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distance separating the charges, ¢, is the effective
dielectric between the charges, ¢ 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, = 2084 (26)
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which is of the same order of magnitude as could be
assigned to a hydrogen bond. Thus, despite the erude
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,
however, 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 protou
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-
actlons 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—(2,5-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-t-alkyl system was stable as regards this degradation.
The sec-alkyl derivatives were prepared mainly by reductive alkylation of methoxamine, t-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-L-
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)-s-
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

I

f
RNH(‘}— R’
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 @ priors. 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 cycloalkylamino 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, le, 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 collaliora-
tion with the Pharmacology Department of these laboratories. Detailed
discussions of the pharmacological findings will be published separately.
Preliminary reports thiat have appeared are (a) S. Norton and F. Soroko,
Fed. Proc., 21, 417 (1962); (19 C. H. Ellis and 8. Norton, 22nd International
Congress of Pliysiological Sciences, Leiden, 1962; I'zcerpta Med., Intern.
Congr. Ser., 48, 1205 (1962); (c) C. H. Ellisand 8. Gross, Fed. Proc., 233, 247
(1963); (d) R. A. Salvador, K. 1. Colville, L. A. Lindsay, and J. J. Burns,
ibid., 22, 508 (1963); (e) K. I. Colville, L. A, Lindsay, R. A. S8alvador, and J.
J. Burns, bid., 28, 542 (1964); (f) R. A. Salvador, K. I. Colville, 8. A. April,
and J. J. Burns, J. Pharmacol. Exp. Ther., 144, 172 (1964); (g) J. J. Burns,
K. I. Colville, L. A, Lindsay, and R. A. Salvador, ibid., 144, 163 (1964); (h)
C. H. Ellis, Arch. Int. Pharmacodyn. Ther., 160, 144 (1964); (i) J. J. Burns,
K. I. Cotville, L. A, Lindsay. S. A. April, and R. A. Salvador, Pharmacolo-
gist, 6, 186 (1964); (§) J. J. Burns and L. Lemberger, Fed. Proc., 24, 298
(1965); R. A. Saivador and 8. A. April, ¢bid., 24, 298 (1965); (k) K. L.
Colville, L. A, Lindsay, and J. J. Burns, Pharmacologist, T, 178 (1963); (1) R.
A. Salvador, 8. A, April, and L. Lemberger, tbid., 8, 181 (1966); (m) R. A.
Salvador, 8. A. April, and L. Lemlerger, Fed. Proc., 28, 500 (1966).
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Tang 1

@=(2,5-DIVLKOXYVHENYL)=B-(87¢-A LKYLAMINO PO ANaL LIy DrocnLobies

OR’
CHOHCHCH,
NHR-HCI
OR’
Antiac-
rloychunie

No. R R’ Mp, °C” Igricala Analyses act.” Toxieiy
I 2’-Propyl Me 246-247 dec CysHaN O, 11C] (G + High
11 2Bty Me 222-224 CHuNO, - TIC ¢, N+ High
111 2’-Pentyl Me 204207 Cetl NOs- HCL ¢, + 4+ Low
v 3’-Pentyl e 199200 CelTNOy- 1CL ¢, 1 ++ Medinm
vV 3’-Methyl, 2’-butyl Me 221-223" CisHaNOz - HC ¢, 1 ++ ligh
VI 2 -Hexyl Me 1891924 CrzHaeNO; - 11CI C, 11 + Medim
V1l 3’-Hexyl Me 180181 Cy: N O3 - HCL ¢, N + -+ Medinm
VIIT Y-Methyl, 2’-pentv] e 925228 CuHpoNO, - T{CL con T+ High
IX 2’-Heptyl Me 172173 CisHaNOy - H(C C, 11 ++ High
X 3’-Heptyl Me 176177 CisHaNO;- HCI o, 1 ++ High th
X1 4’-Heptyl Me 185186 CisHaNO, - HC (GANG! + 4+ High
XII 2-Octyl Me 160-161* CyeHgpNOQy - HCL ¢, 11 ih:
XITI 2’-Nonyl Ae 148-151% CoHpNO; HCL C, 1 + -+ + Low th
XIV 5'-Nonyl e 143-145 (5N Oy HCL C, 1N + o
XV 2’-Undecyl e 158-1309% CpHzNO,-HCI (GAN0! th:
XVI 2’ Tridecy! Me 160-161% CyHiNOQ, TICL C, 1
XVII 2’-Heptadecyl Me 132-133¢ CosHuNOy- HCI ¢, 11, N ++ th
XVIIT 2'-Propyl o INT. 5150 CHyNO; - T1CL ¢, 1, N L4 low
XIX 2’-Butyl Lt I R2-1RP CHpeNO; - HCL ¢, H, N ++ Law
XX 2’-Pentyle jorl 168--169" CysHauNO,- HCL-0.511,0 ¢, 1l ++ Tigh
XXI 2’-Nonyl Lt 1491500 CwHuNO; - T1C] ¢, 11 + 44+ Low (hy
XXII 2’-Undecy! 1t 131-132" CagHgNOy - IICL ¢, 1 + + Ihigh l)
XXTIT 11 n=-Cgll;  173.5-174 CraHe;:NOy - ITCL ¢, H, N + Medinm
XXIV 2’-Propyl n-CzH;  171-172 Cy,sHuNO; - HCIL 1l +++ lew
XXV 2’-Bntyl n-CsH; 159-160 CiaHaNO; - HCL ¢, 1 + (hi
XXVI 1T n=CyH, 124126 C; N Oy HCI [GA)
XXVII 2’-Propyl n=-C,Hy  136-138 CaaHssNOy- HCI C, H + Iligh th1

» The higher melting points are generally attended by decomposition.  * These melting points were observed on analytically pure bul
nat necessarily sterically homogeneous material. < +4 -+ indicates restoration of normal sinus rhythm at a dose of 0.1 mg kg or less:
+ + indicates similar effect at 0.2-0.6 mg‘kg: and + indicates similar effect at 1-5 mg/kg. Quinidine is effective in similar experi-
ment~ at 8 mg,/kg. 7 These toxicities have no relation to LD;; values ax usually determined. High indicates other undesirable action
in the dose range of effective antiarrhythimic action.  Medimn indicates undesirable action at about five times the effective doxe.  Low
signifies no untoward effects at ten times the effective doxe: ¢f. vef th. (I} signifies hemolysis. ¢ Hemihyvdinte.

Tanie 11
No. N-Sulstituenc Mp, TC Yortaula Aalyres

N-Cyeloalkyl- and N-Benzyvhnethoxamine 1Tyvdrochlorides

XXVIII Cyelopentyl 209-241 CisHos N Oy HC ¢,
NXIX Cyeclohexyl 241)-241 dec (,7HxNOs-HCI ¢, 11
XXX 2-Me-cyclohexyl 241242 CisHeaNOy- HCI ¢,
XXXI 3-Me-evclohexyl 2038213 CisHaeNO:- HCL 11
XXXII 4-Me-cyclohexyl 22()--222 Csl TagN Oy - 1TCL (QANY!
N XXIII Cycloheptyl 249--251) sl T NOy - HCL 11
NXXITV Cyelooetyl 227-228 CrHaNO; - 1ICL o, 11
XXXV Benzyl 203-205 CslaNOg- 11C] o, 11
NXXVI o-Cl-benzyl 224-226 CisHpCIN O - 11C ¢, 11
XXXVII p-Cl-benzyl 228-224 Cys T CINO; - TIC ¢, 11
NXXXVIII 0-MeO-benzyl 214215 CreHasNO,- HCI ¢, H
NXXIX p-HO-benzyl 239-240 (511 NO4-HCI ¢, 1
XL 2-0H-5-Cl-benzyl 201-203 I CINO, - HC ¢, 11
XLI 3,4,5-(MeQ )s-benzyl 196197 Ca 2N Og- HCL ¢, 11, N
XIII 3,4-(Me0)y-5-Br-benzyl 198-199 CullysBrNO, - HC ¢, H
NIdI 3-I2t0-4-OH-5-Br-benzyl 182-1845 CyoHpeBrNO;- HCl ¢, 11
XLIV a-Et-benzyl 249-250 (eff) CyHa:NO;- HCL C, 11
a=(2,5-Diethoxyphenyl)-g-berzy lnminoprapanol Hydrochlorides
XLV 2,5-(MeO)-benzyl L45-147 Ca Pl N O HCL ¢, 11
XI.VI 2,5-(EtQ)-benzyl 162164 O 115N 0, T ¢, 11

« Mo footnole b, Table I, * Hemihydrate.
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but rather irregularly. For the 2,5-dimethoxy series
maximum activity was found with the 2’-nonyl homo-
log XIII, and this compound was seriously considered
for elinical trial although intravenous (though not oral)
administration produced appreciable hemolysis. The
2,5-diethoxy-N-isopropyl derivative XVIII was then
found to be at least equally active while lacking hemo-
Iytic tendencies. Some other homologs were inves-
tigated. Antiarrhythmic activity persisted in the 2,5-
diethoxy series through the N-2'-pentyl derivative XX
without appearance of hemolysis, in the 2,5-dipropoxy
series through the N-2'-butyl compound XXV, and was
present also in XXVII. Hemolysis, however, was
produced by XXV and XXVII, marking the limits of
useful activity.

The second physiological property of interest was a
blocking of the hyperlipoidemia and hyperglycemia
evoked by catecholamines (1d-1g, li-lm). This be-
havior was shown by I-III, XI, and XVIII but not by
IV, IX, and XXVIII. The higher homologs showed no
advantage over I in this effect and were, in fact,
generally less potent.

Since therapeutic employment of any compound for
this purpose would involve extended treatment, the
metabolic fate of isopropyvlmethoxamine wag inves-
tigated rather intensively. Initially, search was made
for dehydrogenation and deamination produects.
Several possible neutral substances and also the amino-
ketone XLVII? were prepared for comparison. It
soon became apparent, however, that most of the com-
pound was being converted, at least in the rat, to more
hydrophilic bases. The obvious mechanism for this
(aside from ring hydroxylation) is alkyl group hydrox-
vlation, a process known to be catalyzed by certain
microsomal enzymes. Hydroxylation on a carbon
bound to oxygen or nitrogen results in a hemiacetal or
an alkylolamine either of which would be expected to

ArOCH:R —— ArOCHOHR
RNHCH:R’ — RNHCHOHR’

dissociate readily under physiological conditions.
Identification of these metabolic products accord-
ingly required the 2- and 5-demethyl-N-isopropyl-
methoxamines (XLVIII and 1.V). The first of these
was prepared quite readily by reductive alkylation of
2-demethylmethoxamine.® The preparation of 3-de-
methyl-N-isopropylmethoxamine was more com-
plicated; the scheme of synthesis and identification is
shown in Chart I. The necessary starting material, L,
was prepared by a modification of the method used here
previously for the corresponding acetophenone de-
rivatives. This was converted to the isouitroso
ketone, LI, which was subjected to catalytic hydro-
genation. This last step was rather unsatisfactory
since it was difficult either to complete the hydrogen-
ation (absorption of 4 molar equiv of H,) or to interrupt
the process with isolation in satisfactory vield of a
partially hydrogeuated iutermediate. Eventually, a
two-stage reduction with addition of acetone in the
second step permitted isolation of 1.V identical with the

(2) Prepared essentially by the method of J. F. Hyde, E. Browning, and
R. Adams, J. Am. Chem. Soc., 80, 2287 (1928), rom isopropyvlamine and
2,5-dimetboxy-a-bromopropioplenone [A. L. Ardis, R. Baltzly, and W.
Schioen, 1bid., 68, 501 (1946)].

(3) W. 8. Ide and R. Baltzly, ibid., 70, 1084 (1948).

(#) R. Baltzly, J. 8. Buck, and W. 8. Ide, ibi., 72, 382 (1950).
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material obtained by the alternate route through LIII
and LIV.

When the isonitroso ketone LI was reduced with
LiAlH,, a high yield was obtained of a mixture of bases,
presumably the threo and erythro forms. These were
separated by distillation after which the fractions
solidified and could be recrystallized. The erythro
configuration was established for the 8 isomer (LIII) by
conversion to methoxamive by acetylation, de-
benzylation, methylation, and hydrolysis. Reductive
alkylation of LIII over platinum in the presence of
acetone and 2-nonanone, respectively, afforded the
N-isopropyl and N-2"-nonyl compounds LIV and LVI.
These in turn were debenzylated over palladized
charcoal to form the desired 5-demethyl-N-isopropyl-
methoxamine (LV) and also the N-2'-nonyl homolog
LVII.

Compound LV was positively identified among the
metabolic produects of N-isopropylmethoxamine, and
XLVIII with considerable probability. Methoxamine
itself was also present and some of its O-demethylated
derivatives® The formation of methoxamine from
N-isopropylmethoxamine in rats was paralleled in
preliminary clinical trials by a delayed rise in blood
pressure.

The above phenomenon is not acceptable in a drug
for chronic administration, and therefore an attempt
was made to devise a drug that would not be sus-
ceptible to N-dealkylation. Obviously a tertiary alkyl
group could not be hydroxylated to an alkylolamine by
a process involving only replacement of hydrogen by
hydroxyl. (Hydroxylation elsewhere in the alkyl
group might, of course, take place but would not result
in a compound readily cleaved by simple chemical
operations.) Accordingly it was decided to prepare
the N-t-alkyl derivatives of methoxamine. Since the
route employed hitherto in this project was not avail-
able for this purpose, t-alkylamino ketones were pre-
pared by reaction of the t-alkvlamines with the ap-
propriate a-bromo ketones in acetonitrile. The amino
ketone hydrochlorides were isolated without difficulty.
Their catalytic hydrogenation appeared to give ex-
clusively erythro amino alcohols, as is usual in such
reactions. While such catalytic reductious are feasible
on a small scale, they are extremely slow. It was found
that reduction with NaBH, was more expeditious and
satisfactory although not completely stereospecific.

The t-alkylamino alcohols were all active in sup-
pressivg hyperglycemia and hyperlipoidemia. Since
the higher homologs showed no advantages most of the
study was on N-i-butylmethoxamine (LXI, butox-
amine). In rats there was no indieation of N-de-
alkylation although some O-dealkylation did take
place. The 2-demethyl analog LIX was prepared for
comparison but was not clearly identified as a metab-
olite. Hydroxylation on the t-butyl group would, of
course, form a more hydrophilic substauce. Tle
revealed o rather complicated system of such materials
whose components were 1ot readily separated.®

Compound LIX was prepared from ea-bromo-2-
benzyloxy-5-methoxypropiophenone by reaction with
t-butylamine in acetonitrile, and borohydride reduction
to LVIII1 which was debenzylated over Pd-C. Data

(3) A. Klutch and M. Bordun, J. Med. Chem., 10, 860 (1967).
(6) A. Kluteh, private communication; see aiso ref 5.
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OH O—CH,Ph OMe
COEt 1. PhCH,C}, NaOEt COEt COEt
————-
2. Mel, NaOEt +
OH OCH,Ph OCH D
XLIX t,
MeONO
a Isomer 8 isomer HC
(threo) lerythro)
OMe (I)H ]I-I OMe § H OMe
|
(li—C—CH‘; C—C—CH.  jam, COGCH,
H NH. OH NH, NOH
(CH,Ph OCH,Ph OCH,Ph ot a Hoa
. i c
LI LI Moo LI 2 Me.COPt + H,
L Ac,O Pt + H. \
. Ac)
CHCOCH,  |2Pd~C + H, Me §y H
Pt + H, 3. Mel + NaOH
OMe H H ’ 4. alkaline Me Il{ H Pd~( —CH,
A hydrolysis —CH, }»' OH NHCHMe,
OK NHCHCH OMe WK OH NHCHMe, OF
LV1 OH NH,
Pd-C OMe
H, methoxamine
OMe H H
(—(C—CH,

OH NHCHCH,

OH CH,.

LVII

on compounds syuthesized as metabolites and inter-
mediates isolated aloug the way are show in Table I11.
Data on the N-f-alkvimethoxamines and their hom-
ologs are presented in Table 1V,

The t-alkylamino ketoues were also found to have
antihyperglycemic and hyperlipoidemic properties
though in less degree than the amino aleohols.

Stereochemical Aspects.--)ethoxamine lis heen
cousidered to be the erythiro pair of cnantioners (cor-
respouding to ephedrine) ou the basis of the method of
preparation.”  Over a period of vears a number of
attempts at resolution had proved fruitless. The
properties of N-isopropylmethoxamine which has the
same configuration suggested a means of settling this
question. An approximate separation of the isomers of
I through the acid tartrates proved quite easy although
complete optical purity was less easily secured. The
optical properties of these and of the other stere-
oisomers isolated iu this project are shown in Table V.

(7) . Balta)y and J. 8. Buck, J. 4m, Chem. Soc., 62, 164 (1940); 64,
3040 (1942). The catalytic hydrogenation under acid conditions of an iso-
sierosoprapioplenone proceels demotsaably daougle (e sage of tbe cor-
cosponding a-amino ketone. Tle last stage of tlie hkydrogenation, to tle
aming aleolwl, is believed to lce eompletely stereuspecific althiwagle experi-
wentally it is dilBenlt co exclude tle possibility that traces of threo lswmnec
could be foriaed.

Corresponding data for ephedrine and y-epliedrine™?

ClI.

(-~ N1 Me
1= C-O11
Pl

It will be scen that the
molecular rotations af the ecythro isomers are reasonably
close to those of the ephedrine isomers. A niare
complete demonstration of the erythro configuration
would be obtained through the Welsh rearrangement,’
by which N-acylephedrines are converted in wurin
dilute acid to O-acyl-y-ephedrines.  In our series some
difficulties were encountered, presumably due to
inereased hindrance, and couversion was most sat-

are showu far comparisan,

(8) E. Spitlcand R. Goring, Monutek,, 41, 335 (1920). Literature daca on
tliese rotations, in particular on epledrine, vary considerably more than the
experimental error, variations in temperature of observation, and concentra-
tions ased would seem to account for. We have taken the Spith figures mure
or less arbierarily.

@) The configuradon ol (~)-epledrite las, o«f cotwse, been exlablisleed as
<biowil, b sittee s cotlimarii oot ean be eqaally well related o Leserine arol
0 v-phienylalanine cliere is ne racoual hasis Toe applvidng b oy 5. 18 sysield-
atie fasldon.

Q10) taY Lo 1. Welsl, . Ao Chewie Sae., T1,
Welslh, J. Urg. Chem., 832, 110 {1967}

2500 (1u ity g b 11
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TasLe 111
Dara ox Compouxps oF CHARY I AND OrHER SUBSTANCES PREPARED FOR METABOLIC STUDIES
Solvent
for Analy-
No. Structure Mp, °C ¢rystn® Xormula ses
XLVII 2,5-(Me0);CsH;COCHMeNHCHMe, - HCI 164165 A-Ac  CuHuNO;-HCI CH
XLVIII 2-0H-5-MeOCH;:CHOHCHMeNIHCHMe, - HCI-0.511,0 213-214 de¢  A-lL: Ci3sHa NO; - 11ICIL C, H
XLIX 2,5-(PhCH,0).CsH;COEt 82-83 k-1 CosHs 05 C,H
L 2-)Ieo-5-PhCHQOCsHscOEt 41-42 ].':—P Cn}{lsOs C, G|
LI 2-Me0-5-PhCH,0CsH;COCMe=NOH 124-125 1o CyH;7NOy c I
LI 2-MeO-5-PhCH,0C:H;CHOHCHMeN H, thrco-base 150-153 L-P CilIuNOy C, H
threo HCI 218-219 A-Ac  CyHuNO,-1ICI C,
LIII 2-MeO-5-PhCH,OCsH;CHOH : CHMeNH, erythro-base 108-109 L-P CiiH, NOs C,H
erythro HCl 195-196¢ A—AC CHH‘Z[NO;; . IICI C, H
LIV 2-MeO-5-PhCH.OCsH;CHOHCHMeNHCHMe,- HCI-0.56H,O  223-224 H.0 CyHxyNO; - 1ICH-0.5H,0 C, H
LV 2-MeO0-5-HOC:H;,CHOHCHMeNHCHMe,- HCI 236-238 M-E CisHyNO; - IICI C,H
LVI 2-Me0-5-PhCH,0C:H;CHOHCHMeNHCHMeCH,;- HCI 127~129 A-IE Coel 13N O; - HCIL C,H
LVII 2-Me0-5-HOCsH;CHOHCHMeNHCHMeC;H,;- HCI 164-165 M-Ae  CipllsNOy- HCI C, H
LVIII 2-PhCH,0-5-MeOCsH; CHOHCHMeNHCMe; 092-94v L-11 Car Han N Ox ¢, H
LIX 2-OH-5-MeOC:H;CHOHCHMeNHCMe;- HCI 262-263 A-Ac  CHuNO;-HCI C,

« A = Absolute ethanol, Ac = acetone, E = ether, H = hexane, M = methanol, P = pentane.

® The hydrochloride melts at 244-

245° dec. ° A hydrate melts at 153°.
TasLe IV
N-t-ALkYLaMiNO KETONES AND ALCOHOLS
OR’
(ﬁ—CH—CHx HOI
X NH
OR? CMe,R
No. R R’ X Mp, °C I'orinola Analyses
LX Me Me (6] 184-186 CoHpaNOz - 11CI C, H
LXI Me Me HOH 259~-260 Ci5H2NO;3- HCI C, I
LXII Me Et 0 194-196 CnH»NO;-HCI C, H
LXTII Me Et HOH 205206 eff CitH2sINO; - HCI-0.5H.0 C, H
LXIV Me Pr (6] 203-204 CisHaNO;-HCI C,H
LXV Me Pr HOH 246-247 CioHyuNO;-HCI C,H
LXVI Me Bu (6] 175176 CuH;,NO;- HCI C, H
LXVII Me Bn HOH 220~230 eff CuHuNO;- HCL-0.5H,0 C, H
LXVIII Lt Me (6] 157~-159 eff CsH:NO;3- HCL-0.5H,0 C,H
LXIX Et Me ITOH 229-230 CisHyNO;3- HCI C, H
LXX n-C,H, Me HOH 215.5-216.5 CisHuNO;3-HCI C,H N
LXXI CH,CMe; Me (6] 175~176 CioHuNO;-HCI C, H
LXXII CH,CMe; Me HOH 235-236 CysHyiNO; - HCI C, H
isfactorv with the N-acetyl derivatives. However,  since in his system the process was sterecspecific. In

although as a preparative operation, pL-I gave about a
609 vield of threo isomer, and the (4 )-threo 1somer of I
was obtained under Welsh conditions from (—)-I, the
Welsh inversion mechauism is clearly not the only
process involved. TUuder the couditions of the re-
arrangement, racemic acetylated N-isopropyl-y-meth-
oxamine also gave around 309 of I (whereas N-acyl-
y-ephedrines are not altered sterically). When re-
fluxed 1-1.5 hr in 1 N HC, both pr-I hydrochloride
and the pr-threo hydrochloride corresponding were
isomerized to the extent of 5-109;. This phenomenon
could be due to solvolytic exchange in the following
sense.

+

OH, II{
R on
Ar—C—R—Ar2c 2% Ar—C—R
H  HO OH,
+

Such a process was rejected by Welshl®® as signif-
icant with the N-acylephedrine isomerization, in part,

the methoxamine series, the o-methoxyl group would be
expected to favor a process in which positive charge is
developed on the benzylic carbon atom. The degree of
isomerization found with the amine hydrochlorides is
not alone capable of accounting for our observations,
but the same process should be more facile in the N-
acylated form which would not need to form a bivalent
cation.

Although these operations do not preseut the elegant
picture of a stereospecific conversion of the (—)-
erythro to the (4 )~threo isomer, they do show conversion
of (—) isomer having a molecular rotation comparable
to that of (—)-ephedrine into (+) isomer whose Mb is
also comparable to that of (+)-y~-ephedrine.

Resolution of methoxamine itself was eventually
accomplished using dibenzoyltartaric acid. This gave
only a partial separation after which complete res-
olution was possible with p- and L-tartaric acids.

Inspection of the data of Table V shows a reasonable
consistency in the molecular rotations of the optical
isomers with each other aud with cphedrine and -
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TanLeg V

Daray oN Ormican Isomers

Cowmpd HCH Mp, ¢
(—)-Ephedrie

(+ )~y -ISphedrine
(+)-Methaxamine
(—)-Methoxamine

(4 )=-N-l=sopropylmethoxamine

| — =N-Irsapropylmethoxamine
(+ )-N-Isopropyl-y-niethoxamine
(4+)-XVIIT

(—)-XVIII
(+)-N-t-Bntylmethoxamine

(— =N-t-Butylmethoxamine

{4+ -N-i-Butyl-g-methoxamine 2 26°

{ — )=-N-t-Buiyvlg-methoxamine 207 22K
v=sec-Bniyvl-(4+ )-methoxamine 213216 dee
1-3re-Bityl-{ + )-methoxamine 2185221 dec
p-2ce-Butyl-i — )-niethoxamine 219221 dec
L-sec-Bntyl-( — )-methoxainine 2145215 dec

I8 5-181.H
181182
242-244 dec
242--244 dec
167-168
206-208
206208
261262

» Salutions made up for rotations were not thermostated but were i the range 25-27°.
» Where possible, cancentrations were 4.
methaxamine and of XVIII were not sufficiently soluble to give solutions more concentrated than 20,

(within 15 min) after solnfions had been made up to valume.

Conen «f

{aln,t des s, " Mo, Jdeg Al deg
- B3HUN + -2 L0
+62.8 1 + 127 h
285 = 0.4 t +70.6
=285 = 0.3 1 0.6
+22.8 4+ 0.3 2 =+ 6t
—.il\ £+ 0 i 2 ~ 66 914
+51.2 £ 0.5 2 + 148
+25.6 £+ 0.5 2 +&15
—2H.4 & 0.5 2 —X1.3
+ 1.8 4 03 4 +60.2
—10.8 = 03 4 —60.2 o1y
+47.5 = (0 -+ + 153 -
-47.2 = 0.3 4 — 133
+10.5 4+ 0.8 1.5
+ b o 003 1.7
148 = 13 3
106 = 0.3 4

It all cases, observatians were made promptly
The isomers of N-isopropyl-
T'he available qnantities of

(4 )-N-isopropyl-y-inethoxamine and several of the isamers of sec-butylmethaxamine required aperating in mare dilute solutions.  All

solution~ contained a little excess HCI (0.03 1nl of concentrated or 0.5 ml of 1 A" HClin 25 ml).

¢ Thexe data are »n11 the anhydrous salts,

Rotations were taken on the monohydrates, (+) mp 219-223° ( —) mp 221-223° (eff}, and Mb is enleulated on the basix af the molecular

weight of the hydrate used.

ephedrine.  There is a distinet tendency. as the sub-
stituents on the nitrogen atom become larger, for the
molecular rotatious of the erythro forms to become
smaller and those of the threo 1somers to become larger.
The funetion, ANIp = Mbp(+thieo) — NMbp(—erythro),
is remurkably constant as between the ephedrine—y-
ephedrine figures and those of the two methoxamine
derivatives (I and LXI) for which complete data are
available. The evidence is overwhelming that the
configurations in the series are identical with those of
the ephedrine isomers of like =ign. The resolution of
XVIII, which has outstanding autiarrhythmie prop-
erties, proved ta be unexpectedly easy. The p-acid
tartrate of the (—) isomer erystallized from solution in
over 90% vield and substantially pure.  As compared
to pL-XVIII the (—) isomer was unot demonstrably
more potent in abolishing arrhythimias but its action
was prolonged at least three times.''! There are some
indications that the (&) isomer has au effect antag-
olistic as regards its autipode.

When the compounds of Table I were screened for
their effect on cardiac arrhythmias, activity showed up
in a considerable number of them but no structurc-

211) The natwre of tlie pliysiological cest enployed limits the quantitative
aspect.  Arrlyclanias provoked by digoxin in the dog last aboae 15 mmin and
ace no« repeacable on «lie same animal. Racemic NXVI11I abolislied arrlivcle-
pdas for about 5 min, (—=)-XVIII, at the same doge, was effective for 15
min (tle daracion of 1le test). Tle ¢iine factor of 3 is tlerefore a minimum.
in connection with vhis, 3¢ seems worthwhile to record an observation thac
inay liave some general ssgnificance. Tlie hydrochilorides of (+4)- and (~)-
XVII] are very sparingly soluble and for injection purposes more soluble
#ales, preferably crystalline, would be desirable. A number of salts were
prepared. Tle lactate and citrate are relatively soluble but do not crystallize
readily. Tle lidrubromide (mp 214°) is not more soluble than the hydro-
chloride on a molar Liasis. T'he neutral suifate (mp 243~247°) is soluble to
¢ in wacer and tle acid phosphate (B - 113P0y, mp 222°) is sotuble to
alcwowe 5U¢. The pbosphate, suifate, and b-tartrate were found to be
significantly  less active physiologically rhan the hydrochloride
and lvdrobromide on a molar basis. In 5% agueous solution the phosphate
gave {alo —22.4 = 0.2° corresponding 0 Mp —85.0 4+ 04°. The hydro-
cldorsde has Mo -81.3 £ 1.6° whicl is significantly less. One ix
led tu clie hypotlesis that association leetween this amino alcolol catiun and
1olyfuneticnal anions Jas some degree of permanence,

alye 1Y

activity relationships were deducible.  Notably, several
compounds were lesx active than would be expected and
this peculiarity was frequeuntly associated with the
presence of asvmmetry in the N-alkyl group. There
was a defiuite possibility that the synthetic method
runuing through the presumptive intermediate A gave
exclusively or predominantly the less active of the two
theoretically possible pairs of eunantiomers derivable
from br-methoxamine, This could be either because
one of these two pairs of coufigurations formed more

i
Ar—C—(C—CH,
H NH
OH Y on
C—{CH,
R/

A

rapidly or was more stable or, siuce formation of A
from amine and ketone is reversible, because oue pair
of isomers was more readily hydrogenated than
the other. 1t has been possible to show that such u
preference exists as regards IT and it secrus reasonable
to extend this finding to the rest of the seriex.

A further possibility was that isolation and pun-
fication had preferentially concentrated one of the pairs
of isomers. This would be more probable when the
concentrations were comparable if the physical prop-
erties differed appreciably. Examination of a con-
siderable quantity of IT us the hydrochloride failed to
establish homogencity or the lack of it. (Melting
points were fairly high and probably attended by
decomposition.) The ouly unambiguous approach
appeared to be to syuthesize the isomers individually.

Preliminary experiments with racemic materials
established satisfactory conditions for separating uu-
reacted methoxamine from its N-see-butyl derivatives
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and for utilizing alkylating ageut efficiently.!? For the
purpose of specific syntheses all operations were per-
formed with the sec-butyl mesylates thereby avoiding
the partial racemization that appears unavoidable in
conversion of alcohol to bromide. Mesylate from
pure D-sec-butyl alcohol'® was first treated with (+)-
and (—)-methoxamine bases giving the i-(+) and
L-(—) isomers. After the determination of the phys-
ical properties, crystal form, etc., of these two dia-
stereomers, similar reactions were run with r-enriched
mesylate (ca. 809;) and the p-(+) and p-(—) isomers
were obtained.

A priori it was anticipated that activity would be a
function of the (—)-methoxamine portion; however,
the p-(+), p-(—), and L-(4) isomers were all of about
the same low activity. The L-(—) isomer was active
aud long acting, comparable to the (—) isomer of
XVIII.

Meanwhile, a careful fractional crystallization of II
as the base resulted in approximate separation into a
major component crystallizing in plates and melting at
85~86° and a minor component crystallizing in needles
and melting at 96-98°, in a ratio of about 3:1. Res-
olution of both was attempted with o-tartaric acid and
the less soluble D acid tartrates were separated in both
cases in sufficient quantity for identification of the
corresponding hydrochlorides. The major component
afforded the L-(+) isomer and the minor, the p-(+)
isomer.

It was thus apparent that the reductive alkylation
method had indeed produced preferentially the less
active of the possible pairs of enantiomers. IKnowing
the rotations of the individual isomers it was possible to
gain a somewhat more precise figure for this preference.
Two parallel experimeunts were run. In the first, (4)-
methoxamine was allowed to react incompletely with a
large excess of DL-sec-butyl bromide. In the second,
(—)-methoxamine was hvdrogenated in the presence of
butanone. The total N-sec-butylmethoxamine frac-
tions iu each experimeut were isolated and rotatious
were determined. The rotation of the material from
the alkvlation experiment indicated that 70-759, of
the L-(4) isomer had been formed. In the reduction
experiment the product was 80-909, the p-(—) isomer.
In each case about 409, of the reacted material was
isolated in pure form as the hydrochloride of the pre-
dominant isomer.

On the assumption that the reductive alkylation
proceeds through an intermediate alkylolamine (as A),
(—)-methoxamine would give rise to the two forms B
and C. Examination of Fischer~Hirshfelder models of
these reveals considerably greater crowding in B than
in C. Replacement of OH by H with reteution of
coufiguration would lead to the v-(—) isomer from C

(12) Reactions were run witli racemic methoxamine and bpr-sec-butyt
bromide and methanesuifonate in MeCN. Contrary to expectations,
the mesylate was not much more than twice as reactive as the bromide.
Very approximate calculations give knr (bimolecular) at reflux as 0.05 for the
bromide and 0.12 for the mesylate. These figures are approximate not only
because no attempt at precision was made but also because it is uncertain
what form of the bimolecular equation should be employed when the basicity
of the primary and secondary amine may not differ greatly.

(I3) p and L are here applied as systematic notations to the isomers of
sec-butyl aleohol. As applied to the stereo isomers of II, p-( ~), p-(+), etc.,
are used, the p referring to the configuration of the Lautyt and (+) or (~) to
the configuration of the methoxamine moiety.
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and to the L-(—) isomer from B. To our knowledge
there is no evidence as to the mechanistic peculiarities

CH, CH, CH, C.H,
H—C—NH—C—OH  H—C—NH—C—OH
H—CI—OH C.H, H—CI—OH CH,

Ar Ar
B C

of such catalytic hydrogenations but there would seem
to be only two obvious paths for a selective process:
frontside attack with retention of configuration and
backside attack with inversion. In molecules as
crowded as these the latter process (as in an SN2 sub-
stitution) would seem most improbable.'

For the displacement reactious, the transition states
of bimolecular displacements would be D and E
(written for (—)-methoxamine with p- and vL-sec-butyl-
X, respectively). D has an obvious correlation with B,
and E with C. E would be less crowded than D though
the disparity probably would be less in these tran-
sition states than in the intermediates (B aud C) whose
bonds are fully covalent. This also agrees with the
fact that the displacement was less selective than the
reductive alkylation.

H, (|]H3 CIHa C.H,
H—C—NH, " po X H—C—NH," A X
H—(lj—OH H CH, H—C—oH H CH;

A A

D E

Some further correlations of the stereochemical
peculiarities with the antiarrhythmic activities seem
reasonable. The absolute configuration of v-sec-butyl-
(—)-methoxamine is shown in F (Z = OMe, R = Et).
The first requirement for high activity is, of course,
the correct (—) configuration for the methoxamine
moiety. However, the essential physiological equiv-~
alence of this isomer with the (—) isomer of XVIII
(F, Z = OEt; R = Me) indicates that the magnitude of
R cannot be sharply critical. Rather it is the methyl
group (relatively unhindered in models) which cannot
be replaced by something bulkier. This suggests that
whatever the drug acts upon (receptor, enzyme sur-
face?) has a slot which must be occupied for firm
attachment but which caunot accommodate a group
larger than methyl.

It is also tempting to suggest, though positive
evidence is lacking, that the isolated specimen of the
highly active XIII fortuitously contained a relatively
high proportion of the v-(4)~L-(—) pair of isomers.

CH, CH,
H—C—NH—C—H
H—C—OH R

7

Z

F

(14) Lspecially since the evidence on the livdrogenations eading to I and
XXIX suggests that once alkylolamine is formed its hiydrogenation is rapid.
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Experimental Section's

Reductive Alkylations.-—The usual procedure for methoxamine
derivatives was to dissolve methoxanine base in MeOH together
with 1 moderate excess of the appropriate ketane, let the soln-
tion stand overnight, and then reduce it catalytically. Alter-
natively, methoxamine hydrochloride and an equivaleni of
alkali could be employed in place of rhe isolated base. Inuitially,
platinized charcoal’® was employed as eatalyst.  Later 1t was
found that Pd-C and Adans’ catalyst were equally satifactory.”?
The overnighi equilibration of primary amine and ketone i~
clearly advantageous with acetone and probably so with MeCOI<t.
Longer periods are undesirable probably becanse of slaw self-
condensation of the ketones with formation of traces of polymeric
materinl.  This was particularly important with the highly active
cyelohexanone and for that case preliminary equilibration was
both uimecessary and undesirable; freshly mixed solutions were
reduced rapidly and equilibrated sohitions appeared 1o polsen
the catalyst.

Operations with the higher analogs of methoxamine 2,7
diethoxy, ete.) were conducted along the same lines,

The hydrochlorides of all the compounds of Tables T and II
canld be recrystallized readily from I1,0, usually in the presence
of a little HCL  Since such a erystallization removed any un-
reacied primary amine hydrochloride and inarganic impuritiex,
H,0 was the preferred crystallization solvent.

N-Isopropylmethoxamine (I).—)lethoxamine hydrochloride
(25 g, 0.1 mole) was dissolved in 100 ml ot MeOH. To this
solution was added 5.8 g of KOT in 50 1nl of MeOT{ and then 32
g of Me,CO. The solution was allowed to stand overnight and
then hyvdrogenated with 5 g of 5% Pd--C. After an initial rapid
absorption of abont 30 mnioles ot 11, the reduction slowed.
Five hours were required for absorption of half of the caleulated
1T, and about 30 hr for complete reduction.  The solution was re-
meoved from the catalyst, and most of the MeOII was evaporated
in vacuo.  To the residual material were added 15 ml of concen-
trated HCl and 200 ml of T1,0. The solutian was warmed ta
dissolve all =olid and, on cooling, 20 g of crystals melting at 246.5--
247° separated (cealed vield, 29 gy On evaporation of the
filtrate to 150 ml, a further 2.2 g melting at 243-244° wax ob-
tained. The =olubility of the piure hydrochloride in disiilled T1,0
iv about 19{ at room temperature. The base cau be crystallized
from hexane and melts at 109~110°.

N-Cyclohexylmethoxamine (XXIX).--In 40 ml of MeOll werc
dissolved 7.3 g (0.025 mole) of methoxamine base (mp 84.5-
835.5°%) and 9.8 g (0.1 mole) of freshly distilled cyclohexanone.
The solution was hydrogenated with 1 g of 100, Pt-C% in an
Adams-Parr hydrogenator. The calenlated amomnt of Il was
ab=arbed in 25 min after which time there was no turther redne-
tion.  The solution wax removed f{roan the catalysr, acidified
with HCl, and evaporated in wzacvo. The residual =olid was
triturated with Et.O and then cry=tallized from IO affording © g
(834 ) of pure XXIXN.

N-Benzylmethoxamine (XXV).-—A solntion in 100 ml of
MeOH of 7.5 g (35 mmoles) of methoxanine base and 4 g of
distilled PhCHO was hydrogenated aver 100 mgof PrO.. The
calenlated amonnt of . was absorbed in about 2 hr. The solu-
tion wax filtered from the catalyst, 40 mil of 1 .V HCl wax added,
and ~olvent was evaporated Iin vacio. Crystallization of the
residual =olid fram H,0 afforded 8.5 g of pure hydrochlariee.

2-Methoxy-5-benzyloxypropiophenone (L) and 2,5-Bisben-
zyloxypropiophenone  (XLIX).~-2,5-Dilivdroxypropiophenone’®
(23 g, 0.2 mole) was added o 300 ml of EtOM under N..  After
an inert atmosphere had been obtained, a =olutian containing
0.218 male of NaOEt in EtOIl wax added, giving an intensely
vellow snspensicn of solid. T this was added dropwise with
vigorous =tirring 30 g (0.24 nmole) of benzy! chloride over a period
of 30 min.  ‘The =ohition was refluxed during this addition and for
2 hr further.  ‘The color faded gradually, solid disappeared, and
the vizcoxity of the reaction mixture markedly decreased. At the

1151 Where in the folluwing text and in Tables I-1V analyses are indicaied
only hy symboss of elements, analytical results «btained for tlose elemens
were witldn =0.4% of the theoretical values.

(16} R. Baltzly, J. Am. Chem. Soc., T4, 4586 11452).

{17y Adams’ catalyst is more convenient to kandie. Tle supporied caa-
fyses do not reduce acetone and similar ke(ones and conzeqaent!y permit -
drogenation to a clear stojc

(18} A. Goldweig and A. Kaiser, J. Pract. Chewe., 12] 48, 86 (18103,
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end of the reflux period the pIll was & Solid NaOfl (2 g) was
added and the sohition was refluxed 0.5 hr longer; the pIl was
then 83.  More NaOH (8 g) was added, the solution was ¢oled
to about 40°, and 43 ml of Mel was added. The reaction niix-
ture was stirred for 2 hr at room fempernuire and a further hour
L 10% Two grams more of NaOIT was added and the solution
was stirred overnight.

The bulk of the alechol was removed and the material was
partitioned between Et,Q and dilite alkali.  The ethereal layer
was dried (K.CUy) and evaporated; crade weight 50.5 g The
aily prodner was distilled through a Ih-cm Vigreux columm at
abont 0.1 nun pressure giving three fraciions: (a) 8.6 g bailing
atl 80-81° giving a poxitive FeClg text, probably in greater par
2-hydroxy-i-benzyloxypropiophenoue; (b1 24.5 g, bp 148-151°:
and 1¢) 12,4 g, bp 210-220°,  Fraciion ¢ was FeCly negative, b
was weakly positive.  The trace «f 2-hydroxy campannd i b
wax removed by passing through an ahimina colinmn in ethereal
solution.  Both fractons b and ¢ solidified and were reerysial-
hized to give Liand LXIX, respectively.

«-(2-Methoxy-5-benzyloxypheny!)-3-aminopropano! (Lll,
LIIT). 2-Methoxy-5-henzyloxy-e-isonitrosopropiophenone (L1)
(15 gy, prepared trcau L by the method of Martung and Cross-
lex,® was dizzolved in 150 ml of anhydrous Et,0 and added to a
rapidly stirred solntion of © g of LiAl, in 500 nil of anhydrous
0. After 2 Iir of =tirring at room temperature, the excess
reagent was decomposed by adding 20 ml of IO and 3 ml of 5,
NaOIf sclution.  The ethereal layver was filtered from the pre-
cipifate, dried, and evaporated yielding 14 g (89¢¢) of basic ma-
terial.  The inixed basex were distilled under high vacnm (Me-
Leod reading 0.1-0.2 ui through a S-cm Vigreux colummn.  Twee
fractions were obtained: ta) bp 148-149° (8.2 g), and b) bp
160-162° (6 gy These fractions were reervetallized separately
giving the bases L1 aud LIT, rexpectively.

Correlation of LIII with Methoxamine.—I'onr grans of the
base LITL, myp 108-109°, wax dissolved in 20 ml of MeCN. To
this wax added T ml of Et;N and 3.5 ml of AcaQ). The reacrion
nixthre wax stirred mt reom temperature for | hr and warmed
over the stenm bath for | hr further. Volatile material was then
removed ot (he steam bath i zaevo aud the residue was par-
titioned between 11,0 and 11,0, The ethereal layer was washed
further with Na,CO; sclution and dried (K,CO,).  Attempts 10
oblain crysials from cther-hexane mixtures were unsuccessful,
=0 solvent was remaved, and the tetal material wax dissolved in
MeOH and hydrogenated over Pd-C.  The . absorption was
14.5 mmoles (caled 14 mmoles).  After removal from the catalyvst
and evaporation of sulveuni the residue weighed 3.3 g (caled for
d-hydroxymonoacetyl derivative, 3,55 gi  Thix material was
dissolved i 100 ml of MeOll and 3 ml of Mel wax added and
porticns (in adl, 16 nimalestof NaOll scdiution. The salution was
refluxed 3 I {1t newrality ), solvent was evaporated, and the
vesidne was partitioned between Ei.0 and NaOH solution.  The
neutral fractions {ethercal lavers) were evaporated (1.5 g) :ad
redissolved in MeOll coniaining 10 ml of 1.\ NaOH =ohition.
The resction mixture was refluxed cvernight, taken down i
revrro, and partitioned between 12,0 and 11,0, ‘The ethereal
Layver was dried briefly (18,COy) and added 1o an excess of EtOTT-
HCL sohution.  The solidd that separated was washed with MeaCO
and reerystallized from FiOH-I2t. 0. The melting point was
217 ° undepressed by admixture with methexamine hydrochloride.
A portion of the hyvdrochloride was converted 10 the base whose
melting point wis undepressed oy admixture witll methoxamine
base,

a~( 2-Methoxy-5-benzyloxypheny! )-3-isopropylaminopropanol
(LIV)—-A solution was prepared of 243 g (85 mmnoles)
of the base T.ITI i 40 ml of MeOH and 15 ml of Me.(CCO. The
solution was allowed te stand overnight and then hydrogenaied
cver Adams” cataly=t.  Hydrogen ab=orption was rapid at 1w
start bt =lowe:l thercafter.  The reduction was terrp (e |
after 16 hr when the apparent absorption of Tl was 31 mmoles.
The solntion was filtered, acidified with HCl, and evaporated in
racuo.  After eryvstallizarion from .0, 2 g of LIV was isolated
as the hemihydrate, The material in the mother liquors, after
erystallization from MeOQII-Me,CO-Et,0 mixtures, vielded a
small amount of slightly impure LV, mp 233-234°.
a~(2-Methoxy-5-hydroxyphenyl)-g3-isopropylaminopropanol

The 2-g sample of LIV-HCl was dissolved in MeOll
Absorption of Tl was rapid

(LV).
and hyvdrogenated over Pd-(C

19 WLl Nartang and UL Crossley, “Organde systdeeses,” Colls Vol 11
Josae Wiley and Rons, Ine., New Yark, N. Y. 1043, 1< 363,
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and, after removal of the catalyst, crystallization from MeOH-
Et,0 afforded 1.5 g of pure LV.

Preparations of N-i-Alkyl Derivatives.—Previous operations
in these laboratories in the preparation of N-methylamino
alcohols have usually involved preparation of benzylmethylamino
ketones and subsequent debenzylation in order to avoid handling
the characteristically unstable secondary amino ketones as
bases. For the present application, however, it seemed likely
that use of a benzyl t-alkylamino intermediate would involve
serious hindrance problems and 2,5-dimethoxy-a-bromopropio-
phenone was allowed to react directly with ¢-butylamine, Even
in this instauce hindrance effects were apparent and deserve some
attention.

In our previous experience (e.g., ref 2-4) reactions of such
bromo ketones with benzylmethylamine had been very rapid.
Ethereal solutions about 0.1 M in bromo ketone and 0.2 M in
amine began depositing crystals of benzylmethylamine bydro-
bromide alniost at once and precipitation was effectively quantita-
tive within 30 min, although reaction mixtures were often allowed
to stand longer than that. With {-butylamine under similar
conditions the reaction rate was negligible. Satisfactory condi-
tions were found to exist in MeCN, a very “fast” solvent for this
type of reaction, in rather concentrated solution (about 1 M in
bromo ketone). Once obtained, 2,5-dimethoxy-a-t-butylamino-
propiophenone (LX) showed unusual stability for this tvpe of
compound. The base even survives distillation around 0.01
mm without much decomposition.

2,5-Dimethoxy-a-i-butylaminopropiophenone (LX).—2,5-Di-
methoxy-a-bromopropiophenone (9 g, 0.033 mole) was dis-
solved in 25 g of MeCN. ¢Butylamine (10 g) was added and
the solintion was allowed to stand for 21 hr. At that time some
solid (¢butylamine hydrobromide) had separated. Absolute
Et,0 (200 ml) was added and after a few minutes the solntion was
filtered from the separated salt which was washed with more
Et;0. The filtrate was washed with H.O (pH ca. 7.5), dried
(K:CQ;), and evaporated n vacuo. The residue weighed 8.5 g.
It was redissolved in Et,0 and added to 15 g of 109; HCI in
MeOH. More Et,0 was added to incipient turbidity and crys-
tallization was induced. The first crop weighed 5 g and melted
at 181.5~183.5°, Two grams more was obtained from the mother
liquors. For analysis, the solid was dissolved in 20 ml of hot
absolute EtOH and an equal volume of Et;0 was added. The
crystalline precipitate now melted at 184~186°,

a~(2,5-Dimethoxypheny!)-g-t-butylaminopropanol (LXI). (a)
By Catalytic Hydrogenation.—LX-HCI1 (4 g) in 40 ml of MeOH
was hydrogenated over Adams’ catalyst. Absorption of H, was
complete in 4 hr. The solntion was filtered, evaporated to about
10 ml, and diluted with Et,O. The solid so obtained melted at
249-251° dec. It was further purified by recrystallization from
H,O containing a trace of excess HCI.

(b) By Borohydride Reduction.—To 3 g of LX-HCl in 15 ml
of 509 EtOH, solid NaBH, was added in small portions with
stirring until excess reducing agent was still demonstrable after
30 min. The solution was then acidified with HCI and boiled
down to half-volume in the hood. On cooling and basification,
the base precipitated as a solid that melted at 111-112° after
recrystallization from Et,O-hexane. It was then dissolved in
hot dilnte HCl from which the hydrochloride separated on
cooling.

The other compounds of Table IV were prepared by the same
general method as LX and LXI. Borohydride reduction con-
sistently gave some isomeric amino alcohols but in small-scale
preparations these were not isolated. In large-scale reductions
the amount of threo isomer was of the order of 109;,. The ketone
corresponding to the amino alcohol LXX was not obtained as a
crystalline hydrochloride. After reduction of a solution of the
basic product, LXX - HClI crystallized readily.

Resolutions.—Componnds I, XVIII, LXI, threo-LXI, and
methoxamine itself were resolved. The stereoisomeric sec-
butylmethoxamines were prepared specifically, but p-sec-butyl-
(+ )-methoxamine and vr-sec-butyl-(+ )-methoxamine were also
isolated by resolution. Except for the resolution of methox-
amine itself all of these were done with p-tartaric acid (either in
the first step or entirely). Usually the (+ )-base p-acid tartrate
was the salt that separated first. Compound XVIII came
down as the ( — )-base p-acid tartrate with high efficiency (909,
of the calculated amount of salt as a trihydrate in the first crop).
With threo-LXT also the p-acid tartrate of the (— )-base separated.

Methoxamine cannot be resolved directly with tartaric acid
owing to the very low solubility of a nentral tartrate, containing
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both isomeric forms ot base. The acid p-dibenzoyltartrate of
(+ )-methoxamine separates readily from Me,CO in a rather
impure form. Recrystallization is feasible by dissolving in warm
509, Me.CO and boiling off Me,CO until solid begins to separate.
However, we have not been able to obtain optically homogeneous
material by this method. Conversion of such dibenzoyltartrates
to the hydrochloride followed by careful crystallization from
ethanolic solution by gradual addition of Et,O always resulted in
appearance of the characteristic elongated prisms of bL-methox-
amine hydrochloride. After the bulk of this had been separated,
the glossy leaflets of (4 )-methoxamine hydrochloride would
appear. Similar operations with (—)-enriched hydrochloride
from the more soluble dibenzoyltartrate fractions gave (—)-
methoxamine hydrochloride. Later developments indicated
that these salts were not better than about 989, of the pre-
dominant isomer. The following process proved eventually to be
most advantageous.

Thirty mmoles of bL-methoxamine hydrochloride was dissolved
in 50 m! of H,O in a 500-m! wide-mouth erlenmeyer flask equipped
with a stirrer. To this was added 16 mmoles of p-dibenzoyl-
tartaric acid in 30 ml of Me,CO and 7 ml of 2.4 N NaOH solution.
The solution was stirred under a gentle air stream, and at inter-
vals over 3 hr a few milliliters of Me;CO was added to wash down
the sides of the flask. Two 20-ml portions of H,O were also
added. The weight was now 95 g. The precipitated solid was
filtered and dried, 5.8 g. The aqueous layer was washed with
Et,0 and basified, and the base was taken into ether and con-
verted to hydrochloride, 4.7 g.  The rotation of this hydrochlo-
ride indicated that it contained 62¢; of the (—) and 389 of the
(+) isomer.

The 5.8 g of p-enriched dibenzoyltartrate was dissolved in 100
ml of 509 Me,CO and to it was added 87 mmoles of hydro-
chloride estimated to be two-thirds (+) isomer and 4 mmoles of
D-dibenzoyltartaric acid. The evaporation and equilibration
were repeated as before. The precipitate weighed 5.6 g, mp
175.5-176.5°. The hydrochloride obtained from the aqueous
ayer was estimated to be 559, (+4) and 45%, the (—) isomer.
With (+ )-enriched dibenzoyltartrate of this quality it was ad-
vantageous to proceed to resolution with p-tartaric acid.

Thirteen mmoles of hydrochloride estimated to contain 11
mmoles of p and 2 mmoles of L isomer was dissolved in H,O. To
this was added 1.8 g (12 mmoles) of D-tartaric acid and the
solution was warmed while 5 ml of 24 & NaOH was added.
The volume was adjusted to 25 ml and the solution was allowed to
cool. After 2 hr the crystalline precipitate was collected and
dried, 2.5 g (7 mmoles) as the p-acid tartrate.

The above solid was redissolved in H,O together with another
batch of 6 mmoles of hydrochloride, 1 g of p-tartaric acid (6.7
mmoles), and 4.3 mmoles of NaOH solution. The volume was
adjusted to 25 ml and the solution was allowed to cool. The
precipitated solid weighed 4.5 g, It was recrystallized from the
minimum of H,O together with 0.7 g of p-tartaric acid, 4 g of
solid melting at 162-164° being obtained.

p-Tartrate (from the above and several similar batches) (15 g)
was dissolved in H;O. The solution was basified and the base was
taken into Et,O and the solution was dried (K,CO;). The
ethereal solution was poured slowly into a flask containing 8 g
of 45% (w/w) HCI in absolute EtOH and 100 ml of Me,CO.
The hydrochloride separated as glossy leaflets which were filtered
off and washed with Me,CO, then with Et,0; 8.7 g, mp 180.5~
181.5°  Of this, 1.0742 g was dissolved in H,O plus a drop of
concentrated HCl and made up to 25 ml; ap +2.45° [a]D
+28.5 & 0.3°. A similar sequence of crystallizations of heavily
L-enriched material with r-tartaric acid et seq. afforded (—)-
methoxamine hydrochloride,

Application of the same techniques to the resolution of y-
methoxamine® was unsuccessful. The dibenzoy! tartrate that
precipitated was D-enriched but in our hands did not yield hydro-
chloride much better than one-third o (two-thirds pr). Further
operations through the very soluble D-tartrate or through the
hydrochlorides afforded no material worthy of confidence.

N-Isopropylmethoxamine (I).—The (+)-base p-tartrate and
(= )-base L-tartrate crystallize readily from H:O in leaflets but
in hydrated forms that melt in the vicinity of 90°. The melting
points are of little value in determining steric homogeneity.
The following procedure for the (+) isomer was the most
successful.

(20) I. Satoda, F. Kusuda, T. Omoto, M. Kawamata, and Y. Yamamoto,
Yakugaku Zasshi, 79, 989 (1959); Chem. Abstr., 84, 4475 (1960).
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The solid base liberated from 130 mmoles of b1 hydrochloride
was dissolved together with 170 mmoles of p-tartarie acid in 200
m! of H;O. On cooling, the precipitate was collected, washed
with ice-water, and dried; 28 g.  Of this I g was soluble in 18 ml
of 19, p-tartaric acid solution. The total =olid was recrystallized
from 90 g of 1,0 containing 2 g of p-tartaric acid aud yielded 13
g of tartrate with a solubility of I g in 21 ml of 1'/ p-tartaric
acid solution. The second recrystallization was from 65 g of
solution containing 2 g of p-tartaric acid and gave 9.5 g of =olid
with a solubility (as before) of 1:23. The third and fourth
recrystallizations from 54 and 41 g of solhition, each with 1 g of
excess acid, gave 6.7 and 5.2 g, respectively, each with =olubilitiex
af 1:26.

The last portion of p-tartrate was converted to the base which
was crystallized from 50 ml of hexaue giving hairy crystals that
re-formed as large prisms, mp 83-86°. This baze was then con-
verted to the hvdrochloride and crystallized twice from H,0,
mp 242-244° dec.

Interconversions between the erythro and threo Forms of 1.—
The acylations of these compounds encountered difficnlties
probably from hindrance. The same factor niay have been
involved in the relative slowness of the N — O shift in aqueous
acid, but low solubility could also have been responsible. No
attempt was made to isolate the hydrochlorides of the O-acyl
derivatives. Rather, after all the material had dissolved in
aqueous phase, solvent was removed and the residiie was =ub-
jected to acid-catalyzed ester exchange ta remove O-acyl groups
and eonvert all the material to amino aleohol hydrochloride.

The separation of threo from erythro isomer is easier with race-
mic material since the vi-threo hydrochloride is readily sohible
in hot Me,CO and crystallizes from the cooled solution slowly in
elongated prisms. Most of the erythro hydrochloride can be
removed first because of its low solubility in HoO. The separa-
tion of (+ )-threo from ( — )-erythro hyvdrochloride follows similar
lines but is less facile as the solubilities are closer together.

pL-N-Isopropyl-y-methoxamine.-—Ten grams of I base was
dissolved in 30 ml of MeCN together with 25 ml of Et;N and
10 ml of Ac,O. The solution was allowed to stand overnight
after which volatile material was removed /n zacio in a water
bath at 40-45°. The residne was taken into Et.O and washed
(H:0, 59, NaOH, H.0, 5% HCl, H,0). The Et.0 was evapo-
rated, 200 ml of 59; HCIl was added, and the flask was heated
under reflux. All material went into =olutien in about 15 min
and refluxing was continued for 1 hr thereafter. The solution
was taken down to dryvness in vacuo and the residue was dissolved
in 200 ml of MeOH to which 10 ml of concentrated HCI had been
added. The resultant solution was allowed to stand overnight
and again evaporated in vacuo. The residue was dissolved in
50 ml of boiling H.O from which 3.5 g of I-HClI crystallized on
cooling. The supernatant (and Me,CO washes from the solid)
were evaporated ¢n vacuo and the remaining material was dis-
solved in 32 g of hot Me,CO. This solution was refrigerated
vielding 5.7 g of crystalline material melting at 129-132°. The
solid was redissolved in 50 ml of hot Me,CO, a little undissolved
material (I-HCI) was filtered off, and Ft.O was added to cryvs-
tallization. Solid (5 g) melting at 130-132.5° was obtained.
The best sample, obtained from the pr-o-chlorobenzoy! derivative
of I, melted at 129~129.5°. Anal. (CMH-zsNoa‘HCl) C, H.

The above procedure was certainly the most couvenient and
probably the most efficient of those investigated. The product of
acetylation is probably a mixture of mono- and diacetyl deriva-
tives. Experiments (base-catalyzed ester exchange) intended
to remove the O-acetyl usually removed both acetyl groups. On
consideration, it seemed best to conduct the rearrangement with
the crude material. To some extent it would be expected that
the ester acetyl should be removed more rapidly than the amide
acetyl. Further, it is arguable that aun N,O-diacety! derivative
should undergo the Welsh rearrangement as readily as the N-
nmonoacetyl compound.

The original Welsh modification of the Schotten-Baumann
reaction using benzoy! chloride or o-chlorobenzoyl chloride gave
hardly any amide from I. Using considerable excess of reagents
m repeated additions, rmainly diacyl derivatives were formed:
pL-diacetyl-N-isopropylmethoxamine, mp 1[21.5-122° from
EtOAc-hexane [Anal. (CisHxzNOs) C, HJ], pir-dibenzoyl-N-
isopropylmethoxamine, mip 119-120° from Et,O0 [dnal. (Cu-
H;yNOs;) C, H], bL-bis(o-chlorobenzoy!)-N-isopropylmethox-
amine, mp 165~166° from Me,CO [Anal. (CsHaCLNO;) C, HJ.

When allowed to stand 3 days in MeOH with a trace of NaOMe,
the bis(o-chlorobenzoyl) derivative was converted to the mono

derivative, mp 170.5-172°, which could also be obtained directly
by a mild acylation as deseribed above for the acetyvlation.  Frean
3 g of this N-o-chlirobenzoyl-N-isopropylmethoxamine 450 mg
of pr-N-izopropyl-g-methoxaniine hydrochloride was obtained
b1 132047 vield.

| -+ 1-N-Isopropyl-y-methoxamine.- | — )-N-lsoprapyhnethox-
amine wias acetylated and rearranged by the procedure given
i detail above.  The solid residue from the final evaporation
n racre was exiracted twice with boiling Me.CO and -
rearranged hydrochloride was collected on cooling.  The mather
liquors, on addition of Et,0, deposited small prisins and roseties
of fine needles. T'he prisms were removed mechanically and the
rosetiex were dissolved in (). The ratation indicated that these
crystals were the desired threo isomer. The aqueons =olutioy
was evaporated 17 racio und the residue was taken up into MeC:O),
a little undissolved material (prisms) was remaved, amd the
product was crystallized as needles on addition of Kr,0O, mp
167-168°.  lnal. (CuHuNOs-HCL) ¢, 1L This pradua 1503
mg) in 25 ml af water containing 0.03 ml of concentrated (1
gave oD + 2.06 = 0.02° [a]p 4+ 51.2 & 0.5°.

Reverse Rearrangement with b»L-threo-1.—~vL-threo hvdro-
chloride (6 g, 20.7 mmoles) was dissolved i1 25 ml of warm MeC N,
1'o this was added 15 ml of Et;N and 8 ml of Ac,(). The mixture
was heated to boiling and allowed 1o cool. Warming was re-
peated twice in 5 hr and 15 ml more of MeCN wax added .
complete solution.  After standing 24 hr the mixture was taken
down /i raero on a stenm bath and the residne was partiticaned
between Fit,0) and H.O (pH ea. 6). The ethereal laver wax
washed with 1 N NaOH until the washings were clearly alkaline,
then with H,O and finally with 1 .V IICI (X ml).  This acid ex-
tract vielded 0.4 g of base involatile in water-pump vacuim on the
steani bath {ea. 2 minolex).

The ethereal laver wax evaporated mn vacvo (5 g). 'T'o it was
added 90 ml of 3, HCI and the flask was heated under reflux.
All material had dissolved after 25 min of boiling. The =olution
was refluxed 0.5 hr longer and then taken down in wacio. The
residue was dissolved in 100 ml of MeOII, and 10 ml of 157
{w/w) HClin MeOM was added. Not all the material dissolved.
The mixture was allowed to stand overnight, warnied to 55° {o
dissolve the =olid, and allowed tc stand 24 hr longer. A few
large prisms were now present. The sohition was refrigerated
5 hr and then decanted from the eryvstals which were identified
ax n1-I.  The MeOH sohution wax evapornted in vacuo and the
residue was dissolved in warm Me,CO).  Several small craps of |
were obtained tatalling 1.7 g (6 nimoles). A total of 3.5 ¢ (11.3
mmoles) of pL-threo hvdrochloride was obtained by addition of
T2t,0 to the Me,CO sohitions.

One-gram portions of vr-erythro nud vr-threo hydrochlorides
were placed in flasks with 20 ml of 1 .V I1C], and refluxed 1.7 hr
each. The ccanparison was not quite sound becanse much of the
erythro hydrochloride remained undissolved thronghoni the
heating period.  The rcaction mixtures were worked up alang the
lines described above, The originally erythro material yielded
51 mg of acetone-=aluble hydrochloride (threo).  The originally
threo material gave 77 mg of acetone-inscduble hvdrochloride
Cerythro).

N-t-Butylmethoxamine (LXI - The resolution regnires
considerable excess of tartaric acid (50-100C7) since the lenxt
soluble salt ix the vi-base nentral v-tartrate, mp 228-229°,

LXT base (41 mmoles, 11.2 g) and 65 mmoles (9.5 g) «f 1~
tartaric acid in about 50 ml of hot H.O gave, on cooling, well-
formed needles melting about 190°,  After recrystallization from
20 ml of boiling HaO containing 2 g of excess tartaric acid, there
was obtained 6 g (14 mmoles) of salt, mp 196-197.5°. The
tartrate was dissolved in I,0 and the base was liberated. ‘I'hix
was crystallized from Fit,0-pentane at 4° giving well-farmed
needles melting at 72-73°.  The crystalline base was converted
to the hydrochloride which can be crystallized fron1 EtOH-I5,0
or from HyO. The melting point varies with the rate of heating
(253.5-255 and 261~262° have been obtained) and is not reliable.
The {4 ) hyvdrochloride and b1 hydrochloride do not differ ap-
preciably in melting point but the ot hydrachloride is much lexs
soluble (¢a. 197 and at least 4'7, respectively) in H,O and must be
a racemic compound.

The motber Hquor from the separation of the (4 )-base D~
lartrate was basifled and the base was taken into EtO and dried
(K,CQ3), and the solution was boiled down with hexane to aban
20 bl On cooling, fine erystals (pr-base) separated first, fol-
lowed by long needles [( —)-base]. Solvent was added ta dis-
solve the needles and the =olution was decanted from the less
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soluble crystals, leaving about 2 g of bL-base, The mother liquor,
estimated to contain about 1.5 g of pL-base and 3.5-4 g of (—)-
base, was evaporated to small volume and dissolved in 15 ml of
H,0 to which 4 g of L-tartarie acid had been added. The solution
was heated to boiling, and H;O was added to a weight of 24 g and
allowed to cool. The ( — )-base L-tartrate that separated weighed
5.5 g (13 mmoles) and melted at 196.5-197.5°. The L-tartrate
was dissolved in HyO and the base was liberated and crystallized
from hexane. It weighed 3.8 g and melted at 74°, The base in
turn was converted to the hydrochloride, 3.5 g, glossy leaflets
from EtOH-Et,0; mp 259-261° dec.

threo (Pseudo) Form of LXI.—The starting material was the
basic oil remaining after crystallization of LXI base from hexane
when LXI was being prepared on a relatively large scale (ca.
1 kg) by borohydride reduction. This base formed a hydro-
chloride crystallizing from dilute HCl and melting at 234-235°
dec. It had the same composition ag LXI-HCI but the honio-
geneity (as the prL-threo isomer) was uncertain.

The oily base when dissolved in H,O with a 509 excess of
p-tartaric acid gave, from cold solutions, needles melting at 56—
59°, probably hydrated and rather soluble in cold H,O and in
Me,CO. As a consequence, the loss in washing was severe and
it was expedient to keep the first filtrates separate from the wash-
ings. After =several recrystallizations, material melting at
71-72.5° was obtained. Six grams of this quality was obtained
from 44 g of base in three experiments but much partially sepa-
rated material remained in the washings.

The base in the first mother liquors was liberated and converted
to hydrochloride. The solution was dextrorotatory showing
that the p-tartrate was that of the ( —)-base. When the dextro-
rotatory solution of hydrochloride was evaporated to small vol-
ume, crystals separated and were observed to be of two types:
one of irregular shape and holding onto a brownish contaminant
present originally in the solution melted at 234-236° dec; the
second type, nearly colorless lath-like crystals, melted at 222-
224° and showed [a]p +47.4° (49, in H;0). This being in the
range expected for a threo isomer, lath-shaped crystals (6.5 g)
were separated where possible from several such preparations.
This material was recrystallized twice and then melted at 219~
223° dec and had the composition of a monohydrate. The an-
hydrous form, obtained by drying in high vacuum, melted at
225~226°. The hydrate was used for rotations.

The ( — )-base was recovered from the p-tartrate salt and con-
verted to the hydrochloride which was also obtained as the mono-
hydrate.

Small portions (0.5 g each) of the (4 )- and (~ )-threo hydro-
chlorides were combined in aqueous solution and allowed to
crystallize.  As first obtained, the salt melted at 220-223°
(eff) and had the composition of a hemihydrate. On stringent
drying, the melting point rose to 232-233°. This material was
not clearly distinguishable from the original hydrochloride (mp
234~235° dec) but the latter may have contained appreciable
amounts of erythro material.

Compound XVIII was resolved with minimal difficulty. The
use of L-tartaric acid to purify the (+) isomer was unnecessary
since the (4 ) and ( —) hydrochlorides are less soluble (and higher
melting) than the oL hydrochloride.

Stereospecific Synthesis of the Isomers of N-sec-Butyl-
methoxamine (II).—Model experiments were carried out with
racemic material to determine the proper reaction conditions.
In these, an excess (1.3-1.4 molar equiv) of methoxamine
base was treated in MeCN with sec-BuBr or mesylate (e.g., 10
mmoles of base plus 7 mmoles of bromide in 10 ml of MeCN).
After 3 days at room temperature about 79, of the bromide had
reacted (by titration). In a similar experiment at reflux for
21.5 hr, 579, had reacted. With sec-butyl mesylate, 8-99, of
the ester had reacted after 1 week. At reflux for 22 hr, 5.7 out
of 7.1 mmoles had reacted. Since a considerable portion of this
reaction could have been elimination, unreacted methoxamine
was separated from sec-butylmethoxamine. The titration of the
latter gave a figure of 5.68 mmoles.

1t later became apparent that in these conditions the principal
reaction was between (+ )-base and p reagent or (— )-base and
L reagent. In the specific reactions of the (4 )-base with L
reagent, etc., considerable elimination may have interfered.

The separation of methoxamine from sec-butylmethoxamine
depends upon the fact that methoxamine base is fairly soluble in
H,O and very little soluble in petroleum ether fractions. (The
distribution ratio of methoxamine for hexane-H,O is 0.004. For
the system 1:1 Et,O-hexane/H,O0, the ratio is 0.08.)
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The procedure used for isolation of secondary bases was conse-
quently to remove the solvent in vacuo and then to partition the
residue between Et.O and dilute alkali (two funnels in series).
After the total bases were taken into the ethereal layers, these
were diluted with equal volumes of hexane and washed serially
with small amounts of H,O until the washings were at about pH 8,
As a guide, these washings could be titrated with standard acid.
The secondary bases could next be extracted from the Et,O-
hexane layers with standard acid and the quantity of secondary
base was determined approximately. The predominant isomeric
hydrochlorides were isolated by fractional crystallization from
aqueous solution. The procedure was complicated by the fact
that earlier specimens of (4 )- and ( — )-methoxamine used were
not in fact sterically pure and by the relatively poor yields in the
reactions of n-mesylate with (—)-methoxamine and L-mesylate
with (+)-methoxamine. The isolation was assisted by differ-
ences in crystalline form, the p-(4) and 1~(—) salts forming
rather heavy rectangular prismx while their diastereomers
tended to crystallize in needles.

Separation of II into Component Racemates.—Various at-
tempts to fractionate IT- HC! had been unsuccessful. Eventnally
it was found that when the base was refrigerated in Et,0-
pentane solution two types of cryvstals appeared. A partial
separation was accomplished: from 9.5 g of mixed bases 7 g of
the preponderant base was obtained. This cryvstallized in heavy
plates melting at 82-84°. The minor component crystallized
in needles melting at 96~98°. This amounted to 2 g and seemed
fairly pure. The major compouent, which was much more likely
to be contaminated, was recrystallized repeatedly and two frac-
tions, 1 (2.6 g), mp 86-87°, and 1T (2.3 g), mp 84-83.5°, were
finally accepted as fairly reliable. The two specimens were re-
solved with p-tartaric acid. From the 96-98° base there wax
obtained through the p-tartrate, 120 mg of p~(+) hyvdrochloride,
[a]p +19.3 £ 1°. The lower melting base was similarly re-
solved yielding 435 mg of 1-(+) HCl, [a]D +15.2 & 0.6°.

(+)-Methoxamine and bpL-sec-Butylbromide.—Pure (+)-
methoxamine (20 mmoles) (from 5.0 g of pure hydrochloride)
and 13 g (0.1 mole) of pL-sec-BuBr were dissolved in 100 ml! of
MeCN. The solution was refluxed 16 hr after which most of the
solvent was boiled off. The residue was dissolved in 50 ml of
509, MeOH and titrated to pH 5 (outside indicator) with stan-
dard HCIl; 7.42 mmoles of acid was reqnired. As there was a
tendency for solid to separate, 5 ml of concentrated HCl was
added and more H,O and the solution was evaporated to 47 g.
On cooling, 1.8 g of crystals separated (6 mmoles if hydrochlo-
ride). The filtrate was subjected to the separation described
previously. The washings appeared to contain 5.1 mmoles of
methoxamine. The subsequent acid extracts (containing secon-
dary amine) were evaporated to dryness in vacuo, the earlier crop
of crystals was added and the total solids were dissolved in 100 ml
of MeOH to which 20 g of 409, (w/w) HCl in EtOH had been
added. This solution was boiled for 2 hr allowing solvent to
evaporate slowly (to remove any bromide present)?' and then
evaporated in vacuo. The residue was dissolved in H,O with a
trace of added HCI, charcoaled, filtered, transferred to a tared
beaker, and evaporated to dryness on the steam bath. The
weight of the residue was 2.83 g. This solid was redissolved in
H,0 with 1 ml of 1 ¥ HCI and made up to 50 ml ap +1.82 =&
0.02°, [a]p +16.1 & 0.2°. On the basis of specific rotation of
+14.7 and +19.6° for the L-(+ ) and p-(+ ) isomers, respectively,
this corresponds to 70-7539 of the former. The solution was
evaporated to 15 g giving a first crop of flattish needles and then
to 10 g giving a second crop of the same type. The two crops
were combined and recrystallized from 14 g of aqueous solution.
There was obtained 1 g of =olid identical with the rL-(+4) isomer
previously prepared.

Hydrogenation of (— )-Methoxamine and Butanone—The
base was liberated from 4 g (16 mmoles) of (— )-methoxamine
hydrochloride and taken into Et,O and the Et,O was evaporated.
The residue was dissolved in MeOH in a hydrogenation bottle
containing 1 g of freshly prepared 109, Pt-C and 7 g of freshly
distilled butanone and shaken under Hs. The absorption of H,
was 13.7 mmoles in 140 min. The solution was allowed to stand
overnight with a Hs uptake corresponding to 4 mmoles. Shaking
for 1 hr further gave an uptake of only 0.2 mmole. The solution
was acidified with HCl, removed from the catalyst, and evapo-
rated 7n vacuo. The residue was subjected to the separation as

(21) A. P. Phillips and R. Baltzly, J. Am. Chem. Soc., 74, 5231 (1952).
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previously described and the dry weight of the secondary amine
hydrochloride fraction was found to be 3.98 g (13 mmolex).
The solid was made up to 100 ml: ap —1.23 &= 0.02° [a]D
—15.5 £ 0.2°.  On the same basis of calculation as in the previous
experiment this corresponds to 84.77 (reasonably, 80-007) of
the v-( —) isomer. The solution was evaporated to 31 g giving
crop 1, then to 14 g for 11, to 7.5 g for 111, and to 4 g for TV iy
which a different type of ervstal was appavent. The first crops
were recrystallized serially from 15 ml of 1LO giving erops of
1.8 g and 0.5 g, respectively, which were eombined and recrysial-
lized ngain from 20 g of 11,0, The product, 1.6 g was identical
with the previously prepared v-( — ) izomer,

sec-Butyl mesylate was prepared by the method of offinann.+*

secBuOll was resolved by literature methods® by fractional
crystallization of the brucine half-phithalates.  We were nan
suecessful in attempts to purify bruciue 1-sec-butvyl acid phthalate
but highly enriched L half-ester could be obtained by ervstalliza-
ion of racemic half-ester from material recovered from the more
=oluble bmeine salt fractions.  The oily ester remaining after vo
more dL ester erystallized on refrigeration was estimaied by ro-
fation (in FtO1T) to be abont 809 L and 20 v isomer,

Recovery of optically active alcohdl from half-ester or directly
from brucine salt by alkaline hydralysix, distillation, erc., en-
tailed, in our hands, unacceptable loszes. A more convenient
and etfieient procedure was found to be disiillation with excess
benzvlamine.

p-sec«BuOH.—bn-sec-Butyl acid phthalate (61.5 g, 0.27 mole)
was heated with 80 1l of benzylamine. A thermometer registered
the remperature of the liquid and a second surmounted a 3-cia
Vigreux column leading to a candenser. The receiver was pro-
tected from moisture. The internal temperature was raised
diring 18 min to 140° At this paint there was some refluxing

(22) 1. M. R. Hoffmann, J. Chem. Soc., 1249 (1964).
(23) Cf. especially S. W, Kantor and . R. tlaovser, J. An. Chem. Soe.,
76, 1744 (1953,
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(but not distillation) af iquid.  During the next few mimites the
internal temperature fell and after 58 min of constant heating i
was 125° Nome distillation took place during this pericd.
[Teating was inereased gradually over .5 hruntil the temperauire
of the melt was 206° and high-boiling liquid was condensing i
the lower part of the fractionating cohnnn, The condenser was
rinsed with pentane into the receiving flask, the volie i the
flask wnx Incereased with pentane to about 50 ml, and the dixtillaye
(which contained =ome water and benzylamine) was dwed
(180, The distillate was removed fran the desiceant and
dixtilled through a short fractionating eohnm.,  There was b
tained 17 g at pure p=sec-BuOll.  Tu several preparations by tlhis
method, vields were consistently 83-90¢ .  Iixamination of the
[=olidified) residue in the reaction flask ~howed it to be mainly
N,N “dibenzylphthalaniide.  Benzylamine was =elected for this
reaction on the baxix of availability and beiling paint. Pre-
sumably, any «ther <imple, primary aliphatic amine boiling well
over 1509 could replace it.

2-Amino-2-methylhexane® required for the preparatien of
LXX was prepared by the lotfmann reaction from the cur-
rexpanding amide,  ‘The Jetfreys?26 modification ot the Hoffiann
reaction was most advantageous bur even this variation gave
inferior yields (around 509¢).  Cousiderable amounts of anide
were recovered and it iz suspected that hindrance slowed he
initial =tep of N-halogenation.
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Analogs of guanoxan modified in the heterocyclic ring have been compared with respect to their adrenergic
neurone blocking potencies, their effects vs. epinephrine and norepinephrine in the cat, and their antihypertensive

effects in the dog.

It has been reported? that the antihypertensive agent
guanoxan (1) displayed, like guanethidine, adrenergic
neurone blocking properties in the cat, but in contrast
to guanethidine, guanoxan also displayed a classical
blockade of « receptors. The effects on these properties
upon introduction of substituents to the aromatic
ring’® or to the dioxane riug,'" and of modification of
the side chain,'® have already been discussed.

This paper is concerned with the adrenergic neurone
blocking activity of 2-10 in which the heterocyeclic ring
of guanoxan has been modified. Syntheses of most of
these compounds have already been described in the
literature. Additional features of interest, and details
of those syntheses not already reported, are deseribed
in the Experimental Section.

Biological Results and Discussion.—Adrenergic neu-
rone blocking activity of the compounds was measured

(1) (a) Paper I in this series: J. Augstein, 3. M. Green, A. M. Munro,
G. W, H. Potter, C. R. Worthing, and T. I. Wrigley, J. Med. Chem., 8, 446
(1965); (L) paper IT:  A. M. Monro, (. W. 1{. Potter, and M. J. Sewell.
ibid., 10, 880 (1967).

) M. ). Davey and H. Reinert, Brit. J. Phurmacol., 24, 29 (1945).
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