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A series of (@"noethyl)indolones and related compounds was synthesized and evaluated in vitro as peripheral 
prejunctional dopaminergic agonists in the field-stimulated isolated perfused rabbit ear artery. 4- [ 2-(Di-n- 
propylamino)ethyl]-7-hydroxy-2(3~-indolone (26) was the most potent compound (EDw = 2 * 0.3 nM) tested, while 
the related secondary amine 24 and the des-OH derivatives 28 and 34 were only slightly less potent. 4-Methoxy- 
benzeneethanamine and 2-methyl-3-nitrophenylacetic acid were employed as starting materials for the synthesis 
of the 4-(@-aminoethyl)indolones. The ring-opened 3-acylamino analogues 46 and 47 were prepared via nitration 
of the phenethylamine 43 derived from 4-methoxyphenylacetic acid. The inactive isomeric indolones 38,39, and 
41 were derived from 4-nitrobenzeneethanamine and from indolone-6-acetic acid (13). 

During the  past decade, evidence has accumulated t o  
show tha t  there are two distinct dopamine receptors in 
peripheral tissues. The  peripheral postjunctional (D1) 
receptor, located primarily in specific vascular beds such 
as the  renal, mesenteric, and coronary arteries, mediates 
vasodi1ation.l The  existence of this receptor was first 
suggested by in vivo studies showing dopamine-induced 
increases in renal blood flow in the  dog.2 This  vascular 
D1 receptor closely resembles the adenylate cyclase linked 
dopamine receptor found in the  central nervous ~ y s t e m . ~  

Recently, Langer discovered tha t  activation of a dopa- 
minergic receptor located on sympathetic nerve terminals 
in the  perfused cat spleen would inhibit the  release of 
neurotransmitter evoked by nerve ~ t i m u l a t i o n . ~  Subse- 
quent  studies have shown this prejunctional receptor to  
be present on terminals of many, but not all, sympathetic 
nerves, and although activation of this dopamine receptor 
has similar effects to  activation of prejunctional a2-adre- 
noceptors, these two neuroinhibitory receptors are phar- 
macologically d i ~ t i n c t . ~  The  peripheral prejunctional 
dopamine receptor, designated D2 by most investigators, 
is sensitive to  dopamine and apomorphine a t  nanomolar 
concentrations and appears not to be coupled to adenylate 
cyclase. Much higher concentrations of dopamine, in the 
micromolar range, are required to  activate D1 receptors, 
and apomorphine acts as a weak partial a g o n i ~ t . ~  In ad- 
dition, D1 and  D2 receptors can be differentiated with 
selective antagonists. The  1 enantiomer of sulpiride 
preferentially blocks the  D2 receptor, and the recently 
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discovered benzazepine derivatives SCH233906 and SK&F 
83566' are highly selective for the  D1 subtype. 

Stimulation of peripheral D2 receptors is likely to  be of 
therapeutic benefit in the  treatment of cardiovascular 
disorders characterized by inappropriately high sympa- 
thetic tone. By inhibition of neurotransmitter release from 
the cardiac sympathetic nerve terminals, a D2 agonist 
should attenuate the increase in cardiac work induced by 
exercise, stress, or any other stimulus tha t  results in in- 
creased sympathetic drive. An additional benefit would 
be expected from concurrent inhibition of transmitter 
release from vascular sympathetic terminals, which would 
limit increases in vascular resistance and lower cardiac 
afterload. These sympathoinhibitory actions should be 
proportional to  the  degree of sympathetic activation; 
therefore a peripheral D2 agonist should have little effect 
during intervals of low stress when sympathetic drive is 
low. 
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A number of different chemical structures have dem- 
onstrated preferential agonist activity a t  peripheral pre- 
junctional Dz vis-&vis postjunctional D, receptors. These 
include for example alkylated derivatives of dopamine such 
as di-n-propyldopamine and n-propyl-n-butyldopamine; 
cyclized dopamine derivatives of the 2-aminotetralin series 
and apomorphine; ergot alkaloids such as bromocryptine 
and its simplified derivatives like LY141865.' Our work 
in the area of dopamine agonists has for a number of years 
been centered on chemistry within a series of catechol- 
containing 3-benzazepines. This has resulted in the dis- 
covery of agonists tha t  act  a t  both peripheral pre- and 
postjunctional dopaminergic sites,g as well as agents that  
act more selectively a t  postjunctional sites.1° Our interest 
in dopaminergic agonists has more recently focused on the 
identification of a selective peripheral D, agonist that  is 
not a catechol and tha t  also does not contain the basic 
chemical framework of the ergots or ergolines. We believed 
that  a potent and selective peripheral D2 agonist free of 
the limiting side effects related to the presence of an ergot 
structure or catechol would be a useful sympatholytic drug 
for cardiovascular therapy. 

Our interest in the indolones was stimulated by the 
well-recognized prejunctional D2 receptor agonist activity 
of certain ergot and ergoline derivatives including bro- 
mocriptine, lysergic acid diethylamide (LSD), lisuride, 
pergolide, and 1ergotrile.SJl We postulated, as others have 
done,12J3 that  the indoleethaneamine fragment of the er- 
goline ring system was primarily responsible for the pre- 
synaptic dopaminergic receptor agonist activity of these 
compounds. By analogy with the reported active metab- 
olites of the ergoline a g o n i ~ t s , ' ~ ' ~  we speculated that  ox- 
idative metabolism of the less complex indoleethanamines 
might lead to indolones of the kind described in this paper. 
The  active ergolines were attractive models since they 
offered clues to the discovery of simpler non-catechol 
structures that might exhibit high presynaptic D2 receptor 
selectivity. 

On the basis of this hypothesis, we have synthesized and 
evaluated for sympatholytic activity a series of 442- 
aminoethy1)indolones. We have recently communicated 
the syntheses and prejunctional dopaminergic activity of 
two of these ~ o m p o u n d s . ~ ~ J ~  This paper describes in 
greater detail the syntheses of these agents and the prep- 
aration of a series of analogues related to them. All of the 
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Synthesis of 4 -  (2-Aminoethyl)-2(3H)-indolones 

Scheme I11 
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final targets (Table IV) have been evaluated in vitro for 
their ability to  stimulate peripheral prejunctional dopa- 
minergic receptors by using as a screening procedure 
measurement of the inhibition of electrically stimulated 
neurotransmission in the isolated perfused rabbit ear ar- 
tery.18 

Chemistry. With the exception of 33-35, the  4-(ami- 
noethy1)indoles included in Table I were derived from 
commercially available 4-methoxybenzeneethanamine as 
outlined in Schemes I and 11. Compounds 33-35 were 
prepared from 2-methyl-3-nitrophenylacetic acid as shown 
in Scheme 111. Compound 28 was prepared via Scheme 
I11 but  was also obtained by hydrogenolysis of the phe- 
nyltetrazole ether 27 (Table I). The  isomeric indolones 
37-39 (Table 11) were obtained from N-[2-(4-amino- 
phenyl)ethyl]-2,2,2-trifluoroacetamide (1 1) by utilizing the 
Sandmeyer isatin synthesis (Scheme IV), and 6-[2-(di-n- 
propylamino)ethyl]indolone (41) was elaborated as out- 
lined in Scheme V, from the known indolone-6-acetic acid 
(13). The ring-opened %acylamino analogues 46 and 47 
(Table 111) were prepared from commercially available 
4-methoxyphenylacetic acid by using the procedures 
outlined in Scheme I. 
Biological Results 

Compounds 22,26, and 28 (Tables I and IV) are potent 
inhibitors of the constridor response of the perfused rabbit 

28 R1-R mn-R: X * H  

(18) Steinsland, 0. S.; Hieble, J. P. Science 1978, 199, 443-445. 
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ear artery (REA) to  electrical field stimulation, and this 
effect is competitively antagonized by the dopaminergic 
receptor antagonist (S)-sulpiride. Our data show that  the 
pharmacological effects of 26 and 28 are mediated pri- 
marily through activation of peripheral prejunctional D2 
receptors, since neither 26 nor 28 is able to  stimulate or 
block the dopamine-sensitive adenylate cyclase of ra t  
caudate a t  concentrations up to lo4 M and neither causes 
the stimulation of motor activity in rats a t  doses up to  1 
mg/kg iv.1*23 On the other hand, compound 22 does 
stimulate the cyclase significantly a t  lo4 M, and this may 
be indicative of an ability, albeit weak, to  activate po- 
stjunctional D1 receptors. We believe that  the potency of 
26 in the REA assay coupled with its the lack of effects 
associated with activation of postjunctional D1 receptors 
is additional evidence of significant differences in pe- 
ripheral pre- and postjunctional receptors. 

Comparison of the in vitro potency of 22 and 26 with 
the catechol standards DA and NJV-di-n-propyldopamine 
(DPDA) suggests equivalency of the lactam unit and the 
3-OH of DA and DPDA in terms of receptor recognition. 
Such a hypothesis is supported in part by the significant 
in vitro activity observed with the des-OH compounds 28 
and 34 (Tables I and IV) and the loss of activity observed 
with the isomeric indolones 38,39, and 41 (Tables I1 and 
IV). It is of interest that  the des-OH indolones 28 and 34 
show in vitro potencies in the REA assay in the range of 
DA and DPDA, since the phenolic derivative N,N-di-n- 

Sulpizio, A. C.; Fowler, P. J.; Hieble, J. P.; Gallagher, G.; 
Wilson, J. W.; DeMarinis, R. M. Pharacologist 1984,26,174 
(Abstr). 
Zeid, R. L.; Hieble, J. P.; DeMarinis, R. M.; Wilson, J. W. Fed. 
hoc., Fed. Am. Sac. Exp. Biol. 1984, 43, 1020 (Abstr). 
Hieble, J. P.; Jervay, C. A.; Gruber, F. H.; Sarau, H. M.; Foley, 
J. J.; Wilson, J. W.; DeMarinis, R. M. Pharamacologist 1983, 
25, 162 (Abstr). 
Detailed biological characterization of compounds 26 and 28 
will be reported in forthcoming manuscripts. 
Summers, C.; Dijkstra, D.; deVries, J. B.; Horn, A. S. Nau- 
nyn-Schmiedeberg's Arch. Pharmacol. 1981, 316, 304-310. 
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Table I. 4-(2-Aminoethyl)indolones and Intermediates 
N R i R 2  

scheme/ yield, 
compd R1 R2 R3 R4 R5 x formulaD methodb mp, OC solvent % 

14 H COCF3 R3, R4 = 0 H OCH, C13HllF3N2- I 236.5-238 EtOAc- 64 
0 4  

0 4  

15 H COCF, R3, R4 = 0 CH3 OCH3 C14H13F3N2- I 

16 H COCF3 H H CH3 OCH, C14H15F3N2- 

17 H H 

18 n-Pr n-Pr 

H 

H 

0.25H2O 
19 H COCF, R3, R4 = -SCH2CH2S- H OCH3 C15H15F3N2- I 

20 H COCF, H H H OCH3 C13H13F3N2- 
0 8 2  

0 3 '  
O.5HzO 

HCl. 
21 H H H H H OCH3 C11H14N202' I 

22 H H H 

24 H H4Cz-CiH4-4- H 
OH - _ _  

25 n-Pr n-Pr H 

26 n-Pr n-Pr H 

27 n-Pr n-Pr H 

28 n-Pr n-Pr H 

29 n-Pr n-Pr H 

H H  

H H  

H H  

H H  

H H  

H H  

H H  

CH3 H 

H C16HuN20- I, I11 

OCH3 C18HBN202. I1 
HCl 

HC1 
30 n-Pr n-Pr H CH3 H OH C17H26N202 II/C 
31  n-Pr n-Pr CH3 CH, H OH Cl8H28N202. II/C 

HBr 

(0.4 M 
NaCl) 

32 n-Pr n-Pr CH3 OH H OH C17H26N203 11 

33 n-Pr H4CZ-C6H4-4- H H H H  CzzH28N202. I11 

34 n-Pr H4Cz-C6H,-4- H H H H  C21H26N202. III/C 
OCH3 HCl 

OH HBr. 

H OH H 

hexane 
203-205 EtOH 64 

185-187 EtOH-HzO 46 

235-237 EtOH 76 

227-229 H20 57 

163.5 EtOAc- 85 
hexane 

178-179 EtOAc-CH2C12 73 

258-260.5 MeOH- 91 
EtOAc 

250 dec 48% HBr (H20) 83 

258-260 dec CH3CN 22 

313-315 dec 48% HBr (H20) 87 

231-234 CH3CN 72 

252-254 MeOH- 75 

278-283 HZO 
EtOAc 

245-246 CH3CN 86 

241-243 CH3CN 76, 78e 

195-196 CHBCN 68 

183-185 EtOAc 69 
210-212 CH3CN 24 

-120 dec EtOAc-Et20 5 

156-158 CH3CN 22 

175 dec CH3CN 74 

196-197.5 CHSCN 31 

"All compounds analyzed satisfactorily for C, H, and N unless indicated otherwise. bFor methods A-C, see Experimental Section. I 
indicates that the procedure is described in the Experimental Section. 'Preferably prepared directly from 14 by method A (71%). 
dElemental analytical data was not obtained for this document. eThis compound was prepared via Scheme I (76%) and Scheme I11 (78%). 

propyl-m-tyramine (DPMT), which has been reported to 
have in vivo central nervous system effectaB but no activity 
in an in vitro assay for peripheral dopaminergic 

(24) Schmidt, M.; Imbs, J. L.; Giesen, E. M.; Schwartz, J. Eur. J .  
Phrmacol. 1982, 84, 61-70. 

is also 1 order of magnitude less active in our REA assay 
than the nonphenolic indolones 28 and 34. Comparison 
of the assay results for compound 26 with those obtained 
for the ring-opened analogues 46 and 47 (Table I11 and IV) 
in the REA demonstrates a unique Potency associated with 
the lactam ring of 26. 
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Table 11. Isomeric (2-Aminoethy1)indolones and Intermediates 

XCHzCH2 

? H  

side- 
chain 

no. R3, R4 posit X formula" scheme/methodb mp, "C solvent yield, % 

36 0 5 NHCOCFB C12HBF3Nz03 IV 194-194.5 EtOAc 82 
37 H 5 NHCOCF3 C1zHllF3NZOz IV/A 203-204 AcOH-HZO 83 

185.5-186.5 EtOH-Et20 70 
38 H 5 NHZ 
39 H 5 N(n-PrIz C16Hz4Nz0.HCl IV/B 
40 H 6 OSOZCH, CllH13N04S V 155.5-158 CHzClz 78 
41 H 6 N(n-Pr)z C16Hz4Nz0.HC1.HzOC (phase change) 108 ppt from EtzO 85 

CloH12N20.HCl IV 276-280 MeOH 77 

a See footnote a, Table I. See footnote b, Table I. ' N: calcd, 8.90; found, 8.47. 

Table 111. Ring Opened Analogues 
N(n-Pr)2 
I 

X 
scheme/ 

compd X Y formula method" mp, "C solvent anal. yield, % 
C,bH, N 75 42 OCH3 H C15H26N0 I bp 113-116 OC (0.5 torr) 

43 OH H C14Hz3N0.HBr I/C 154-155 MeOH-EtzO C, H, N 88 
C14H22N203 I 60.5-61.5 EtOH-Hz0 C, H, N 48 
Cz1Haz0.2HC1.2HzO I 107-110 dec 2-PrOH-EtzO C, H, N 71 

46 OH NHCHO C15H~NzOz.HC1.2HzO I 241.5-215.5 MeOH-EtzO C, H,CN 63 
47 OH NHCOCHB C16NaNzO2.HCl I 164.5-165.5 MeOH-EtzO C, H, N 85 

44 OH NO2 
45 OCHzPh NH2 

See footnote b, Table I. C: calcd, 76.55; found, 75.70. ' H: calcd, 8.68; found, 8.05. 

Table IV. Agonist Activity of 4-(Aminoethy1)indolones and 
Related Compounds at the Prejunctional Dopamine Receptor 

comDd ECm,"nM Nb comDd ECm?nM Nb 
~~ 

18 >3000 4 34 28 f 19 9 
22 116 f 43' 8 38 >3000 2 
24 53 f 16 6 39 3000 2 
25 >3000 2 41 >3000 2 
26 2 f 0.3' 10 46 750 f 188 5 
28 100 f 26' 5 47 >10000 6 
30 18 f 3 11 DAd 73 f 6' 38 
31 >3000 2 DPDAds' 80 f 17' 13 
32 218 f 26 5 DPMTdd 700 f 209 5 

Concentration SE required to inhibit by 50% the vasoconstric- 
tor response to field stimulation in the isolated, perfused rabbit ear 
artery. See: Hieble, J. P.; Pendleton, R. G. Naunyn-Schmiede- 
berg's Arch. Pharmacol. 1979, 309, 217. bNumber of determina- 
tions. e This response competitively antagonized by (S)-sulpiride. 
dDA = dopamine, DPDA = NJV-di-n-proopyldopamine, DPMT = 
NJV-di-n-propyl-m-tyramine. e Cannon, J. G.; Hsu, F. L.; Long, J. 
P.; Flynn, J. R.; Costall, B.; Naylor, R. J. J.  Med. Chem. 1978, 21, 
248. 'Wikstrom, H.; Lindberg, P.; Martinson, P.; Hjorth, S.; 
Carlsson, A.; Hacksell, U.; Svensson, U.; Nilsson, J. L. G. J.  Med. 
Chem. 1978,21,864. 

Starting from what we believed to be the intrinsic 
pharmacophore of the ergots, coupled with the knowledge 
of the presynaptic selectivity of alkylated dopamine ana- 
logues vis-&vis dopamine itself, we have designed and 
synthesized a series of indolones of which several possess 
potent presynaptic dopaminergic agonist activity as their 
major pharmacological property. These compounds do not 
possess the complex ergot ring structure and do not contain 
the catechol moiety. Preliminary studies on the in vivo 
characterization of two of the most interesting congeners, 
26 and 28, have been reported16J7 and more detailed 

pharmacological characterization of these compounds will 
be published in future papers. 

Experimental Section 
Melting points were taken either in a Mel-Temp hot stage or 

in open capillary tubes with a Thomas-Hoover Unimelt apparatus 
and are uncorrected. When analyses are reported by symbols of 
the elements, results were within 0.4% of calculated values. 
Melting points, and yields are recorded for new compounds in 
Schemes I-II. IR spectra were recorded on a Perkin-Elmer Model 
683 spectrophotometer and 'NMR spectra were obtained on a 
Varian EM-390 spectrometer. Spectral data for all compounds 
were consistent with assigned structures. The C, H, and N 
analyses were carried out by the Analytical, Physical and 
Structural Chemistry Department of Smith Kline & French 
Laboratories. 
N-[2-(4-Methoxyphenyl)ethyl]-2,2,2-trifluoroacetamide 

(1). To a cold solution of 50.0 g (0.331 mol) of 4-methoxy- 
benzeneethanamine in 500 mL of CHzClz under an argon atmo- 
sphere was added dropwise with stirring a solution of 93.6 mL 
(0.664 mol) of (CF3C0)z0 in 60 mL of CHzClz. After the mixture 
was stirred at room temperature for 1.5 h, the volatiles were 
removed, toluene was added and removed, and the residue was 
crystallized from 800 mL of 1:l Et&petroleum ether to give 55.8 
(68.2%) of white needles of 1, mp 84.0 "C. An additional 16.6 
g, mp 82.5-84.0 OC, was recovered from the filtrate to give a total 
yield of 72.4 g (88.4%). Anal. (Cl1Hl2F3NOz) C, H, N. 
N-[2-(4-Methoxy-3-nitrophenyl)ethyl]-2,2,2-trifluoro- 

acetamide (2). To a solution of 30.0 g (0.121 mol) of 1 in 254 
mL of TFA under an argon atmosphere was added dropwise with 
stirring and cooling a solution of 7.5 mL (0.12 mol) of concentrated 
HNOB in 56 mL of TFA. After the mixture was stirred at room 
temperature for 2 h, the solvents were removed and the residue 
was dissolved in EtOAc, which was successively extracted with 
5% HC1, dilute NaHCO,, and brine and then dried (Mg SO4- 
activated carbon). The mixture was filtered and the filtrate 
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concentrated. The resulting crude amber solid, 34.8 g (98%), was 
crystallized from 400 mL of 1:3 EtOAc-hexane to give 25.3 g 
(71.5%) of 2, mp 92.5-93.0 "C. A second crop, 4.59 g (13%), mp 
90-92 "C, of 2 was obtained from the mother liquors. Anal. 
(CiiHiiF3N20.d C, H, N. 
N-[2-(3-Amino-4-methoxyphenyl)ethyl]-2,2,2-trifluoro- 

acetamide (3). To a mixture of 80 g of activated Raney nickel 
catalyst and a solution of 400 g (1.369 mol) of 2 in 4 L of EtOH 
was added dropwise with cooling and stirring under an argon 
atmosphere a solution of 200 mL (4.115 mol) of hydrazine hydrate 
in 2 L of EtOH. Stirring was continued at 15 "C for 2 h and 92 
mL of HOAc was added dropwise to bring the pH to 7.0. The 
mixture was filtered and the filtrate treated with activated carbon. 
The carbon was removed, and the volatile solvents were evapo- 
rated in vacuo. The semisolid residue was triturated with EtOAc 
and the residual solid removed by filtration and washed with 
EtOAc. After extraction three times with brine, the EtOAc so- 
lution was dried (MgSO,), filtered, and evaporated. The residue 
was dissolved in 1770 mIA of EtzO and 1000 mL of hexane was 
added. After cooling, 221.7 g of 3, mp 87-88 "C was obtained. 
A second crop, 52.2 g (total yield 76.3%), was recovered from the 
filtrate. Anal. (Cl,H13F3NzOz) C, H, N. 

N-[  24 34  (Hydroximinoacetyl)amino]-4-met hoxyphenyll- 
ethyl]-2,2,2-trifluoroacetamide (4). A mixture of 44.5 g (0.17 
mol) of 3,940 mL of HzO, and 11.5 mL (0.207 mol) of concentrated 
HaO, was combined with a mixture of 29.1 g (0.176 mol) of chloral 
hydrate, 87.5 g (0.533 mol) of hydroxylamine sulfate, and 240 mL 
of H20. This mixture was heated rapidly to reflux in an argon 
atmosphere and after 4 min of reflux was allowed to cool to room 
temperature. The crude solid product was filtered, washed with 
HzO, and dried. The residue was dissolved in hot EtOAc, clarified 
with activated carbon, and diluted at reflux with hexane. Upon 
cooling, 27.5 g (50%) of 4 mp 195-197 "C, was obtained. A second 
crop 9.9 g, mp 192-195 "C (total yield 68%), was obtained from 
the filtrate. 'H NMR (Me2SO-d6/CDC13) 6 2.52-3.62 (m, 4 H, 
CHJ, 3.81 (s, 3 H, OCH,), 6.82 (d, 2 H), 7.53 (9, 1 H), 8.18 (s, 1 
H (exch)), 8.90 (e, 2 H (exch)), 11.90 (8, 1 H (exch)). Anal. 

7-Methoxy-4-[2-(trifluoroacetamido)ethyl]isatin (14). One 
portion, 5.0 g (0.015 mol), of powdered 4 was added with stirring 
to 50 mL of concentrated H2S04 under argon at 80 "C. Heating 
was continued for 6 min after solution was achieved. The reaction 
solution was poured over 500 g of cracked ice and the product 
was taken into EtOAc by two 200-mL extractions. The EtOAc 
solution was extracted with dilute aqueous NaHCO, and brine 
and then dried (MgSO,). After removal of the MgSO,, the solution 
was filtered through 200 g of silica gel and the filtrate evaporated 
to give 3.05 g of red crystalline 14: IR (KBr) 1750, 1735, 1705 
cm-'; 'H NMR (MeZSO-d,/CDC1,) 6 3.08 (t, 2 H, CH2), 3.50 (t, 

J = 3 H, 1 H), 9.12 (m, 1 H (exch)). 
7-Methoxy-l-methyl-4-[2-(trifluoroacetamido)ethyl]isatin 

(15). A mixture of 0.632 g (0.002 mol) of 14 and NaH, 0.058 g 
(0.0024 mol), in 10 mL of dry THF was treated with CHJ, 1.14 
g (0.008 mol), in three portions over a period of 2 days at room 
temperature. The reaction mixture was quenched with saturated 
aqueous NH4Cl and extracted into 955 EtOAc-EtOH and 
crystallized from EtOH after removal of solvent; 0.43 g of 15: IR 
(Nujol) 1735, 1720,1690 cm-'; 'H NMR (MeOH-d4/CDC1,) 6 3.11 

H, NCH,), 3.92 (s, 3 H, OCH,), 6.85 (d, J = 9 Hz, 1 H (Ar), 7.17 
(d, J = 9 Hz, I H (Ar). 

7-Methoxy- 1 -methyl-4-[2-(trifluoroacetamido)ethyl]-2- 
(3H)-indolone (16). A mixture of 0.430 g (0.0013 mol) of 15 and 
0.22 g of 10% Pd/C catalyst in 20 mL of HOAc containing 0.2 
mL of 70% perchloric acid was hydrogenated at 50 "C for 8 h. 
After removal of the catalyst and solvent, HzO and EtOAc were 
added to the residue, and the mixture was brought to pH 7 with 
NaOAc. The EtOAc phase was separated and the solvent removed 
in vacuo. Crystallization of the pink solid residue from 9O:lO 
HzO-EtOH gave 0.19 g of 16 as orange needles: IR (KBr) 1720, 
1690 cm-'; 'H NMR (MeOH-d4/CDC13) 6 2.75 (t, J = 5 Hz, 2 H, 

3 H, OCHJ, 6.81 (s, 2 H (Ar)). 
This general procedure for the catalytic conversion of isatins 

to indolones has been used in the preparation of other compounds 

(Ci3H14F3N301) C, H, N. 

2 H, CH,), 3.90 (9, 3 H, OCHJ, 6.82 (d, 1 H, J = 9 Hz), 7.12 (d, 

(t, J = 6 Hz, 2 H, CH2), 3.48 (t, J = 6 Hz, 2 H, CHZ), 3.50 (9, 3 

CHZ), 3.47 (9, 3 H, NCHJ, 3.51 (t, J = 5 Hz, 2 H, CHZ), 3.85 (s, 
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(Tables I and 11) and is designated method A. 
4-(2-Aminoethyl)-7-methoxy-l-methyl-2(3H)-indolone 

Hydrochloride (17). A solution of 0.41 g (0.0013 mol) of 16 in 
2.5 mL of EtOH and 5.4 mL of H20 containing 1.5 mL of con- 
centrated HC1 was refluxed for 20 h under a Nz atmosphere. The 
solution was taken to dryness in vacuo. The residue was triturated 
with CH3CN and EtzO and crystallized from EtOH to yield 0.25 
g. 

4-[2-(Di~n -propylamino)ethyl]-7-hydroxy-l-methyl-2- 
(3H)-indolone Hydrobromide (18). A solution of 0.180 g (0.0007 
mol) of 17 in 30 mL of HOAc containing 0.128 g (0.0022 mol) of 
propionaldehyde and 85 mg of 10% Pd/C catalyst was hydro- 
genated at 50 "C and 45 psi for 7 h. The catalyst and solvent 
were removed, and the residue was dissolved in H20 and made 
alkaline with Na2CO3 The free base was extracted into EtOAc. 
The EtOAc was removed in vacuo and the residue was refluxed 
under nitrogen with 3 mL of 48% HBr for 4 h. After removal 
of the HBr in vacuo, the residue was crystallized from H20 to 
give 0.15 g of rust colored crystals: IR (KBr) 1672 cm-'; 'H NMR 
(DzO) 6 1.35 (t, 6 H, CCH3), 2.10 (m, 4 H, CCHzC), 3.05-3.64 (m, 
9 H), 3.65 (s, 3 H, NCH3), 7.19 (8,  2 H (Ar)). 

The reductive alkylation procedure described in this experiment 
has been used for the preparation of other compounds (Tables 
I and 11) and is designated method B. The ether cleavage pro- 
cedure similarly has been used in other instances and is designated 
method C. 
3,3-(Ethylenedithio)-7-methoxy-4-[2-(trifluoroacet- 

amido)ethyl]-2(3H)-indolone (19). A mixture of 23.9 g (0.076 
mol) of 14 and 28.0 mL (0.32 mol) of ethanedithiol in 700 mL of 
anhydrous CHZClz was stirred at room temperature under argon 
while 6.3 mL (0.051 mol) of freshly distilled boron trifluoride 
etherate was added. After stirring at room temperature for 16 
h, an additional 1.0 mL (0.008 mol) of boron trifluoride etherate 
was added and stirring was continued for 7 h. The mixture was 
diluted with 1500 mL of CCl, and cooled overnight a t  -23 "C. 
The solid was removed and dissolved in EtOAc/Et20, and this 
solution was extracted with HzO, aqueous NaHC03, and brine. 
After drying (MgSOJ and treatment with activated carbon, the 
solvent was removed and the residue recrystallized from Et- 
OAc-hexane; 19.7 g (67%) of 19. A second crop, 5.6 g (la%), was 
recovered from the filtrate. 

7-Met hoxy-4-[ 2- (trifluoroacetamido)et hyll-2( 3H)-indolone 
(20). To a partial solution of 1 g (0.0026 mol) of 19 in 10 mL of 
absoute EtOH under argon was added with stirring 8 g of Raney 
nickel catalyst in 50 mL of absolute EtOH. After the mixture 
was stirred for 2 h, the catalyst was removed and the solvent 
removed. The residue was dissolved in EtOAc and extracted with 
3 N HCl, H20, 5% NaHCO,, and brine. After drying (MgSO,) 
and treatment with activated charcoal, the EtOAc was removed 
and the residue crystallized from EtOAc-hexane to yield 0.561 
g (73%) of 20, mp 176-178 "C. A solution in EtOAc-CHzClz was 
filtered through silica gel to give 540 mg: mp 178-179 "C; IR (KBr) 
1735, 1690 cm-'; 'H NMR (CDC1,) 6 2.79 (t, 2 H), 3.49 (s, 2 H, 
CH2CO), 3.60 (t, 2 H), 3.85 (8, 3 H, OCH,), 6.76 (s, 2 H (AR)), 
7.56 (br s, 1 H (exch)). 

4- (2-Aminoet hyl)-7-met hoary-%( 3H) -indolone (2 1). The 
amide 20,28.0 g (0.093 mol), was hydrolyzed as described for the 
preparation 17 to give 20.4 g of copper-colored needles. 

4 4  2 4  [ 2- ( p  -Met hoxypheny1)et hyllaminolet hyl1-7-met h- 
oxy-2(3H)-indolone Hydrochloride (23). 4-Methoxyphenyl- 
acetaldehyde was prepared by a modification of procedures de- 
scribed by Ban and OishiZ5 and by Hino and co-workers.26 To 
a mixture of 5.0 g (0.0192 mol) of 21 and 0.88 g (0.016 mol) of 
KOH in 50 mL of MeOH was added with stirring 2.88 g (0.0192 
mol) of the freshly distilled (bp 117-118 "C (9 mmHg)) 4-meth- 
oxyphenylacetaldehyde. To the resulting mixture was added 0.48 
g (0.0073 mol) of sodium cyanoborohydride. After the mixture 
was stirred at room temperature for 3 days, an additional 1.0 g 
(0.0159 mol) of sodium cyanoborohydride was added and the pH 
was adjusted to 6.3. After the mixture was stirred an additional 
4 h, H20 was added and the pH adjusted to 12. The mixture was 

(25) Ban, Y.; Oishi, T. Chem. Pharm. Bull. 1958, 6, 574-576. 
(26) Hino, T.; Suzuki, T.; Nakagawa, M. Chem. Pharm. Bull. 1973, 

21, 2786-2789. 
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extracted three times with CH2C12. The solventa were removed 
in vacuo, and the residual oil was dissolved in EhO and made 
acidic by the addition of ethereal HCl. The solid salt that pre- 
cipitated was triturated with EtOAc and crystallized from CH3CN 
to give 1.6 g of 23. 

4-[2-(Di-n -propylamino)ethyl]-7-methoxy-3(R ,S )- 
methyl-2(3H)-indolone Hydrochloride (29). The procedure 
of Kende and Hedges,' was employed. To a cold solution (-78 
"C) of 2.18 g (0.0075 mol) of the free base of 25 in 50 mL of dry 
THF containing 2.3 mL (0.015 mol) of tetramethylethylenedi- 
amine under a nitrogen atmosphere were added 0.99 g (0.0155 
mol) of cold n-butyllithium in hexane and then 2.13 g (0.015 mol) 
of CH31. After 1 h the temperature was allowed to rise slowly 
(3.5 h) to room temperature. The reaction mixture was poured 
into a saturated aqueous NH4Cl solution and the product ex- 
tracted into EGO. After drying (MgSOd, ethereal HC1 was added 
to the EgO solution and the orange oil that separated was trit- 
urated repeatedly with Et,O. Recrystallization of the resulting 
granular solid from CH3CN gave 1.74 g of 29: 'H NMR (DzO) 
6 1.05 (t, 6 H, CH,), 1.40 (d, 3 H, CH,), 1.54-2.05 (m, 4 H), 
2.70-3.60 (m, 10 H), 3.89 (s, 3 H, OCH,), 6.92 (8,  2 H (Ar)). 

3,3-Dimethyl-4-[2-(di-n -propylamino)ethyl]-7-hydroxy-2- 
(3H)-indolone Hydrobromide (31). The alkylation procedure 
employed for the preparation of 29 was repeated with use of 0.61 
g (0.002 mol) of the free base of 29 as the starting material. The 
crude product consisted of a mixture of 29 and the 7-methoxy 
derivative of 31. An alkaline suspension (dilute NaOH) of the 
crude product was stirred at room temperature in the open air 
for 18 h. After cooling, the pH was adjusted to 9 with concentrated 
HCl and the crude product was extracted into EGO. The desired 
intermediate was separated from the oxidation product of 29 (the 
methyl ether of 32) by chromatography on Baker 40-pm silica gel 
with use of 1:1 aceton-petroleum ether. Without further puri- 
fication, this material was converted to the desired product 31 
with 2 mL of 48% HBr by using method C: 'H NMR (D20) 6 
1.05 (t, 6 H, CH,CH,), 1.44 (s,6 H, C(CH,),), 1.59-2.04 (m, 4 H), 
2.95-3.52 (m, 8 H), 6.89 (s, 2 H (Ar)). 
3,7-Dihydroxy-4-[2-(di-n -propylamino)ethyl]-3-methyl-2- 

(3H)-indolone (32). To a solution of 0.33 g (0.001 mol) of 29 
in a mixture of 4 mL of MeOH and 5 mL of HzO was added 0.5 
mL of 40% NaOH. This reaction mixture was stirred in the open 
air at  room temperature for 18 h and then diluted with ice, and 
the pH was adjusted to 2 with dilute HCl. After 30 min the pH 
was brought to 8.5 with dilute NaOH, and the aqueous phase was 
saturated with NaCl and extracted with EtOAc. The EtOAc 
extract was chromatographed on 40-pm Baker silica gel with 
19o:lO:l EtOAc-MeOH-concentrated NH40H to give 0.048 g of 
intermediate as the free base. A cold (-75 "C) solution of 0.064 
g (0.0002 mol) of this intermediate in 5 mL of dry CHzClz was 
treated with 1.1 mL of 1 M BBr, in CH2C12. The reaction was 
allowed to warm slowly to room temperature and was then stirred 
for 18 h. The solvent was removed in a stream of Nz. Ice con- 
taining 2 drops of concentrated NH40H was added to the residue. 
The pH was adjusted to 2 with 3 N HCl and after 15 min read- 
justed to 8 with use of 10% NaHCO3 The aqueous phase was 
saturated with NaCl and exhaustively extracted with EtOAc. The 
EtOAc was removed in vacuo and the residual oil triturated with 
1:l Et&petroleum ether to give 0.021 g of 3 2  'H NMR (CDCl,) 
b 1.05 (t, 6 H, CH,CH3), 1.58-2.02 (m, 4 H), 1.70 (s,3 H, HOCCH,), 
3.00-3.50 (m, 8 H), 6.98 (8, 2 H (Ar)); IR (KBr) 1721 cm-'. 

4-[2-(Di-n -propylamino)ethyl]-7-[ (1-phenyl-lH-tetrazol- 
5-yl)oxy]-2(3H)-indolone Hydrochloride (27). A modification 
of the procedure of Teitel and 0BrienB was employed. A mixture 
of 3.43 g (0.0096 mol) of 26,2.08 g (0.021 mol) of anhydrous KzC03, 
and 1.77 g (0.099 mol) of 5-chloro-1-phenyl-1H-tetrazole in 220 
mL of acetone, 60 mL of DMF, and 10 mL of HzO was refluxed 
for 18 h. The mixture was filtered, and after the filtrate was 
concentrated in vacuo, the residue was diluted with HzO, saturated 
with NaC1, and extracted with EGO. After drying (MgS04), the 
ether solution was treated with ethereal HC1. The solid residue 
was triturated with EGO and crystallized from CH&N to give 
3.8 g of white crystalline product: 'H NMR (MeOH-d,) 6 1.08 
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(t, 6 H, CH2CH3), 1.61-2.09 (m, 4 H), CH2CH3), 2.96-3.57 (m, 10 
H), 7.05 (d, 1 H (Ar)), 7.26 (d, 1 H (Ar), 7.53-7.97 (m, 5 H (Ar)); 
IR (KBr) 1738, 1710 cm-'. 

4-[2-(Di-n -propylamino)ethyl]-2(3H)-indolone Hydro- 
chloride (28) (via Scheme I). A mixture of 2.64 g (0.00578 mol) 
of 27 and 1.49 g of 10% Pd/C catalyst in 200 mL of HOAc was 
hydrogenated for 20 h at 50 psi and 50 "C. The catalyst was 
removed and the solution concentrated in vacuo. The residue 
was partitioned between H,O/EtOAc and acidified with dilute 
HC1. The aqueous phase was made alkaline (pH 8.5) with 10% 
NaOH. The product was extracted into EtOAc/EtzO and after 
drying (MgS04), this solution was treated with ethereal HC1 to 
give a pale yellow crystalline product: *H NMR (CDC1,- 
MeOH-d4) 6 1.05 (t, 6 H, CH,CH,), 1.58-2.08(m, 4 H, CH2CH3), 
2.93-3.50 (m, 10 H), 6.75-7.35 (m, 3 H (Ar)); IR (KBr) 1760, 1725, 
1705 cm-'. 

2-(2-Met hyl-3-nitrophenyl)-N,N-di-n -propylacetamide 
(7a). To 50.0 g (0.256 mol) of 2-methyl-3-nitrophenylacetic acidB 
was added dropwise with stirring 95 g (0.80 mol) of SOCl,. When 
gas evoluation ceased, the solution was concentrated in vacuo, 
and several small portions of dry toluene were added and removed 
in vacuo. The residue was dissolved in 300 mL of toluene and 
added at  10 OC to 600 mL of a 50:50 H,O-toluene mixture con- 
taining 30 g (0.283 mol) of Na2C03. Di-n-propylamine, 30.1 g (0.30 
mol), was added with cooling and slow stirring, and after 0.5 h 
the mixture was brought to room temperature and stirred for an 
additional hour. An additional 1.0 g (0.0094 mol) of NaZCO3 was 
added and the toluene phase was separated, washed with 5% 
Na2C03, 1.5 N HCl, and HzO. After drying (MgS04), the solvent 
was removed and the thick residual oil was distilled in a Kugelrohr 
apparatus to give 64 g of product, bp 130 "C (0.1 mmHg), which 
crystallized as long needles: mp 49-50 "C; 'H NMR (CDCl,) 6 
0.78-1.08 (m, 6 H, CH,CH,), 1.37-1.89 (m, 4 H, CH,CH,), 2.35 
(s, 3 H, Ar CH3),3.19-3.46 (m,4 H,NCH2), 3.75 (s, 2 H,CH,CO), 
7.13-7.75 (m, 3 H (Ar); IR (neat) 1641, 1525, cm-'. Anal. (C15- 

2-Methyl-3-nitro-N,N-di-n -propylp henethylamine (8a). 
To a solution of 155.74 g (0.560 mol) of 7a in 1250 mL of an- 
hydrous THF was added dropwise 848 mL of 1.0 M borane in 
THF. The mixture was refluxed for 1 h, an additional 150 mL 
of 1.0 M borane-THF was added, and this solution was stirred 
overnight. Anhydrous MeOH was added cautiously and the 
solution was concentrated in vacuo. The residual syrup was 
warmed on a steam bath with 6 N HCl(200 mL) for 1 h and then 
cooled and made basic with 40% NaOH. The oily product was 
taken into EGO, washed with brine, concentrated in vacuo, and 
distilled in a Kugelrohr flask to yield 123.94 g (83%) of thick oil: 
bp 115-120 "C (0.1 mmHg); 'H NMR (CDCl,) 6 0.89 (t, 6 H, 
CH2CH3), 1.22-1.70 (m, 4 H, CH,CH,), 2.34-2.98 (m, 8 H), 2.42 
(6, 3 H, Ar CH,), 7.08-7.66 (m, 3 H (Ar)). Anal. (Cl5HZ4N2O2) 
C, H, N. 

2-Nitro-6-[ 2-(N,N-di-n -propylamino)et hyllphenylpyruvic 
Acid (9a). Absolute EtOH, 0.89 g (0.0193 mol), was added 
dropwise to freshly cut K metal, 0.75 g (0.019 mol), in anhydrous 
EGO under a nitrogen atmosphere. Diethyl oxalate, 2.77 g (0.019 
mol), was added dropwise with stirring after the metal had dis- 
solved. After 10 min, 5.03 g (0.019 mol) of 9 was added dropwise. 
After an additional 10 min of stirring, the dark purple solution 
was allowed to stand overnight. The solution was concentrated 
with a stream of Nz and 100 mL of HzO was added (pH 10). The 
solution was extracted with EGO, and after drying (MgSO,), the 
ether was removed to provide 2.59 g of crude unreacted starting 
material 8a. The HzO layer was diluted with 300 mL of H20 and 
acidified to pH 1.5 with 3 N HCl. The tan precipitate was sep- 
arated and crystallized from HOAc; 3.37 g (52%), mp 220-225 
"C ;  'H NMR (D20-DC1) 6 0.85 (t, 6 H, CH,CH,), 1.35-1.85 (m, 
4 H, 2.90-3.27 (m, 8 H, 7.20-7.79 (m, 3 H (Ar)); IR (Nujol) 1740, 
1710, 3450 cm-'. Anal. (C1,H2,N2O6-0.25 H20) C, H, N. 

2-Nitro-6-[2-(di-n -propylamino)ethyl]phenylacetic Acid 
Hydrochloride (loa). To a cold (10 "C) mixture of 26.0 g (0.0773 
mol) of 9a in 400 mL of 2% NaOH (0.20 mol) was added 13.7 mL 
(0.159 mol) of 30% HzOp After addition was completed the 
solution was brought to room temperature and stirred for 1 h. 

HZZ"203) C, H, N. 

(27) Kende, A. S.; Hodges, J. C. Synth. Commun. 1982,12, 1-10. 
(28) Teitel, S.; O'Brien, J. P. J. Org. Chem. 1976, 41, 1657-1658. 

~~ 

(29) Askam, V.; Deeks, R. H. L. J. Chem. SOC. C 1969,1935-1936. 
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The pH was adjusted to 1.5 by careful addition of concentrated 
HCl. The volume was reduced in vacuo and the solution cooled 
to room temperature to give 18.5 g of loa. A second crop, 2.77 
g, was obtained when the filtrate was cooled overnight at 10 "C; 
total yield 21.26 g (80%), mp 188-192 "C: 'H NMR (DzO) 6 0.89 
(t, 6 H, CHzCH3), 1.42-1.92 (m, 4 H, CHzCH3), 3.00-3.50 (m, 8 
H), 3.90 (s, 2 H, (CHzCO), 7.30-7.89 (m, 3 H (Ar)). Anal. 

4-[2-(Di-n -propylamino)ethyl]-2(3H)-indolone Hydro- 
chloride (28). A mixture of 2.0 g (0.0058 mol) of 10a and 0.205 
g of 5% Pd/C catalyst in 100 mL of EtOH was hydrogenated at 
room temperature and 50 psi for 5 h. The catalyst was removed 
and the solution concentrated in vacuo to a white powder. 
Crystallization from 400 mL of CH3CN gave 28, which was 
identical in all respects with material prepared via Scheme I. 

4-Methoxy-N-n -propylphenethylamine Hydrochloride (6). 
Reaction of 50 g (0.32 mol) of 4-methoxybenzeneethanamine and 
31.5 g (0.31 mol) of propionyl chloride was carried out as described 
for 7a to give 56.5 g (82%) of white crystalline N-[2-(4-meth- 
oxyphenyl)ethyl]propanamide, mp 75-77 "C. Crystallization of 
a small sample from CHzClz-hexane gave crystals, mp 78-79.5 
"C. Anal. (C1zH17N0z) C, H, N. Reduction of 50.0 g (0.24 mol) 
of the amide was carried out as described for Sa to give 43.4 g 
(79%) of white crystalline hydrochloride, mp 209-211 "C after 
recrystallization from EtOH-EteO. Anal. (ClzH,JVO.HCl) C, H, 
N. 
N-(4-Methoxyphenethyl)-N-(2-methyl-3-nitrophen- 

ethyl)-N-n-propylamine (Sb). The reaction of 23.5 g (0.10 mol) 
of 6 with the acid chloride prepared from 20 g (0.102 mol) of 
2-methyl-3-nitrophenylacetic acid was carried out essentially as 
described for the preparation of 7a to give the crude amide as 
an oil, which was used without further purification. It was reduced 
with borane in THF as described for Sa to give 27.4 g (79.5%) 
of 8b as an amber oil after Kugelrohr distillation (bp 200 "C (1.5 
mmHg)). Anal. (CZ1Hz8N2O3) C, H, N. 
2-Nitro-6-[2-[N-(4-methoxyphenethyl)-N-n -propyl- 

amino]ethyl]phenylacetic Acid Hydrochloride (lob). This 
Reissert reaction was carried out with 10.0 g (0.028 mol) of 8b 
by using the procedure described for the preparation of 9a to give 
5.3 g (41%) of the crude hydrochloride of the phenylpyruvic acid 
as a buff powder. It melted at  174 "C dec after crystallization 
from EtOAc. A total of 5.6 g (56%) of crude unreacted starting 
material was also obtained. A total of 8.3 g (0.018 mol) of the 
crude phenylpyruvic acid was converted to the acetic acid as 
described for loa. The hydrochloride of the acetic acid was soluble 
in CHC13 and the crude product was isolated as a foam (8.2 g) 
by concentrating a solution of the hydrochloride in CHC1,. An 
analytical sample, mp 114-119 "C dec, was obtained by concen- 
trating to  dryness a CHzClz solution of the sodium salt and 
trituration with a small volume of dilute HCl. Anal. (CzzHz8- 

4-[2-[N-(4-Methoxyphenethyl)-N-n -propylamino]- 
ethyl]-2(3H)-indolone Hydrochloride (33) and 1-Hydroxy- 
4 4  2-[ N-(4-methoxyphenethyl)-N-n -propylamino]ethyl]-2- 
(3H)-indolone Hydrochloride (35). A mixture of 6.2 g (0.014) 
mol) of crude lob, 350 mL of EtOH, 2 mL of concentrated HC1, 
and 700 mg of 5% Pd/C catalyst was hydrogenated at room 
temperature and 50 psi for 6 h. After removal of the catalyst, 
the solvent was removed in vacuo. Column chromatography (silica 
gel 60,150 g, 70-230 mesh, E. Merck) using CHC13-MeOH (955) 
and collecting 40-mL fractions gave 1.04 g of 33 and 1.8 g of 35 
as powders. 
N-[2-[4-[(Hydroximinoacetyl)amino]pheny~]ethyl]-2~,2- 

trifluoroacetamide (12). Amine 1130 (9.77 g, 0.042 mol), dis- 
solved (80 "C) in 190 mL of HzO containing 50 mL of HzSO4, was 
reacted with chloral hydrate (7.2 g, 0.044 mol) and hydroxylamine 
sulfate (20.98 g, 0.128 mol) as described in the preparation of 4. 
Buff crystals of 12 were obtained upon cooling, 7.9 g (62%). An 
analytical sample, mp 175-176 "C, was obtained by crystallization 
from EtOAc-hexane. Anal. (C12H12F3N,03) C, H, N. 
5-[2-(Trifluoroacetamido)ethyl]isatin (36). Compound 12 

(7.9 g. 0.042 mol) was added rapidly in portions with stirring to 

(C16Hz4Nz04.HCl) C, H, M. 

N2O,*HC1*0.5HzO) C, H, N. 

(30) Foye, W. 0.; Anderson, J. C. J .  Pharm. Sci. 1969, 58, 
1558-1660. 

86 mL of concentrated H$04 at 80 "C. After 6 min the solution 
was poured over ice and the solid product extracted into EtOAc. 
The EtOAc solution was concentrated to 100 mL and cooled; 6.1 
g of orange/red 36. 
5-(2-Aminoethyl)-2(3H)-indolone Hydrochloride (38). 

Isatin 36 (2.62 g, 96.7 mmol) was catalytically reduced by method 
A used for the synthesis of 16 to give 37 as a white crystalline 
solid, mp 203-204 "C. A solution of 37 (0.5 g, 0.001 mol) in a 
mixture of 10 mL of 10% HCl and 10 mL of EtOH was refluxed 
for 16 h and concentrated to dryness in vacuo to give 38. 
6-(2-Hydroxyethyl)-2(3H)-indolone Methanesulfonate 

(40). A solution of borane in THF (0.021 mol) was added with 
stirring to a suspension of 2.0 g (0.011 mol) of indolone-6-acetic 
acid3' in 100 mL of THF. After the mixture was stirred for 16 
h, 25 mL of MeOH was added, and the solvents were removed 
in vacuo. The residue was again stirred with a small volume of 
MeOH and concentrated in vacuo to give a pale green solid. 
Chromatography on 106 g of silica gel 60 (70-230 mesh, E. Merck) 
with a MeOH-CHC13 gradient and elution with 20% MeOH- 
CHC13 gave 1.04 g (46%) of 6-(2-hydroxyethyl)-2(3H)-indolone. 
To a solution of 1.0 g (0.0057 mol) of this carbinol in 5 mL of 
pyridine was added 0.65 g (0.0057 mol) of methanesulfonyl chloride 
in one portion with ice cooling. This solution was stirred at room 
temperature for 2 h and then poured into dilute HCl and extracted 
with CH2Cl2 The CHzClz solution was extracted with 10% HC1 
and brine and then dried (MgS04). Removal of the CHzClz gave 
1.12 g of 40 as a pale orange solid. 

6-[2-(Di-n -propylamino)ethyl]-2(3H)-indolone Hydro- 
chloride (41). A solution of mesylate 40 (0.88 g, 0.0035 mol) in 
a mixture of 8.8 mL of MeOH and 8.8 mL of di-n-propylamine 
was stirred in a sealed vessel a t  100 "C for 2.5 h. The volatile 
liquids were removed in vacuo, HzO was added, and the mixture 
was made alkaline with 10% NaOH and extracted with ether. 
Addition of HCl gas to the ether solution gave pink crystals of 
41. 

4-Methoxy-N,N-di-n -propylphenethylamine (42). To a 
solution of 30 g (0.3 mL) of di-n-propylamine in 70 mL of CHC1, 
was added at 0 "C a solution of 18.4 g (0.1 mol) of 4-methoxy- 
phenylacetyl chloride in 70 mL of CHC1,. The mixture was heated 
at 50 "C for 2 h and then concentrated in vacuo. The residue 
was dissolved in CHC13 and extracted with 10% HC1,5% NaZCO3, 
and HzO. After drying (MgSO,), the CHC1, was removed in vacuo 
to give 23.8 g (96%) of crude amide as a viscous oil, which was 
used without further purification. To a solution of 0.98 M di- 
borane in THF (750 mL, 0.735 mol) was added with stirring a 
solution of 127.2 g (0.51 mol) of crude amide in 300 mL of THF. 
The mixture was refluxed for 4 h, and after cooling, 50 mL of 
MeOH was added and stirring was continued for 60 h. The 
solvents were removed in vacuo, and the oily yellow residue was 
heated with dilute (10%) HCl on the steam bath for 2 h. This 
solution was cooled and extracted with EtzO and the aqueous 
phase was made basic with 40% NaOH. The oily product was 
extracted into EbO, and after drying (MgS04), the ether was 
removed in vacuo to give 101 g of yellow oil. Distillation at 0.5 
mm gave 90.3% (75%) of clear oil, bp 113-116 "C. Anal. 
(CI5HzsNO) H, N, C: calcd, 76.55; found, 75.70. 

4-Hydroxy-3-nitro-NJV-di-n -propylphenethylamine (44). 
To a solution of 20 g (0.095 mol) of 43 in 150 mL of HOAc was 
added with stirring 8.42 g (5.97 mL, 0.095 mol) of 70-71% HN08. 
The solution was stirred overnight a t  room temperature, then 
diluted with water and neutralized with NH,OH. The oily product 
was extracted into EtOAc. Purification using dry column chro- 
matography (silica gel, 10% MeOH-EtOAc) gave 11.8 g of a dark 
amber oil, which crystallized on standing. 

3-Amino-4- (benzyloxy)-NJV-di-n -propylphenethylamine 
Dihydrochloride (45). A mixture of 23.5 g (0.088 mol) of 44, 
40 g (0.29 mol) of K2C03, and 10.5 mL (15.1 g, 0.088 mol) of benzyl 
bromide in 500 mL of acetone was refluxed for 2 h. After fiitration, 
the acetone was removed in vacuo and the residue dissolved in 
warm EtOAc and cooled. A small amount of quaternary salt wm 
removed by filtration and the filtrate concentrated in vacuo to 
give 30.2 g of an orange oil. Purification by dry column chro- 

(31) Ruggli, P.; Bussemaker, B. B.; Muller, W. Helu. Chim. Acta 
1935, 18, 613-623. 
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present in the chamber. The test drug is administered in in- 
creasing concentration. Each concentration is allowed to remain 
in contact with the tissue for 4 min. The drug concentration is 
increased immediately following the response to nerve stimulation. 
If the effect of dopaminergic blockade is to be determined 
(S)-sulpiride superfusion is begun after obtaining the initial 
concentration-effect curve for the test compound. Following a 
30-min equilibration period, the curve is repeated in the presence 
of (S)-sulpiride. 
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matography (silica gel, 50% EtzO-petroleum ether) gave 23.1 g 
(73.5%) of 4-(benzyloxy)-3-nitro-NJV-di-n-propylphenethylamine, 
which was used without further purification. To a solution of 
the 23.1 g (0.065 mol) of the above nitro compound in 100 mL 
of MeOH was added 0.35 g of PtOz and sufficient dry HC1 gas 
in EgO to partially neutralize the amine. The mixture was 
hydrogenated at 60 psi with shaking. The catalyst was removed 
by filtration and the solvent by evaporation in vacuo. The residue 
was dissolved in i-PrOH and made acidic by the addition of 
ethereal HC1, Et20 was added slowly, and the salt was filtered; 
24.8 g (96%, 71% overall). 
3-Formamido-4-hydroxy-NJV-n -dipropylphenethylamine 

Hydrochloride (46). A solution of 5.0 g (0.015 mol) of the free 
base of 45 in 150 mL of ethyl formate was refluxed overnight. The 
ethyl formate was removed in vacuo and the residual oil dissolved 
in EtOAc/EkO. A small amount of white solid was removed by 
filtration, and the solvents were again removed in vacuo. This 
crude product (5.2 g) was usbd without further purification. A 
solution of 1.75 g (0.0049 mol).of the above crude formyl derivative 
in 50 mL of MeOH containing a small amount of EtOAc was 
hydrogenated at  60 psi with shaking in the presence of 0.75 g of 
10% Pd/C. After 1 h the catalyst was removed by filtration and 
the solvents were removed by evaporation in vacuo to give 1.3 
g of an oily product. I t  w& converted to the hydrochloride salt 
by the addition of ethereal HCl to a solution in MeOH, 0.925 g. 
3-Acetamidp-4-hydroxy-NJV-di-n -propylphenethylamine 

Hydrochloride (47). A solution of 2.1 g (0.0064 mol) of the free 
base of 45 in 75 mL of Ac,O was stirred overnight at room tem- 
perature. The Ac20 was removed in vacuo to give 2.4 g of a tan 
oil. This oil was dissolved in a mixture of 50 mL of MeOH and 
10 mL of EtOAc and hydrogenated with shaking at 60 psi in the 
presence of 1.0 g of 10% Pd/C. The catalyst was filtered and 
the filtrate waS concentrated to an oil in vacuo. This waa converted 
to the hydrochloride in methanol with use of ethereal HCl, 1.75 
g. 

Assay for Inhibition of5 Adrenergic Neurotransmission 
in the Isolated Perfused Rabbit Ear Artery (REA). A 2-4cm 
segment of central ear artery is mounted in a narrow cylindrical 
chamber where it is simultaneously perfused intraluminally and 
superfused extraluminally with oxygenated Krebs solution. D ~ g s  
can be administered by means of either the intraluminal or ex- 
traluminal flow. Changes in arterial diameter are reflected as 
changes in intraluminal perfusion pressure. At 4-min intervals, 
the vascular sympathetic nerves are excited by pulses from an 
electronic stimulator delivered through platinum electrodes 

Synthesis, Saludiuretic, and Antihypertensive Activity of 6,7-Disubstituted l(2H)- 
and 3,4-Dihydro- 1 (2H)-~hthalazinones 

S. Cherkez, J. Herzig, and H. Yellin* 

Teva Pharmaceutical Industries Ltd., 61 013 Tel-Aviv, Israel. Received May 16, 1984 

The synthesis of the isomeric series 6-chloro-7-sulfamoyl- and 7-chloro-6-sulfamoyl-1(2H)-phthalazinones (1 and 
2) and 6-chloro-7-sulfamoyl- and 7-chloro-6-sulf~oyl-3,4-dihyd~l(~-ph~azinones (3 and 4), combining structural 
features characteristic to furosemide and hydralazine, is described, the mechanism of the formation of 1 and 2 is 
discussed, and their structure-activities relationships are studied. Preliminary screening in the rat shows that series 
1 and 3 exhibit diuretic and saluretic activity similar to that of chlorothiazide with, however, Na+/K+ ratios more 
favorable than chlyothiazide and fufosemide. The compounds of series 2 and 4 are practically inactive. All four 
series show initial antihypertensive activity lower than that of hydralazine. However, compounds la,  IC, and 4a 
show a higher activity at 8 and/or 24 h after administration and thus may offer a unique combination of a "loop" 
diuresis with direct long-acting peripheral vasodilating effects. 

Many diuretics and saluretics possess a n  aromatic nu- 
cleus with a halogen, pseudohalogen, or a phenoxy group 
in the  position ortho to  and a n  electronegative group in 
the position meta to a sulfonamide group.' Among those 
that have found wide use are furmehide (5), chlorothiazide 

(6), hydrochlorothiazide (7), and bumetanide (15) (Figure 
1). 

Compounds having cyclic or exocyclic -N-N- moieties 
(hydralazine, dihydralazine, compounds 1 1-142-4) are 

(1) Feit, P. J.  Med. Chem. 1971, 14, 432. 
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(2) Kikuo, A.; Kiyoshi, S. Jpn. Patent 7455680; Chem. Abstr. 1974, 
81, 136167). 
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