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ABSTRACT

SOME MANNICH REACTIONS OF HYDROXYINDOLES

by Wayne Orrin Joimson

Mannich reactions with 5- and 6-hydroxyindoles are shown to
result in the stereospecific substitution of the aromatic ring.
The 5-hydroxyindoles furnish the C-U4 adducts, while 6-hydroxyindoles
yield C-7 adducts (indole numbering system). It is only when the

active C-5-ortho-position is blocked, as in the case of S-methyl-6-

hydroxy-1,2,3,4-tetrahydrocarbazole (,?) , that condensation occurs
at the indole nitrogen. If both the indole nitfogen atom and the
hydroxyl function are blocked (e.g. 2_), addition occurs at the C-T7
"position.-

Of particular interest is the C-4 alkylation of 2-methyl-5-
hydroxyindole (10) to give Mannich adduct 10a as well as the
substitution at the C-4 carbon atom of S-hydroxyindole (11) to give
}.]:2" These results are contrasted with the normal C-3 alkylation
of unsubstituted indoles and a possible rationale is presented.

Nmr spectra are offered as évidence in the structure

elucidation of all the hydroxyindoles and their Mannich adducts.



SOME MANNICH REACTIONS OF HYDROXYINDOLES

Wayne Orrin Johnson

A THESIS

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE
Department of Chemistry

1966



ACKNOWLEDGMEWNT

To study at a graduate school in a department filled with
professors of great integrity and who show wide ranges of interest
is, to the author, one of the most exciting and productive aspects
in the attainment of an advanced degree. Dr. S.ephen Monti has
truly displayed this vast sphere of academic awareness and has
presented a most stimulating atmosphere through his guidance and

counsel. I wish to thank him for the priviledge of studying

under him.

FKe HHHHHHHHRHNHAHHHN N

ii



TABLE OF CONTENTS

INTRODUCTION

RESULTS AND DISCUSSION

EXPERIMENTAL

6-Hydroxy-1,2,3,4-tetrahydrocarbazole (1)

Mannich Adduct Ja

Mannich Adduct lb,

Mannich Adduct lc

6-Methoxy-1,2,3, i-tetrahydrocarbazole (,2’2

" Mannich Adduct 23—
9-Methyl-6-methoxy-1,2,3,k-tetrahydrocarbazole Q)
Mannich Adduct 33,
9-Methyl-6-hydroxy-1,2,3,4-tetrahydrocarbazole (}l
Mannich Adduct La,
5-Methyl-6-hydroxy-1,2,3,k-tetrahydrocarbazole @
Mannich Adduct 2a_

Mannich Adduct 5b

7-Hydroxy-1,2, B:ﬁtetrahydroc arbazole (6)

Mannich Adduct 6a ~
Attempted Synthesis of 8-Hydroxy-1,2,3,L-tetra-
hydrocarbazole q:% '
2-Methyl-3-carbethoxy-5-hydroxybenzofuran Q&)'
Mannich Adduct 9b

2-Methyl-5-hydroxyindole (10)

Mannich Adduct 10a

5-Hydroxyindole (11)

Mannich Adduct ;_J..g‘

BIBLIOGRAPHY

BIOGRAPHICAL NOTE

iii

17

17
17
17
18

18
19
19
20
20
20
21
21
21
22

22
23
23
23
2k
2L

25

27



LIST OF TABLES

TABLE I: DNmr Spectral Data of Tetrahydrocarbazoles
TABLE IT: DNmr Spectral Data of Mannich Adducts
TABLE III: ©Nmr Spectra of 5-Hydroxyindoles

TABLE IV: Nmr Spectra of Mannich Adducts

iv

@

12

13



INTRODUCTION

The introduction of an aminomethyl substituent into an
indole nucleus by mcans of a Mannich cordensation has been
reported to give, in most cases, condensation at the 3-position
of the indole nucleus.l If this position is blocked, addition
generally takes place at the indole nitrogen atom.l’2 When the
3-position cf the indodle nucleus &as well as the nitrogen atom
are blocked, bond formetion has been found to occur at the 2-

3

position; & with methyl substituents at all three sites of the

indole ring, the Mannich addition took place on the C-2-methyl

moiety.3b
The limited application of hydroxyindoles as substrates for

the Mannich reactilion, in contrast to work carried out on several

other phenolsu and heterocyclic phenols,s has led to further

investigation on our part in this area.



RESULTS AND DICCUSSION

The partial synthesis of Voacimii.e, a dimeric indole
alkainid, employed a Mannich-like recction of a 5-methoxyindole
as diu the Mannich condensation of 6-hydroxy-1,2,3,4-tetrahydro-

6
carbazole (1) (Table I) to give Mannich adduct la (Tsble II).

HC
Y N\
B \
Y H
S

_ In view of the preferential condensation on the benzene
ring over the indole nitrogen with piperidine and paraformaldehyde

6,7

in ethanol, ’' our interest turned to the synthesis of the hydroxy
gramine analog lb by usage of dimethylamine. Optimum yields were
obtained by stirring the reaction mixture at room temperature to

give the dimethylamino Mannich adductégg (Table II), which showed

the expected two proton AB aromatic quartet (J6~8.S cps)? and
7 .

infrared spectrum.
H
CH

=
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6-Methoxy-1,2,3,k-tetrahydrocarbazole Qg) (Table 1)9 did
not give substitution on the benzene ring undertnormal Mannich
coriditions with piperidine and paraformaldehyde in ethancl, but
gave rather the N-alkylated product 22. The nmr spectrum
showed three aromatic protons (Table IT), while tie disappearance

of the N-H stretching mode at 3475 cm.'l in the infrared confirmed

such findings.

The question now arose as to whether any Mannich condensation
would occur if the indole nitrogen atom were also blocked. 9-Methyl-
6 . 10 .

-methoxy-1,2,3,k-tetrahydrocarvazole (2) (Table I) gave Mannich
adduct 2a (Table II) as the major product in a 55 per cent yield
under forcing conditions of refluxing in glacial acetic acid. The
mmr spectrum showed two aromatic one-h&drogen singlets, which
indicated that the hydrogen atoms were para to each other8 and that

condensation had occured at C-7.




If the 6-hydroxy Mannich adductékg was used as a substrate
for a further condensation with an equimolar emount of piperidine
and paraformaldehyde in ethanol at room'temperature, the N-alkylated
di-Mannich adduct lg (vide supra) (Table II) was obtained. This was
confirmed by the disappearance of the N-H stretching mode at 3470 em. L
in the infrared and by the continued presence of the two proton
aromatic AB quartet in the nmr.

The next area of interest was concerned with the mode of
addition to 9-methyl-6-hydroxy-1,2,3,%-tetrahydrocarbazole (k)
(Table I).ll Condensation again occured at C-5 to give Mr nich

adduct ba (Table II), which showed & two proton aromatic AB quartet

and the expected infrared spectrum.

The final condensation in the 6-hydroxy-model system
involved the reaction of 5-methyl-6-hydroxy-1,2,3,k-tetrahydro-
carbazole (2) (Table I). Compound 5 was prepared by hydrogenolysis
of Ji in ethanol using a Pd/C catalyst at 80° and 50 psi of hydrogea.
Condensation of_ijith the piperidine-Mannich intermediate in ethanol
gave‘zg (TableII) as the major product, which r lted from N-alkyla-
tion. The product showed free hydroxyl stretching at 3600 cm.-l by

infrared ana;ysis and .isplayed a two proton aromatic AB quartcet



in the nmr. A second, minor product was assigned structure 2_ This
di-Mannich adduct showed no N-H stretchihg in the infrared and had

a one-proton singlet in the aromatic region of the nmr spectrum.

No benzene ring monoalkylatecd product was observed as Judged by
infrared analysis of the various chromatography fractions. The up-
field shi.ft of the C-methylene group of the minor product ( 29) to
$3.70 is in agrec.ieat with the chemical shift of the methnylene group

in NMannich adduct 3a. (also note the upfield shift of all Ha-protons

in Tables I, II, III and IV).

T-Hydroxy-1,2,3,k-tetrahydrocarbazole (§) (Table I)12
underwent condensation at C-8 to give the piperidine-Mannich
adduct ég_ (Table II) ,13 which gave the expected infrared spectrum
and showed a two proton aromatic AB quartet, typical of orcho

coupling,8 in the nmr spectrum. %




An attempt to synthesize 8-hydroxy-1,2,3,k-tetranydrocarbazole
(1) by éhé method employed for the preparation of 6 furnished a
crystalline product. The combined chemical and spectral evidence
for this material, however, are not in complete accordlwith the

anticipated structure j;(see Expe rimental Section).

’

The second piiase of our research turned to hydroxyindoles
with various substituents in the 2- and 3-positionsf + has been
rcported that 2- >thylindole and 2-carbvethoiyindole give 3-alkylated
Mannich adducts with dimetiiylamine or piperidine as bases,lu while

P
15 and S-benzyloxyindolelo are known to give the

5-methoxyindole
3-subsvituted gramine analogs with dimethylamine.
2-Methyl-3-carbethoxy-5-hydroxyindole Qﬁl (Table III)17

underwent Mannich condensation with formalcdehyde and piperidinelYa
or dimethylamine in acetic acid to yield the C-4 Mannich adducts
jig and QE; respectively. The infrared spectrum of both products
showed indole N-H stretching at 3470 cm.-l and had a two-proton
8

aromatic AB quartet indicative of ortho coupling in the nmr.




TABIE T

Nmr Spectral Data of Tetrahydrocarbazoles

c oo s . a
Chemiral Snifts in $pra

Compound ’ Hab }LDC C-CHae
1 |6.60 | 7005 | 6.82 L
2F 6.72 | 7.02 | 6.90 | - 381 o
.é.f 5.75 T.0k4 6.90 3.38 3.78 -
B 6.6k 6.92 6.80 3.33 -—- -——-
5 6.5% | 6.68 | --- —— -—- 2.47
68 6.55 | 7.03 | 6.69

(a) Spectra were taken in CH50H with an internal TMS
standard; (b) doublet of doublets (J~8.5 cps, J2.5 cps);
(c) doublet (Jov8.5 cps); (d) doubl&t (J~2.5 cBs); (e)
singlet; (£) sBectra were taken in CDClg With an internal
™S standard; (g) CS-H =H, C4-H = H,, Cg-H = H_.



TABLE IT

Imr Spectral Data of Mannich Adducts

Chemical Shifts in $ppm

Mannich

padaet Hab be H_ N-CHs.  O-CHg C-CHg® CHoIRo"
1a 1652 | 69T | - | -e- .03
_']\_B 6.67 6.98 e - .—- -—- k.02
1o |6.67 | 7.8 | wem | --- N 4.08, k.l3
2a 6.75 | 7.2% | 6.90% --- 3.8% - k.46
38 ——- 7.24¢ 6.899 3.53 3,83 —-- 3,67
__ug_ 6.72 | 7.02 --- 3.L43 --- --- 4.03
2‘3_ 6.58 7.05 —— - - 2.53 L. L6
b - 6.85%| --- - —-- 2.55 3.70, 4.43
“gf 6.60 | 7.17 | === | --- --- --- 3.70

(a) Spectra were taken in CDCls with en internal TMS
standard; (b) doublet (sz 8.5 cps); (c) singlet; (d) doublet
of doublets (J~~ 8.5 cps, J ~2.5 cps); (e) doublet (J‘mﬁ-2.5

eps); (f) 05-H°= Hy» Cg-H =




Also of interest was the condensation of 2-methyl-3-carbeth-
oxy-5-hydroxybenzofuran Sz)(rable III)lafwit;'dimethylamine and
paraformaldehyde to give the 4-Mannich adduct.gg,lg while the
reaction using piperidine13 as the base geave the correspondipg
Mannich adduct_gp (Teble IV). Compouni Qo snowed only hydrogen-

boncded hydroxyl in the infrared and displayed a two-proton arocmatic

AB quartet by nmr.

The last phase.of our investigation involved the Mannich
reactions of 2-methyl-5-hydroxyindole (10) (Table III)™' and
5-hydroxyindoie (il) (Table III)?O Tae nmr spectrum of_lg displayed
the normal aromatic ring pattern as observed for the otier hydrox:--

indoles, but showed in additiox the C_-H a$'56.32, wkich apprared

3
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as a multiplet due to splitting by the Cé-methyl and the indole N-H.
Mannich condensation of 59 witih piperidine and paraformal-

dehyde 1n ethanol at room temperature gave as the major procduct

Marnich adduct 1Q0a (Table IV) in a 72 per cent yield. Compound

;Qg st.owed a two-proton AB gquartet in the arcuwitic region as well

as the 03-H-as a aultiplet at §$5.34. Tac infrared spectrum showed

the expected absorptions.7 A minor product was present in too

small amounts to isolate, but may well have been the 05-adduct.

g
é H
N
CHa
Ha
bk
o
10a
Agrun

5-Hydroxyindole (&}), which has five potential sites for
additvion (N-HE, 02’ 03’ Cu,and Cé) was next sutjected to the
Mannich recaction. The parent compound 21 showed the expected
aromatic protons H_, H_ and H, (Table IIT) as well as the C,-
hydr:en, doublet at §7.02, and the Cj-hydrogen as a broadened
doublet at #6.34 in the nmr.

Condcnsation of 11 with piperidine and paraformaldehyde
at room temperature, or at reflux in ethanol for a shorter time,
gave principally the C)- alkylated product lla (Table IV) in an

87 per cent yield. Mannich adduct 1lla showed the expected infrared



'7 - 2 .
spectrum’ while the romr specirum saowed a Uwo-provon erometic /32
P [

cuartet, which is indicative of u4-addizion, wlth retention ©

C.-hydrozen as a douclet at [7.13 and tre C,-ryirogen as a vrozdened

2 >

doublet at v6.3k.

The prefercatial elxylaticn of &-nydroxy-L1,2,3,k-tetra-

l.ydrocarbuzo.es at C-5 and of S-uydroxyindoles &t C-4 via the

Y

o

Mannich r.action reguires some ratlionciizavicn. IT Las seen

tnat the preferertiel ortho-allkylation of prenols over

pera-alkylation ic a result of the hydroxyl group orienting the

LN

Maennich interzecicte in a quasi-six-nemverad chelate ring nHreceeldlr
carvcn-caroca pond formation.

If one extends this argument to the nydroxylindole systems,
the orientation by Tne hydroxyl group would secm tTo suzzgest a
non-stereospecific alixylation of eitrer of trhe two c¢i-carbon atius.
Results of our worx indicate a stereoshecilic alkylation at C-5
for &-nydroxy-1,2,3,k-tetrenyérocarbazole L;) enG 1or G-ne
hydroxy-1,2,3,4-tetranydrocarsazole Q;): ead C)-addition for
5-fLydroxyindole (&&), 2-mpethyl-5-hydrox:inc-le Q&Q): 2-retnyl-3-
A

carovetnoxy=-5-LyCroxyircole &l &3 well es Tor 2-metnil-3-
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TABLE IIT

Nmr Spectra of S-Hydroxyi-dcles

v?* Cnemical Sh.fts 1in rpvm
i{ H ,
~ l '\>_3
Ha NTTR
a H, K
Hab I—lbc Hcd Cp-CHy R Cy-H
8 6.72 7.16 7.48 2.65 f - _—
2_(N-H=o) 6.84 7.%2 7.49 2.70 - -
10 6.62 7.10 6.90 2.33 -—- 6.00
11 6.73 | 7.23 | 7.0k --- 7.138 | 6.72B

(a) Spectra were taken in CHaCH with an internal TMS

standard; (b) doublet of doublets LIf~8 5 ¢cps, Je=2.5

(c) doublet (J-P 8.5 cps);

5 cps);
() doubl&t (3 2.5 cPs); (e)

s1nglet, (£) mBltiplet; (g) doublet (T~373 cps); (g) broadened

doublet (Ja3.3 cps) C

S
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TABLE IV

Nmr Spectra of Mannich Adducts

Chemical Shifts in Sppma

Mannich
Adduct
b b » c c
Ha H_b C),-Ciz- C,-CHz C,-H 03-H
8a 6.67 | 6.9 | k.25 2.55 —-- .-
_§;9_d 6.67 | 7.00 k.25 2.52 --- -
_9b(N-H=0) 5.73 7.15 L.15 2.58 —— —-
10a 6.67 | 6.98 2,83 2.32 - 5.05°
1la 6.72 7.08 3.87 ——- 7.02f 6.3‘4g

(a) Spectra were taken in CDCls with an internal TS

standard; (b) doublet (J ~8.5 cps); (c) singlet; (d) dimethayl-
amino Mannich adduct; (e¥ multiplet; (£) doublet (J~3.3 cps);
(g) broadened doublet (Ja3.3 cps) EMJ .
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carbethoxy-5-hydroxybenzofuran Qg).

We consequently propose resonance stabilization of the
developing transition state carbonium ion ;g,6 involving the
electron pair on the hetero atom, to be the deciding factor for
our stereospecific alkylatio..s. Alxylation in the alternate

ortho-position }\.}_would allow less delocalization of the positive

charge and would consequently have a hig.er energy of activation.

A similar argument would favor the CS-allgylatibn of T-hydroxy-
1,2,3,h-tetrahydrocarbazole, in which grecater charge delocalization
is obtained in the transition state j\’__ thgn couid occur for

the Cé-allquated product 15. Only the Cp-condensation is noted for .

this compound, winich supports the delocalization theory.
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For 6-methoxy-1,2,3,k-tetranydrocarbazole (2) one could not

employ the hydrogen-bonded orientation and conseguently alkylation
invoiving the electron pair on the indole nitrogen would be
expected and was observed.

T.e interesting case at hand is that of 5-methyl-6-hydroxy-
l,2,5,h—tetrahydrocarbazoie QZ) where the preferred site of addition
is blocked. In this case two products were obtained. The major
product Qas the N-alxylated Mannich adduct S2 and the second, minor
product was di-adduct 2b. At first glance this appcared to be a
rather strange order for addition, expecially when the hydrox; Ll
group was present to orient the lMannich intermediate, but the result

is corcisveat with the sterecspec:ific additlion of the hydroxyindoles.
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It could logically be assumed that tke energy of activation for

the alkylation of thne two ortho-carbons is signiTicantly different

and consequently the energy of activation for the alt:rnate site is
in the region of that of N-alkylation or ewven sounewhe: Ligher,
which would give the resulting product distribution.

An explaination for tne anomalous, stereospecific
orientation of 9-methyl-6-methoxy-1,2,3,k-tetrahydrocarbazole gz)
is not perfectly clear at this point, but 1s perhaps analogous to

-
the synthesis of Voacamine.O It might be pointed out that forcing
corditions were used in this case, wnich were not necessary ia the
otner Mannich reactions.

Hence, it appears that orientation of the Mannich intermediate
by the hydroxyl group on the indole nucleus and resonance stabiliza-
tion pf the Intermediate carbonium ion are the two dominant factors
in tie stercospecific alkylation of hydroxyindoles via the Mannich

rcoction.



17
EXPZRIMENTAL

6-lydroxy-1,2,3, k-tetrahydrocarsazole (1) was prepared by

. i 8 . C s s
the method of Milre and Tomlinson  in a &0% yield. A modification
- . == ; .
of the method used by Asero and co-workers was aLlso emwployed to
give a {«% conversion to the desired product. Tne crude product
was purified by sublimation &t O.Lmm. and 160° to yield white

\ EX0H

Moo 028, 282, 295

crystals, m.p. 170-172° (lit.8m.p. 172°);
(shouluer)w,4¢ 20,300, 7500 and 6700, resp.);yggils 3600, 3L70
em. ™Y,  See Table I for nmr.

Mainich Afduct la was prepared according to the method of

Bﬁchi, Manning and Mon"ci.6 The product was crystallized from
ethanol to give a 75% yield of a white crystalline solid, n.p.
165-16h°(lit.6 m.p. 163.5-164.5°). The reaction was also carried
out at room temperature for 4 hours in ethanol and recrystallized
. C’/ . anZj 0, E‘TJOH . N
to give a 78% yield, m.p. 163-16L°; rex 251 28L, 295 (shoulder)
" - CEC1 ‘ -1 :
2,4€20,800, 8500 and 7500, resp.);ymax“' 3 3470 cm. T See Tavle
IT for nmr.

Mznnich Adduct 1b.--A mixture of 25% dimethylamine

| solution (1.0Ommole) and paraformaldehyde (30 mz., 1l.Ommole) was
wasrmed in ethanol (3 ml.) on a steam bath until the solution
became homogeneous. The solution was cooled to room temperature
and 6-hydroxy-l,2,B,M-tetrahydro;arbazole (%)'(185 rg., 1 mmole)
was added. The mixcure was stirred for 3 hours at room temperature,
evaporated to dryness and chromatographed over activity IIT alumina

with benzene to give 147 mg. (60%) of product, which was recrystal-
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lized from a benzene-pet. ether mixture to give white crystals,
m.p. 128-133.5°;/\IE:&§H 231, 265, 295 (shoulder) mm (€19,800, 8000
and 7200, reSp.);)/gzils 3470 en. .7 The nmr showed the N,N-
dimethyl group as a 6-hydrogen singlet at §2.35 in add.tion to
the protons shown in Table II.

Anal. Calcd. for ClSHQO -0: C, 73.73; H, 8.25; N, 11l.k47.
Found: C, 72.94; H, 8.16; N, 11.38. The reason for poor agree-
ment might be due to the instability of the product. The compound

has been noted by tlec to decompose on standing in alcohol.

Mannich Adduct le.--A mixture of piperidine (85 mg., 1.0

maole) anl paraformaldehyde (30 mg., 1.0 mmole) was warmed in
ethanol (9 ml.) until the soldtion became homogenous. The mixture
was cooled to room temperature and the piperidine-Mannich adduct
aa (282 mg., 1.0 mmole) was added. Tne reaction mixture was
refluxed for 8 hours, during which time 318 mg. (84%) of a white

solid crystallized, m.p. 172-181°(dec.); /lEUOH

232, 285, 300 (shoulder)
ms (£21,900, 9500 and ThOO, resp.); ‘/C“C*s (see footnote 7). See
Table II for nnr.

6-Methoxy-1,2,3,k-tetrahyérocarbazole (2) was prepared by

the method of Miine and Tomlinson9 in a 56% yield. The crude product
was purified by recrystallization from ethanol to yield white
crystals, m.p. 101-104°(1it.” m.p. 95‘1050)3/\5:1;2}1 229, 285, 296
CEC1 -1
(shoulder) mm (623,000, 7800 and 7500, resp.);ymax 3 3470 cm. .

See Tavle I for nmr.

Mannch A7duct 2a.--A mixture of piperidine (85 mg., 1.0
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mmole) and paraformeldehyde (30 mz., 1.0 mmoic) was warmed in
ethanol (2 ml.) to give a homogeneous solution. The mixture was
cooled and tue 6-methoxy-1,2,3,Lk-tetranydrocarbazole (2) (199 ng.,
1.0 mmole) was added. The mixture was reflnxed under a nitrogen
atmosphere for 2 hours arnd evaporated ©to a yellow s&rup, wr..ch
crystallized from ethanol to give 172 m3. (58%) of p.oduct, m.p.
5&-65°(dec.);A§Z§:{ 231, 283, 295 (shoulder) mpt( 2,000, 8300
and 7200, resp.);)}gzils (no functional groups present). See Table
II for nmr.

9-Methirl-G-mothoxy-1,2,%, h-tet rahydrocarbnzole (%) was

prepared by ti:e method of Stevens and Tucker ™ in a gu¢ yield.

The crude product was purified by recrystallization from an ethanol-
water mixture to yield a waite product, m.p. 85.5-88.5° (lit.lom.p.
88-89°);/\§;2H 251, 287, 292 (showlder) ma (623,900, 7500 and

6700, resp.); no identifiable unctional groups in infrared
spectrum. See Table I for nmr.

lMannich Adduct 3a.--A mixture of piperidine (43 mg., 0.50

muole) end paraformaldehyde (15 mg., 0.50 :amole) was dissolved in
glncial acetic acid (6 ml.) by warming on a steam bath. The mixture
wi.s cooled to room temperature and the 9-methyl-S-methoxy-1,2,3,k-
tetrahydrocarbazole (3) (108 mg., 0.50 mmole) was added. Tae mixture
was then refluxed under a nitrogen atmosphere for one and one half
hours, neubrallacd by adding dropwi;c to a sodium carbonate solution
and extracted with benzene to give 85 mg. (55%) of product, waich
waé recrystallized from ethyl acetate to give slightly yellow

o D \) . [,
cry aLuls, Wepe SH=CTWHYe Bee able 1T Lo nur.
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9-2ethyl-6-hydroxy-1,2,3,k-tetcrydrocarbazole (4).--A 650 ng.

sample of 9-methyl-6-methoxy-1,2,3,k-tetranydrocarbazole (3) was

P 11 | . . - a . .
demechyiated by refluxing in a nixture of hydrobronic acid

R )48'4 5 4 1 - Sy 10 e

(3 ml. of L&) and acetic acid (10 ml.) “or 1{ hours unc r nitrogen.
The solution was neutralized with sodium carbonate and extiracted with
methylene chloride to give 250 mg.(41%) of product. The product was
purif’=d by sublimation at 0.5 mm to give a wnite solid, m.p.

., ... EtO
. }w o,
112, 1505, oo

1231, 286, 299 (shoulder) m (321,000, 7000.
. \’ CHCls -~ - o 'l —
end 5900, resp.); ) 3600, 3370 (oroad) cm. ~. See Tible
max
I for nmr.

Mannich Adduct La.--A mixture of piperidine {(42.5 mg.,

0.50 mmole) and paraformaldehyde (15 mg., 0.50 mmole was warmed
in a mixture of acetic acid in ethanol (1:10) to effect an homo-
geneous solution. Tae mixture was cooled and the 9-methyl-6-hydroxy-
1,2,3,k-tetrasydrocarbazole (99.5 mg., 0.50 mmole) was added. Thae
mixture was refluxed for 90 minutes under a nitrogen atmosphere,
cooled to room temperature and added cdronwise into a solution of
sodium carbonate and then was extraéted with benzene. Tne crude
product was recrystallized from ethyl acetate to give 125 mg. (84%)
of white needles, m.p. lMZ—IMhF,JX§$§H 232, 287, 308 (shou..er)
me(¢l9,600, 7000 and 5900, resp.). Tae product showed the

7

expected inlrared’' and nmr spectra (Table II).

5-lMet1yl-6-hydroxy-1,2,3, k-tetrar-"drocarbazole (5).--Mannich

adduct 1b (2hk mg., 1.0 mmole) was Gissolved in 50 ml. of ¢5%
ethanol end 100 mg. of catalyst (P3/C) was added. The mixture wis

shaken on a Paar shaxer at £0° fcr 3 hours at a pressure of 50 psi
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of hydrogen to give 180 mg.(90%) of the desired product, m.p. 50.5-
53.5°;k§§‘{ 227, 279, 294 (shoulder) mp (15,500, 5700 end L0QO,
resp.);zjgzils 3604, 3470 cm.-l. See Table I for nur.

Marnnich Adduct Sa.--A mixture of piperidine (€5 mg., 1.0

mmole) and paraformaldenyde (30 mg., 1.0 mmole) was warmed to

effect a clear solution in alcohol (5 ml.) containing 2 drops of
acetic acid. The mixture was cooled and the 5-methyl-6-hydroxy-
1,2,3,4-tetrahydrocarbazole (5) (202 mg., 1.0 mmole) was added. The
mixture was stirred at room temperature for 8 hours, evaporated

to dryness on Alumina III and eluted with bcenzene to give 193 mg.
(65%) of product. This m~jor product was recrystallized from

ethanol to give white crystals, m.p. 1&6.5-1&7.5%,\5{;‘23 209, 281,

303 (shoulder) m(E14,500, 5400 end 3700, resp. );yiﬁls 3500 cm. L.
See Table IT for nmr.

Manien Adduct 5b.--A second rinor product was obtained by

chromatograpny of the mother liguors from ja over Alumina III. The
second fraction (50% benzenc-pet ether) furnished 50 mz. (135%) of

a white solid, ii.p. 1L€.5-1L8°; mixture melting point with Cg, 125-
v135°. The absence of N-H or free hydroxyl stretches in the infrared
as well as the rmr spectrum (see Table II) confirm the di-addition
formuletion 2} for tnis material. No mono-alkylation product,
resulting from addition to the benzene ring only, was obtained. This
was concluded by the absence of an indole N-H stretch in the infra- .
réd in any oi the chrorntojraphy fractions.

.
- - - -\ -
T-iydroxy-1,2,3 L-tetranvdrocarhazole (&) Syes prepared by

o

the method of Jones and Tomlinson*z in a 31% yield, m.p. 162.5-183.5°
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.
(1it.™° m.p. 163-16u°);/&;;§ﬂ 229, 273, 302 r(€27,300, L200

and 4700, resp.)S)/?z;la 3200, 3470 cn.”t. See Tavle T for rar.

15
- 5 . =) . ~ . . - —
Marnich Add et fa.=<A nixture of pineridine (65 rg., 1.0

rmole) and paraformaléenyde (30 ng., 1.0 i.nole) ~ras wamed on &
stean bath to eflect an homozeneous sol tion. The mixture was
ccole . to room temperature and the T-hdroxy-1,2,3,L-tetralydro-
carbazole {~) was added. The rixture was stirrcd at room temper-
ature Tor 30 min. to give 195 mg. (89¢%) of product, m.p. 161.5-
175050 B0 o35 o7k 303 e (227,000, 4600 and LL0O, resp.);

AR PR 3 7 303 LfA S T, , w40 an , Yresp.);

> 7
,nax135475 et See Table IT for rmr.

Anel. Caled. for C,gH, N,0: C, 75.02; 1, 8.51; X, 9.85.

Found: C, 756.07; H, 8.41; N, 9.E3.

Att 2pted Symiresis of 8- Hydroxy-1.2,3%, k-tetrahyrdro-

carbeszole (7).--An attempt was made to prep..re [(in a met.od similar

to the preparation of;i.lg Ortno-aminoprenol (5.L45 g, 50 mmoles)
and 2-hydroxycycloiexanore (6.00g., 50 mmoles) were warmed in the
presence of taree drops of rnydrochloric acid to 140° for eighs
minutes in an open flask with stirring. Tne syrupy prcduct was
crystallized from ethanol to give 6.30 g. of a white crystalline
product, m.p. 151.5-165°;/k52§3 209, 23, 293 mpg21,400, Lh0O and
2500, resp.);)/iiila 3560 (shoulder), 3480 (vroad), 3395 (sharp)
and 3320 (shoulder) cm.-l. The nmr spectrum showed a complex
aromatic multiplet from §5.5-6.7.

Anal. Caled. for Cleq,NO c, 76.97; %, 7.C0; N, T.48.

Found: C, 71.20; H, 7.41; N, 7.04. This analysis better Tits



23

N0, caled.: C, 70.22; ¥, 7.37; I, 6.82.

l2 15
2-Vethvl-3-cort thowy-5-nhydrcxmennol irin (9) wo3 prepared
A
by the m.thod of Zernatekx and Le ’al.ld See Tadle IIT for nmr.
; 15.19 ;

Y¥aanich £3dist Gb. --A M_xt.re of piperidine (0.!'3z.,

5.0 muole ) and Daraformeléenyée (0.15 g., 5.0 rmole) wis warmed

in a minbture of acetic acid in ethanol (1:10) to effect a clear
solution. The nixture was cooled aﬁd the 2-ret:.l-3-carocthoxy-
5-hydroxyverzofuran Lﬁ) (1.10 ., 5.0 nmmole) was added. Tae mixtur
was refluxcd under nitrogen for 4 nours and allowed to stand at room
+tenperature for one week. The mixture wvas neutrclized with sodium
carponecce and extracted with chloroform. Crystallizaticn Iroam

ether/nexcne gave 380 mg. (2L%) of a white material, m.p. 75-7E°;

CiiCls

(footnote 7). See Table IV for nmr.
max

2-Vethyl=5-hydroxyindole (10)1( was purified by sublisation

at 0.5 mu., m.p. 131-132.5° (1it.>” m.p. ;3&-;35°);)\§;§H 212, 27k,

29k (shoulder), 306 (shoulder) mm (€22,800, 8500, 56C3 and 3500,

/""""
\JA-V

-1
resp.);)) " "2 3600, 3475 cm. . See Table III for nar.

Meanich Adduct 10a.--A mixture of piperidine (85 mz., 1.0

r .0le) und paraformeldehyde (30 mg., 1.0 mmole) was wormed in
cthanol (4 ml.) to effect an homogeneous solution. The mixture was
cooled and 2-methyl-5-hydroxyindole (10) (147 rg., 1.0 mmale) was
added. The nixture was stirred for ore hour at room temperature and
cunrormatograpned over Alumina IIT using a venzere-jpet. ether eluent
(1:1). Tre yellow oil obtained wes recrystallized fren a mixture

of benzene and pet. ether to give 175 mg. (72%) of a white crystal-

line product, m.p. $8-99° /X:;;ﬂ 215, 276, 294 (sroulder) and 307
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(shoulder) mg (522,000, 9100, 5500 and 3900, resp.); s .75 cm. .

See Tavle III for nnmr.

R . 20 - - o L0 .=
S-Tydroxyindole (11),  melted from 1056-1C" ;/lmax 209, 215
(shoulder), 271, 268, 307 (shoulder) mu (520,700, 15,000, 6500,
. CEC ‘ 1= -1 -
3600 and 2900, resp.) ;\jmaxls 3500, 34E5 em. ~. See Totie III for
nmur.

Yennich Adduct lle.--A mixture of piperiiine (85 mg., 1.0

mmole) and paraformaldenyde (20 m3., 1.0 mrole) was waraed on a steem
bath in ethanol (3 ml.) to effect an homogeneoué solution. The

reacilon mixture was cooled and the S5-hydroxyirdole (1) (133 =g.,

1.0 mmole) was added. Tae mixture was stvirred Tor 1.5 hours &t rocm
temperature, eveaporated to dryness and chromatograpned cn activity

IIT Alumina with a.mixtufe of bteazene and pet. ether (L:1). The yellow
syrupy liguid was recrystallizeda from a small smount of benzerne to

give 200 mz. (87%) of product, m.p. 86-98°;,\§g§3 elT, 213, 301,

308 (shoulder) mm(€18,000, 7500, L4100 and 3800, resp.); “Cls 3485 cn.

maXx

See Table IV for nnr.

17
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