu and which possegsed infrared and ultraviolet sb-
sorption svectrs characteristic of an oxindole. However,
using the renorted conditlions for the preparation of the
silver salt¥ (aqueous silver nitrste nlus a dilute solution
of the oxindole) no reaction occurred, whereas a eilver calt
wae readily formed when an alcoholic solution of the com-
pound was treated with ammonliacal silver nitrete s=olution

(a procedure previously employed by Brunner<

with 3, 3-d1i-
methyloxindole, but stated by Schwarzu to be ineffective
with his compound). Furthermore, on reaction of this silver
salt with methyl lodide, no vnroduct identical with that re-
ported by Schwarz could be leolsted, but rether a very small
smount of a comnound was formed having a melting point
widely different from the Schwar:z product*.

Thie apperent snomaly was clarified somewhat when a
repetition of the preparation of 3-isopropyloxindole ylelded
a different product, hsving however the same melting point
ag 3-1isopropyloxindole but other propertles more llike those
of the compound descoribed by Schwarz. For example, this

compound formed no sillver salt on trestment with ammonlscal

*See n. 72 for further dlscussion of thlie compound.
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sllver nitrete solution. A study of the analyees of this
compound and its infrared and ultraviolet absorption spectra
indicated it to be actually isovelersnilide, a fact con-
firmed on comparison by mixed melting point with an authentic
sample.

This would suggest that the compound reported as 3-
lsopropyloxindole might have been actually isovaleranillide
(their analyses differ only slightly), and that if indeed
O-alkylation via the silvsr ealt occurred, the product would

be an O-alkylated anilide.
::: /J:/L\\ [::::1\ ;lj/L\\
N o N OMe
!
H

There 18 precedence for such a reaction in the O-alkyla-
tlon of anilides via egilver oxidehu, which would be completely

analogous to this.

“4G. D. Lender, J. Chem. Soc., 1900, 729-53.
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A possible mechanism for the formetlion of 1sovslzranillide

from isovelerylphenylhydrazide might be the following.

R R R
L\\,=o oA L\T=o
-~ H N +
NH | N N 3
N7 NS D NH, °*
| |
H

o
e
— +
NH NH
4 NH

The formatlon of anlline ss one of the products is an
obeerved fact in reasctions of this type. A summary of the
infrared znd ultraviolet absorptlion spectra of this series

of compounds is shown in Figures 7 and 18.
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Lnother poselble route to the syntheeis of 3~icopropyl-
oxindole would be via 3-ieopropyldioxindole (See Figures 6
and 17) which was prepared by reaction of isopropylmagnesium
bromlide witc igatin. However, the various reductive methods
attempted to convert the dioxindole to the oxindole were un-
successful (see page 58), although it is ‘robable that this
conversion could be sccomnlished by further cereful study.

Thue it can be seen that the reported instances of sim-
ple O-alkylst=-d oxindoles arose from structural misinter-
pretstiong, so thst 1t became necessary to devise s synthetic
route to obtzin them.

One poseibility which seemed to hold promise would be
the resction of a 2-halolindole with & base such as methoxlde

lon to produce 2-methoxyindole.

N X N OMe

This centered attentlion on posslible syntheegee of 2-hslo=-
indoles for which, broadly spesklneg, there might be two

mein sproroachee. ECtartin: with indole derivatives, as for
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examnle, indole-2-csrboxylic acid,z-haloindole could be formed

by a Hunsdlecker resctlon.

| X + AgX +CO,
N COOH N X

(cs Aq- salt)

On the other hand, sterting with oxindole, and by the re-
actlion with reagents such as phosphorue pentachloride or

thionyl chloride, it might be poseible to form Z2-hasloindoles.

4+ HCl + POCI,
i

-z

N

Ar
o
| socl,
! \
*HC| + Soz
N
|
H
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However, the reaction of 3-isopropyloxindole with
phosphorus pentachloride produced chlorinstion in the 3-
position to yleld 3-chloro-3-icopropyloxindole as evidenced
by analyses and comparison with the product formed on re-
action of isorrovryldioxindole with thionyl chloride, with
wirich 1t wes identicel. It 1s well known thet phosphorus
pentachloride 1s a chlorineting agent and in fact the re-
actions of acetanllide and chloroacetanlilides »1th phosphorus
pentachloride produce chlorination in the methyl group to-
gether with the chlorimine, the amount of chlorination de-

' pending on the quantity of phosphorus pentachloride usedus.
Infrared ané ultraviolet absorption spectra are shown in
Figures 8 and 19.

It was thought therefore that thionyl chloride which
18 not a chlorineting agent and which hes recently been em-
ployed t- convert o-nitrophenylacetamide to g-nitrophenyl-
acetonitrileBe, & process which must involve intermediste
formation of e chlorimine would be a sultable reagent to
convert oxindoles to 2-chloroindoles.

The reaction of thionyl chloride with oxindole 1itself

or l-methyloxindole produced a dark-red crystalline meterisl,

which in the case of the product from l-methyloxindole seems

ij. von Brezun, F. Jostes and Y. Minch, Ann., 453,
113-47 (1927).
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to be dimeric by analyces and probably invelves double-bond
formatlon at the 3-position since in “"test-tube" runs using
3-monoalkyloxindolee, no such red color developed. Infrared
and ultraviolet absorption srectre sre shown in Figures 9
and 20.

The use of dlazomethane as en alkyleting agent for the
F-dlcarbonyl system contained 1in l-methyl-3-hydroxymethylene-~

19 hss been mentioned

oxindoles, snd 3-hydroxymethyleneoxindole
previously. ¥hereas Horner19 revorted the formation of 3-
methoxymethyleneoxindole from the reaction carried out in
methanol, Julian6 reports the formation of both l-methyl-3-
methoxymethylenzoxindole end l-methyl-2-methoxy-3-formyl-
indole but does not specify the solvent.

The reactlon of diazomethane with l-methyl-3-hydroxy-
methyleneoxindole in verlous solvente was therefore investi-
gated., ''hen ether weoe used as the solvent, the lisolable
product melted at 137~138°, and showed depression in melting
point on admixture with l-methyl-3-methoxymethyleneoxindole.
Infrared and ultraeviolet absorntion spectre saleo indliceated
& structure radically different from that of l-methyl-3-
methoxymethyleneoxindole. Analysee however 1indicated the

same empirical formula as l-methyl-3-methoxymethyleneoxin-

dole so that tentatively, l-methyl-2-methoxy-3-~formylindole
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could be essigned as the structure pending rigorous »roof
by other chemical mesns.

The reaction of diszomethane with l-methyl-3-hydroxy-
methyleneoxindols in methsnol gave products which were very
hard to purify so that even using chromatography, samples
vure enough for mixed melting polnt determinetion were dif-
ficult to obtaln. However, infrared snectra on several
frectione from the chromastogranhy showed all the charac-
teristlices of l-methyl-3-methoxymethyleneoxindole, so that
with the reservation that rearrangement could have occurred
on the zlumina chromatography column, the product was identl-
fied ag l-methyl-3-methoxymethyleneoxindole.

Infrared snd ultresviolet absorptlion spectra are sghown
in Figures 10 and 21.

The procedure used for the alkylatlon of l-methyloxin-
dole using sodium hydride in benzene has been mentioned
previouely. It was emnloyed succegsfully in the vreparation
of 1,3-dimethyloxindole, l-methyl-3-( A~dimethylaminocethyl)-
oxindole and l-methyl-3-( 8-bromoethyl)-oxindole. In all
instances the reaction was carried out vis the prior forma-
tion of the anion from l-methyloxindole and an equivalent
emount of sodium hydride in benzene followed by reaction with
the arpropriate alkyl halide. The resction waee of course

heterogeneous, and 1t was felt that thie heterogeneity was
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sdvantageoug 1n obtaining monocalkylstion since the posel-
bility for snion exchsenwe would be grestly diminished under
these conditione. The reported difficulty in obteining

monosalkylation of l-metkyloxindole7

y, &lthouzh the verioue
methode sttempted were not described, would be understand-
eble for homogeneous conditions. In such csesec, anion ex-
change wculd occur so that even with molar ratios at unity,
mixturee of mono- &nd dlalkylsted products could result.
Thie would be particulerly true 1f the criterion 1s followed
that the introduction of the cecond alkyl eroup is much
egsi=r then the first7. In fact, dlalkylsetion has been
ghown to proceed well under homogeneous condition816’17.

It was hoped thet thies heterogeneous elkylation pro-
cedure could be applled to oxindole itegelf if the oxindole
nitrogen was ‘protected" by a grouping which could later be
removed. The compound decided on wae l-scetyloxindole, but
unfortunately when the alkylation of l-acetyloxindole was
attempted, it wee unsuccessful. The attempted formation of
the snion with sodium hydride d1d not proceed well, giving
color changes attributeble perhaps to anlon rearrangements
and interactione. The further reaction with an alkyl halide
such as A -phthalimidoethyl bromide regnulted in recovery of

the major portion of the alkyl halide. Eome experiments were

initiasted using sodium disrersione and potssesium tertiary
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butoxide but sgain with 1ittle success. However further
etudy of other possible "rrotecting" groups and of other
possible beses should lead to the 3-szlkylation of oxindole.
It has been mentioned previously that sttempted Perkin
condengations of 3~-hydroxymethyleneoxindole and l-methyl-3-
hydroxymethyleneoxindole gave products to which various

structures have been assignedlg'ze.

(R'H orMe)

It wae hoped thet a study of the catalytic hydrogena-
tion of the Perkiniproduct from l-methyl-3-hydroxymethylene—
oxindole would ald in a better understanding of the correct
structure, Under catalytic hydrogenstion using platinum
oxide in glacisl acetic acid, there was & rezpid upteke of one
mole of hydrozen with comrlete loes of the dark red color of
thé solution to yield 2 product melting at 182-183° aﬁd having

infrared snd ultreviolet epectra consistent with those
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of a simple oxindole., The snalyses checked cuite well for
bis-(l-methyloxindolyl-3)-methane.
These resulte cast doubt on the structural assignments

made for these compound819'28

, 8& any mechanism for obtaining
an oxindole from these structures by the catalytic absorption
of one mole of hydrogen seemed highly impossible.

' On checking the ansalyses reported for the Perkin con-

densation onroduct of 3—hydroxymethyleneoxindole28 it

was
found that they did not agree too well with the calculated
values,

snel.?® Calecd. for Oy HnO,N: C, 71.33; H, 3.81; N,
7.57. Found: C, 70.95;.H, 4.37; N, 7.75.

The analyses for the corresponding l-methyl compound
were not given, it being assumed that it had the analogous
structure to the desmethyl comﬂoundza.

The‘idea suggested 1tself that the Perkin product might
have & ble~-methyne atructure* which on hydrogenation would

give & ble-(oxindolyl)-methane.

*The hydrogen-bonded structure shown for this compound
although it involves a seven-membered ring would explain the
red color of the compound and also 1ts ultraviolet spectrum
which is widely different from "model" oxindole compounds.
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The synthesis of the bis-msthyne compound was carrled
out by the reasction of the anion of l-methyloxindole (nre-
rared from l-methyloxindole and sodium hydride in benzene)
with l-methyl-3-chloromethylencoxindole (prepsred from 1-
methyl-3-hydroxymethyleneoxindole and thionyl chloride) to
produce & yellow crystslline compound melting at 248-250°,
not the same as the Perkin product and having anslyses which
do not check well for the bis-methyne compound, although
infrared and ultraviolet spectra are coneistent with thie
formulation.

Analysee of the Ferklin product 1teelf however showed
that it must have g structure other than those reportedlg’zg.

Infrered and ultreviolet abeorption spectrs are shown

in Figures 11 and 22.
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The compound mentioned previouesly (see page 60), isolated
from an attempted methylation of the silver sslt of 3-1sopropyl-
oxindole, wag obtszined in too small a yleld for anzlyses to be
run. However, from the infrared and ultraviolet spectra (see
Figures 7 and 18) tentative structures could be assigned.

The infrared svectrum showed no oxindole carbonyl absorvtion
and wae vold in the >NH region. The ultraviolet spectrum
wag different from that of & simple oxindole*. From s con-
8ideration of theee facts the possible structures would be
l-methyl-2-methoxy-3-isopropylindole or 2-methoxy-3-methyl-3-
isopropylindolenine, resulting from O-slkylation and N-alkyls-
tion in the one case, and from O-alkylaetlon and C-alkylation
in the other., It has been reported46 that the ultrevioclet
spectrum of 2-methoxy-3,3-dimethylindolenine is quite similar
to that of & simple oxindole which fact would cast some doubt
on the substituted indolenine structure and thus favor the

substituted indole structure.

N OMe N OMe

*Phe log € values may be incorrect due to errors in
welghing the very small sample.

usM. Tomita, 8. Uyeo and R. Yamamoto, J. Pharm, Soc.
Japan, 64, 1l64-8 (1944),
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SPECTRA

Infrared absor~tion spectra were run on all compounds
ueging a Baeird Double Beam infrered spectrophotometer except
in one 1nstance where high gain was required and a Perkin-
Elmer Model 13 Direct Ratio infrsred spectrophotometer was
employed. Ultraviolet absorption spectra were run on all
compounds ueing & Cary recording spectrophotometer. Speclsal
thanks are due to Dr. H. Shull, Dr. M. Margoshes, and Mr.

R. M. Hedgee for instruction in the operatlon of the Bgird
spectrophotometer and to Dre. H. Svec and S. Jaffe for

inetruction in the operation of the Cary svectrophotometer.



PERCENT TRANSMITTANCE

100

80—

60—

a0l

20—

chy
(in nujol)

80—

60—

40—

20—

CHj
{in CCly)

I

<75

80—
60—

a0}—

20[-

C“a?
CHy
N [o]

)
CH3

(in CClg)

| l | | | l

o —

6 7 8 9 10 N
WAVELENGTH IN MICRONS
FIG. | INFRARED SPECTRA



PERCENT TRANSMITTANCE

100

80

60

40
20
100
80
60
40
20
0
100
80
60
40

20

CH3
{inCCle)

| l

R

CHy
: :N: \:0

|
CH,

{inCClg)

|

\ﬁ\r\

|

[<,) —

6 7
WAVELENGTH IN MICRONS

FIG.2 INFRARED SPECTRA

8




PERCENT TRANSMITTANCE

7
100 %)\\
80
60—
40+
gw!
A m‘\ o)
20— CH3
{inCCla)
0 1 1 _
100
80—
60—
40—
n:u
N (o]
20— |
CHj
(inCClg}
0 _ l
100
60
40—
CH.
no.:n
|
N /onxw‘/n:u
20— |
CH3
{inCCla) ;
0 | | | | |
2 3 4 5 6 7

WAVELENGTH IN MICRONS
FiG. 3 INFRARED SPECTRA



PERCENT TRANSMITTANCE

100 W Ll \4_/\\ -
80—
60—
40—
L
\‘\N 0 "
|
20— CH3
{inCClg)
0 l | |
100
60—
40— chy
20— CLS
(inCClg}
0 I | l L
100
Bomﬂ
60—
40— e
CHy
20 N
[- c|u3 J
(in CClg)
0 1 | | | | |
2 3 5 6 7 8 0 0]

WAVELENGTH IN MICRONS
F1G. 4 INFRARED SPECTRA



PERCENT TRANSMITTANCE

H

100
60—
40—
CHy
:: :N: :0
20— |
CHg
(in CCla)
| l | I | | l
100
aof\—\‘\,\/m\
60—
40— CHe
\CNg
-0
20— |
CH3
('mCCl4)
0 | | | | |
100
80—
60—
cH
a0l — <
CHg
N0
20— h
{in CCla)
0 | I | | |
2 3 4 5 7 9 10 )

6 8
WAVELENGTH IN MICRONS
FI1G. 5 INFRARED SPECTRA



PERCENT TRANSMITTANCE

({e]e]

0
100

80
60
40
20

100
80
60
40

20

(in CH Cls)

{in nujol)

| | | I I |

5

6 7 8 9 i0 1l
WAVELENGTH IN MICRONS

FIG. 6 INFRARED SPECTRA



PERCENT TRANSMITTANCE

100]

80—

40—

2o}~

(in C Clgq)

_ L _ _

100

80—

sol

20—

oty

Q/.,H.w,.

(inCCle)

3

| | L 1 |
4 s 6 7 8
WAVELENGTH IN MICRONS

PERCENT TRANSMITTANCE

g

Moy
I ?
N 0CHy

|
CHy
(In GCla)
PERKIN-ELMER MOOEL 13

1 1 | 1 1 H |

| | i | L ] | {

285

40 48 80 88 6.0 62865 70 75
WAVELENGTH IN MICRONS
FIG. 7 INFRARED SPECTRA

80 &5 90 95 100 108 10ON2



PERCENT TRANSMITTANCE

100 — -
60—
CH
40 | oucL
/‘\| /t “CHy
L \‘*/:~~ 0
|
20 )
{in CHCIS)
0 l I | L | L
100
80—
60 (—
CH
a0 o 1?2
Swis
N0
20— FI‘
(in CClg)
o) [ b {
100
80—
60 .
40— cha
o]}
20— N
[
{in CClg
0 | | | | | | | |
2 3 4 5 6 7 8 10 11

WAVELENGTH IN MICRONS
FIG. 8 INFRARED SPECTRA




PERCENT TRANSMITTANCE

ry

100 \/\WN_“A‘V \’\A\
80} -
60—
40—
gwl
20— chy
(inCClg)
0 1 | | 1
100
80—
60—
40—
o]
20— c|N3
{in CHBra)
0 I
100
80—
60—
ol | “
A
[l
X “N
20— i)
{in CClaq)
0 | | | I l I |
2 3 4 5 6 T - 8 i0 T

WAVELENGTH IN MICRONS
FIG. 9 INFRARED SPECTRA




PERCENT TRANSMITTANCE

100

80

60

40

20

100

80

60

40

20

80

60

40

20

|

CH3
{in CCla)

il 1

I

. M,
]
N OCH3

" CHg
(in nujol)

|

(in C Clg)

I | L

nf—

6 7 8
WAVELENGTH IN MICRONS
FIG. 10 INFRARED SPECTRA




PERCENT TRANSMITTANCE

100

80

60

40

20

100

80

60

40

20

100

80

60

40

20

Perkin Product from @C\L
N (o]

|
CH3

{in CHCl3)

(in C Clg)

:: CH
d
?
N 00;:N: :::

! !
CH3 CH3

{in CHCly)

| | |

I | | | | |

3 4q 5

6 7 8 9 10 i
WAVELENGTH IN MICRONS
FIG. Il INFRARED SPRECTRA




LOG €

2.5

I-METHYL -3-METHOXYMETHYLENEOXINDOLE
== === |-METHYL-3-HYDROXYMETHYLENEOXINDOLE
secseceec |-METHYL -3- METHOX YMETHYLOXINDOLE
—-~=—-+INDOLE

2.0

I 1 ] I | | 1

\
\
\

]

AN

225 230 240 250 260 270 280 290

WAVELENGTH (IN my)
FIG. 12 ULTRAVIOLET SPECTRA

300

310 3i5



4.5

LOG €

I-METHYL -3-METHOXYMETHYLOXINDOLE

25 ———1-METHYLOXINDOLE \\
cereeeew],3, DIMETHYLOX INDOLE N
——— I-METHYLISATIN . 3

2.0 | | | 1 | ! \ | {

225230 240 _ 250 260 270 _ 280 290 300 _ 310 315

WAVELENGTH (IN mp)
FIG. |3 ULTRAVIOLET SPECTRA



LOG €

4.5

I-METHYLOXINDOLE
1,3-DIMETHYLOXINDOLE

25  — — —I-METHYL-3-(5-DIMETHYLAMINOETHYL)-OXINDOLE "
2.0 1 l 1 | | | l | !
225230 240 250 260 270 280 290 300 310 355

WAVELENGTH (IN mp)
FIG. 14 ULTRAVIOLET SPECTRA



LOG €

4.5

|-METHYLOXINDOLE

2.5
--<--==1,3-DIMETHYLOXINDOLE
———=I-METHYL-3,3-DIMETHYLENEOXINDOLE

] { 1 I 1 | |

2.0
225 230 240 250 260 270 280 290
WAVELENGTH {IN my)
FiG. I5 ULTRAVIOLET SPECTRA

300

310 315



LOG €

4.5

35

WAVELENGTH (IN my)
FIG. 16 ULTRAVIOLET SPECTRA

3.0
[-METHYLOXINDOLE
-------- 1,3-DIMETHYLOXINDOLE \
2.5~ —=—=|-METHYL-3,3-DIMETHYLENEOXINDOLE \ .
—-—=3,3-DIMETHYLENEOXINDOLE o
: \
2.0l ! | | l 1 l 1 1
225 230 240 250 260 270 280 290 300 310 315



4.5

LOG €

I- METHYLOXINDOLE

\
e=-===- DIOX INDOLE \
——=— 3.1SOPROPYLDICXINDOLE
25| =—-—-=3.ETHYNYLDIOXINDOLE
1}
‘..\
v \
L]
[ ]
]
[}
1]
]
H
2.0 1 ! | | [ | | l ]
225 230 240 250 260 270 280 290 300 310 315
WAVELENGTH (iN mp)

FIG. I7 ULTRAVIOLET SPECTRA



LOG €

4.5

4.0—

3.5

3.0
1,3-DIMETHYLOXINDOLE

——==-3-1SOPROPYLOXINDOLE

—.—.=ISOVALERANILIDE

e-=s-==- |- METHYL -2 - METHOXY - 3-1SOPROPYL3
2.5 INDOLE ? ‘
2.0 ] 1 J 1 I ll | 1
225230 240 250 260 270 280 290 300. 310 315

WAVELENGTH (IN mu)
FI1G. I8 ULTRAVIOLET SPECTRA



LOG €

4.5

3-CHLORO -3-1SOPROPYLDIOXINDOLE
— === INDOLE

s-ssses 3. I1SOPROPYLDIOXINDOLE
—-—-— 3- ISOPROPYLOXINDOLE

A

\\ \ Y

2.5 \ ‘\
\
\ )
\“
\
\
2.0 ] ] | ! | ! | 4oy 1
225 230 240 250 260 270 280 290 300 310 315

WAVELENGTH (IN my)
FIG. 19 ULTRAVIOLET SPECTRA



LOG €

4.5

4.0

3.5

3.0

I-METHYLOXINDOLE S0.Cl2_ ?

=== |- METHYL-3-METHOXYME THYLENEOXINDOLE ]
-------- - METHYLOXINDOLE \
~—+—-= INDOLE \
\
\.
2.0 ! ] ! ! ! 1 ! LN I
22% 230 240 250 260 270 280 290 300 310 315

WAVELENGTH (IN my)
F16. 20 ULTRAVIOLET SPECTRA



LOG €

4.5

"\/ \.
30+ . \
\\\
|
\*
| -METHYL-2-METHOXY-3-FORMYLINDOLE ? \ \\
— — — |- METHYL-3-METHOXYME THYLENEOXINDOLE .
2.5 -+e---- |-METHYLOXINDOLE ' *
—.~.~ INDOLE \
2.0 L | | | | | 1 I
225 230 240 250 260 270 280 290 300 310 315

WAVELENGTH (IN my)
FI1G.21 ULTRAVIOLET SPECTRA



PERKIN PRODUCT FROM I- METHYLOX INDOLE \~.
——— 3-METHYLENE-BIS- (I-METHYLOXINDOLE) ? T
—ta—w )] -METHYLOXINDOLE
--------- 3-METHYNE -BIS-(I-METHYLOX INDOLE) ?
—-—-1-METHYL -3-METHOXYMETHYLENEOX INDOLE
2.0 | L L ! 1 L | | |
225 230 240 250 260 270 280 290 300 310 315

WAVELENGTH (INmp)
FIG. 22 ULTRAVIOLET SPECTRA



96

EXPER IMENTAL®

l-Methyl-3-methoxymethylensoxindole

To 3.0 g. (0.015 mole) of the sodium salt of l-methyl-
3-hydroxymethyleneoxindole (prepared in 80% yield from 1-
methyl=-3-hydroxymethyleneoxindole and sodium ethoxide)
susnended in 40 ml. of scetone, was added 20 ml., of methyl
lodide. The mixture was stirred and refluxed under nitro-
gen for nine hours, at which time com-lete solution had
taken nlace to glve a light ysllow solution. A ferric
c.-loride test wag still poslitive. The volume of the solu-
tion was decreassed to sbout 15 ml. by evaporation under
decreased »ressure in an atmosvhere of nitrozen. Uvon
coollng, 0.9 g. of a white s0lild melting at 210-213° sep-
arzted, and on the addition of ether tc the filtrate an
additional 1.9 g. of white so0lid separated. Treatment of
this white s0lid with water and recrystallization from
dilute methanol afforded 0.69 g. (24%) of white crystals
melting at 134-135°,

*a11 melting points are corrected.
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Catalytic reduction of l-methyl-3-methoxymethyleneoxindole

Depending on the cstalyst used different products or
mixtures of productes were obtalned.

Palladium oxlde. To 10 mg. of palladium oxide (pre-

reduced in 20 ml. of 95% ethsnol with hydrogen at one atmos-
phere) was added 100 mg. of l-methyl-3-methoxymethyleneoxin-
dole, and hydrogenation at one atmosphere was carried out
while hydrogen esbsorptlon was mezsured volumetrically. An
smount of hydrogen corresponding to 1.95 moles was abesorbed.
The elcohol solution wae flltered to remove the catalyst

and concentrated to dryness under reduced prescsure. The
residue on recrystellization from petroleum ether (b.v. 60-
70°) deposited 70 mg. (74%) of white crystals melting et
54-550, and showing no deprescion of melting noint on ad-
mixture with authentic 1,3-dimetlyloxindole.

Palledium hydroxide on barium csrbonaste. To 0.5 g. of

Pd(OH)z/BaCO3 catalyst (prereduced in 50 ml. of 95% ethanol)
was adced 1.0 g. of l-methyl-3-methoxymethyleneoxindole.
Hydrogenatlon at ons atmosphere was carried out snd hydroszen
absorvtion was me:ssured volumetricslly. An amount of hydro-
gen corresvonding to 1.2l moles was sbsorbed. The rezction
mixture was filtered to remove catslyst and concentr:zted to

drynese under reduced pressure. Fractlonal recrystallization
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of the residue from petroleum ether (b.p. 60-70°) gave two
products, one melting at 54-55°, and showing no depression
in melting vroint on admixture with suthentic 1,3-dimethyl-
oxindole, the other melting at 57-580, and showing depression
in melting voint on admixture with 1,3-dimethyloxindole.

‘alladium hydroxlde on barium gulfate. To 0.5 g. of

Pd(OH)z/Basou catalyst (prereduced in 15 ml. of 95% ethanol)
wae added 95.5 mg. of l-methyl-3-methoxymethyleneoxindole.
Hydrogenatlon at one atmosphere was carried out and an amount
of hydrogen corresponding to 0.96 mole was absorbed. The
resction mixture was filtered to remove catalyst and con-
centrated to drynees under reduced rressure. The regldue,
on recrystallizetion from petroleum ether (b.p. 60-70°) gave
50 mg. (52%) of white crystals melting at 57-58° showing
depresslion in melting point on admixture with 1,3-dimethyl-
oxindole but no depression in melting point on admixture
with the comnound of the eame melting point mentioned in the
previous éXperiment. Infrared and ultraviolet abecorvtion
epectra together with snalyses 1indicsted this compound to be
l-methyl-3-methoxym=thyloxindole.

Anel. Calcd. for C33Hjq0pN: C, 69.08; H, 6.86; N,
~7.32. Found: C, 69.87, 69.87; H, 6.77, 6.82; N, 7.43, 7.43.
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1-Methylisatin

A solution of 15.0 g. of isstin dissolved in 80 ml. of
10% sodium hydroxide was sheken for two hours with 24.0 2.
of dimethylsulfate. After flltration, washing and repeated
recrystallizations from 25% ethanol, red crystals melting
at 125-126° were obtained. The final purification was car-
ried out by chromstogrephy on alumins uelng benzene &s

solvent and eluent to glve red crystals melting at 131—1320.

Ozonlzation of l-methyl-3-methoxymethyleneoxindole

Ozonlized oxygen was passed through a solution of 100
mg. of l-methyl-3-methoxymsthyleneoxindole in 20 ml. of ethyl
acetate, whille cooling the solution in an ice-bath. The
solutlion turned yellow. After hydrolysie by shesking with
ice~-water, the layere were separsted, and the water layer
waehed repestedly with ether. The ether and ethyl acetate
layere were combined and solvent wae removed., Various re-
crystallizations from water and benzene-petroleum ether
mixtures were unsuccessful. Chromatography on alumins using
benzene as solvent and eluent gzve red crystale melting &t
130-131° and showing no depression in melting point on ad-
mixture with authentic l-methylisatin,
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1,3,3-Trimethyloxindole

To a mixture of 0.24 g. (0.0l mole) of sodium hydride
in 10 ml. of dry benzene was added, with stirring under nitro-
gen, 1.61 g. (0.01 mole) of 1,3-dimethyloxindole. A white
precipltate formed, and after all hydrogen evolutlion had
ceased, 1.24 ml. (0.02 mole) of methyl lodide in 5 ml. of
dry benzene was added. After sgtirring overnight at room
temperatures, the reaction mixture was filtered, end the
filtrate evaporated to dryness. The residue on beilng sub-
Jected to high vacuum distillstion gave 1.3 g. (75%) of =
water-clear oll which solidified to & white crystalllne solld
on etanding. Recrystallization from petroleum ether (b.p.

60-700) gave white crystels melting at 50-51°,

1,3=-Dimethyloxindole

To 0.72 g. (0.03 mole) of sodlum hydride in 20 ml. of
dry benzene was adced, with stirring under nitrogen, 4.41 g.
(0.03 mole) of l-methyloxindole in 15 ml. of dry benzene. A
white precipitate formed and after the evolution of hydrogen
hed ceased, 0.06 mole of methyl lodide wae added. After
stirring at room tempersture overnight, tie sesctlon was

filtered a2nd the filtrete concentreted to dryness.
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Distillation at 0.35 mm. of mercury yielded 4 g. of oil
(p.p. 80-90°). On standing, a small amount of l-methyloxin-
dole crystsllized out. Seeding of the residusl oil with
1,3-dimethyloxindole induced crystsllization of 3 g. (62%)
of 1,3-dimethyloxindole melting at 54-55°,

1-Methyl-3-( Z -bromoethyl)-oxindole

To 0.24 g, (0.01 mole) of sodium hydride in 15 ml., of
dry benzene was added, with stirring under nitrogen, 1.47 g.
(0.01 mole) of l-methyloxindole in 10 ml. of dry benzene. A
white precipitate formed, and aft-r all hydrogen evolution
hed ceasged, 1.88 g. (0.01 mole) of ethylene dibromide was
added. The rezctlon mixture was stirred overnlght at room
tenmperature.

After filtration of the resction mixture, and concentra-
tion of the flltrate to drynese under reduced pressure, the
residual reddish oil waes induced to crystallize by scratching,
and on recrystsllization from petroleum ether (b.p. 60-70°)
ylelded 1.5 g. (60%) of l-methyl-3-(/Z -bromoethyl)-oxindole
melting at 61-62°.
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1-Methyl-3,3-dimethyleneoxindole

To 1 g. of l-methyl-3-(/2 -bromoethyl)-oxindole wae added
an excees Of sodium ethoxide solution. After standing for
thirty minutes, weter was added and the resctlon mixture was
extrected with ether, The ether solution was drled over
enhydrous sodium sulfete and after filtration the ether solu-
tion was concentrsted to dryness. Crystalllization of the
residual oil from petroleum ether (b.p. 60-70°) yielded 0.55
g. (80%) of l-methyl-3,3-dimethyleneoxindole melting at 8l-
82°.

Anel., Cslcd. for Cy7HyjON: €, 76.27; H, 6.40; N, 8.09.
Found: C, 76.67, 76.63; H, 6.38, 6.44; N, 8.05.

l1-lethyle3-{ A -dimethyleminoethyl)-oxindole

This compound was cynthesized in several ways; by two
different slkyletion rrocedures, and by an acylation and
reduction rrocedure.

Sodium hydride in benzene. To 0.24 g. (0.0l mole) of

godium hydride in 5 ml. of dry benzene wae added, with stir-
ring undsr nitrogen, 1.47 g. (0.01 mole) of l-msthyloxindole
in 10 ml, of dry benzene. A white preciplitate formed, and

after the evolution of hydrogen had ceesed, 1.1 g. (0.01 mole)
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of A -dimethylaminoethyl chloride in § ml. of dry benzene
wage added. The resction was stirred at room temperature over-
night, flltered, and the filtrate concentrsted to dryness.
The residual oil was subjected to vacuum distillation yielding
1.1 g. (50%) of light yellow oil which formed a yellow plcrate
melting at 155-156°.

Anal. Celcd. for the plerate C39H23Ng0g: C, 51.00;
H, 4.73; N, 15.7. Found: C, 51.30, 51.27; E, 4.88, 4.99;
N, 15.53, 15.38.

Sodamide in toluene. To a solution of 0.0l mole of

geodamide, prepsred in liquid ammonia by the procedure of
Vaughn and co-workersu7, was added 15 ml. of dry toluene,

end the mixture was stirred until all the ammonia was evolved.
To this suspension of sodsmide in toluene, 1.1 g. (0.0l mole)
of:’—dimethylaminoethyl chloride was added, with stirring
under nitrogen. After stirring at room temperatures over-
night, the reaction mixture was filtered snd the filtrate
subjJected to dietillation yielding 1 g. (45%) of a light
yellow oil, ~hich formed & yellow plerate melting at 155~
156°, showing no depression in melting point on admixture

with the plcerate prevared in ths previous experiment.

47T. H. Vaughn, R. R. Vogt and J. 4. Niewland, J. Am,
Chem. foc., 56, 2120-2 (1934).
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Acylstion and reduction. To 5 g. (.022 mole) of 1-

methyl-3-dimethylaminoacetyloxindole, prepared accordinz to
the method of Julian7, was added 50 ml. of ethanol, 5 ml.

of glacial acetic acid and 0,2 g. of palladium oxide. Re-
duction wae carried out at 50 p.s.i. and & temperature of
700. After a long induction period, reduction took :lace
and on filtration and dlstillstion of the filtrate, 3 g.
(64%) of & light yellow oll was obtained which formed a yel~-
lov plcerate melting at 154-1550, and showed no depression in
melting point on admixture with either of the two previously

described picrates, or with an authentic ssmnle obtained from

Dr, 2. L. Jullan.

3-Isopropyloxindole

An intimate mixture of 27 g. (2.14 mole) of the phenyl-
hydrezide of igovsl=ric acid snd 108 g. of calcilum oxide
powder was heated at 250-2600 for 8 hours st which time the
evolution of ammonis hed sbout ceased. The reaction mix-
ture cake was broken up end dissolved 1in water and concen-
trated hydroechloric acid. Liguld-liquld extrazction of the
acidified mixture gave s dark brown ether eolution, which
was extracted three times with dilute hydrochloric aciqd,

waeshed with water once, and dried over anhydrous sodlum
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sulfate. Removel of the ether gave a derk brown oil, crys-
talllzing to & semi-so0lid on standing. The product was dis-
solved in benzene and chromatogrephed on slumina using
benzene ss the eluent. From several of the first frsctions
collected thereywas obteined after recrystallization from
petroleum ether (b.p. 60-70°), 4 g. (16%) of 3-isopropyl-
oxindole melting at 107-108°.

Iscvaleranilide

This compound waes obtalned on repetition of the vrevious
exveriment. An intimate mixture of 70 g. of the vhenylhy-
drazide of icoveleric acid and 280 g. of celcium oxlde powder
was hested at 225-230° for & houre, at which time, the evolu-
tion of nitrogen had cessed. The reactlon mixture cake was
broken up and diseolvec¢ in water and concentreted hydrochloric
ecid. The scid solutlon was extracted with ether, the ether
extracte were comblned and extracted first with dilute hydro-
chloric acld, then dilute sodium carbonate, and finally with
water. After drying over anhydrous sodium sulfste and re-
movel of the ether, the residue was subjected to distillation
at reduced pressure, ylelding 20 2. of & heavy, yellow oil.
Thie o1l was dissolved in petroleum ether (b.». 60-70°) and

on long standing, 4 g. of light yellow cryestals were formed
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melting &t 10#«105° and showing a depression in melting
point on admixture with 3-isovropyloxindole, but no depres-
gion on admixture with authentlc 1lsovaleranilide.

Anegl. Calecd. for CllHlsoN: C, ?74.54; H, 8.53; N, 7.90.
Found: C, 73.89, 73.88; H, 8.19, 8.27; N, 7.90, 7.72.

Attempted O-alkylation of 3-1sopropyloxindole™

To 0.5 g. (0.0029 mole) of 3-ipopropyloxindole discolved
in a minimum amount of absolute ethanol, was added an equiva-
lent amount of alcoholic ammonla. To this solution wae added
an exceses of alcoholic silver nitrate solution. The volumi-
nous white precipitete so formed was flltered, waehed with
absolute alcohol, and then with dry ether. The ether-wet
preciplitate was transferred lmmediztely to a Parr Bomb, to
which was added dry ether and an excess of methyl lodide,
efter which the bomb was closed and immersed in refluxing
ethyl acetate for 12 hours. At the end of this time, the
bomb wae cooled, opened, and the re:ction mixture filtered.
The flltrate was evaporated to dryneess and the rseidue frac-
tionally recrystallized from petroleum ether (b.p. 60—700).
The majJor substance obtalned was starting material together
with & very small amount of white crystels melting at 127-

127.5°.
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3-Igopropyldioxindocle

To a susnension of 44 2. (0.3 mole) of iestin in dry
benzene was ad ed an ether solution of 0.65 mole of lsopropyl-
magnesium bromide. The reaction mixture turned & dark brown
with the formation of & dark brown precipitste. ifter stir-
ring and refluxing under nitrogen for two hours, the resction
mixture was hydrolyzed by pouring onto a mixture of crushed
ice &nd concentrsted hydrochloric acid. The orgasnic layer
was dried over anhydrous sodium sulfete and on eva-oretion
of nart of the solvent and cooling, light yellow crystals
were deposlited. On further ~urification by recrystellizstion
from a benzene-methenol mixture, 15 g. (26%) of white crys-
tals melting at 170-171° were obtsined.

Ansl. Calecd. for CllH1302N: C, 69.09; H, 6.85; N, 7.33.
Found: C, 68.65, 68.55; H, 6.96, 6.67; N, 7.38, 7.32.

Attem-ted preparation of 3-ethynyldioxindole

To a suswnenslon of 0.25 mole of lithium acetylide in
licuid ammonis (prepared by nascing acetylene through lithium
in liquid smmonia) was added 18 <. (0.122 mole) of isatin.
£n immedlate greylsh precipltate formed, end the reaction

mixture turned dark brown. After ctirring for elght hours
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at -330, the emmonlia wae allowed to evaporate, and the reac-
tlon was worked up by addition of water snd concentrated
hydrochloric acid, followed by extraction with benzene. The
benzene extract was dried over anhydrous sodium sulfate and
concentrated to drynese ylelding a solid reesidue, which on
recrystallization from 95% ethenol ylelded 5 g. of licht tan
crystale melting at 2l6-247° .

Anel. Calcd. for CyoHnOpN: C, 69.36; H, L.o7; N, 8.09;
mol. wt., 173. Found: C, 70.46, 70.35; H, 5.47, 5.38; N,
14,7, 14,8; mol. wt., 299, 299.

Thie indicates that the compound ie not 3-ethynyldioxin-
dole, but a conelderation of the analytical results, particu-
larly the nitrogzen values does not lead to any obvious struc-

tural aselignment.

J-Ethynyldioxindole

To a stirred ether suspension of 0.25 mole of lithium
acetylide (prerared from n-butyllithium and acetylene), wvas
edded & susrension of 18 g. (0.122 mole) of isatin in dry
benzene. The reactlion mixture was gtirred snd refluxed under
nitrogen for 48 hours, sfter which time, the resction was
worked up by pouring onto & mixture of crushed ice and con-

centrated hydrochloric acid. The orgqnic leyer wees separated,
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end the water layer further subjected to liquid-liquid ex-
traction with ether., From the combined organlc extracte,
after chromatosraphy on alumins ueinz benzene both as solvent
and eluent, there was obtained 4 g. (19%) of light tan crys-
tale melting at 205-206°.

Anal, Caled. for ClOH702N: C, 69.36; %, 4.07; N, 8.09;
mol. wt., 173. Found: C, 69.51, 69.49; H, 4.17, 3.99; N,
8.30, 8.23; mol. wt., 194, 198.

Reactlon of l-methyloxindole with thionyl chloride

To 1.47 g. (0.01 mole) of l-methyloxindole dissolved in
dry benzene was added an excese of thionyl chloride. An im-
medlste dark red color formed, and after four hourse of
reflux under nitrogen, a dark red crystalline mase had
formed in the solutlion. After cooling, filtration, and re-
crystallizstion from benzene, there was obtained 1 g. of
derk red needlee melting at 265-6° (with decomposition).

Lnal., Found: C, 73.84, 73.83; N, 4.92, 4.83; N, 10.0,
9.93; mol. wt., 350, 318.
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3-Chloro-3-1sopropyloxindole

To a sus~ension of 0.63 g. (0.003 mole) of phosphorus
pentachloride in dry benzene, was added 0.525 g. (0.003 mole)
of 3-igopropyloxindole with stirring under nitrogen. Com-
plete solution took place and a slow evolution of hydrogen
chloride gas was observed. After stirring at room tempera-
ture overnight, solvent was removed by distillation under
reduced pressure. The residue wasgs gubjected to vacuum sub-
limétlon yielding & light yellow e0lid which on recrystal-
lization from netroleum ether (b.p. 60-70°) yielded 0.13 g.
(20%) of white crystals melting at 146-147° and showinz no
depression in melting polnt on admixture with the product
from the reaction of 3-1isopropyldioxindole with thionyl
chloride.

Anal. Calecd. for C;;H;,ONCl: C, 63.01; K, 5.77; N,
6.68; Cl1, 16.91. Found: C, 62.95, 63.18; H, 5.78, 5.83;
N, 6.67, 6.79; C1, 16.65, 16.85.
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Reactlion ¢f l-methyl-3-hydroxymethyleneoxindole with

dlezomethane

Depending on the solvent used, different products or
mixtures of products were obtained.

Ether. To 2 g. (0.011 mole) of l-methyl-3-hydroxymethyl-
eneoxindole wac added an excess of =n ethereal solution of
diazomethane. A vigoroug reaction took nleace with gas evolu-
tion, complete solution being obtalned after 15 minutes.

Ether and excess diazomethene were removed under diminished
pressure and the resulting derk red oll was dissdlved in
methanol. irom the methanol solution 0.7 g. of light tan
crystals melting at 13?-138° were obteined which showed de-
pression in melting point on admixture with l-methyl-3-
methoxymethyleneoxindole.

Methanol. To a methanolic solution of 3.52 g. (0.03 mole)
of l-methyl-3-hydroxymethyleneoxindole wag added an excess
of an ethereal solution of dlazomethane, and the reaction
allowed to stend overnight. Partisl evarvoraetion of the sol-
vent and cooling ylelded 1 g. (28%) of recovered l-methyl-3-
hydroxymethyleneoxindole. The recidue after removal of the
rest of the solvent was recrystallized from vetroleum ether
(b.p. 60-70°) and geve 1 g. of yellowish crystels m.p. 115-

30°, Chrometogranrhy on slumina using benzene as both solvent
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and eluent ylelded several crystalline frections melting at
128-131°, which showed identical infrared spectra to that of

l-methyl-3-methoxymethyleneoxindole.

Perkin product from l-methyloxindole

This compound was prepared by the method of Fischer and
Smeykal?® to give a red crystalline compound melting at 245°.
Anel. Found: C, 75.56, 75.37; H, 5.17, 5.13; N, 9.31.

3-Methylene-bis~(l-methyloxindole)

To 0.5 g. of platinum oxide (prereduced in 50 ml. of
glacial acetic aclid with hydrogen at one atmosphere) was added
4 g, of the Perkin product from l-methyloxindole, and hydro-
genation at one atmosphere wes carriled out while hydrogen
abeorption was measured volumetrically. ¥hen an amount of
hydrogen corresponding to one mole had been absorbed, the
red color of the solution had dlgeppeared, at which time the
hydrogenation was discontinued. Filtration to remove the
catalyst, and concentration to dryness under reduced pressure,
gave a white crystalline residue melting et 165-175°. Lifter
repeated recrystallizations from methanol white crystals

melting &t 182~183° were obtalned.
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Anal. Caled. for CygH;gOpNp: C, ?L.49; H, 5.92; N,
9.15. Found: C, 74.43, 74.41; H, 5.86, 5.92; N, 9.09, 9.04.
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SUMMARY

A new method for the C-slkylatlon of N-alkyloxindoles
has been developed.

The structures of several reported oxindole O-alkylation
products were found to be sctually 3-alkyloxindoles.

The structure of a common degradation product of several
oxindole alkaloids was elucldated.

The structures of producte from several oxindole resac-
tions were shown to be incorrect although new structural
asslignments arc as yet incomplete.

Infrered and ultraviolet epectrographic analysis was

extensively used in the above work.
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