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1,2,3,4,6,7,12,12a-Octahydro-2-phenylpyrazino-
[2”,1”: 6,1]pyridol[3,4-blindole
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Recetved September 10, 1969

We wish to report the syiithesis of the title compound
(IT) which we believe represents a new ring system.
The indole II was of poteutial interest to us because of
its structural relationship to the major tranquilizer
oxypertine (I).1

The tricyclic ester ITI was prepared in two steps from
tryptophaiie by a literature method.? Treatment of
III with CICH,COCI furnished the amide IV which was
heated with PhNH, in Cellosolve to afford the cyclized
product V. Reduction of V with LAH provided the
desired amiue II.

I11 contrast to oxypertine, compound II is not a
CXS depressant. It failed to poteutiate hexobarbital
at 100 mg kg po in mice.'® At a dose of 1 mg/kg po in
mice, IT produced a 919, increase in spontaneous ac-
tivity, whereas oxvpertine had caused a marked
decrease.!*3
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Experimental Section*

Ethyl 2-(Chloroacetyl)-1,2,3,4-tetrahydro-9H-pyrido[3,4-b]-
indole-3-carboxylate (IV).—A solution of 11.3 g (0.10 mole) of
CICH;COCI in 15 ml of CHCI; was added over 40 min to a
stirred solution of 10.0 g (0.041 mole) of ethyl 1,2,3,4-tetrahydro-
9H-pyrido [3,4-b)indole-3-carboxylate (II1)? in 200 ml of CHCl;.
The mixture was refluxed for 6 hr, 20 ml of MeOH was added, and
the solvent was removed in vacuo. The crystalline residue was
recrystallized from CgHen-heptane (charcoal) to give 11.0 g
(84G;) of tan prisms, mp 143-145°. Anal. (CieH1u:CIN:Os)
Cl, N.

(1) (a) S. Archer, D. W. Wylie, L. 8. Harris, T. R. Lewis, J. W. Schuien-
berg, M. R. Bell, R. K. Kullnig, and A. Arnold, J. Amer. Chem, Soc., 84,
1306 (1962): (b) D. W. Wylie and 8. Archer, J. Med. Pharm. Chem., B, 932
(1962).

(2) J, LeMen and C. Fan, Bull. Soc. Chim. Fr., 1866 (1959).

(3) Data supplied by the Department of Pharmacology.

(4) Melting points were taken in capillaries and are uncorrected. Analyti-
cal results were determined by Mr. K, D. Fleischer and staff. Where analy-
ses are indicated only by symbols of the elements, the analytical results
obtained for those elements were within 40.49, of the theoretical values.
Ir spectra of all compounds are compatible with the assigned strictures.
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2,3,6,7,12,12a-Hexahydro-2-phenylpyrazino [2/,1’ : 6,1] pyrido-
[3,4-blindole-1,4-dione (V).—A mixture of 18.0 g (0.056 mole)
of IV (above), 6.7 g (0.072 mole) of PhNH,, and 300 ml of Cello-
solve was refluxed 18 hr. The solvent was removed in vacuo, the
residue was extracted with hot EtOAc, and the extracts were
washed with dilute aqueous HCI and aqueous NaCl. Removal
of the EtOAc left a residue which could be crystallized directly.
However, it was preferable to chromatograph the material on
silica. Elution with EtOAc gave a solid which was washed with
Et,0, then recrystallized from EtOAc to furnish 10.3 g (569;) of
tan prisms, mp 254-257°. Anal. (CooHi:N;0:) C, H, N.
1,2,3,4,6,7,12,12a-Octahydro-2-phenylpyrazino 2,1’ : 6,1] pyrido-
[8,4-blindole (II).—A mixture of 5.70 g (0.017 mole) of V, 3.3 g
(0.088 mole) of LAH, and 500 ml of dry THF was refluxed for 48
hr. After cooling, aqueous THF was added, and the mixture was
filtered. The insoluble material was washed with hot THF and
the solvent was removed from the combined filtrates to give a
dark residue which was chromatographed on silica. Elution with
CeHe-E1,0 gave crystals which were recrystallized from CsHs—
heptane to furnish 1.54 g (309;) of tan product, mp 228-232°,
Anal. ‘quHnNa) C, H, N.

Electronic Factors in Drug-Receptor Interactions
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The recent report by Cammarata! presented elec-
tronic mechanisms by which a drug and its receptor may
interact. Pertinent equations for testing these mecha-
nisms were also included. However, not all of the
examples were tested statistically, and in one case a more
rigorous analysis of the data was possible, yielding evi-
dence i1 support of the mechanism. The following cal-
culations have been performed on data in the above
paper.

The relationship between frontier orbital charge den-
sity at the carbonyl carbou (f) and the potency of some
nicotinic acid derivatives as inhibitors of acetylcholine
esterase was noted? (Table I). The following equation

TaBLE I
PoreNncy oF NicoriNic Acib DERIVATIVES As
INHIBITORS OF ACETYLCHOLINE ESTERASE?

Frontier pLso
orbital Caled, Caled,
Compound density. f Obsd eq 1 eq 2
Nicotinic acid 0.262 0.3 0.146
Nicotinamide 0.616 1.2 2.03 1.23
3-Acetylpyridine 0.657 2.3 2.25 2.18
Ethyl nicotinate 0.699 3.1 2.47 3.15

was derived by us from the data by a least-squares

technique. The correlation coefficient is not signifi-
plso = —1.247 + 5.322f + = 0.868 Fy, = 6.16
(t=12.48)

(1)

cantly differeut from zero.? If the uicotinic acid is
omitted from the series (it is the only compound which
would be i1 an iouic form at the pH of the studies) the

(1) A.Cammarata.J. Med. Chem., 11, 1111 (1968).

(2) A.Inouye.Y. Shinagawa.and Y. Takaishi, Arch, Intern, Pharmacodyn.
144, 319 (1963).

(3) N. Draper and H. Smith, ""Applied Regression Analysis,”” John Wiley
& Sons, Inec., New York, N. Y., 1966.
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following equation may be calculated. This equation

plee = 23.1f — 13.0 » = 0.995 F; = 104 (2)
(t = 10.18)

is also not statistically significant. Thus there is no
statistical evidence that there is a relationship between
fand ply in this series. It would be interesting to have
a more extensive set of compounds to test in this respect.

A second example of electronic factors in drug interac-
tions is the apparent relationship between the theoreti-
cally based values for the total electronic charge on the
amide nitrogen (¢x) and the potency of carbamoylpi-
peridines ax cholinesterase inhibitors®* (Table II).

TaBie 11
PoTENeYy OF N-SUBSTITUTED 1-DECYE-3-(CARBAMOYL )PIPERIDIN S
as CHOLINESTERASE INHIBITORS®

—Sihst Hp=--

carbamoyl PRSI (P ———
nitrogen Caled,
1 2 qN =t Ohsd eq 4
11 1B 0.137 ] 4.206 4,18
ClH, 11 0.212 0,52 4.459 +.47
[QUER 1 0,209 1.04 +4.564 4.76
Cl CH; 0.276 1.04 4.666 1.76
C.H, C.H: 0.273 208 .27 .35
1 CyH: 0.270 312 5.979 5.0

Pureell, el al.,” reported that “at least 739, of the ob-
served choliliesterase inhibition cann be accounted for
from a linear relationship between log Iy, and log (parti-
tion coefficient),” an empirical or experimental value.
Electrouic factors were also thought to be important but
110 regressioll equations were given. I our caleulations
the following relationships were found. Thus, the em-

pli = 3.04 + 8.116gy r = 0.696 Fi. = 3.77 (3)
(= 1.94)

phy = 4.17 + 0.561r r = 0.992 Fy4 = 279 (4)
(t = 16.71)

ploo = 4 .47 -+ 1.63gy + 0.6237
(1 =2.06) (1 = 16.16)

o= 0.997

Foy =235 (3)

pirically derived Hansch = constant® for the octanol-
H.0 system is the only statistically significant predictor
of inhibitor potency. However. there is a significant cor-
relation between the empirical = value and the theore-
tically based ¢gn (r = 0.761, ¢ = 3.10, p < 0.05). This
relationship illustrates the frequently observed inter-
dependence of the various physical chemieal parameters
within a =eries of drug molecules.  (1or example, Rog-
ers and Cammurata” have recently reported on the cor-
relation of superdelocalizability and total absolute
charge density with octanol-buffer partition coefficients
for a series of aromatic molecules.) Beecause of such
interdependenece between what one would lubel elec-
tronic factors and what is thought of as hydrophobic aud
lipophilic parameters one must be cautious in postulat-
ing the mechanism of drug action on the basis of strue-
ture-activity studies alone.

4y WL D Pureel J. Wed. Chem.. 9, 294 (1466).

() W. P. Purcell, J. G. Beasley, R. P, Quintana, and J. A. Singer, th/.. 9,
297 (1466).

ey I Lwasa, T Iyjita, and C. 1lanseb, thid., 8, 150 (1985).
70 K. S Rogersand A, Cammarata, 1hi+/., 12, 692 (1969),
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Cammaratal also cousidered the froutier-controlled
interaction of a series of sulfanilamides ngainst Escheri-
ehia cali (Table TIT). The equation which was re-

Tasre 111
MiuNrvusm INHIBITORY CONCENTRATION OF SULFONAMIDES AR 1
Funerion or BueerroNie CHARACTER OF THE CORRESPONDING
ANILINER AND BeNZaMipes

e L AR TR
Caled,
Rubsdter. sy aN yN‘ Olbesed eq o7
Phenyl Derivatives
4-NH, ().3383 0.077 0,006 4.35 .25
4-OCH; 0.4573 1. 081 0.007 4.47 4.40
4-CH, 0.453 0. 081 0.007 1.57 4.40
11 0.477 0,083 0. 007 480 5.25
4-C1 0,450 0,082 0,007 1.80 4.78
4-NO), 0,454 0. 106 0.011 R ). 73
Benzoyvl Derivatives
3-CHy—4-0CH;  0.041 0, 14% 0,022 5025 527
4-0OCH, 0,035 0,145 0.022 5,40 5.22
3,4-C11, 0. 042 0,145 0.022 540 52N
4-CHy 0,030 0. 148 0.022 540 .23
3-CH;y 0.01% 0.149 0,022 5.40 5.39
H 0,000 0,149 0,022 5.25 5.23
4-C1 0.027 (). 14% 0.022 Ho10 KB
4-CN 0,000 0.151 0.023 4.05 +.14
4-NO. 0,000 0. 153 0,023 +4.50 4.78

= The negative log of the minimum vhibitory convenration rs.
E. eoli.

ported for the phenyl derivatives contained no statisti-
cally signifieant terms.  Thus a combination of frontier
electron density. total charge deusity. and the square of
the total charge density does ot “explain’ the variation
in activity. However, using six compounds to fit an
equation with three terms results in ouly two degrees of
freedom, and therefore a correlation of these terms might
be possible if more data were obtained.

The equation reported by these workers for the ben-
zovl derivatives could not be confirmed. Our equation
is the following.  All terms in this equation are statisti-

pCw = 6.53 + 8.86ex + 237.92gx — 1671.07¢x?
(f=275) (L =371 (=7.76)

cally significant. However, ¢n varies by only 6% m
this series, and ¢x? values in the original report and in
these calculations were rounded off to two =significant
figures. TIf one ealeulates such an equation using ¢n*
caleulated from ¢x rather than taken from the table
(which were rounded off) gn and ¢gn?® are =o highly cor-
related (» = 0.999) that it is unreasonable to include
both in the =ame equation in the absence of any theoret-
ical reason for doing so.  Thus, although the equation
(6) appears to be statistically valid, it is : quirk of round-
ing off plus extreniely small variation i one variable
under examination which produced such results.

A better test of the influenee of eleetronic factors on
the mimimum inhibitory coneeutration is to include all
15 compounds in one equation. (D ix a1 dummy vari-

— 43089 + 8.759x + 319.31gx —
(1 =3.66) (I =577
1733.10gx? — 9.080  (T)

(t=—5.44) (t =5.10)
P =0.939, Fip=18.65

p('m =
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able® which was given the value of 1.0 for the phenyl
derivatives and zero for the benzamides. This variable
would incorporate factors which differ from one series as
a whole to the other series, such as the different geom-
etry of the two sets.) Equation 7 is much more appro-
priate to test the hypothesis because the values for the
variables have a larger variation and there are more
observations which thusincreases the degrees of freedom.
In eq 7 uall three electronic parameters contribute
significantly to the prediction of antibacterial activity.
Thus Cammarata’s suggestion that these drugs interact
with the receptor in a frontier-controlled reaction is
supported by this equation.

The above examples point out the necessity of testing
appareiit structure-activity relationships with statisti-
cal methods. Thus two examples of apparent correla-
tion between electronic factors and inhibitor potency
were shown to be not statistically significant. The
amoult of variation in a factor used in a regression
equation must be large enough that experimental error
or round off in the computer does not influence the
results. Because of the correlation between the various
theoretical and empirical parameters one must be
cautious in interpreting the meaning of such studies.

B=-Amino Ketones as Inhibitors of
Pyruvic Acid Oxidation

RAJENDRA 8. VairMA,'* BASHEER ALl'® SURENDRA S. PARMAR,

Department of Pharmacology and Therapeutics,
K. G's Medical College, Luckow, India

AND W, LEwis NOBLEs!®

Depariment of Pharmaceutical Chemistry,
University of Mussissippt, Unwersity, Mississippi 38677

Received June 3, 1969

Substituted B-amino ketones (Table I) have elicited
a variety of physiological responses; various workers
have demonstrated that compounds of this type possess
antispasmodic,>® analgetic,*local anesthetic,>~% and anti-
bacterial® ! activity. Luts and Nobles!! observed anti-
convulsant, analgetie, and antiinflammatory activity in
a series of cyelic B-amino ketones. Quastel and
Wheatley!? have reported the tn vifro inhibition of
respiration by various anesthetics and CNS de-
pressants; this was related to the selective inhibition of

(1) (a) Pool Officer, Council of Scientific and Industrial Research, New
Delhi. (b) Junior Research Fellow. Council of Scientific and Industrial Re-
searcli, New Delld. (¢) To whom inquiries should be addressed: Office of
the President, Mississippi College, Clinton, Miss. 39056.

(2) J. J. Denton, R. J. Turner, W. B. Neier. V. A. Lawson, and H. P.
Schedl, J. Am. Chem. Soc., 71, 2048 (1949).

(3) M. Bockmuhe and G, Ehrart. German Patent 865314 (Feb 2, 1953):
Chem. Abstr., 83, 295 (1939).

(4) P.B.J. Jaussen, U. S. Patent 3,030,372 (April 17, 1962): Chem, Absir.,
59, 2780 (1963).

(3) C. Mannich and D. Lammering. Ber., 85, 3510 (1922).

(6) F. F. Blicke and E. S. Blake, J. Am. Chem. Soc.. 52, 235 (1930).

(7) W. Wilson and Z. Y. Kyi. J. Chem. Soc., 1321 (1952).

(8) T. Teshigahara, Nippon Yakurigaku Zasshi, 58, 67 (1962): Chem.
Abstr., 89, 3239 (1963).

(9) H. J. Florestano, M. E. Bahler, and A. D. Chandler, J. Am. Pharm.
Assoc., 46, 539 (1957).

(10) R. 8. Varma and W. L. Nobles. J. Pharm. Seci.. 87, 1801 (1968).

(11) H. A, Luts and W. L. Nobles, ibid., 54, 67 (1965).

(12) J. H. Quastel and A. H. M. Wheatley, Proc. Roy. Soc. (London),
B112, 60 (1932).
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nicotinamide-adenine dinucleotide (NAD) dependent
systems by these agents. Such observations led us to
prepare a series of S-amino ketones derived from 4-
piperidinoacetophenone; such a series would permit
us to examine the possible effects on such inhibition as
they relate to the specific structure of the g-amino
ketones in question. Thus, all amino ketones studied
(Table I) had cyclic amine componetits with one excep-
tion (6) and all possessed a large eyclic component at
the para position in the original ketoe.

TasLe I
B-AMino KeTonkes
Mp. Yield,
No. NRR: °eCe A Formula®
VN -
I _:\\__/O 185-188 49 C;3sHyCLN,0,
CH,
II —N 0 207-211 37 C-ggHg»]C]zN?Oz
\—-<CH~
II1 ——Q 190-192 38 CyH5;CLNR0
v _,\C> 201-205 40 CiH3CLN,0-0.75H,0
A —N i 203-206 44 CyHupCLNO
CH
VI NCH .. 194 72 CyeHyClN0:0.5H,0
@ Melts with decomposition. ? All compounds were analyzed
for C, H, N.

Biochemical Studies.—Male albino rats weighing
100-150 g kept on an ad libitum diet were sacrificed by
decapitation. Rat brains were immediately homogen-
ized in a Potter-Elvehjem homogenizer. Brain homog-
enates (109, w/v) were prepared in 0.25 M cold su-
crose. O, uptake was measured at 37° by the conven-
tional Warburg manometric technique with air as the
gas phase.!? The central well contained 0.2 ml of 209,
KOH solution. The reaction mixture in a total volume
of 3 ml contained 6.7 mM MgSO,, 20 mM Na,HPO, in
a buffer solution of pH 7.4, 1 mAM adenylic acid (Na
salt), 33 mM KCI, 500 ug of cytochrome ¢, and 10 mM
sodium pyruvate. The compounds, dissolved in double
distilled water, were used at a final concentration of
0.5 mM.

Results and Discussion

The data in Table II indicate that all the g-amino
ketones were found to inhibit the oxidation of pyruvie
acid. Such in vitro inhibition of respiration has been
shown, as noted earlier, to be exhibited by various
anesthetics and CNS depressants.!? These results
have seemingly indicated the significance of the cyclic
amine moiety in the inhibitory effects thus produced by
certain B-amino ketones on pyruvic acid oxidation.

Concurrently, it should be noted that g-dimethyl-
amino-4-piperidinopropiophenone (VI), possessing di-
methyl substituents in the amine moiety, was found to
produce only slight inhibition under similar conditions.
On the basis of this observation, it would appear that the
cyclic amine group possibly plays an important role in
the inhibition of pyruvic acid oxidation. In the com-



