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Unsaturated Heterocyclic Amines as Potent
Time-Dependent Inhibitors of Dopamine
B-Hydroxylase

Sir:

Dopamine §-hydroxylase (DBH; EC 1.14.17.1), a cop-
per-dependent monooxygenase, catalyzes the conversion
of dopamine to norepinephrine in the peripheral sympa-
thetic as well as in the central nervous systems.! The
enzyme is easily inhibited by copper chelators, but these
types of inhibitors lack selectivity; the most notable ex-
ample is fusaric acid, which was studied in the clinic for
the treatment of hypertension.®® Recently, a number of
enzyme-activated inhibitors of DBH have been reported
in the literature: B-chlorophenethylamine,* 4-hydroxy-
benzyl cyanide,? 2-halo-3-(p-hydroxyphenyl)-1-propenes,®
1-phenyl-1-propyne (9),” and 2-phenylallylamine (8).2
Despite their progressive increases in activity as time-de-
pendent inhibitors, the most effective of these compounds
remains in the millimolar potency range and none have
been reported to exhibit antihypertensive activity.

We report that, contrary to previous belief,® certain
heteroaromatic amines can serve as substrates!® and as
exceptionally potent time-dependent inhibitors of dop-
amine f-hydroxylase. Indeed, 2-(2-thienyl)allylamine
hydrochloride (1) exhibited a greater than 1000-fold en-
hancement in activity over the corresponding phenyl
analogue (8)% and has antihypertensive activity in the
spontaneously hypertensive rat (SHR). In addition, we
report that 3-phenylpropargylamine (7) is equipotent to
1 as a time-dependent inhibitor of DBH.

Chemistry.!! 2-(2-Thienyl)allylamine (1) was prepared
as outlined in Scheme I. 2-Acetylthiophene (10) was
allowed to react with methylmagnesium bromide and the
resulting alcohol dehydrated to 2-isopropylidenethiophene
(11). The allylic chlorination procedure of Hori and
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Sharpless!? was used to provide a mixture of allyl chloride
12 and vinyl chlorides, which was immediately allowed to
react with potassium phthalimide. Deprotection of the
highly crystalline phthalimide 13 provided the desired
amine 1. The 3-thienyl regioisomer 4 and the 2- and 3-
furanylallylamines 5 and 6 were prepared by the same
reaction sequences with the exception that the synthesis
of 6 started with ethyl 3-furoate. This starting material
was converted to the corresponding tertiary alcohol with
2 equiv of methylmagnesium bromide and dehydrated as
in the preparation of 11. N-Methylallylamine 3 was pre-
pared by reaction of N-methyltrifluoracetamide with pu-
rified allyl chloride 12 (NaH/DMF /80 °C) and hydrolysis
of the resulting allyl trifluoacetamide during workup (1
N NaOH).

a-Methylallylamine 2 was synthesized according to
Scheme II. 2-Thiopheneacetic acid ethyl ester 14 was
deprotonated and the resulting enolate was trapped with
acetaldehyde to furnish a mixture of diastereomeric alco-
hols. The crude alcohols were converted to a geometric
mixture of olefin esters which were reduced to the corre-
sponding allyl alcohols 15 with diisobutylaluminum hy-
dride. Alcohols 15 were treated with trichloroacetonitrile
in the presence of a catalytic quantity of DBU to furnish
trichloroacetimidates 16. Rearrangement was effected by
using Overman’s methodology!?® to provide the corre-
sponding allyltrichloroacetamide. Base-promoted hy-
drolysis yielded the desired a-methylallylamine 2.

3-Phenylpropargylamine (7) was prepared by the liter-
ature procedure.!

Biochemistry and Pharmacology. DBH was purified
from beef adrenals following a described procedure.l®* The
enzyme was homogeneous in SDS gel electrophoresis and
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Figure 1. Time- and concentration-dependent inhibition of DBH
by 1. Purified DBH was incubated with various concentrations
of 1 under conditions described in the text. At indicated times,
aliquots were withdrawn and tested for remaining enzyme activity
with use of tyramine as substrate.

hydrophobic HPLC (Ultrasphere, TSK 5PW). It was
analyzed by following the formation of octopamine from
tyramine by reverse-phase HPLC with fluorescent detec-
tion (0.2 M acetate, pH 5, 20 mM sodium fumarate, 10 mM
ascorbic acid, 1300 units catalase, 2.5 uM CuSO,, 1 mM
tyramine, under air at 37 °C). Under these conditions, this
preparation had a specific activity of 7 umol of octopamine
formed (mg of protein)? minl. Time-dependent inhibition
was measured by incubating the enzyme with inhibitor
under standard conditions, except for the absence of tyr-
amine and diluting aliquots into the assay medium.

Upon incubation of purified DBH in air with compounds
1-7 there was time-dependent loss of enzyme activity. For
instance, Figure 1 shows the pseudo-first-order decay (at
least for 3 half-lives of enzyme activity) upon incubation
of DBH with 1 at concentrations ranging from 5 to 250 uM.
This inhibition is ascorbate dependent and is not reversed
by dilution nor by extensive dialysis. The substrates
tyramine and dopamine protect against inactivation of
enzyme by 1. Furthermore, when incubation was carried
out under nitrogen instead of air, there was no decrease
of enzyme activity (not shown). The detailed mechanism
will be studied further; nevertheless, the available evidence
is consistent with an enzyme-activated type mechanism
of inhibition as postulated for 8.2 By plotting t;,, as a
function of 1/ as in a Kitz and Wilson plot,'® the kinetic
parameters K| and k for compounds 1-7 can be esti-
mated. These data as well as the calculated &,/ K; are
reproduced in Table I. This value, which to a first ap-
proximation represents the rate of enzyme inhibition at
concentrations of inhibitor (I) much smaller than Kj, was
used to compare potencies.

It appears that compounds 1 and 7 are about equipotent
and at least 1000 times more active than the reported
phenylallylamine.® A clear structural relationship appears
from Table I for compounds 1-6. Neither the nature of
the heterocycle, the position of the allylamine unit on the
ring, the side-chain substitution, nor amine alkylation had
much influence on k., (or on half-life at saturating con-
centrations). This was not unexpected as the mechanism
of activation of compounds 1-6, and the steps involved in

(16) Kitz, R.; Wilson, T. B. J. Biol. Chem. 1962, 237, 3245.
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Table I. Physical and Kinetic Constants of Dopamine
B-Hydroxylase Inhibitors

Klre kcatre kcat/Klr
compd® uM min?! M min? mp, °C
) 35  0.124 3540 140145 dec
A
S)\‘(\NHZ
1
/ﬂ\ CHy 360  0.058 161 182-183
\S/\“/\NH2
i
2
KB\H/\ 2150 0.098 44 158-160
Y NHCH
3
" 570 0.147 257 181-182
2
7\
s
4
R 410 0.130 317 150-151
o NH,
5
230 0.077 334 151-152
NH,
/A
o
6

Oz 21 0.07 3333 215
=N

NH,
,
(\//EK/NH; 13000 0,04 3
= m
A
8
= ~20000 0.06 6

2 Hydrochloride salts, with the exception of 9. °Lit." mp
216-217 °C. °Kinetic constants obtained from ref 8. 9Kinetic
constants obtained from ref 7. ¢K; and &, were calculated from
plots of ¢, , (50% DBH activity remaining at a given concentration
of I, as in Figure 1) vs. 1//, where the y intercept = 0.693/k,, and
the x intercept = Kj.

the inhibition are presumably the same. However, these
same parameters greatly influenced the apparent affinity
of the compounds for the enzyme. The 2-thiophene de-
rivative 1 has the highest affinity, substitution of a methyl
group « to the amine decreased affinity by a factor of 10,
while N-methylation was particularly detrimental as it
decreased affinity over 60-fold. Moving the allylamine unit
from position 2 to 3 on the thiophene ring caused a loss
of affinity of 15-fold, while in the furan series the same
shift caused a gain in affinity. Replacing the sulfur by
oxygen decreased affinity.

The activity of the acetylenic amine 7 is in contrast to
that of trans-cinnamylamine, which is a “poor substrate
of DBH with indications of time-dependent inactivation”?
since it is a potent time-dependent inhibitor of DBH. It
should be noted that, very recently, the acetylenic hy-
drocarbon analogue of 7, 1-phenyl-1-propyne (9), was re-
ported to be a time-dependent inhibitor of DBH.” The
reported k. for 9 is 0.06 min™ (0.07 for compound 7), while
the K of 7 is 21 uM as opposed to approximately 20 000
uM for 9. This enormous difference in apparent affinity
underlines the importance of the amine function for
binding.

Compounds 1-7 demonstrated antihypertensive activity
after intraperitoneal (ip) administration to SHR’s (Table
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Table II. Antihypertensive Activity of DBH Inhibitors in
Conscious Spontaneously Hypertensive Rats

duration,
compd dose, mg/kg,ip n max MBPf mmHg h
1 10 4 -19 + 11% 1
30 5 -36 + 28 43
100 5 -34 £ 13 70
2 10 5
30 5 -16 £ 5 9
100 4
3 30 5 -23 +£ 12 >1
100 4 -16 £ 7 [4
4 30 5 -18 £ 12 1
100 4 -54 £ 20 2
5 10 4 -10£86 1
30 4 -26£5 30
100 6 -69 £ 29 79
6 30 5 -20 £ 15 6
100 4 -21 £ 16 3
7 30 5 -13+£8 3
100 4 c

®Mean arterial blood pressure. ®Mean £ SD. °Toxic.

II). Hypotension occurs rapidly after administration of
all compounds but is of short duration. A second hypo-
tensive response follows for 1 and 5, which is slow in onset
with long duration. The position of the allylamine unit
on the ring, side-chain substitution, and amine alkylation
influenced antihypertensive activity. Antihypertensive
effects and duration were dose related for compounds 1
and 5 (2-substituted heterocycles) while 3-substituted
heterocyclic compounds 4 and 6 only exhibited transitory
hypotension. Side-chain substitution resulted in loss of
activity (2) and/or toxicity (8). Compound 7 was also toxic.
Studies are in progress to determine whether these anti-
hypertensive effects can be correlated with inhibition of
norepinephrine synthesis.

In conclusion, we have found that two classes of un-
saturated amines represented by 1 and 7 exhibit potent
time-dependent inhibition of DBH. Of equal importance
is the finding that heteroaromatic furan and thiophene
rings can be used in place of phenyl to produce dramatic
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increases in potency for the inhibition of this enzyme. The
implications of these results for the study of new thera-
peutic approaches to diseases that may be interdicted by
the inhibition of DBH is noteworthy.l”
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(17) Note Added in Proof. After the submission of this manu-
script, May and co-workers (Padgette, S. W.; Wimalasena, K.;
Herman, H. H.; Sirimanne, S. R.; May, S. W. Biochemistry
1985, 24, 5826) reported 7 to be a potent time-dependent in-
hibitor of DBH with a kg, /K; = 1700 M™! min™! in their en-
zyme preparation and allude to a more complex process for its
inactivation of DBH. In addition, they report the p-hydroxy
analogue of 8 to be a potent time-dependent inhibitor of DBH,
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