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3-Formyl-1,2,3,4,5,6-hexahydroazepino|4,5-b]indole (10),
Procedure F.—A stirred mixture of AcaO (9.5 ml) and 98¢ formic
acid (4.0 ml) was allowed to stand at 25° for 1 hr, cooled in an
ice bath, and treated with 5.6 g (0.03 mole) of 1,2,3,4,5,6-hexa-
hydroazepino]4,5-b)indole. As the amine went into sohition, a
second precipitate formed. FEther (25 ml) was added t» this
mixture which was left at room temperature under No for 1x hr
and poured into H,O. The solid wax collected, washed with i1,0,
and dried in vacuo to give 6.3 g of crnde product, mp 220-221.5°.
Recrystallization of this miaterial from MeOF-IFtOAc¢ yielded
in three crops, 5.7 g (89¢%), of 10. The infrared spectrum showed
C==0), 165, 1645 ecm ™.

3-Methyl-1,2,3,4,5,6-hexahydroazepino|4,5-bjindole (9).
Procedure G.—To u stirred suspeusion of Ti1AIH, (1.0 g) iu ice-
cold THE (100 ml) was added 10 (1.0 g, 0.005 mole), and the
mixtare was refluxed under Ny for 18 hr, cooled in an ice bath,
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andd treated sieeessively with HaO) (1 mi), 150, NaOll <olutinn
{1 mb), and .0 {3 mb). The resulting mixture was =tireed {or
i b and filtered. Concentration of Che filtrate (redieed pressure:
gave a solid which wax recrystallized fram FtOAe to vield (LSS
ZtOE3C 1ol 9, mp 162-166°,
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The indoline derivatives, 1-methyl-6-dimethylaminoindoline dimethiodide <41 and i-methyt-3-dimethyl-
aminoindoline dimethiodide (3), were synthesized by methylation of 6-aminoindohne and S-aminoindoline. -
Methyl-6-syn-dimethylamino-cis-octahydroindole  dimethiodide (7) auid  I-methyl-6-ant/-dimetiiylamino-crs-
octahydroindole dimethiodide (6) were obtaied by reduction of 6-aminoindoline to the corresponding octa-

hydro compounds followed by rednctive methylation and quaternization.
cis-octahydroindole dimethiodide (8) was synthesized in a similar manner from 3-aminoindoline.

i-Methyl-3-syn-dimethylamino-
Preliminary

biological results on the guinea pig ileum indicate that dimethiodide 7, with ouly three carbons separating the

oninm heads, is as active as hexamethonium.

The digecovery by Paton and co-workers? of potent
ganglionic-blocking activity in the bisquaternary alkyls
was followed rapidly by investigations into the na-
ture of the blockade, in particular the effect of dis-
tance between the onium heads on activity. Com-
pounds of the general structure 1 and 2 are reported to
have cousiderable activity, particularly 1b which is
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four times as active us hexamethonium on the isvlated
guinea pig ileum.** However, the isomeric bisquater-
nary p-xylylene 3 has been found to be inactive.® Re-

{1y Tlis work was genergusly supported in part by the University of
(Xansax Gralvace School and Ly Research Grant 1IK3-CA 10739 of the
Nacional lnstitutes of Health, U. S. Public Health Service.

(2)(a) W. D, M. Paton and . J. Zaimis, Brit. J. Pharmacol,, 4, 381
11940); 6, 115 (19511; (b) W. 1), AL, Pacon aud W, L. M. Perry, J. Physiol.
{London), 119, 43 {1953,

3) 1. N. Asbley and W, J, Leeds, J. Chen. Soe., 2706 (19573,

1} R. Wien and 1), T, J. Masou, Brit. JJ. Pharsneol., 8, 306 (19545,

ductivn of the henzene ring of 1b to the cyelohexyl
analogs afforded the opportunity of examining the geo-
metric isomers.  One of the isomers was reported to he
ag active a ganglion-blocking agent as the correspond-
mg phenyl analog 1b, whereas the other isomer was
only one-tenth as active; the author failed to assign
the isomeric structure.®

The dependence of activity on chain length in the
polymethylene bisoniums and in 1 and 2 was inter-
preted by assuming that the blocking agent made
simultaneous contact with two anionic receptor groups
and that the length of the most active compounds was
a measure of the interreceptor distance.®”

Gill® has caleulated the interquaternary distance;
probability distributions for the polymethylene com-
pounds (n = 4-8) and for la~e. From these caleula-
tions for the must active members uf cach series (6-N
A) it wus assumed that the interreceptor distance
would lie within these limits. The qualitative agree-
ment between these ealeulated and observed activities
of the individual members of the two series of com-
pounds was taken as proof for the validity of the “two-
point contact” hypothesis.  Gill's® explanation for
the inactivity of 1a and 3 is that there is not a range of
interquaternary distances in these compounds, but thix

(5) T, R. Domer and F. W. Schueler, Arck. Intern. Pharpacodiyn., 114,
217 (1958).

(6) R. Wien, sbid., 97, 305 {1051,

(7 IO W, Schueler, ihid., 98, 117 (1453); 98, 376 11454,

8)(a) I W Gill, Proe. Rox. Soc. (Loudon), B1§0, 81 (1954 by ).

Fakstorp, J. CG. A, Pedersen, R. Poulsen, amnd M. Schilling, Acto Pharmacel.
Toxicol., 18, H2 {10)H7),
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distance is fixed at the single value of 6.4 A for 1a and
6.82 and 7.35 A for 3.

The two-point contact hypothesis, however, fails to
account for the activity of the unsymmetric, bisquater-
nary ammonium compounds.® Cavallito and Gray®?
proposed that in addition to the bisquaternary, ion—
receptor site complex in the two-point contact hypoth-
esis, an lon-site complex in which both onium heads
of a bisquaternary ammonium are attracted to the same
negative site is also possible. Furthermore, there will
be a definite preference for two-point contact only when
the geometry of the bisquaternary ammonium ion and
the site provide a uniquely favorable situation.

The failure of Gill’'s two-point hypothesis to account
for the inactivity of the benzyl compound, 1a, the xylyl-
enc compound, 3, and other examples, combined with
flexibility and hence uncertainty of the ‘‘shape’” of
hexamethonium and similar analogs at the receptor,
prompted examination of another possible conforma-
tion for the “active” structure, bisonium compounds.
Furthermore, when the high activity exhibited in the
unsymmetrical short-chain compounds is considered,
shme modification of both the two-point and one-point
theories on the nature of ganglionic blockade is desir-
able.

It is proposed that ganglionie blocking activity of 1b
is exerted in the conformation where the trimethyl-
ammonium group of the side chain is over the flat sur-
face of the phenyl ring. Energy to maintain such a

I
Nt

CH,

CH,

CH,
1b, active conformation

conformation can be derived from the attraction be-
tween the = electrons of the phenyl ring and the posi-
tively charged nitrogen of the side chain. This as-
sumption is strengthened by the fact that 3, which has
nearly the same extended-form, interquaternary dis-
tance (~7 A) as 1b, but cannot assume the proposed
tolded conformation (~6 A), is inactive (Table I).

Evidence in support of such a conformation for 1b is
provided by the work of Oki and Iwamura!! and
others!? on the intramolecular interaction between the
hydroxyl group and = electrons in phenylalkanols as
determined from the fundamental O-H stretching ab-
sorption bands. The molecular structures of benzyl
alcohol and 2-phenylethanol are formulated as the in-
ternally interacting OH- - - r-bonded structure. Simi-
lar conclusions were reached by Goldman and Crisler!?

(9)(a) A.Jd. Plamer, J. 11, Trapold, J. A, Schneider, R. A. Maxwell, and
A. L. Earl, J. Pharmacol. Exptl. Therup., 118, 172 (1955); (b) A. P. Gray,
W. L. Arclier, D. C. Sclilieper, E. E. Spinner, and C. J. Cavillito, J. 4m.
Chem. Soc., TT. 3536 (1955); (c) T. B. O'Dell, C. Luna, and M. D. Napoli,
J. Pharmacol. Exptl. Therap., 114, 317 (1955); (d) A. P. Gray. E. E. Spinner,
D. C. Schlieper, and C. J, Cavallito, J, Am. Chem. Soc.. TT, 3533 (1955);
(e) W. L. Archer, C. J. Cavallito, and A, P. Gray, ibid.. T8, 1227 (1956);
(f) A. P. Gray, W. L. Arclier, E. E. Spinner, and C. J. Cavallito, ibid.,
79, 3805 (1957): (g) T. B. 0'Dell and M. D. Napoli, J. Pharmacol. Ezptl.
Therap., 120, 438 (1957).

(10) C..J. Cavallito and A. P. Gray, Progr. Drug Res., 2, 186 (1960).

(11) M. Oki and H. Iwamura, Bull. Chem. Soc. Japan, 82, 950, 1135
(1959).

(12) See M. Tichy, Adran. Org. Chem. 5, 157 (1965).
(13) 1. M. Goldman and J. L. Crisler, J. Org. Chem., 28, 751 (1958).
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TaBre 1

Interquaternary distance, A

Compd 7 Extended form Tolded form
la 2 7.6 6.0
b 3 8.6 4.8
2a 2 6.8 5.8
b 3 7.4 4.8
3 6.8,7.3 6.8,7.3

)

after examining the O-H stretching absorption of 2-
phenylethanol.

The lower ganglionic blocking activity of 2b (about
half that of 1b) could be due to lesser probability of a
folded conformation. Such a conformation in 2b
would bring two cations much nearer than in 1b causing
repulsion. The reason for very low ganglionie blocking
activity of 2¢ could be the same as that for the very
small interaction between the hydroxyl group and the
7 electrons in 3-phenylpropanol.’t  If this were not the
reason for low activity of 2¢ and if interquaternary dis-
tance and flexibility of the molecule were the only re-
quirements for high activity, then the ieta compound 2¢
and the para compound 1b should have about the same
activity, as both have nearly the same interquaternary
distance and are flexible.

To investigate further the possibility that 1b exists at
the receptor in the folded conformation in which the
flexible quaternary group is attracted to and folded
over the ring and, further, that the optimum distance
between the onium heads for highest ganglionic block-
ing activity does not necessarily correspond to the dis-
tances in the extended form, compounds 4-8 were
synthesized.
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The synthesis of the indolines 4 and 5 was accom-
plished by selective nitration of indoline according to
Terent’ev and co-workers,!* reduction of the resulting
nitro compounds to 6-aminoindoline (9) and 5-amino-
indoline (13), treatment with dimethyl sulfate, and con-
version to the respective dimethiodides 4 and 5.

(14) A. P. Terent'ev, M. N. Preobrazlienskaya, A. S. Bobkov, and G. M.
Sorokina, J. Gen. Chem. USSR, 29, 2504 (1959).
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Since attempts to synthesize the corresponding tri-
methylaminoindolines were unsuccesstul the perhydro-
indoles were prepared by catalytic reduetion of the
aminoindolines. High-pressure reduction of -amino-
indoline (9) gave an unstable oil that was reductively
methylated to give a mixture containing two major
components (Chart I). One compound was assigned
the anti-amino-cis-ring structure (10, 1-methyl-6-
anti-dimethylamino-cis-octahydroindole), the other
component the syn-amino-cis-ring structure (11,
1-methyl-6-syn-dimethylamino-cis-octahydroindole).1

(15) The stereochemistry of octahydroindole inay be compared to that

of hydrindane, since tlie normal angle of carbon-nitrogen—carbon valencies
is known (o be virtually identical with ¢hat of the carboun bonds in thie un-
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INing and co-workers and others™ reportetl that cata-
Ivtic hydrogenation of indole gnve only ¢is-octahyvdro-
idole; the ring junction was shown to be /s and the
disposition of the nitrogen to he axial by Hofmann
degradativn.  Thus, it was assumed that the reducetion
gave o mixture of gnf-amino and syr-aming con-
pounds with the e¢/s ring junetion.

Conversion to the dimethiodides 6 and 7 followed by
Hofmann elimination in both ecompounds afforded the
dielimination product 12, whieh was characterized by
nnn data and by reduction to 2-dimethylaminoethyl-
evelohexane.  In accord with the findings of King and
ro-workers' on the Hofmann degradation, the ring
fusion was assigned ¢/s. Attempts to isolate the product
of wonpelimination in the Hofmann degradation of 6
or 7 were unsuccessful even when the reaction was in-
ronmplete.

N spectroscopy was used to distinguish between
the two cis-ring forins, 10a and 11a (Chart 1I). The
nmr spectrum of 10a (anir) shows a sextet for one proton
about 3.16 ppni.  Comparable, low-field absorption
wis absent in the nmr speetrum of 1la (syn).  As
a general rule, it has been established for o wide
variety of six-membered ring svstems that axial, ring
protons absorb at higher field than do their epimeric
cquatorial counterpart=.' IFrom these consideratinns
it would be expected that the axial, angular hydrogen
at C-7a in 1la would absorb at higher field than the
corresponding erquatorial angular proton in 10a. T'he
assigiment, of the anti structure (10a) to the compound
with the signal at 3.16 ppm ix, therefore, consistent
with the above considerations.,  Aeccording to the INar-
plus eyuation the coupling constants for protons om ad-
jacent sp? earbons 1s estimated to be between 1.5 and
2.5 eps, although the observed range 15 17 eps.®
Dreiding models of the anti-cis compound 10a, iu
analpgy to cis-hydrindane, shpw the six-membered ring
to be distorted to the half-chair form. The dihedral
angles of the C-7a equatorial proton with the C-3a axial
proton is estimated from models to be ~40°, with the
(-7 axial proton ¢ =~ 43°, and with the C-7 eguatorial
proton ¢ > 75%  The respective coupling constants
would then be about i and 1 eps. In the nnn speetrum,
the C-7a equatorial angular proton in 10a couples with
the fields of axial protons at C-3a and C-7 with ap-
pareint coupling constants of N ¢ps and of the equatorial

stravned eyelopentaiy ring.  Furtherutore, fraes-hydrindane is scramed, che
(orsional angle of 72° of ibe teans-1,2 honds in the five-inemnbered ring heing
larger than the normal wrsiocnal angle of 60° in a six-/membered ring {I<. 8.
Piizer and W. E. Donadi, J. Am. Chem. Sor., 81, 3213 (1049){. In e~
Lydrindane tle strain is muehn less, since the torsional angle of 1lie ¢ix bonds
{48°) can be readily accomminodated in the six-memberel ring Ly a siigl
flatiening {I5. L. Eliel and C. Dlar, b, TT, 3600 (1955); R. Granger, P.

G. Nau, . Nan, and C. Francois, Bull. Soc. Chim. Franee, 196 {1962 .
Aeconlingly, on chis analogy icis 10 be expected thai the eiv forin would he
sirainless and readily formed and (bar 1he tras form, a strainxl contigora-
lion, would be produced in refatvely smail amnounts Juring complete bylre-
genation in indoline.

(16) {a) F. F. King, 1). lsovey, K. Mason, and R. 1. Whitebead, .J.
Chem. Soc., 250 (1853); () . F. King, J. A. Barltrop, and R. J. Wally,
ibid., 277 (1945): (e) .\. Berthbo and J. F. Selunide, Ber., 97, 3284 (196:1);
(d) M. A. Volodina, (4. V. Kiryushkina, and A. P. Terent'ev, Lokl. 4kwl.
Nauk SSSR, 162, 90 11965); Chem. Abstr., 68, 55831 (1966).

(17) L. M. Jackman, “Applications of Nueclear Magnetic Rpsonance
Spectroscopy,'’ The Macmillan Co., New York, N. Y., 1959, p 115,

(18) (a) M. Karplus, J. Chenr. Phyus., 80, 11 (1959); i) K. L. Williamson
aml W. 8. Jobusou, J. A0 ('l:em Soc., 83, 4623 (1961); (e1 M. Kuacpins,
thid., 88, 21870 (1963): 1l N. 3. Bhacea and D. IT, William, " Ipplications
ol NMR Spperroscopy in Orgamc Chewmistry,” Holden-Day luc., San
Franeisen, Calif., 18G4, p 5.
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proton at C-7 with an apparent coupling constant of
2.5 cps.

After catalytic reduction of 5-aminoindoline (13) and
subsequent reductive methylation, two major com-
ponents were isolated; 1-methyl-cis-octahydroindole
(14) and the desired 1-methyl-5-syn-dimethylamino-
cis-octahydroindole (15). The former compound, the
result of reductive deamination,!® was characterized as
the previously reported'® 1-methyl-cis-octahydroindole.
I'rom the nmr spectrum, similar to 10a, structure 14 was
assigned the axial nitrogen conformation, since a low-
field multiplet at 3.13 ppm with a peak half-width of 18
cps Is consistent with coupling of the equatorial C-7a
proton in a distorted half-chair form.

The nmr spectrum of 15, examined at both 60 and
100 Me, again showed a 3.16-ppm sextet for the equa-
torial C-7a proton with coupling constants of 8 and 2.5
cps. The preferred conformation for 15 is shown in

Chart II, Treatment of 15 with methyl iodide gave 1-
Cuarr 11
CH,
N
CH, CH,
H 3\N/ | H
)v H z
N—CH,
7N H
CH, CH,
(preferred)
10a. equatorial C-7aH 10b, axial C-7aH
H H
H
N—CH,
N
7\
CH, CH,
(preferred)
Ha, axial C-7aH 11b, equatorial C-7aH
N—CH, N—CH,
CHy
CH,”
14 15

methyl-5-syn-dimethylamino-cis-octahydroindole  di-
methiodide (8). Hoffman degradation of 8 afforded
the diene 16, characterized by nmr and reduction.

In an attempt to prepare the 5-ant! isomer and to
confirm the structure of the 5-syn isomers 8 and 15, an
alternate route of synthesis was followed. Reduction
of 5-hydroxyindole under conditions used by IKing and
co-workers® followed by chromium trioxide oxidation
gave l-methyl-5-oxo-cis-octahydroindole (17). The
nmr spectrum of 17 had an unresolved triplet at 3.05
ppm assigned to the equatorial C-7a proton with a band
half-width of 15 cps. Formation of the oxime 18, re-
duction, and reductive methylation gave the syn com-
pound 15 (equatorial 5-dimethylamino). Compound
15 was also the produect of the Leuckart reaction on the
ketone 17. As catalytic reduction of oximes is re-

(19) (a) F. Balas and P. Sevcenco, Collection Czech. Chem. Commun.,
3, 171 (1931): Chem. Abstr., 28, 2990 (1931): (b) A. E. Barkdoll, D. C.
England, H. W, Gray, W. Kirk, and G. M. Whijtman, J. Am. Chem. Soc.,
756, 1156 (1953).
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ported to vield the axial isomer in aminocholestanes,®
this procedure was attempted for the synthesis of the
5-anti compound. Reduction of 18 followed by reduc-
tive methylation gave only the 5-syn compound 15;
none of the 5-ant? compound could be detected.

Biological Results.—The ganglionic blocking activity
of 4-8 was compared to reference compounds 1b and
2b*! on the isolated guinea pig ileum.??  All of the com-
pounds, including 1b and 2b, . inhibited contractions
produced by the specific ganglionic stimulant, nicotine,
leaving mostly unaltered the effects of acetylcholine
and histamine, The preparation readily differentiated
twofold increases in the dose, and doses of 25-100 ug
caused partial to complete inhibition of the reflex,
The recovery of the preparation was slow with com-
pounds 1b, 2b, 6, and 7 but quick with 8. Compounds
1b, 2b, 4, 5, and 6 appeared to have cumulative action.

Table II shows the ganglionic blocking activity of
these compounds expressed as equipotent, molar ratio
relative to 1b,

TagprLg 11
Gangrionic BrockiNg AcTivity
Intraquaternary
distance, A Equipotent molar ratio
Compil Extended Folded relative to 1b
ib 7.6 5.4 1
2b 6.8 4.6 2
4 4.8 100
b 3.5 65
6 4.3 32
7 5.0 4
8 5.1 75

The most active compound 7, the equipotent molar
ratio of which is 4, 1s as active as hexamethonium; it is
reported that the equipotent molar ratio of hexa-
methonium relative to 1bis 3.3. Compounds 4 and 5
are relatively inactive,

On the basis of either a two-point or one-point site of
attachment, it is reasonable to assume that 4 and 5,
having the ammonium heads in the same plane, would
have little or no activity. Structures 6-8 represent
three of the possible folded forms proposed for 1b and
2b wherein the onium heads are at approximately the
same minimum distance. Compound 6, having an
intraquaternary distance of about 4.3 A, has relatively
low activity. The intraquaternary distances in 7 and 8
are approximately the same (~5 A), yet 7, equipotent
with hexamethonium while separated by only three car-
bons, is 20 times more active than 8. Examination of
Dreiding models suggests that the approach of 8 to the
receptor from the side or top is more sterically hindered
than the approach of 7.

From these results it is suggested that for potent
ganglionic blockade the optimum distance between the
quaternary heads is not the maximum or statistically
probable distance but rather some value in the range of
4.5-5.5 A. Steric factors may play a dominant role in
drug-receptor action at the ganglionic receptor,

(20) (a) C. W. Shoppee, D. E, Evans, H. Richards, and G. Summers, J.
Chem, Soc., 1649 (1956); (b) C. W. Shoppee, R. Cremlyn, D. Evans, and
G. Summers, tbid., 4364 (1957).

(21) Synthesized in these laboratories according to ref 3 and 4.

(22) R, Wienand D. F, J, Mason, Brit. J. Pharmacol., 6, 611 (1951),
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Experimental Section

Melting points, obtained on a Thomas—iToover Unimelt ap-
paratus, are corrected. Infrared spectra were vecorded on
Beckman IR 5, & and it spectrophotometers, mmr spectra on
Varian Associates Model A-60 and HA 100 spectrometers.
Ultraviolet spectra were recorded on a Beckman DB spectro-
photometer.  Microanalyses were carried ont by Drs. G. Weiler
and F. B. Strauss, Oxford, England; Midwest Microlah,
Indianapolis, Indisana; and Alfred Bernhard, Mithlheim, Germany.
Where analyses are indicated only by symbols of the elements,
analytical results obtained for those elements were within 0.4,
of the theoretical vahies.

1-Methyl-6-dimethylaminoindoline Dimethosulfate and
Dimethiodide (4).—A mixture of 0.8 g (0.006 mole) of 9, 2.5 g
(0.03 mole) of NaHCOy, 3.1 g (0.024 mole) of Me:S0)y, and {0
ml of ;0 was stirred for 2 hr at 10° under N,. The bath was
renoved, and the sohition was stirred at room temperatnre for
3 hr, then gradually heated to 30° (stirring) until the evolution
of COa stopped.  After cooling, the =olution was made strongly
alkaline with NaOH =ohition and extracted four times with 20-ml
portions of CHCl.  The extracts were dried (MgSOy4) and
evaporated to dryness giving 0.4 g of thick oil which crystallized
on trentment with dry 26,0, Recrystalhzation from Me,CO-
Fits1) gave the dimethosulfate as white needles, mip 158-130°.
Al (CtlaeNLOS) C) L

The dimethosnlfate was dissolved 11 {LO, taken 1o pllb 5
i), 111(1 treated with excess satirated Ki.  Cooling atforded
(L42 g of {emon vellow solid. Treatument of the filtrate with
concentratal NaOH yielded an additional 0.8 g (total viekd of 4,
440, Recrystallization from EtO1 afforded colorless needles,
mp 224-225° dee. Anal, (CpiieL,NO C) H, N b enled, S0t
found, H4.69.

i1-Methyl-5-dimethylaminoindoline Dimethiodide (5).--'I'0
Aspension of 0.4 g (0,008 mole) of d-aminoindoline and 1.76 g
(0.02 mole) of NaHCO, i1 5 mtl of 110 was added 2.3 g (0.02
mole) of Me,S0y in small portions with vigorous stivring (ice-bath
temperature, N; atimosphere). The mixture was stirred at room
temperature for 30 min and at 45° for 30 min. The mixture
was filtered, and the filtrate was acidified to pH 5 with HCL
Treatment of the solution with excess saturated KI and cooling
afforded 0.55 g of light white solid. Treatment of the filtrate
from above with concentrated NaOH yielded 0.31 g, 63¢7.
Recrystallization from EtOH yielded a white, amorphons xolid,
mp 259.5-261.5°. Anal. (CuyHuLN,) C, H, I, N.

1-Methyl-6-syn-dimethylamino-cis-octahydroindoie (11) and
1-Methyl-6-anii-dimethylamino-cis-octahydroindole  (10).—0-
Aminoindoline™ (9) (8 g, 0.06 mole) was dissolved in 75 ml of
purified dioxane.  'The solution was hydrogenated at 43.7 kg ‘¢in?®
and a0-100° for 24 hr nsing 0.35 g of RuO, (isngethard Indnstries
tue.). The cooled suspension was filtered through a layer of
Celite and evaporated (vacunm) to give a dark brown hqmd.
Distitlation at 80-128° (10 mm) nuder Ny afforded 5.5 g (66 ) of
a mixture as a colorless liquid.

With vigorous stirring, 5.6 g (0.04 mole) of this mixture was
added dropwise to 15.7 g (0.3 mole) of 88¢ HCO,H at 5° followed
by 14.6 g (0.18 mole) of 377 CI.O at )—H)c The mwtme was
heated nntil evolution of C()-,- hecame vigorous, wherenpon heat-
g was discontinned. When the exotherniic reaction was com-
pleted, the mixture was heated for 6 hr at 1OU-110° and cooled
to 50°; 75 ml of 4 ¥ HCI was added. Evapnration of the soln-
tion (vacnum) removed excess HCO.11 and Cil.O affording a
thick brown residue. Treatment of the residne with 40 ml of 18
N NaOH afforded a golden veliow oii which was extracted with
Fits0. ‘The IitsO was dried (MgSO,) and evaporated to give 8 g
(7300) of a mixture of 10 and 11 ax a colorless, mobile lignid.
Tle of the lignid on alumina using 10¢. MeOH in i:1 Et,0-
Skelly B indicated two major components which were separated
an @ nentral, abimina column (Woehn, activity grade I, 50 g)
prepared in Skellv B. The eluent used was 0.5¢ MeOH in i:1i
int,0-Skelly B; 50-ml fractions were collected. The colummn
chiromatography was followed by tle.

The fractions containing 10 were mixed and evaporated to yvield
1.0 g Distillation afforded a colorless liquid, bp 105--106° (i7
mm), n%p 1.4844. dnal. (C 1Ny C, Ti, N

The fractions containing 11 were combined and found by tle
to be contaminated with 10, The impure oil (1.8 g) was distilled
twice to give the product 11, bp 1i6° (15 mm), n*p 1.4836.
The nmr spectrum of 10 had a zextet centered at 35.16 ppm for
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the eqnatorial C-7a proton (band half-width 18 epsi, that of
11 had complex =ignals at a higher field.

1-Methyi-6-unt/-dimethylamino-cis-octahydroindole Dimethio-
dide {6).--A =olution of 0.1 g of 10 in 10 ml of dry MeCO was
refhixed with excess Mel for 3 hir. Filteation gave 0.2 g (quan-
titative) of 6. Recrvstallization fram absohite IO afforded
white needles, mp 200.5-211° Al 1Cyutlnd N COTH NG
caled, H4.44: found, HadL

1-Methyl-6-syn-dimethylamino-cis-octahydroindoie dimethio-
dide (7) was prepared according to the method nsed for 6 and
crystallized from MeCO-BtOH -1, () 1\ \1111“ white flakes, mp
247-250° dec ddpal (CilnIy Ny C , N

Hofmann Degradation of 6 and 7 to vae 1-(2-Dimethylamino-
ethyl)-1,2,3,4-cyelohexadiene (12).--A sohition of 2.4 g (V.04
mole) of AgNO; in 20 ml of .0 wns heated 1o 87° and treated
with an equally warm solution of 0.56 g (0.014 mole) of NaOll
i 2 mlbof i1,0. The precipitated Agst) was washed by decantn-
tion with five porions of hot 1,00, A solition of 2.6 g (00074
mole) of 6 i1 10 ml of 1.0 wus ndded to the Ag.) and stivred for
S After filtering, the solid materiaf was washed with 10 il
ol T, and the filtrate was evaporated at 40-350° (vaicuinm, Nl
The residue wax decomposed at 110, and the ihistilate was ex-
wracted with 160, dried (Mgs0y), add iltered, and the <olvem
wis removed 10 glve (L3 g ((i(}‘ () ol 12 = a colorless hquid, bp
ST2 080 nony, 1% 14546, SON06S e e SDODY. Fhe e
<pecirum of 12 flad o b 11(1 11111111[)1(*1 centered a1 b7 ppn Do
the three vinyt protons, el (il N1, 1\.

‘The methiodide, recrystaliized from MeCO-1210), idlorded
white needles, mp 1770-176° dnel (CalinINTC, L TN

Dimethiodide 7 (2.6 g, (L.0034 molel afforded (1) ¢ of 12 an
Hofann degradation by the snme procedure,

2-Dimethyiaminoethylcyclohexane. - Compound 12 (0.1 g),
il of HOAe, and 1105 ¢ of PtO), were hydrogenanted at 2.4
kg e and filtered and most of the HOAe w: > removed /i racao.
The residie was made strongly basie with NaOfl =olution and
extracted with 00 T exiract was dried (MgRO,), hered,
and eviporated o give 008 g of 2-dimethyvinninoethyleyelo-
hexane,  The infrared spectirum <howed no uns=aturation. the
methiodide, w white =olid, was recrvstallized from M:CO-FAOT
to give white needles, ip 223° (11619 mp 224°].

1-Methyl-5-5)n-dimethyiamino-¢ 1's-octahydroindole (15) and
1-Methyl-cis- octahydromdole (14).-A solution of 8§ g of H-amino-
indoline (0.006 mole) in 75 ml of i)llllﬁtd dioxane was hydrog-
enated at 49.21 kg em* and 90-100° o the presence of 0.3 g of
RuOy for 24 hr. The bomb was cooled to room temperature, the
contents weve filtered, and the ~olvent was removed nnder
vacunm to afford a brown hquid whirh on distitlation at 801 i1°
{1mn) gave 4.0 g of colorless, mobile g

To 13.8 g (0.02 moler of X8O HCOLT at H° was added dropwise
4.9 g (0.03) moler of the reduced indoles 14 and 15 followed by
vhe mldition of 12,3 ¢ ai.i6 mole! of 37¢ CHLO, maintaining the
temperaiure at a-10%0 "P'he mixture was sthred and heated nid
the evolution of COy became vigorons whercnpon heating was
discontinned. When ¢he exothermie reaction was complete, the
mixture was heated for 4 hr at 100° and cooled to 50°; 70l of
4 N HCH wax added.  The mixture was extracted with 160
which was aried {MgsOy, tiltered, and distilled to give .00 g
of w colorless, mobile liguid.  Tle of the lgnid on ahnnina nsing
550 MeOit in 802 Skelly B-cther indicated two mmjor compo-
nents which were separated by cobmne chromatography «n
nentral ahmmina (Woehn, activity grade |, 300 ). The snbstapens
were chiuted with 0.5 MeOtt in 8:2 \l\ell) 3--ether; 100-mi
fractions were cailected. The first fraction contained 0.00 g
(7 ol of lemethyl-cis-octabydroindole 143, bp H7° 9 nuny
e 178-17a° at 757 ). The 30i3-ppin nwitipiet (hand
half-width, 18 ¢p=) was assigned to the C-Ta equatorial proton.
The methiodide of 14 rervystailized fram  Me,CO-Iits()  as
needles, mp 200° (Ht. 1 208°).  Anal. (Cul0wIN) C, i1, |, N.

The zecond fraction contained 4.1 g (40¢, ¥ of the desirved prod-
uet, 15, Distillation atforded a coloriess liquid, bp 0 (9 mm).
The mur spectinm at both 60 and 100 Me showed w 3.i6-ppm
sextet (band half-width I8 ¢ps3 for the C-7Ta eqaatorial proton.
Anal. (CuilaNy) €, v

1-Methyl-5-syn-dimethylamino-cis-octahydroindole Dimethio-
dide (8).-—A soliiion of 0.2 g of 15 i1 20 ml of dry MeyCO was
rethixed with excess Mel and the wibie =olid (0.5 g, 1007) ve-
crystatlized from absolute IstO§ 121,00 10 give 8 ax white needles,
mp 264.5-265.5°. Aual. (Col N1 O, T TN

According to the method used in the preparation of 12, 8
yvielded (L61 ¢ 74y of 16 as a calorless Hguiel, bp 44° 220 nym),
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n24p 1.4800, A27ZEH 260 mu (e 4300). A multiplet centered at
5.8 ppm was assigiied to the four vinyl protons in the nmr spec-
trum of 16. Anal. (C,yH;N) C, I, N.

Its methiodide crystallized from Me,CO-Et,0O as white needles,
mp 179-180°. 4nal. (C,H»IN) C, H, I, N.

Compound 16 was rediced as described for 12 to give 2-di-
methylaminoethyleyclohexane. The methiodide of the reduced
product was recrystallized from Me.CO-Et,0 to furnish white
needles, mp 223° (lit.'s mp 224°).

1-Methyl-5-0x0-cis-octahydroindole (17)—A solution of 5-
hydroxyindole (1 g) in 20 ml of MeOH was hydrogenated at
120-125° (initial pressure, 110.4 kg/em?) with 3 g of Raney
nickel for 1 hr. The cooled contents were filtered and evaporated
to afford 1.0 g of a colorless syrup. CrO; (0.3 g, 0.0033 mole
equiv) in 0.2 ml of H,O and 2 nmil of HOAc was added dropwise
to a solution of 1.51 g (0.0033 mole) of the reduced indole in 10
ml of HOAc at 60-65°. The mixture was stirred at 60-65°
until the solution was completely green. Most of the HOAce
was removed, and the residue was made strongly basic with NaOH
solution and extracted with three 20-ml portions of Et.0. The
Et,0 extracts were combined, dried (MgSOQ.), and filtered.
Removal of solvent at reduced pressure afforded a colorless
liquid. Tle of the lignid oun neutral alumina using 1:1 EtOH-
Skelly B showed spots for starting material and product 17.
The mixture was chromatographed on an alnmina column made
in Skelly B (Woelm, activity grade 111, 40 g) using 7% EtOAc
in Skelly B, and 20-ml fractious were collected. The ketone 17
(0.15 g, 30%) had an unresolved triplet at 3.05 ppm (band
half-width 15 cps) assigned to the equatorial C-7a proton.

1-Methyl-5-oximino-cis-octahydroindole (18)—The ketone
17 (0.i8 g, 0.0012 mole) was heated on a steam bath for 3 hr
with a solution of 0.4 g of NH,OH-HCI in 5 nl of H;O. The
solution was neutralized with NayCOj; solution and heated on a
steam bath for 30 min. Cooling of the solution did not precipitate
the oxime. It was evaporated to dryness by codistillation with
two 100-ml portions of absolute EtOH, and the dry residue was
extracted with two 10-ml portions of boiling EtOAc. The ex-
tracts were concentrated to a small volume. The solution, on
cooling, afforded 0.14 g (709;) of 18 as white crystals (EtOAc-
Skelly B), mp 154.5-136.5°.  Anal. (CyH,eN,O) C, H, N.

1-Methyl-5-syn-dimethylamino-cis-octahydroindole (15). A.
From 18.—A solution of 0.5 g (0.003 mole) of 18 in 8 ml of
absolute EtOH was heated to boiling; the heating was dis-
continued, and temperature was maintained by introducing
pieces of Na (1 g) through the condenser. After the solution was
refluxed for 30 min and cooled, it was diluted with an equal volume
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of H,0, acidified with HCI, and evaporated. The residue was
made strongly alkaline with NaOH solution and extracted with
CHCl;. The extraxts were dried and filtered. Solvent was
removed under reduced pressure to give 0.17 g (379,) of a thick
colorless liquid. To this was added 0.25 g of 37%, CH,O and 0.26
g of 889, HCOOH, and the mixture was heated on the steam
bath for 2 hr. The solution was treated with 5 ml of dilute HCI
and excess CH,O and HCO,H were removed by evaporation to
dryness. The residue was made alkaline with NaOH solution and
extracted with Et,0. The solvent was evaporated to give 0.16
g of a liquid which was identical with l-methyl-)-syn-dimethyl-
amino-cis-octahydroindole (15) by infrared and tle.

The amino ketone 17 (0.23 g, 0.0015 mole) was heated at 160—
170° for 3 hr with 0.44 g (0.006 mole) of I)MF and 0.41 g (0.008
mole) of 889, HCO,H. The cooled solution was treated with
ml of 4 N HCI and evaporated to dryness. The residue was
made alkaline with NaOH solution and extracted with Et;O.
The extract was dried (MgS0s) and evaporated to afford 0.21 g
of a yellowish lignid which was identical with 15 by infrared
and tle.

Catalytic Reduction of 1-Methyl-5-0ximino-cis-octahydro-
indole (18).—A solution of 0.25 g of 18 in 10 ml of HOAc was
hydrogenated overnight at 2.1 kg/ecm? (room temperature) with
75 mg of PtQ,. After filtering, the solution was evaporated to
reniove most of the HOAc. The residue was made alkaline with
NaOH solution and extracted with Et,0 to give (after drying
and evaporation) 0.19 g of a thick liquid. The liquid was heated
on the steam bath for 3 hr with 0.26 g of 379 H.CO and 0.28 g
of 889:; HCOOH, treated with 3 ml of 4 N IICI, and evaporated
to dryness. The residue was made strongly alkaline with NaOIl
golution, extracted with Et,0, and dried (MgSO,), and the solvent
was removed to afford 0.18 g of a colorless liquid which was
identical with 15 by ir and tle.

Biological Testing.—The contractions of the isolated ileum
were obtained by treatment with ganglionic stimulants, and the
percentage reduction in the size of these contractions brought
about by the antagonists was used as a measure of their effect.
Each compound was examined three times on fresh ileum
preparations.

The normal control contractions of the guinea pig ileum were
obtained by the addition of 2-, 10, and 20-ug doses of nicotine,
acetylcholine, and histamine, respectively, in the bath in which
the ileum was suspended. Then, the contractions were obtained
with the same drugs after the previous addition (90 sec before)
of the antagonist to the bath. The doses of the antagonists used
were 100, 50, 25, 12.5, 6.25, 3.12, 1.56, and 0.78 ug.

Preparation and Antiinflammatory Properties

of Some 5-(2-Anilinophenyl)tetrazoles!
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Tetrazole anaiogs of a series of known N-phenylanthranilic acid antiinflammatory agents were prepared.
Some of these 3-(2-anilinophenyl)tetrazoles showed antiinflammatory activity comparable to the corresponding

carboxylic acids when tested orally in rats.

The knowledge that 3-substituted tetrazoles and
their carboxylic acid analogs have comparable acidic
dissociation constants®® has led a number of chemists
to replace the carboxyl group in biologically active com-
pounds with the 5-tetrazolyl group (-CN.H). Hopes
of maintaining or improving upon biological activity
have been realized in some cases.

(1) Some of these compounds have been described by P. F, Juby, U, S.
Patent 3,294,813 (1966).

(2) F. R. Benson, Chenc, Rev., 41, 1 (1947).

(3) R. M. Herbst, "'Essays in Biochemistry," Jolin Wiley and Sons, Inc.,
New York, N. Y., 1056, p 141.

Tetrazole analogs of plant growth regulators such as
3-indolylacetic acid and 2,4-dichlorophenoxyacetic acid
retained some activity.®* Two out of three tetrazole
analogs of glutamic acid acted as substrates for beef
liver r-glutamic dehydrogenase,® whereas 5-(4-amino-
phenyl)tetrazole, an analog of p-aminobenzoic acid,
was found to be inactive against Staphylococcus aureus

(4) C. van de Westeringh and H. Veldstra, Rec. Trav, Chim., 77, 1107
(1958).

(5) J. M. McManus and R. M. Herbst, J. Org. Chem., 24, 1464 (1959).

(6) J. K. Elwood, R. M. Herbst, and G. L. Kilgour, J, Biol. Chem.,
240, 2073 (1965),



