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acid, CeH;CONHOCOAT, and found a direct rela-
tionship between the ease of these Lossen rear-
rangements and the strengths of the analogous car-
boxylic acids, ArCOOH. The stronger sulfonic
acids, therefore, should promote a still faster Lossen
rearrangement, and such was the observation in the
present work.

Experimental

Benzo-(phenylcarbamylhydroxamic) Acid. Using Tolu-
enesulfonyl Chloride.—Benzohydroxamic acid was con-
verted into its sodium salt. Then a solution of 4.2 g. of p-
toluenesulfonyl chloride in 10 ml. of chloroform was added
dropwise during 15 minutes to a stirred, cold (10°) suspen-
sion of 3.2 g. of the salt in 40 ml. of chloroform. The reac-
tion was vigorous. The mixture was stirred for 15 more
minutes, then the solid was collected on a filter, washed with
chloroforin, ligroin and finally with water to remove sodium
salts. That there was some unused benzohydroxamic acid
was evident since the wash water gave a strong ferric chlo-
ride color test. The vield of insoluble product was 2.45 g.
It crystallized from ethanol in flat needles. The compound
gave no coloration with ferric chloride and it dissolved
readily in cold alkali. It decomposed at about 180°, then
resolidified and melted to a clear meniscus at 232°. The
second m.p. was that of sym-diphenylurea. A smaller
vield (1.3 g.) was obtained by refluxing for one hour after
the initial 15 minutes at 10°,

Anal. 180° product (by C. White, J. Sorensen). Caled.
for Ci.H12N.05: C, 65.6; H, 4.72; N, 10.9. Found: C,
65.8; H, 4.85; N, 10.9.

Using Phenyl Isocyanate.—One ml. of phenyl isocyanate
was added to an ice-cold suspension of 1.6 g. of sodium ben-
zohydroxainate in 20 ml. of chloroform. The temperature
immediately rose to 20°. After half an hour and recooling
to 5°, 0.5 ml. more phenyl isocyanate was added. The
mixture was processed 30 minutes later by adding 1 ml. of
acetic acid and 20 ml. of petroleum hexane. The solid was
collected, rinsed free of inorganic salts and crystallized from
0959% ethanol (20 ml.); vield 1.2 g., and another 0.4 g. from
the filtrate by precipitating it with an equal volume of
water. The same decomposition and fusion behavior was
shown as was described above.

Rearrangement.—A solution of 0.97 g. of this compound
in water containing 0.14 g. of sodium hydroxide was heated
to 100° for 30 minutes. sym-Diphenvlurea separated
promptly; vield 0.58 g., m.p. 232°. One recrystallization
from ethanol brought the m.p. (and mixture m.p.) to 235°.

Hydrocinnamohydroxamic Acid and Its Benzoyl Deriva-
tive.—Hyvdrocinnamohydroxamic acid was prepared by re-
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action of equimolar portions of ethyl hydrocinnamate, hy-
droxylamine and sodium ethoxide, with ultimate acidifica-
tion by carbon dioxide. Crystallization from benzene
vielded lustrous plates, m.p. 82° (lit.,® 78°). The benzoyl
derivative, prepared by Schotten—-Baumann procedure and
crystallized from benzene, melted at 131° which agrees
with Bright and Hauser’s value® of 132-133° but is notice-
ably higher than the 117° reported by Thiele and Pickard.f
It underwent a satisfactory rearrangement into sym-di-
phenethylurea of m.p. 137° (lit.6 137°).

Hydrocinnamo-(phenethylcarbamylhydroxamic) Acid.—
Sodium hydrocinnamohydroxamate (2.0 g.) was treated in
chloroform suspension (20 ml.) at 5-10° with p-toluenesul-
fonyl chloride in the manner detailed above for the benzo-
hvdroxamic salt. After an hour of reaction time the mix-
ture was diluted with an equal volume of petroleum hexane
and filtered. The solid was washed with hexane and with
water; vield 0.8 g. After crystallization from beuzene it
melted with gas evolution at 133-134°,

Anal. (by White and Sorensen). Caled. for CisHaN20;:
C, 69.2; H, 6.45; N, 897. Found: C, 69.2; H, 6.53; N,
8.98.

Rearrangement.—The acid (1.06 g.), when dissolved in
cold sodium hydroxide solution (0.13 g. in 3.5 ml. of water)
and heated at 100° for half an hour, gave rise to 0.82 g. of
sym-diphenethvlurea which separated during this period.
Crystallization from 2-propanol produced lustrous plates,
m.p. 137°,

3-Benzenesulfonoxy-5,6-dihydrouracil.—To a rapidly
stirred suspension of 2.4 g. of sodium succinohydroxamate
in 25 ml. of chloroform at 25° was added dropwise during
about half an hour a solution of benzenesulfonyl chloride in
toluene (5.3 g. in 10 ml.). Addition at this rate kept the
temperature nearly constant. After 45 minutes, the mix-
ture was diluted with two volumes of hexane. The solid
was collected, triturated with water containing 19, of acetic
acid (15ml.), and the mixture filtered; yield 0.9 g., after one
crystallization from 2-propanol, m.p. 158-160°. Lustrous
plates were obtained after recrystallization from 2-propanol
or water.

The substance was soluble in hot water or ethanol and in-
soluble in chloroform. It dissolved in warm alkali. It
gave no coloration with ferric chloride solution. It de-
pressed the m.p. of N,N’-ethvlenedibenzenesulfonamide
(m.p. 168°).

Anal. (by White and Sorensen for C, H, N and Micro-
Tech Lab. for §). Caled. for CjH;yN.0:S: C, 44.42; H,
3.73; N, 10.36; S, 11.86. Found: C, 44.75; H, 3.63; N,
9.93; S, 12.25.

(6) J. Thiele and R. H. Pickard, Anx,, 309, 197 (1899).
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A group of bis salt derivatives of some relatively large heterocyclic bases, twinned by an alkylene chain (4 to 10 carbons)

attached to nitrogen, has been prepared.
tetrahydroberberine.

Several methods have been emploved for the preparation of the 8-carboline derivatives.

The bases involved include substituted B-carbolines, a-carboline, yohimbine and

Muany of the

salts produced transitory hypotensive effects; a few exhibited strong curare-like activity.

As a part of an extensive examination of the ef-
fects of variations in structure of bis ammonium
salts on biological properties,? a group of derivatives
of some carbolines, yohimbine and tetrahydrober-
berine, in which these large, relatively flat struc-
tures are twinned by alkylene bridges through a
ring nitrogen, has been prepared. Variationsin size,

(1) Presented in part before the Division of Medicinal Chemistry
it the 124th National Meeting of the Amerlcan Chemnjcal Society,
Chicago, Illinois, September 6-11, 1953,

(2) Preceding paper, C. J. Cavallito A. P. Gray and E. E. Spinner,
THis Jour~aL, 76, 1862 (1954).

flatness, electrostatic charge distribution, steric
hindrance about bonding functions, and distance
between such functions have been introduced.?2b

(3) (a) The effects of variations of biglogical activity with distances
between jonic groups have been reported by a number of investigators.
Cf. R. B. Barlow and H. R. Ing, Nature, 161, 718 (1948); Brit. J.
Pharmacol., 3, 298 (1948); W. D. M. Paton and L. J. Zaimis, Nature,
161, 718 (1948); H. O. J. Collier, Brit. J. Pharmacol., T, 392 (1952);
D. Bovet, Ann. N. V. Acod. Sci., 54, 407 (1051). See also H, King,
L. M. Lourieand W. Yorke, Ann. Trop. Med., 31, 435 (1937); 1bid., 33,
2890 (1639). (b) The effect of flatness and van der Waals bonding on
antimicrobial action has been elegantly demonstrated; cf. A. Albert,
S. D. Rubbo and M. 1. Burvill, Brit. J. Exptl. Path., 30, 15 (1949),
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Although the heterocyclic bases required for the
preparation of these bis salts were for the most part
known compounds synthesized by conventional
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The indole N-substituted B-carboline salts were
obtained in two different ways. The first, and
somewhat less satisfactory, method involved the

) )
® ®
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XXIII, « = 5; XXV,x =10 XXVII, ¢ = §5; XXIX, x = 10
methods, some comments are warranted. The 8- alkylation of Py-N-alkyl (or alkylenebis) carboline

carbolines were prepared from tryptophan by modi-
fications of the elegant method devised by Ker-
mack, Perkin and Robinson.* An intriguing step
in this synthesis, the simultaneous decarboxylation
and dehydrogenation which is effected by dichro-
mate (and other oxidizing agents), has never had
adequate explanation. The original suggestion,*
that the carboxyl group was first replaced by a
hydroxyl and that the hydroxycarboline was then
dehydrated, does not seem in accord with present
knowledge. A significant point is that tetrahydro-
carbolines which do not have a carboxyl group ap-
parently yield no isolable carboline on treatment
with aqueous dichromate.® A formulation of the
reaction, which is compatible with the known facts
and with general ideas of oxidation, may be ex-
trapolated from the work of Swain and Hedberg,®
and from the fact that open chain a-amino acids
may be oxidatively decarboxylated to aldehydes.”?

(4) W. O. Kermack, W. H. Perkin, Jr.,
Soc., 119, 1602 (1921).

(5) E. Spaeth and E. Lederer, Ber.,
Ashley and R. Robinson, J. Chem. Soc.
**poor yield*’
man).

(6) C. G. Swain and K. Hedberg, THis JourNaL, T2, 3373 (1950),
showed convineingly that a hydroxy derivative was not an intermedi-
ate in the oxidation of leuco malachite green.

(7) See for example, A. Schénberg, R. Moubasher and M. Z.
Barakat, J. Chem. Soc., 2504 (1951).

(8) A possible picture of carboline formation might involve ab-
straction of a pair of electrons from a center of high electron density by
a chromate complex, with aromatization being the driving force for
reaction, t.e.

and R. Robinson, J. Chem.

63B, 2102 (1930); (J. N
, 1376 (1928), however, report a
of norharman from the oxidation of tetrahydronorhar-
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Either R or R’ may be CH; or (CH;),

IIT, XVI and XVII were synthesized in this
manner. Quaternization of the anhydronium bases
does not go in spectacular yield, particularly with
larger alkyl halides, and is accompanied by side

VAN — N
—>
A
% N, /] N
HR R

The requirement, Cr¥! — Cr!! can be fitted in.6 Of course this is
merely a skeletal representation, implying nothing concerniug the inti-
mate details of the reaction.

(9) (a) W. H. Perkin, Jr., and R. Robinson, J. Chem. Soc., 116, 933
(1919); W. O. Kermack, W. H. Perkin, Jr., and R. Robinson, tbid.,
121, 1872 (1922); (b) for a recent discussion ¢f., H. Schwarz and E.
Schiittier, Helv. Chim. Acta, 34, 629 (1951).
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reactions such as reversion to salt of the starting
material. In the alternative method, used for XVI
and also for XVIII, the Ind-N-substituted base
was first prepared by alkylation of the sodium salt
of harman (from sodamide in toluene or xylenel?)
and the product was then quaternized. Although
the B-carboline anion reacts predominantly to give
Ind-N-alkylation, reaction on the other nitrogen oc-
curs to some extent (as evidenced by the develop-
ment of strong green fluorescence); however, it
was not found possible to isolate any pure side
products. Further exploitation of this convenient
means of substitution on the g-carboline nucleus is
in progress and will be reported on at a later date.

XIX and XX were most conveniently synthesized
from Py-N-methyltetrahydroharman, obtained
either by the catalytic hydrogenation of Py-N-
methylharman,!! or, better, by sodium borohydride
reduction of harman methobromide.!? In either
instance the melting point of the methyltetrahydro-
harman agreed with the literature!® and the product
exhibited the characteristic indole ultraviolet ab-
sorption spectrum. The sodium borohydride tech-
nique provides an eminently -satisfactory route to
Py-N-alkyltetrahydro-B-carbolines.

For the most part, the bis salts were prepared by
heating an excess of the heterocyclic base with the
appropriate alkylene dibromide (x = 4-10) in a
suitable polar solvent. Acetonitrile was found to
be an excellent reaction medium for the B-carbo-
lines, but sterically hindered and readily oxidized
bases such as yohimbine and tetrahydroberberine
were much more satisfactorily quaternized in an
alcohol-containing solvent. A variety of condi-
tions was explored and the most useful methods
are described in detail in the Experimental.
Probably as a result of lower basicity, a-carboline
was much less reactive than the p-carbolines.
Steric hindrance was undoubtedly the principal
factor in the poor yields of bis yohimbine and tet-
rahydroberberine quaternary salts. No attempt
was made to separate stereoisomers, presumably
present in all of the tetrahydro-bis salts.

Biological Properties.!*—The mono-salts listed
in Table I are not unusually active pharmaco-
dynamic agents!®; yohimbine has been known to

(10) Ind-N-methylharman lias been similarly prepared with the aid
of potassamide in liquid ammonia. Cf., A. M. Steplien and R.
Robinson, Nature, 162, 167 (1948); D. Mukherji, R. Robinson and E.
Schlittler, Experientia, 8, 215 (1949).

(11) The successful application of this hydrogenation, wltich occurs
only with the.anhydronium base—not with its salts or with the un-
alkylated carboline—to a simple carboline derivative serves to sub-
stantiate conclusions drawn from the behavior of more complex sub-
stances. Cf. T. M. Sharp, J. Chem. Soc., 1353 (1938); R. C. Elderfield
and A. P. Gray, J. Org. Chem., 16, 506 (1951); H. Schwarz and E.
Schiittler, ref. 9b.

(12) Cf., B. Witkop, Tuis Journar, 76, 3361 (1953); B. Witkop
and J. B. Patrick, ¢bid., T8, 4474 (1953). These authors report the
formation of an unidentified product from a similar reduction of harma-
line methochloride. In the present work the reduction went smoothly
and in good yield to the tetrahydroharman derivative.

(13) G. Barger, A. Jacob and J. Madinaveitia, Rec. trav. chim., 87T,
548 (1938), have prepared the compound from N-methyltryptamine.

(14) The pharmacological data obtained by Doctors Frank Maecri
and T. B. O’Dell of these laboratories; details of pharmacology to be
described elsewhere.

(15) Low curare-like activity has been reported for some similar
mono quaternary compounds. Cf. P, Waser, Helv. Physiol. Pharma-
col. Acta, T, 493 (1949); V. Boekelheide and C. Ainsworth, THIs
JournaL, 72, 2132 (1930).
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possess adrenergic blocking action. The ono
quaternary salts administered intravenously in
anesthetized dogs produce a slight (109, =)
transitory (5 min. =) reduction in blood pressure
at doses of about 2 mg. per kg.

TABLE I
Cor.
m.p., Halogen, %
Cpd. Base Sailt °C.e¢ (Caled. Found?
I Harman HC1 202-295
11 Harman CHa,I® 300
II1 Py-N-Methytharman CHiI¢ >270
IV Norharman CH.1* 235-238 40.92 40.82

V Py-N-Methyltetra-

hydroharman CHal (ref. 13) 226-228
V1 «-Carboline CHal/ 218-220 40.92 40.99
VII Yohimbine HCY¥ 287-203 9.07 8.90
VIII Yohimbine CHst1h 231-250 23.37 25.70
IX Tetrahydroberberine HC1 230-232 9.43 9.27
X Tetrahydroberberine CHsl? 245-247 26.37 26.05

e Most of the salts melt witlh decomposition. ? The
halogen analyses reported are from volumetric ionic halogen
determinations unless the result is marked with an asterisk,
in which case it represents a microanalysis for total halogen.
¢ Anal. Caled. for CsHi3INo: C, 48.16; H, 4.04. Found:
C, 48.16; H, 4.14. J. Keufer, Bull. soc. chim. France, 109,
(1950), reported m.p. 275°. 4 4nal. Caled. for CiHy-
IN,: C, 49.72; H, 4.47. Found: C, 49.23; H, 4.44.
¢ R. Speitel and E. Schlittler, Helv. Chim. Acta, 32, 860
(1949), reported m.p. 238-240°. / Anal. Caled. for Cio-
HyuIN,: C, 46.47; H, 3.58. Found: C, 46.84; H, 3.75.
¢ Cf., T. A. Henry, ‘‘The Plant Alkaloids,”’ Blakiston, 4th
Edition, Philadelphia, Pa., 1949, p. 502; m.p. 302-303°.
* G. Barger and E. Field, J. Chem. Soc., 107, 1025 (1915),
reported this compound, indefinite m.p. about 250°, as a
hydrate, but analysis indicated the material, dried in the
oven at 80°, to be anhydrous. * No attempt was made to
separate isomers. Cf., F. L. Pyman, J. Chem. Soc., 103,
825 (1913).

The bis-B-carboline derivatives, XI-XIV, ure
more potent hypotensive agents of short duration
than the corresponding mono salts; one mg. per
kg. intravenously in dogs lowers blood pressure 10
to 409, for 5 to 20 minutes. The tetrahydro deriv-
atives are slightly more active. No curarimimetic
effects are evident at this dosage. The a-carbo-
line, XXI, shows no effects at this level and is less
toxic than the §-derivatives (mouse, I.V. LDs, for
XXIis 28, for XIV is 4 mg. per kg.). The B-carbo-
lines substituted on the indole nitrogen, such as
XVI, XVII and XVIII are quite toxic, markedly
lower blood pressure for short periods at 0.1 1ug. per
kg.and XVII is curarimimetic in dogs at 0.5 mg. per
kg. I.V. The order of biological activity and toxi-
city is also the order of ionization of these com-
pounds. A marked difference was observed in the
order of magnitude of pK, values of Py-N-substi-
tuted B-carboline salts (10-10.7)%® as compared with
a-carboline methiodide (7.4). Of course, the in-
dole N-substituted derivatives are ionized cou-
pletely.

There are interesting differences betwecn tlie bis-
yohimbines and bis-tetrahydroberberines, each be-
ing fused five-ring systems. The Cs and Cyy al-
kylene bis-tetrahydroberberines completely block
(curare-like) the dog nerve—miuscle preparation at
0.5 and 0.3 mg. per kg., respectively; the C; com-
pound shows no block at 5 mg. per kg. These
large bis quaternaries differ from the hexa- to deca-
methonium type in that the C¢ and Cip hoiuologs
are nearly equally active. The bis-yohimbines, in
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TABLE 1]

& &
Bis CARBOLINE SALTS OF GENERAL ForRMULA: R—(CH,),—R 2X©

Cor. m.
X Method °C.¢

Cpd. Carbotine (R) x
XI Harman 4 Br A 333-336
XII Harman 5 Br A 291-293
XIIT Harman 6 Br A >310
XIV Norharman 5 Br A 241-242
XV 1-Propyl-9-pyrid-3,4b-indole 5 Br A 261-262
XVI Py-N-Methylharman 5 Br B 288-290
B-1
XVII Ind-N-Methylharman 5 1 C 265-267
XVIII Ind-N-Methylharman 6 Br A 270-271
XIX Py-N-methyltetrahydrohar- 4 Br D ¢
man
XX Py-N-Methyltetrahydrohar-
man 6 Br D 190-230
XXI a-Carboline 5 Br E 242-243

4 Most of the salts melt with decomposition.
after this but was not completely melted at 250°,

D

b See footnote (b) of Table I.

Analyses, %
Mol. Caled.
formula C H X C

Cstngr2N4 57 . 94 4 . 86 27 . 54 57 . 36
ngH;oBr2N4 58. 60 5.09 26.89 58.95
CaoHsgBer.i 59.22 .30 2627 5956
C27H26BF2N4 57.26 .63 28.22 57.18
CysHaBr: Ny 60.93 5.89 24.57 60.73
60.95
59.90

Found
H

5.08
5.28
5.43
.08
.17
.87
.69

27.44
26.22
25.78
27.85
24.22
23.74*
25.11
25.22
34.94
34.99
25.26

O or
or OO

CaHyuBroN; 59.81 5.52 25.68

Cs1H3: 1N, 51.97 4.78 35.43 51.96 4.82

CazHasBerd
CsoH4BraN,

60.38 5.
58.44 6.

70
54

25.11 60.16 5.62
58.43 6.61

58.39 7.12

[0}

CsHyBr:N,
CorHysBro Ny

59.63 6.88 24.80 59.60 7.12 24.56
57.26 4.63 28.22 57.31 4.90 27.80*

¢ Evolved gas at 110°; softened gradually

TasLE III

1 1
B1s PoLycycLic SALTS OF GENERAL FORMULA! —N—(CH,),—N—

3] 3]
2BrS
1

—

Anatyses (%)

—

Cor, m.p., Mol. Calced. Found-

Cpd, Base x Method ©°C.@ formula C H Br C H Brb
XXII Yohimbine 4 F 267-274 CeHeBr:NOs 59.74 6.54 17.28 59.64 6.69 16.98*
XXIII Yohimbine 5 F 249-250 CgHeBr:NOs 60.12 6.66 17.02 59.78 6.72 16.60*

XXIV Yohimbine 6 F 269276 CuHeBr:NOs 60.50 6.77 16.77 59.94 7.07 16.90
N, 5.88; 0-CH;,6.51 N, 6.03; O-CHj3;, 6.44

XXV Yohimbine 10 F 230-232 GC3HpBr:N,Os 61.90 7.19 15.84 61.66 6.95 15.37
XXVI Tetrahydroberberine 4 G 205 CuH:0BraN:Os 59.06 5.63 17.86 58.68 5.60 17.46*

XXVII Tetrahydroberberine 5 G 187-189 C4HiBroN.Os 59.50 5.77 17.60 59.45 6.07 17.87
XXVIII Tetrahydroberberine 6 G 220-226 CgHuBr:N,Oz 59.87 5.90 17.32 60.29 6.12 17.39*
59.72 6.11 17.27*
XXIX Tetrahydroberberine 10 G 192 CsoHg:BraN,Os 61.35 6.38 16.33 61.13 6.46 15.86*

@ The salts melt with decomposition.

contrast, show no curare-like activity at 1 mg. per
kg. in dogs at the C, to Cy chain length. All of the
bis-tetrahydroberberines produce a marked re-
duction in blood pressure in dogs, the bis-yohim-
bines are less active, The mouse intravenous LDg,
values of the bis-yohimbines range from 0.5 to 2.5
mg. per kg.; in sharp contrast subcutaneous LDsg
values are greater than 40 mg. per kg. Similar re-
sults were observed with the bis-tetrahydroberber-
ines. These large molecules apparently are poorly
or slowly absorbed from subcutaneous areas in mice.

Anticoagulant properties have been observed
with a number of these compounds and bis-quater-
naries are more active than monoquaternary deriva-
tives. The compounds listed in the tables are rela-
tively ineffective germicides.

Experimental!®
Preparation of Bases. 1-Substituted-9-pyrid-3,4b-in-
doles.—Harman, m.p. 238-239°, after recrystallization
from acetone, and norharman, m.p. 201-202°, from ben-
zene, were prepared according to modifications of Robin-
son’s procedure.4!” It was found, however, that the total

(16) The microanalyses reported in the tables were performed by
the Clark Microanalytical Laboratories, Urbana, Itlinois.

(17) (a) D. G. Harvey, E. J. Miller and W. Robson, J. Chem. Soc.,
153 (1941); (b) H. R, Snyder, S. M. Parmerter and L. Katz, THis
Journar, 70, 222 (1948).

b See footnote (b), Table I.

volume of solutions and the quantity of potassium dichro-
mate employed in the oxidation step (as described in ref.
17b) could be halved, with the result of greatly facilitating
operations at no sacrifice in yield, provided that the reaction
mixture was refluxed for 30 minutes after all of the oxidizing
agent had been added. The use of strong sodium hydroxide
solution in place of sodium carbonate markedly reduced
emulsion difficulties encountered in the extraction of the
product.

1-Propyl-9-pyrid-3,4b-indole.—This compound was pre-
pared essentially by the method used for harman' from
tryptophan and a 0.1 mole excess of butyraldehyde heated
on the steam-bath for 8 hours in aqueous acid solution.
Excess aldehyde was extracted with ether, and dissolved
ether boiled out, prior to the oxidation of the unisolated in-
itial condensation product. Recrystallization from aqueous
alcohol afforded a 349, yield of the propyl derivative, m.p.
216-218°.18

1,2-Dimethyl-2-pyrid-3,4b-indole (Py-N-Methylharman).
—The procedure used was similar to that described for N-
ethylnorharman.® Harman methiodide (II), m.p. 300°
dec. and harman methobromide, m.p. 298-300° dec., were
prepared in acetone. Dissolution of either salt in water
followed by treatment with 20% sodium hydroxide precipi-
tated the yellow base. ‘The appearance and properties of
the product depended markedly on the method of purifica-
tion and on the degree of hydration (¢f. Schwarz and
Schlittler?). Recrystallization from water and from aque-

(18) E. Spaeth and E. Lederer® prepared this compound by a Bis-
chier-Napieralski reaction from tryptamine and give m.p. 211-212°.

(19) N. J. Leonard and R. C. Eiderfield, J. Org. Chem., T, 556
(1942),
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ous alcohol gave bright vellow needles. Solutions were
yellow with green fluorescence. On vacuum drying over
P,0; at room temperature followed by oven drying at 80°
the material turned a deep green and its solutions were red
with a much stronger green fluorescence. Recrystalliza-
tion of the oven dried product from benzene afforded orange-
brown needles, melting with decomposition at about 180°
after preliminary darkening.®

1,2-Dimethyl-1,2,3,4-tetrahydro-9-pyrid-3,4b-indole (Py-
N-Methyltetrahydroharman). A. By Platinum Hydro-
genation.—This was most successful when the dry, purified
methyl base was used.!! A solution of 7.5 g. of dry methyl-
harman in 150 ml. of methanol was hydrogenated at 40
p.s.d. with 0.6 g. of Adams platinum oxide. After 15 hours
the catalyst was filtered off, the solution diluted with a liter
of water and extracted with ether. The ether extract was
dried and concentrated to an oily residue which was treated
with water and again taken into ether. After removal of
the solvent the oil was crystallized by trituration with low
boiling petroleum ether and recrystallized from benzene and
petroleum ether. A yield of 5.9 g. (799,) of pale yellow
pellets, m.p. 108-110°, was obtained.!3

Attempts to hydrogenate harman itself in acetic acid or
harman methobromide in agqueous methanol over platinum
oxide were not successful.

B. By Sodium Borohydride Reduction.—Slow, dropwise
addition of 10.5 g. (0.276 mole) of sodium borohydride dis-
solved in 75 ml. of methanol to a suspension of 9.95 g.
(0.036 mole) of harman methobromide in 175 ml. of meth-
anol was accompanied by vigorous evolution of heat and
hydrogen, and gradual dissolution of the harman salt.
Addition was kept at a rate sufficient to maintain gentle re-
fluxing. After all of the reagent had been added, the solu-
tion was refluxed for two hours. The solvent was removed,
the residue taken up in water and the product extracted
into ether. Purification as in A afforded a total of 5.7 g.
(799%) of material which did not depress the melting point
of the methyltetrahydroharman prepared by catalytic hy-
drogenation.

The compound obtained in either way exhibited an ultra-
violet spectrum (measured in 959 ethanol with a Beckman
DU quartz spectrophotometer) superimposable on that of
tetrahydroharman, Amax 280 mu (log € 3.86); Amax 227 1nu
(log € 4.25).

Tetrahydroharman.—A solution of 15.0 g. (0.0825 mole)
of harman in 750 ml. of anhydrous n-butyl alcohol was
heated to boiling. Heating was discontinued and 60 g. of
sodium was added as rapidly as possible to the hot, vigor-
ously stirred solution. When the last of the sodium had dis-
solved, the hot colorless liquid was poured without delay
(darkening occurred on standing) into a beaker containing
2 kg. of ice and 300 ml. of concentrated hydrochloric acid.
After removal of the butanol by steam distillation in vacuo
the remaining aqueous solution was made alkaline and ex-
tracted with ether. The ether extract was thoroughly dried
with anhydrous potassium carbonate. FEthereal hydro-
chloric acid was added to the dry ether solution and the pre-
cipitated salt was charcoaled in water.  Addition of aqueous
ammonia yielded 11.8 g. (779) of white crystalline pre-
cipitate, m.p. 179-181°.2

1,9-Dimethyl-9-pyrid-3,4b-indole (Ind-N-Methylharman).
—To a slurry of 14.56 g. (0.08 mole) of harman in 400 ml.
of dry toluene was added 3.2 g. (0.081 mole) of sodamide.
The mixture was stirred and refluxed (oil-bath) for a total
of 14 hours until evolution of ammonia had essentially
ceased. The reaction mixture was transferred to a steam-
bath, stirring was continued, and a solution of 10.08 g.
(0.08 mole) of dimethyl sulfate in 25 ml. of dry benzene
was added dropwise. The mixture was heated for four
hours after all of the methyl sulfate had been added (de-
velopment of strong green fluorescence). Water was added
cautiously to the cooled mixture to decompose any excess
sodamide, and, after washing with water, the organic laver
was extracted with 39, sulfuric acid. The acid extract
was charcoaled, brought to pH 8 £ with sodium carbonate
and the product taken into ether. After drying and removal
of the ether, the residue was recrystallized twice from ben-
zene and Skellysolve B to yield 3.7 g. (239%) of Ind-N-

(20) W. A, Jacobs and L. C. Craig, J. Biol. Chem., 113, 759 (1936),
reported m.p. 180° for this substance prepared by another method.

(21) G. Hahn and H. Ludwig, Ber., 67, 2031 (1934), give m.p. 179~
180 for tetrahydroharman prepared from tryptamine.
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methyvlharman, m.p. 100-102° (¢f. ref. 10, also Spaeth and
Lederer, ref. 5).

The remaining aqueous solution was made strongly basic
and extracted to give a strongly green fluorescent ether layer.
Only small amounts of unpurifiable material could be ob-
tained from this extract.

9,9'-Pentamethylenebis-(1-methyl-9-pyrid-3,4b-indole).
—A slurry of 10.92 g. (0.06 mole) of harman and 2.36 g.
(0.0606 mole) of sodamide in 300 ml. of dry xylene was
stirred and refluxed for 13 hours. The reaction mixture
was transferred to a steam-bath, and, after the dropwise
addition of 6.44 g. (0.028 mole) of 1,5-dibromopentane in
30 ml. of dry xylene, was stirred and heated for a total of 21
hours. Water was added, and a solid which precipitated
was collected, washed with benzene and recrystallized from
acetone to give 4.5 g. of recovered harman.

The combined benzene—xylene solution was extracted
with 3%, sulfuric acid, the acid layer made alkaline and the
product taken into chloroform. After drying and removal
of the solvent, the dark residue was recrystallized twice
from alcohol and water and then twice from benzene and
SkeLlysolve B to yield 2.25 g. (199%) of product, m.p. 203—
205°.

Anal. Caled. for CpHxNs: C, 80.52; H, 6.33; N
(basic), 6.48. Found: C, 80.62; H, 6.51; N (basic),
6.23.

The dihydrochloride, after recrystallization from meth-
anol, melted above 280°.

Anal. Caled. for CyHyClNy:
(ionic), 13.62.

As before, only negligible amounts of strongly green
fluorescent materials were obtained from the remaining al-
kaline layer.

9-Pyrid-2,3b-indole (a-Carboline).—This base, m.p.
211.5-212°, was synthesized according to Lawson, Perkin
and Robinson?? except that the cyclization was effected with
859, phosphoric acid?® rather than zinc chloride. The
methiodide (VI), prepared in benzene, melted at 218-220°
after recrystallization from alcohol, pK, (water) 7.4.

Tetrahydroberberine.—Zinc and acid reduction®* of ber-
berigle sulfate vielded the tetrahydro base, m.p. 170-
172°.

Representative Procedures for Preparation of Salts.—
The methiodides and hydrochlorides described in Table I
were prepared by the usual methods. In the preparation of
the bis derivatives a 3 to 1 ratio of base to alkylene dibro-
mide was found most generally satisfactory. A number of
variations in solvent, conditions, etc., were tried in efforts
to eliminate impurities (e.g., mono quaternary material)
and to improve yields. In the following, examples of some
of the more successful procedures are presented.

1,2-Dimethyl-2-pyrid-3,4b-indole Methiodide (Py-N-
Methylharman Methiodide) (III).—This salt was prepared
in benzene essentially as described by Leonard and Elder-
field!® for the preparation of the ethiodide from 2-ethyl-2-
pyrid-3,4b-indole. Methylharman showed a strong ten-
dency to revert to unsubstituted salt when treated with
various alkyl halides and for satisfactory alkylation it was
necessary that the base be thoroughly dry. Nevertheless,
the crude product from reaction with methyl iodide was
found to be a mixture of recovered base, harman methiodide
and ITI. The harman methiodide must have resulted from
the presence of some water in the reaction mixture. Re-
crystallization of the crude material from ethanol gave a
529, vield of light yellow crystals, not melted by 270°.
An aqueous solution did not yield a yellow precipitate or
vellow-green solution on treatment with alkali, indicating
that the indole N had been alkylated.

A. Reaction of Harman with 1,5-Dibromopentane.
Compound XII.—A solution of 5.46 g. (0.03 mole) of har-
man and 2.3 g. (0.01 mole) of 1,5-dibromopentane in 150
ml. of acetonitrile was refluxed for 48 hours. The precipi-
tate of 5.06 g. was filtered hot and washed with hot aceto-
nitrile. After several recrystallizations from ethanol and
water mixtures, the white powder melted at 291-293° with
decompositionn. The yield was 3.76 g. (64% on the basis

(22) W. Lawson, W. H. Perkin, Jr., and R. Robinson, J. Chem. Sac.,
125, 626 (1924).

(23) R. Robinson and 8, “'hornley, $bid., 126, 2169 (1924).

(24) J. W. McDavid, W. H, Perkin, Jr., and R. Robinson, #bid., 101,
1220 (1912).

Cl, 14.03. Found: Cl
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of the alkyl halide used). A total of 1.85 g. of harman was
recovered from the filtrates.

Salts of harman and related materials (particularly the
bis salts), although not obviously hygroscopic, retained
water tenaciously. For analysis it was found desirable to
dry these compounds at 100° in vacuo over P;O;. Com-
pounds of type XII were prepared in a variety of ways.
Absolute ethanol was a fairly satisfactory solvent for the
reaction, but the product obtained with acetonitrile was
more readily purifiable., In many experiments the precipi-
tate was filtered off at intervals in order to ascertain the
optimum reaction time.

B. Reaction of 1,2-Dimethyl-2-pyrid-3,4b-indole with
1,5-Dibromopentane. Compound XVI.—To 5.9 g. (0.03
mole) of the oven dried base in ¢-butyl alcohol was added
2.3 g. (0.01 mole) of 1,5-dibromopentane. The green-
fluorescing solution was refluxed for 45 hours. The re-
sultant precipitate was collected and recrystallized several
times from methanol. A yield of 1.1 g. (18% on the basis
of the dihalide) of light yellow powder, m.p. 288-290°, was
obtained. Treatment with alkali indicated the substitu-
tion of the indole nitrogen.

B-1. Preparation of XVI from 9,9'-Pentamethylenebis-
(1-methyl-9-pyrid-3,4b-indole).—Excess methyl bromide
was bubbled into a solution of 2 g. of the bis base in 100 ml.
of a 50-50 mixture of dioxane and ethanol, and the solution
heated in a pressure bottle for 18 hours at 70°. The pre-
cipitate was collected and recrystallized from methanol to
yield 2.25 g. (78%) of XVI.

C. Reaction of Compound XII with Methyl Iodide.
Compound XVII.—A solution of 3.5 g. of XII in about 800
ml. of hot water was made alkaline with 10 ml. of 209,
sodium hydroxide. After 15 minutes on the steam-bath
the mixture was cooled and the yellow crystalline precipi-
tate (2.26 g.) collected. Recrystallization from ethanol-
water afforded 1.89 g., m.p. 242-250° dec. After drying
in the oven at 80° the base was dissolved in 200 ml. of aceto-
nitrile and refluxed 8.5 hours with 15 ml. of methyl iodide.
The precipitate was recrystallized from aqueous ethanol to
give 2.83 g. (679, over-all yield from XII) of yellow powder,
m.p. 265-267° dec. An aqueous solution neither changed
color nor was precipitated by alkali.

D. Reaction of 1,2-Dimethyl-1,2,3,4-tetrahydro-9-py-
rid-3,4b-indole with 1,6-Dibromohexane. Compound XX.
—PFive grams (0.025 mole) of the base, dissolved in 60 ml. of
absolute ethanol, was refluxed 20 hours with 2.0 g. (0.008
mole) of dibromohexane. Addition of ether to the cooled
solution caused the precipitation of an extremely hygro-
scopic solid which was reprecipitated several times from pro-
panol with anhydrous ether. A yield of 2.3 g. (45% on the
basis of alkyl halide) of hygroscopic white powder, melting
gradually from 190-230°, was obtained. No attempt was
made to separate diastereoisomers,

E. Reaction of 9-Pyrid-2,3b-indole (a-Carboline) with
1,5-Dibromopentane. Compound XXI.—Attempted reac-
tion in acetonitrile, as described for the preparation of the
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bis-harman derivatives, resulted largely in the recovery of
starting material. A solution of 2.6 g. (0.0155 mole) of a-
carboline with 1.2 g. (0.0052 mole) of dibromopentane in a
mixture of 20 ml. of dioxane and 25 ml. of ethanol was re-
fluxed on the steam-bath for 100 hours. The cooled solu-
tion was precipitated with ether. Recrystallization from
propanol afforded 0.6 g. (209%) of white crystals, m.p.
242-243° dec.

F. Reaction of Yohimbine with Dibromopentane. Com-
pound XXIII.—No doubt primarily as a result of steric
hindrance, yohimbine gave notably poor yields of quater-
ndry products with the higher alkyl halides. Side reactions
involving formation of hydrohalide salts and apparent de-
hydrogenation of the tetrahydrocarboline nucleus (fluores-
cence) were prevalent. A variety of solvents (ethanol, ¢-
butyl alcohol, propanol and dioxane) and solvent mixtures
was explored. Higher temperatures (150°) appeared only
to increase the proportions of by-products. The presence
of some alcohol seemed to inhibit oxidation. As an ex-
ample, a solution of 10 g. (0.028 mole) of yohimbine and 2.2
g. (0.0093 mole) of dibromopentane in a mixture of 100 ml.
of dioxane and 50 ml. of propanol was heated on the steam-
bath for 15 hours. The precipitate that formed on the addi-~
tion of ether was reprecipitated twice from ethanol with
ether and finally recrystallized from propanol to give 1.2 g.
(139%,) of white powder, m.p. 249-250° dec. About 0.5 g.
of hydrobromide salt (not melted by 270°, precipitated
from aqueous solution by alkali) was obtained from the
purification mother liquors. Concentration and work up
of combined mother liquors afforded 5 g. of unreacted
yohimbine.

G. Reaction of Tetrahydroberberine with 1,6-Dibromo-
hexane. Compound XXVIII.—Tetrahydroberberine was
found to be much more refractory than yohimbine and was
largely recovered unreacted when subjected to similar con-
ditions., Therefore, 12.0 g. (0.035 mole) of tetrahydrober-
berine was dissolved in a mixture of 125 ml. of ¢-butyl alco-
hol and 125 ml. of toluene and refluxed for 160 hours with
2.8 g. (0.0115 mole) of dibromohexane. The resinous pre-
cipitate which formed on cooling was dissolved in cold
ethanol and precipitated with ether. Two repetitions of the
process gave 1.2 g. (119, yield on the basis of alkyl halide
used) of hygroscopic yellow solid, softening 193-196° and
melting with decomposition 220-226°. Addition of ether
to the original mother liquor precipitated a solid. Recrys-
tallization from ethanol afforded 5.2 g. (43%,) of recovered
tetrahydroberberine in the form of yellow prisms.
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