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8.5 g (0.08 mole) of Na;COs, and 150 ml of absolute EtOH was
refluxed for 2.5 hr. The hot supernatant solution was decanted
from inorganic salts and concentrated. The oily residue was
acidified by addition of 50 ml of 6 .V HCl and to this mixtiire was
added Et;0; the solid which separated amounted to 17 g (2099,),
mp 108-112°, uv maxima (MeOH) at 260 mg (e 260) and 267
myu (e 171). The aqueous filtrate was concentrated to dryness
and the residue was treated with MeOH and Et,O to give a
second solid which was devoid of uv absorption for phenyl, 18 g,
mp 175-185°. A portion of the 17-g crop was recrystallized
three times from EtOH-Et,O to give pure 56: mp 111-114°;
nmr (CDCly), 8 8.9 (m, 2, *NH,), 7.36 (3, 3, CsHs), 4.63 (m, 1,
OH), 3.80 (s, 2, C¢H;CH»S), 3.80 (m, 2, CH;0), 3.00 (m, 5,
SCH,CH,NCH), and 1.3 ppm (m, 13, C:H,\CH>).

[(2~-Mercaptoethyl)amino]acetaldehyde Diethyl Acetal (8).
Method E.—A solution of 80 g (0.62 mole) of aminoacetaldehyde
diethyl acetal and 250 ml of toluene was dried by azeotropically
distilling H,O with the use of a Dean—Stark trap. To the reflux-
ing solution was added slowly 31.5 g (0.21 mole) of ethyl 2-
mercaptoethyl carbonate using techniques previously described.*
The mixture was stirred and refluxed for 14 hr, and then distilled
to give forerun of aminoacetaldehyde diethyl acetal, and 18.5 g
(45%) of 8, bp 74° (0.2 mm).

A solution of 5 g (0.026 mole) of 8 in dry Et.O was treated with
dry HCl to obtain 5 g (84%¢) of 9, mp 95-97°.

2-{1(1,2,3,4,4a,9,10,10a~Octahydro-7-isopropyl-1,4a-dimethyl~
1-phenanthryl)methyl]amino }ethanethiol Hydrochloride (43).—
A reaction emploving 45 g (0.16 mole) of commercial Rosin
Amine 1?2 and 8 g (0.05 mole) of ethyl 2-mercaptoethyl carbonate
was carried out as described above for 8. The toluene was
evaporated and the residue was taken up in ca. 300 ml of EtOH.
A solution of 9.9 g (0.026 mole) of lead acetate trihydrate in 50 ml
of H;O was added dropwise with stirring. Decantation of the
solvent left a gummy solid which was crystallized from 65 ml of
heptatie to give 15 g of solid. Reerystallization from EtOH-
H,0O gave 10 g of the lead salt (mp 112-116°) which was then dis-
solved in 500 ml of CsH; and the solution was saturated with H,S.

(22) For a description of the primary amine see W. J. Gottstein and L. C.
Cheney, J. Org. Chem., 80, 2072 (1965). It has not been established whether
the product was contaminated with derivatives of dihydroabietylamine and
tetraliydroabietylamine.
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The CsHj solution was separated and concentrated, and the resi-
due was dissolved in Et;0. The HCl salt, formed by the addition
of dry HCI, was recrystallized from EtOH-Et.O to give 4.6 g
(239%) of 43, mp 243-246°.

2,2,2-Trifluoro~N-(2-mercaptoethyl)-N-octylacetamide.—To 70
g of trifluoroacetic anhydride was slowly added at ca. —50° with
stirring 15 g (008 mole) of 2-(octylamino)ethanethiol.?s The
mixture was allowed to stir at 25° for 4 hr. Excess anhydride
was removed at reduced pressure and a solution of the residue in
MeOH was stored at 23° for 3.5 hr.  The MeOH was evaporated
and dilute NaHCO; was added to the residue. The slurry was
extracted with Et,0 and the extract was washed successively with
H,0, saturated NaCl, dilute HCl, and again with saturated
NaCl. The Et,O solution was dried (MgSOs) and concentrated
to give 22 g of crude oil. Distillation resulted in 2 g of forerun
and 15 g (669;) of product, bp 77-78° (0.05 mm).

Anal. (C.HuxF:NOS) C, H, N, SH.

5~(Hydroxymethyl)~-2~-pyrrolidinone.—A solution of 147 g (1.0
mole) of L-glutamic acid in 400 ml of H,O containing 10 g of
charcoal and 1 ml of aqueous perrhennic acid (1.5 g of Re/ml) was
hydrogenated for 5 days at 200° under H; at about 300 atm. The
mixture was filtered and the filtrate was concentrated and distilled
to give 55.5 g (489;) of 3-(hydroxymethyl)-2-pyrrolidinone as a
viscous liquid: bp 153-160° (0.25 mm) [lit.2* bp 185-187° (4
mm)]; nmr (CDCl), 8§ 7.5 (m, 1, NH), 4.6 (m, 1, OH), 3.6 (m, 3,
CHCH.0), and 2.1 ppm (m, 4, CH.CH.,).

Acknowledgment.—We wish to express appreciation
to W. M. Pearlman for performing the catalytic hydro-
genations; to C. E. Childs and his associates for the
microanalytical data; to Dr. J. M. Vandenbelt, E. J.
Schoeb, R. B. Scott, and Mrs. Carola Spurlock for
infrared, nmr, and ultraviolet analyses; to Dr. M. W,
Iisher and his associates for the antibacterial test
data; and to the Division of Medicinal Chemistry,
Walter Reed Army Institute of Research, for the antira-
diation test data.

(23) Supplied by Dr. T. R. Sweeney.
(24) J. C. Sauer and H. Adkins, J. 4m, Chem. Soc., 60, 402 (1938).

Molecular Orbital Methods in the Study of Cholinesterase Inhibitors

ARTHUR CAMMARATA AND RICHARD L. STEIN!

Department of Chemistry and Pharmaceutical Chemistry, Medical College of Virginia, Richmond, Virginia 23219

Received November 16, 1967

It has been suggested that the ability of 3-hydroxyphenyltrimethylammonium derivatives (3-HPTA) to
inhibit acetylcholinesterase competitively depends on the strength of the hydrogen bond between the 3-hydroxy
group of these derivatives and the esteratic site of AChE. However, the results of previous simple Hiickel cal-

culations did not appear to be related to the observed inhibition constants.

Using very empirical molecular

orbital (MO) methods, we have calculated some ¢ and = properties of these derivatives and have obtained a cor-
relation which is consistent with a hydrogen-bonding interaction between the 3-hydroxy group of these com-

pounds and the AChE receptor site.

In recent years there has been a pronounced trend
toward the application of molecular orbital (MO)
methods to questions of pharmacological interest.
Successful correlations of drug activity with one or more
of the indices derived by these procedures have been
reported for hallucinogens? and other neurotropic
drugs,® for batericides* and bacteriostats,® for anti-
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(2) 8. H. Snyder and C. R. Merril, Proc. Nat. Acad. Sci. U. 8., 54, 258
(1965).
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(1964).
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diuretics,® and, most notably, for cholinergic sub-
stances.’—13

Interestingly, the inhibition potency of 3-hydroxy-
phenyltrimethylammonium  (3-HPTA)  derivatives
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toward AChE does not appear to be related to any of
the usual MO indices!* obtained from the results of
simple Hiickel caleulations. ™' Since the bhehavior
of ¢ electrons is neglected in the usual simple Hiickel
method, this observation could bhe interpreted ax indi-
cating the dominant role playved by ¢ eleetrons in
the interaction of 3-HPTA derivatives with AChL,
Significantly, Wilson and Quan'” noted that the
mtroduetion of a hydroxyl group in the 3 position of
phenyltrimethylammonium improves binding to AChL
by a factor of 120. Such na large effect. which ix
equivalent to a decrease of 2.9 keal/mole in the frec
cuergy of binding, suggests that a hyvdrogen hond is
mvolved.'™  From a MO standpoint, hydrogen bonding
to or from the 3-hydroxy group should be most strongly
dependent on its ¢-MO properties, because the elec-
tron pair and the proton on oxygen are both part of the
3-HIPTA o system.

To assess the relative influence of o- and =MO
properties on this eunzyme-inhibitor interaction, we
have used 2 very empirieal MO method'®!? to calculate
certain ¢ and = properties of 3-HPTA derivatives.
The use of the method i1 our particular application 1s
justified only insofar as it has been shown to be adequate
for the ecalculation of charge-related properties of
organic molecules® =% and by the results that we have
obtained. More sophisticated MO methods.?' =¥ and
2 niore extensive series of 3-HPTA dervatives, may
provide further insight into the nature of this enzyme-
inhibitor interaction, but the conclusions of such
studies most probably would be in general agreement
with those presented in this work.

Results and Discussion

The parameters used for the calculations i both this
and a previous'* study are presented in Table I. A
comparison of the parameters to those suggested by
Streitwieser! indicates that certain of the parameters
used in the earlier work'* may have been in error.
The Coulomb integral for the methyl group seems to be
too high, and the Coulomb integral for the hydroxy
oxyvgen seems to be too low. In contrast, there is
good agreement between the » parameters recomn-
mended!® for the method used in this study and those
suggested by Streitwieser. Although we have ar-
bitrarily assignied a Coulomb integral of 0.1 to the
carbon adjacent to the trimethylammonium group, to
take into account the inductive influence of this group
on the 7 svstem.” no attempt was made to include

14y 1. Ban, Japrw J. hermacol., 12, 72 (1962).

(1) 1B, Pullinau and A. Pullman, “Qaantam Biochemisiry,” Academic
Press Ine., New York, N. Y., 1963,
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(21) AL D. Newton, I'. P. Baer, and W. N. Lipscainb. J. Am, Chem. Soc.,
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hyperconjugation due to the methyl groups. The
results of our caleulations which are pertinent to the
following discussion are presented in Table I1.%

The biological activitiex for a congeneric series of
compounds, when compared to 1 number of possible
physical vatiables, nre often observed to bear no relation
to any one of the varinbles taken independent of the
others. In these cases, ns Hansell has shown,® an
appropriate linear combination of the independent
variables may he necessary in order to make a cor-
relation evident. Accordingly, in our attempts to
relate the inhibition potencies (pKy; = —log K,) of the
3-HPTA derivatives to their ealeulated MO properties,
multiple regression techniques were emiployed whenever

possible,  Since somie question exists with regard to
7 parameter choice in the eavlier work,'* similar
multiple regression  equations  were  derived, when

possible, using the data reported in the early work,
The multiple regression equations obtained are pre-
sented together for comparison.

It must be noted that the method used for the cal-
culation of the o charges™'™ prevents all of the
charges from heing  considered  simultaneously  as
independent variables i a multiple regression analvsis,
The ¢ charges are obtaimed following sohition of sets ot
sinmultaneous  equations, rather than, ax for the =
charges. from an orbital coefficient associated with
independent  NMO's. The caleulated ¢ charges are
therefore strongly interrelated. and their nmproper use
i a nmultiple regression analysis could result in an
interaction between the terms of the model equation
which subscquently would afford a meaningless cor-
relation. !

It a preliminary analysis of the data, equations were
selected that contained cither the net = charge. 7.
the nueleophilic = superdelocalizability, S™'32 or
the electrophilic = superdelocilizability, S™® % as in-
dependent variables.  None of the equations seleeted
correlated the data, but the equations containing
terms associated with positions 1 and 3 (Table IT) did

201 The o 7 clarveeolisiribaions amd 1the #-MO qaautaies far the eoar-
vounds studied will be qrovided iy the authars upon resquesi.

30) C'. Hanscle " Anuunal Reparts in Medieinal Chiemnistry,” (' K. Cain,
15d., Avademie Press lne., New Yark, N. Y., 1967,

(317 An interactiou between 1he termxs of a model equalion is nften evi-
Jenced Iy an insignificann ¢ test for each coefficient wiicle contradiets s
significant /7 rest for the eguation,

132y K, Fukui, T. Yanezawa, awd O, Nagata, J. Chepe Ty, 20, 721
119525,
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TasLE 11
IxniBITION CoNsTaNTs (pK1), Acipity CoNsTANTS (pK.), AND CaLcuLatEp MO QuaNTITIES FOR SOME 3-HPTA DERIVATIVES

X .
@rN(CHas
3

HO
g and 7 charges on positions’—— —_ ,—-——————Superdelocalizabilitiesc'd——————-—\
X pKa® pK1? C Cs 0O of 3-OH G C; 0 of 3-OH
4-CHjg 8.2 8.995 —0.039 0.034 0.075 0.835 0.805 1.063
(0.055) (0.116) (—0.446) (0.825) (0.795) (0.061)
6-CH; 8.3 7.954 —0.041 0.035 0.075 0.835 0.805 1.062
(0.053) (0.119) (—0.446) (0.825) (0.795) (0.061)
5-CHs 8.2 7.792 —0.037 0.037 0.075 0.830 0.799 1.061
(0.055) (0.119) (—0.446) (0.830) (0.799) (0.061)
6-OCHa 8.6 7.716 —0.178 0.035 0.074 1.946 0.839 1.069
(0.064) (0.119) (—0.446) (1.254) (0.839) (0.070)
H 8.1 7.491 —0.037 0.037 0.075 0.830 0.799 1.061
(0.056) (0.119) (—0.446) (0.830) (0.799) (0.061)
4-OCH; 8.0 6.068 —0.069 —0.001 0.071 0.950 0.939 1.094
(0.056) (0.127) (—0.445) (0.766) (0.756) (0.057)

@ Data of ref 17. bo charges in parentheses below = charges.

seem to warrant further consideration. The re-
spective equations (1-6) which were subsequently
obtained are given below. Despite the poor fits

Previous work

pKi = —23.10Q" + 55.1097; + 3.86

(—0.48) (0.85)
(F = 035, r = 0.52) (1)
pK; = 80.448™), — 109.38™, + 23.21
(2.34) (—2.00)

(F =313, 7 = 0.82) (2)
pK1 = 6.908®, — 10.888®; + 10.49

(0.35) (—0.63)
(F = 0.60,» = 0.33) (3)
This work
pK: = 2.099™ + 59.98Q™ + 6.33
(0.36) (2.31)
(F =276,r =080 4
pKI = —‘G.OGS(N)I + 54.OQS(N)3 - 3001
(—1.72) (2.24)

(F =259, r = 0.79) ()

pK: = 0.188®) — 14.318'%); + 19.37
(0.26) (—2.52)

(F = 3.19,+ = 0.82) (6)

indicated by the tests of significance,®® it should be
noted that, in general, improved correlations are
obtained using the #—MO quantities calculated in this
study.

On the basis of the ¢ test for the first term in each of
equations 1-6, this term was deleted and a least-squares
analysis was used to obtain the best straight line for
each of the remaining independent variables. For
comparison, the total of the ¢ and = net charges @7 at
position 3 was similarly treated. The resulting
equations (7-13) are given below. The tests of sig-
nificance for eq 11-13 show no improvement over those

(33) The F test indicates the significance of the equation: the multiple
correlation coefficient r indicates the *'goodness of fit;'' and the ¢ test (value
in parenthesis found below each variable) indicates the contribution of
each term to the correlation obtained.

¢As defined in ref 32.

43N in parentheses below S(®E),

Previous work

pK1 = 27.07Q™ + 645 (F = 1.07,r = 046) (7)
pKr = 13.298™; — 199 (F = 0.36,» = 0.29) (8)
pKi = —3.078®; + 11.92 (F = 1.38,» = 0.50) (9)
This work

pK1 = 59.19Q%; — 1.18 (F = 4.34,r» = 0.72) (10)

pK: = 50.27Q™; 4+ 6.18 (F = 6.89,r = 0.79) (11)

pK1 = 18.628™N; — 7.18 (F = 149, » = 0.52) (12)
pKi = —14.058%; + 19.34 (F = 8.23, 7 = 0.82)

(13)

for eq 4-6. In one instance, however, lower tests of

significance are obtained (compare eq 5 and eq 12),
which suggests that with a larger number of 3-HPTA
derivatives the pK1 might be found to be dependent on
both S™, and S™;. If this is the case, the con-
tribution of ™ could be ascribed to the interaction of
the trimethylammonium group with the anionic site of
AChE, while the contribution of S™; could indicate
the concurrent participation of the 3 position in a
second interaction.

To gain an indication of the possible nature of the
species interacting with positions 1 and 3, a model
equation was used that contained as independent
variables Q7, S™ and S®.¢ \lultiple regression
analysis vielded eq 14 and 15. The apparently

pK1 = 38.63Q7 + 11.888™, — 0.29

(2.35) (2.34)
(F = 285, r = 0.81) (14)
pKi = — 1307.00Q7 + 229.378MN, —
(—4.16) (4.19)
206.37S®; + 109.66 (F = 19.16, r = 0.98) (15)
(—4.35)

equivalent contributions of @7 and S™) in eq 14
suggests that position 1 is interacting with a negatively
charged group of the AChE receptor. This group
seems to interact with the = charge at position 1 and
apparently further interacts by polarizing the = cloud

(34) Theoretical justification for equations of this form will be presented
in a later paper.
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at this position.  In contrast, position 3 appears to bhe
undergoing a polarization interaction with an eleetro-
phile (see below) as indicated by the favorable con-
tributions of S™; and @7, ineq 15.

A comparison of eq 5 and 12 previously suggested
that S*™; makes a contribution to the binding of
3-HPTA derivatives with AChE. Based on eq 14 and
15, however, it seems niore suitable to interpret the
contribution of S™; iu eq 5 as reflecting the ability of
the m-eleetron pair on the 3-hydroxy oxvgen to con-
jugate with position 3.

Equations similar to eq 14 and 15 were used to
assess the contribution made by the 3-hydroxy group
in the inhibition of AChIL.  Multiple regression
analysis gave the highly satisfactory correlations shown
I eq 1618, A comparison of the tests of significance

pKy = —6361Q7, — S068'™ |+ 1648, + 1347
(—2.8%)  (=3.10) (2.46)
(F = 9.67, r = 0.99) (16)
pKp = —4007Q7, + 548, — 478™, — 1835
(—6.09)  (=273) (=209
(F = 3560, r = 0.99) (17)
PRy = —2695Q%, — 2898 4 348N — 636

(—7.06)  (=9.81)

(2.10)
(I" = 65.05, v = 0.99) (18)

(F test and ¢ test) makes it readily appuarent that the
o charge on oxygen controls the interaction of the
3-hydroxy group with the AChL reeeptor. Of par-
ticular note is the econtribution of S in er 18, for
although the magnitude of its coefficient ix sniall, the
{ test indieates that its contribution is at least ns sig-
nificant as Q7.

The good correlation obtained with eq 18 makes it
possible to estimate the relative importance of S,
(eq 15) in the interaction. The ¢ test on 8™, in eq 18
indieates this term is of lesser importanee; hence, it
was deleted and replaced by S'™; to vield eq 19, The

pRL = —2925Q7, — 5818, 4+ 628'F, — 509
(=7.21) (—3.59) (1.88)

(F = 5589, r = 0.99) (19)

¢ test indicates the contribution of S, is minor.
Therefore, the simplest equation which correlates the
data is given by eq 20.
pKr = —2571Q7, — 2838'E) | — 645
(—=5.27) (—06.58)

(F = 4444, r = 0.9%) (20)

Conclusions.——Iquations 115, although they fit the
data poorly, seem to be suitable for qualitative indica-
tions of the nature of the interactions between 3-HPTA
derivatives and AChE. Position 1 is indicated as in-
teracting with a negative group on AChE, and, in light
of the correlations provided by eq 18-20, position 3 is
correctly indicated as interacting with an electrophilie
species. On the basis of these equations, however, it
is not possible to make a quantitative statement re-
garding the relative magnitudes of the interactions
or whether the interactions are attractive or repul-
sive In nature. A more extensive series of compounds
might make such a quantitative assessment possible.

The good ecorrelations given by eq 18-20 are more
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amenable to a quantitative interpretation.  For this
purpose, 1t Is convenient to deseribe the interactions
suggested by these equations in terms of a proposil
first offered by Debye®  According to Debye,
bonding interaction which is primarily electrostatic in
origin may be given, to higher orders of approximation,
by power series expansion: the first term ix Cou-
lomb’s law and the second term coutains the atomic
polarizabilities of the bonding atoms.  Thus, the first
terin of eq 18-20 may be considered as representing :
charge -charge interaction between the 3-hydroxy oxygen
and an atom of the AChE receptor, while the following
terms may be considered as representing the charge
polarizability interactions accompanying the formation
of an ionic bond. Since the dependent variable pAy is
a measure of free energy, each of the termis in eq 15-20
represelits coutributions to the free energy of binding
and may be mterpreted accordingly.

A comparison of eq 16-1S reveals the o-charge on
oxygen makes the most important contribution to the
free energy of binding. The unegative sign associated
with this term indicates an attractive interaction. A
minor, but important, contribution to the free cnergy of
binding result= from the polarization of the = cloud on
the 3-hydroxy oxygen by an  clectrophilic species
(indicated by NP ). It scems reasonable to assume
that the same electrophilic speeies that polarizes the
7 clond on oxygen ix also interacting with the ¢ charge
on oxygen. lollowing Wilson and Quan,” if the
eleetrophilie species 1s identified ag a proton or as a
proton donor, the indicated interaction has the char-
acteristies expected of n hydrogen bond. The bond
which is formed appears to be slightly destabilized by
repulsions (indicated by the positive signs of S™; and
NN i eq 18 and 19). The repulsions could be due to
the teraction of the electrophilic species in the bond
with the 7 cloud at position 3 and to the interaction of
an clectronegative atom (possibly also bonded to the
electrophilic species) nssociated with the AChIE receptor
with the = cloud on oxygen. For the compounds
considered, the repulsive interactions are of relatively
little importance. Therefore, the bonding interaction
leading to inhibition of AChE is sufficiently described
hy eq 20,

A hydrogen-bond distance is usually in the range of
2.5-2.7 A The interpretation which has been given
for the terms in eq 1618, if reasonable, should allow an
estimate of the bond distance between the 3-hydroxy
oxygen and the AChE receptor atom. Ior this
purpose, eq 20 should be sufficient. Expressing the free
energy of binding AG° by

AGP/RT = pKy = a@Q, + 08", + ¢ (21)

a charge-charge interaction would require that
a = Qrez,“’/RTfro[)ro (-)-)
while 4 charge—polarizability or charge-induced dipole

interaction would require® that

b = Qe*/RTeoD,* (23)
In eq 22 and 23, @, 1s the net charge of the electrophilic
species interacting with the net charge Q%,, Dy, ix the

1331 I’ Debye, “Palar Molecules, [Dover Publications, New Yark
N Y.L 1929, p 60,

(36) R. W. Gill, Prog. Med. ("hem., 4, 39 (1965).
(A7) L. Sadeud, Cea. J. Biorhen. Physial., 40, 1287 (19621,
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distance separating the charges, ¢, is the effective
dielectric between the charges, e is the electrostatic
unit of charge, and RT has its usual significance. The
quantity k in eq 23 is included as a parameter defining
the relation between electronic polarizability «® and
the = superdelocalizability S, That is, it is assumed
that

a = kS® (24)

The ratio of the coefficients of eq 20, according to
equations 21-23, is given by

a/b = 2571/283 = D, (25)
in which it is assumed that £ is equal to 1. The bond
distance is therefore

D, = 208 A (26)
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which ig of the same order of magnitude as could be
assigned to a hydrogen bond. Thus, despite the crude
nature of the MO calculations on which eq 20 is based,
the relative magnitudes of the coefficients in this
equation are not unreasonable from a physical stand-
point. The absolute magnitudes of the coefficients,
how ever, may be greatly in error.

It should be noted that the correlation provided by
eq 20 gives no indication of whether the 3-hydroxy
group is functioning as a proton donor or a proton
acceptor. Either mode of bonding is consistent with
the correlation obtained. This work, however, pro-
vides substantiating evidence for the dominant mode of
interaction of 3-HPTA derivatives with AChE and
indicates a method whereby hydrogen-bonding inter-
actions may be investigated in biological systems.
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A number of N-sec- and N-t-alkyl derivatives derived from or related to methoxamine [erythro-a-(2,3-di-
methoxyphenyl)-g-aminopropanol] have been prepared. Some of these compounds exhibited the physiological
properties of *‘8-blockers” and antiarrhythmic agents. Several had a marked tendency to lower the blood levels

of glucose and free fatty acids.

In vivo N-sec-alkyl compounds were found to be degraded metabolically to the

parent methoxamine (among other products) but the N--alkyl system was stable as regards this degradation.
The sec-alkyl derivatives were prepared mainly by reductive alkylation of methoxamine, ¢-alkyl compounds

from the appropriate amine and bromo ketone followed by reduction.

When reductive alkylation created a

third point of asymmetry, the physiologically inferior enantiomeric pair p-alkylamino-(—)-methoxamine-1-
alkylamino-( 4 )-methoxamine was formed preferentially. Some conclusions are possible as to the spatial require-

ments of ‘‘receptor" sites.

Methoxamine  [erythro-a-(2,5-dimethoxyphenyl)-8-
aminopropanol] has been regarded pharmacologically
as a pure a-adrenergic stimulant. Interest having been
expressed as to the fashion in which this property
would be altered by, e.g., N-isopropyl substitution, a
considerable number of such derivatives were prepared
by reductive alkylation of methoxamine base in the
presence of available aliphatic ketones, cycloalkanones,
and aromatic aldehydes.

In these reactions, the aromatic aldehydes probably
form Schiff’s bases but the ketones presumably give
only alkylolamines

R’

f
RNH(‘]—I "
OH

by an equilibrium reaction. When methoxamine base
was allowed to stand overnight in the presence of
excess acetone before reduction, about one-third of the
calculated amount of hydrogen was absorbed rapidly
and the remaining two-thirds quite slowly. As might
be expected, reactions with the other aliphatic ketones
were much slower, presumably corresponding largely
to slower formation of alkylolamine (and less favorable
equilibria in that step).

The reductions with aromatic aldehydes proceeded
rapidly and in good yield. There was no evidence for
formation of tertiary amines which had seemed pos-

sible @ priorz. Data on the compounds of these types
are presented in Tables I and II. No physiological
properties of serious interest were found among the
benzylamino and cyecloalkylamino derivatives.

The compound first prepared, N-isopropylmeth-
oxamine (I), was first regarded as a B-adrenergic
blocker. Further investigation revealed more com-
plicated behavior and interest centered on two prop-
erties. The first of these was the ability to restore
normal sinus rhythm to hearts in which this had been
disturbed by a number of stimuli (¢f. ref, 1b, l¢, and
especially 1h).

This antiarrhythmic activity was manifested by a
number of the higher analogs of isopropylmethoxamine

(1) This paper reports part of a joint investigation carried out in collabora-
tion with the Pharmacology Department of these laboratories. Detailed
discussions of the pliarmacological findings will be published separately.
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Congr. Ser., 48, 1205 (1962); (c) C. H. Ellis and 8. Gross, Fed. Proc., 32, 247
(1963); (d) R. A. Salvador, K. I. Colville, L. A. Lindsay, and J. J. Burns,
tbid., 22, 508 (1963); (e) K. I. Colville, L. A. Lindsay, R. A, S8alvador, and J.
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and J. J. Burns, J. Pharmacol. Exp. Ther., 144, 172 (1964); (g) J. J. Burns,
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