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title compound was prepared from 219 by a procedure similar to 
that used for its cis isomer (24.HCl), except in this case the 
N204/HOAc solution was added to the reaction mixture in small 
portions over a period of 48 h at  5-50 "C with occasional mixing. 
After complete addition, the mixture was kept a t  -50 to -30 "C 
for an additional 24 h and then worked up as described for 24.HC1 
to afford 34% of crude 25.HC1, which was used without purifi- 
cation: mp 235-237 "C dec; Rf 0.28 (EtOAc/MeOH/NH,OH, 
5:3:0.5); mass spectrum, m / e  291 (M' + 1). 
a-Amino-N-(2-phenylethyl)acetamide (26). To a stirred, 

ice-cooled solution of N-Z-Gly-ONp (0.73 g, 2.2 mmol) in dry 
MeCN (10 mL) was added a solution of phenethylamine (0.72 
g, 2.2 mmol) in MeCN (5  mL) and the mixture was stirred at  25 
"C for 2 h. The solvent was removed in vacuo and the solid residue 
was washed repeatedly with 10% NaHCO, and then with HzO. 
The EtOAc solution was evaporated to give 0.53 g (76 %, based 
on N-Z-Gly-ONp) of N-Z-Gly-NHCHzCH2Ph as a solid, mp 
104-107 "C. This product (0.4 g, 1.28 mmol) was dissolved in 
MeOH (15 mL), 10% ethereal HCl(0.2 mL) was added and the 
mixture was hydrogenated over 10% Pd/C (40 mg, 10% w/w) 
a t  room temperature and atmospheric pressure for 6 h. The 
mixture was filtered and MeOH was evaporated. The residue 
was washed with cold ether and dried in vacuo to give 0.24 g (89%) 
of 26.HC1 as a solid, mp 85-86 "C. This was dissolved in H20 
and the solution was basified with NaHCO, and extracted with 
EtOAc. Removal of EtOAc gave 26 as an oil which solidified at  

l-Methyl-N-substituted-4-(N-phenylpropanamido)- 
piperidine-2-carboxamides (14-19). To a stirred solution of 
24sHC1 or 25.HC1 (1 equiv) in dry MeCN a t  -20 "C was added 
triethylamine (2 equiv), followed by isobutyl chloroformatel' (1 
equiv). After stirring for 15 min a t  -20 "C, a solution of the 
appropriate amine [(Ph(CHJ14NHz] or 26 (1 equiv) in dry MeCN 

-15 "C. 

was added, and the mixture was stirred for 15 min a t  -10 "C and 
24 h a t  25-27 "C. The solvent was removed in vacuo, and the 
residue was mixed with H20,  acidified (pH 3) with 10% HCl, and 
extracted with EtOAc. In the case of 17 and 18, the organic layer 
was dried (NazSO,) and EtOAc was removed to give the crude 
product, which was purified as its HCl salt as indicated in Table 
11. In the case of 14-16 and 19, the aqueous layer was cooled (ice 
bath), basified (pH 12) with Na2C03, and extracted with EtOAc. 
Drying and then removing the EtOAc gave the crude product, 
which was purified by crystallization of the base (14, 16, and 19) 
or the HCl salt (15) as shown in Table 11. The HBr salts of 14 
(mp 170-173 "C), 16 (mp 105-108 "C), and 19 (mp 98-101 "C) 
were prepared with an ethereal solution of HBr. 

Guinea Pig Ileum Myenteric Plexus and  Mouse Vas De- 
ferens Preparations. This was performed according to modi- 
f i c a t i o n ~ ~ ~ ~  of the published procedures of Kosterlitz et al.12J3 The 
IC, of fentanyl was determined in the GPI or MVD from the log 
dose-response curves. The preparations were then incubated with 
2 X lo-' P-FNA for 60 min. The agonist effect of 0-FNA was 
washed until the tissue recovered its normal response. The IC, 
ratio of fentanyl was then evaluated on the P-FNA-treated 
preparation. The ICm ratio, which represents the IC, of fentanyl 
after treatment with P-FNA divided by the control ICbo, was 
determined. 
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The synthesis of a series of 1-phenoxy-3-[ (amidoalkyl)amino]propan-2-ols, in which the phenoxy ring is variously 
substituted with ortho and para amidic moieties, is described. Several of the compounds have P-blocking potency 
comparable to that of propranolol and cardioselectivity similar to that of practolol, when given intravenously to 
anesthetized cats. In contrast to previous findings with cardioselective P blockers, both ortho and para substitution 
give variable degrees of cardioselectivity. Potency, however, is favored by ortho substitution. 

In two previous papers1i2 we have shown that an amidic 
moiety i n  the side chain of an arylethanolamine, 1, or an 

found that a para amidic subst i tuent  gave opt imum car- 
d i o ~ e l e c t i v i t y . ~  Other  workers have reported similar 
findings4-' and cardioselectivity has also been achieved by  
replacing the isopropyl or tert-butyl substituent, conven- 
tionally used in  p blockers with an (ary1oxy)alkyl group 
in  which the aryl ring has a para-amidic substituent.8 We 
therefore considered i t  of interest  to combine the above 
features  b y  synthesizing a series of 1-[ (substituted-ami- 
d o ) p h e n o x y ] - 3 -  [ [ (substituted-amido)alkyl]amino]- 
propanol-2-01s. 

C H O H C H ~ N H C H ~ C H ~ Y R I  

R 0- 
9 P- 
1, Y = NHCO, NHCONH, NHSO, 

0 C H2C HOHC HpNHCH 2 C H p Y  R,  
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(4) B. Basil, 3. R. Clark, E. C. J. Coffee, R. Jordan, A. H. Loveless, 
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Snarey, J .  Med. Chen., 16, 1245 (1973). 

2, Y = NHCO, NHCONH, NHSO, 

(aryloxy)propanolamine, 2, confers a high degree of car- 
dioselectivity and @-adrenergic blocking potency. Fur -  
thermore,  i n  earlier s tudies  on  (aryloxy)propanolamines, 
which were variously subst i tuted i n  t h e  aryloxy ring, we 

(1) M. S. Large and L. H. Smith, J .  Med.  Chem., 23, 112 (1980). 
(2) M. S. Large and L. H. Smith, J .  Med. Chem., 25,1417 (1982). 
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1 -Phenoxy-3- [(amidoalkyl)amino]propan-2-ols 

Scheme Ia  

R 

R 
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f - 1  

a R, R , ,  R, ,  R,, R,, and X relate to the substituents 
described in Tables I-V. 

This paper discusses the structure-activity relationships 
of a series of compounds described by structure 3, in which 

7 3  

3 

either R or R1 is an amidic substituent or R and R1 are 
nonamidic, but R4 is an aryl ring bearing a para-amidic 
substituent and X has the values shown in Tables IV and 
V. 

Chemistry, The majority of compounds listed in Tables 
I-V were synthesized by methods A and B illustrated in 
Scheme I. The designation C used in the tables signifies 
a separately described method of preparation. The (am- 
idoalky1)amine precursors used in methods A and B were 
made by acylating an alkylenediamine by literature 
methods. 
Results and Discussion 

The compounds presented in this work have been di- 
vided into five classes (Tables I-V) according to the nature 
of the amidic substituent, in order to facilitate structure- 
activity relationship discussion. Table I lists those com- 
pounds that have an acylamino substituent in the aryl 
nucleus. The p- and o-acetamido compounds 4 and 5, 
while not directly comparable, have similar potencies, but 
cardioselectivity appears to be favored by para substitu- 
tion. The combination of a variety of ortho substituents 
with a p-acylamino substituent does not affect cardiose- 
lectivity, as shown by the ortho-substituted p-propion- 
amidophenoxy compounds 6-11, all of which are very 
cardioselective. Furthermore, potency appears to be 
greatly enhanced by an o-ethyl substituent, as shown by 
compounds 9 and 11. Variations in R4 were very limited 
in this class, the only direct comparison being compound 
9 vs. 11, where there is very little difference in the effect 
of potency and cardioselectivity between a phenylacet- 
amido and a phenylureido moiety. 

The para-substituted carbamoyl analogues 18 and 19 in 
Table I1 were weakly active, and compound 18 was not 
very cardioselective. By comparison, the ortho-substituted 
compounds 12-17 were potent, with compounds 14 and 17 
displaying both high potency and cardioselectivity. Both 
of these latter compounds are substituted at R4 by a phenyl 
ring that is separated from the side-chain amidic moiety 
by a methylene and imino group, respectively. In the one 
example examined, potency is enhanced but cardioselec- 
tivity is reduced by branching the alkylene chain at  R2 (14 
vs. 15). Overall, cardioselectivity in this class was variable 
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and less consistent than the selectivity shown by the 
acylamino compounds in Table I. There is a marked in- 
crease in potency on replacing an unsubstituted o-carba- 
moyl moiety with an N-substituted oxyacetamido moiety. 
Thus, the oxyacetamido analogues of compound 12, Le., 
compounds 21 and 35 in Table 111, are far more potent 
while having a similar degree of cardioselectivity. Re- 
placement of the isobutyramido substituent (R4) with other 
substituents had little effect on potency (cf. 21 with 20 and 
23-25), but the tert-butyl and benzyl substituents 24 and 
25 do lead to reduced cardioselectivity. Interestingly, when 
R4 is a benzyl moiety with a substituent on the phenyl ring, 
the substituent appears to influence the degree of car- 
dioselectivity. Thus, compounds 26 and 27, bearing ortho 
substituents, are very selective, while compound 28 with 
a para substituent is less selective; potency, however, was 
not affected by this variation. When R4 is a phenoxy- 
methyl moiety, variously substituted in the phenyl ring, 
the ortho-substituted analogues 29-3 1 have variable effects 
on potency and cardioselectivity. Replacement of the 
methyl substituent on the amide group of the o-oxyacet- 
amido moiety by hydroxyethyl had little effect on potency 
or cardioselectivity (cf. 21 with 35, and 25 with 36). 

The miscellaneous amide groups listed in Table IV are 
too diverse and small in number to allow for SAR inter- 
pretations. There are, however, some points of interest 
to be gleaned from the data. Thus, the o-methylsulfon- 
amido compound 42 showed good potency and moderate 
cardioselectivity. The p-n-butylureido (38) and p- 
acetylaminomethylene (39) substituents lead to high car- 
dioselectivity, while the p-carbamoylmethylene substituent 
(40) appears to confer poor potency and selectivity; this 
may be a consequence of the phenylsulfonamido substit- 
uent a t  R4. 

A limited number of analogues were synthesized in 
which the amidic substituent was introduced into the 
phenyl ring of a benzamido, phenylacetamido, or phen- 
oxyacetamido moiety on the alkylamine side chain. In all 
the examples shown in Table V, the phenyl ring was 
substituted in the para position, R6. As in Table IV, the 
amidic groups exemplified are too small in number and 
too diverse for any detailed SAR interpretation. I t  is of 
interest, however, to note that all the compounds are po- 
tent and cardioselective and that the p-acylamino- 
benzenesulfonamide 47 is more potent than the analogous 
benzamide 43. Two analogous compounds, 46 and 45, show 
that an acetylaminomethylene substituent is preferable to 
a carbamoylmethylene substituent for both potency and 
cardioselectivity. 

In summary, this study shows that the introduction of 
ortho- and para-amidic functions into the phenoxy ring 
of 1-phenoxy-3- [ [ (substituted-amido)alkyl]amino] propan- 
2-01s results in variable degrees of cardioselectivity. Po- 
tency, however, is favored by ortho substitution. This is 
in contrast to the findings in other ~ e r i e s , ~ - ~  where para 
substituents gave both higher potency and cardioselec- 
tivity. 

Experimental Section 
Chemistry. All melting points were obtained with an Elec- 

trothermal capillary melting point apparatus and are uncorrected. 
Where analyses are indicated only by symbols of the elements, 
analytical results obtained for those elements were within f0.4% 
of the theoretical values. lH NMR spectra for all the compounds 
described were recorded either on a Varian HAlOOD or a Varian 
A60 with tetramethylsilane as the internal standard and were 
consistent with the assigned structures. 

3-[ [2-(Phenylacetamido)ethyl]amino]-l-[2-bromo-4- 
propionamidophenoxy]propan-2-o1 (8). Method A. A mixture 
of 1-[ 2-bromo-4-propionamidophenoxy]-2,3-epoxypropane (1.5 
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g, 0.005 mol), N-(2-aminoethyl)phenylacetamides (0.9 g, 0.005 mol), 
and i-PrOH (50 mL) was refluxed for 18 h and then evaporated 
to dryness. The residue was crystallized from MeCN and then 
from EtOH: yield 0.38 g (16%); mp 169-170 "C. 
3-[ (2-Isobutyramidoethyl)amino]-l-(2-carbamoylphen- 

oxy)propan-2-01 (12). Method B. A mixture of 3-chloro-1-(2- 
carbamoylphenoxy)propan-2-ol (2.3 g, 0.01 mol), N-(2-amino- 
ethy1)isobutyramidelO (1.3 g, 0.01 mol), NaHCO, (0.84 g, 0.01 mol), 
HzO (5 mL), and i-PrOH (40 mL) was refluxed for 18 h, cooled 
to room temperature, and then filtered. The filtrate was evap- 
orated to  dryness, and the residue was crystallized from MeCN: 
yield 0.8 g (25%); mp 136-138 "C. 

3-[ (2-Isobutyramidoethyl)amino]-l-[2-(methylsulfon- 
amido)phenoxy]propan-2-01 Hydrogen Oxalate (42). Meth- 
anesulfonyl chloride (1.15 g, 0.01 mol) was added dropwise over 
0.1 h to a stirred solution of 1-(2-aminophenoxy)-3-[N-benzyl- 
N-(2-isobutyramidoethy1)arnino]propan-2-01 (3.8 g, 0.01 mol) in 
pyridine (20 mL) and the mixture was stirred for 1 h and then 
added to H 2 0  (200 mL). The mixture was extracted with EtOAc, 
and the ethyl acetate extract was washed with HzO and then dried 
(NaZSO4) and evaporated to dryness. 

A solution of the residue in EtOH (40 mL) was hydrogenated 
over 30% Pd/C at  room temperature and atmospheric pressure 
until uptake of hydrogen ceased. The mixture was filtered, and 
the filtrate was evaporated to dryness. A solution of the residue 
in ethyl acetate was added to a solution of oxalic acid in ethyl 
acetate, and the precipitated hydrogen oxalate was collected and 
crystallized from EtOH: yield 1.4 g (30%); mp 169-171 "C. 

Compound 5 was prepared in a similar manner but with acetic 
anhydride instead of methanesulfonyl chloride. 

1-(2-Aminophenoxy)-3-[N-benzyl-N-( 2-isobutyramido- 
ethyl)amino]propan-2-01 (Used as Starting Material for 
Compounds 42 and 5). A mixture of N-[2-(benzylamino)- 
ethyllisobutyramide hydrochloridelo (25.6 g, 0.1 mol), 5 N NaOH 
(20 mL), 1-(2-nitropheno~y)-2,3-epoxypropane~~ (19.5 g, 0.1 mol), 
and n-PrOH (200 mL) was refluxed for 5 h and then evaporated 
to dryness. The residue was partitioned between HzO and Et,O, 
and the EhO phase was dried (Na,SO,) and evaporated to dryness 
to give l-(2-nitrophenoxy)-3-[N-(2-isobutyramidoethyl)amino]- 
propan-2-01 as a yellow oil (41 8). 

A mixture of l-(2-nitrophenoxy)-3-[N-benzyl-N-(2-isobutyr- 
amidoethyl)amino]propan-2-01(4.15 g, 0.01 mol), EtOH (50 mL), 
and Raney nickel (0.5 g) was stirred at  reflux while adding a 
solution of hydrazine hydrate (1.5 g, 0.03 mol) in EtOH (10 mL) 
dropwise over 0.3 h, and the mixture was refluxed for an additional 
further 1 h. The mixture was filtered, the filtrate was evaporated 
to dryness, and the residue was crystallized from a mixture of 
EtOAc and c-CsHlz: yield 1.9 g (50%); mp 94-96 "C. 

1-[ [2-[2-(2-Aminophenyl)acetamido]ethyl]amino]-3-[2- 
[ (N-methylcarbamoyl)methoxy]phenoxy]propan-2-01 (27). 
A solution of 1-[ [2-[2-(2-nitrophenyl)acetamido]ethyl]amino]- 
3- [ 2- [ (N-methylcarbamoyl)methoxy] phenoxylpropan-2-01 (pre- 
pared by method A) (0.46 g, 0.001 mol) in EtOH (30 mL) was 
hydrogenated over 30% Pd/C at  room temperature and atmos- 
pheric pressure. The mixture was filtered, and the filtrate was 
evaporated to dryness. The residue was crystallized from EtOAc: 
yield 0.25 g (58%); mp 133-135 "C. 
3-[2-[2-(4-Acetamidophenoxy)acetamido]ethyl]amino]- 

1-(2-cyanophenoxy)-propan-2-o1 Hydrate (46). A mixture of 
3-[ (2-aminoethyl)amino]-l-(2-cyanophenoxy)propan-2-olz (0.84 
g, 0.0035 mol) and ethyl 4-acetamidopheno~yacetate~~ (0.89 g, 
0.0035 mol) was heated at  100 "C for 1.5 h. The mixture was 
cooled and crystallized from MeCN and then from i-PrOH: yield 
0.85 g (19%); mp 198-100 "C. 

Compounds 32 and 44 were prepared in a similar manner by 
using the appropriate diamine and ester as starting materials. 
3-[ [2-[2-(4-Hydroxyphenyl)acetamido]ethyl]amino]-1- 

[2-[ (N-methylcarbamoyl)methoxy]phenoxy]propan-2-01 

(9) E. Lilly and Co., U.K. Patent 613490 (1948); Chern. Abstr.,  43, 
3574c. 

(10) L. H. Smith, U.K. Patent 1455116 (1976); Chern. Abstr.,  81, 
104983m. 

(11) I. I. Chizhevskaya, Chern. Abstr.,  52, 9009i (1958). 
(12) S. L. Shapiro, H. Soloway, H. J. Shapiro, and L. Freedman, J .  

Pharm. Sci., 50, 973-974 (1961). 
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error of 30%. Previous datal4 have shown that the error in the 
percent inhibition of the depressor response a t  the ED,, value 
for inhibition of isoproterenol-induced tachycardia is less than 
5%. 
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Fumarate (28). A solution of 3-[[2-[2-[4-(benzy1oxy)phenyll- 
acetamido]ethyl] amino] - 1- [ 2- [ (N-methylcarbamoyl)methoxy] - 
phenoxylpropan-2-01 (prepared by method A: mp 162-164 "C; 
Anal. C, H, N) (1.04 g, 0.002 mol) in EtOH (25 mL) was hydro- 
genated over 30% Pd/C at room temperature and atmospheric 
pressure. The mixture was fitered, and the fitrate was evaporated 
to  dryness. A solution of the residue in MeOH was added to  a 
solution of fumaric acid in MeOH, and the precipitate was col- 
lected and recrystallized from MeOH: yield 0.2 g (18%); mp 
168-170 "C. 

3 4  [2-(4-Acetamidobenzenesulfonamido)ethyl]amino]-l- 
phenoxypropan-2-01 Hydrochloride (47). A mixture of 4- 
acetamidobenzenesulfonyl chloride13 (2.34 g, 0.01 mol) and CHC13 
(25 ml) was added over 0.2 h to a stirred solution of 3-[N-(2- 
aminoethyl)-N-benzylamino]-l-phenoxypropan-2-ol1o (3.02 g, 0.01 
mol) and triethylamine (1.01 g, 0.01 mol) in CHC13 (50 mL). The 
mixture was washed successively with 10% NaHC03 solution and 
HzO and then dried (Na2S04) and evaporated to dryness. 

A solution of the residue in a mixture of ethanol (50 mL) and 
HOAc (1 mL) was hydrogenated over 30% Pd/C a t  room tem- 
perature and atmospheric pressure. The mixture was filtered, 
and fitrate was evaporated to dryness. The residue was dissolved 
in water (20 mL), and the solution was neutralized with NaHC03 
and then extracted with EtOAc (3 X 20 mL). The combined 
extracts were dried and then acidified with ethereal HC1. The 
precipitated hydrochloride was collected and crystallized from 
EtOH/HzO: yield 1.8 g (41%); mp 231-233 OC. 

Pharmacology. @-Adrenoreceptor blocking potency was es- 
timated in vivo by using the previously described cat preparation." 
The results given in Tables I-V are the estimated dose, infused 
over a period of 30 min, that would cause a 50% inhibition of the 
tachycardia produced by a submaximal dose of isoproterenol (0.2 
pg/kg dosed iv). The estimated degree (percent) of blockade of 
the vasodepressor response at that dose level is also given. Three 
to five dose levels of each compound were used to calculate these 
estimates. The relative potencies in these two systems give an 
indication of selectivity for p1 (cardiac) as opposed to Pz (vascular) 
receptors. Mean log ED,{s were calculated for each compound 
on the basis of two or three tests, and the standard errors of the 
means were computed. On average, these mean values had an 

(13) J. Stewart, J .  Chem. SOC., 121, 2558 (1922). 
(14) J. D. Fitzgerald and S. R. O'Donnell, Br. J .  Pharmacol., 43,222 

(1971). 
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Regioselective syntheses of alkyl- and halogen-substituted piperazinylimidazo[ 1,2-a]pyrazines by novel oxidation- 
dehydration of [ (@-hydroxyalkyl)amino]pyrazines are described. Lanthanide shift reagent studies allowed correction 
of literature assignments of NMR chemical shifts and coupling constants for the imidazo[ 1,2-a]pyrazine ring system 
(e.g., J5,8 > J6,J. Equilibrium constants for displacement of specifically bound [3H]clonidine and [3H]prazosin from 
calf cerebral cortex homogenates in vitro are tabulated for reference and title compounds, and structure-affinity 
relationships for az- vs. a,-adrenergic receptors are considered. Compound 2a, 84 1-piperazinyl)imidazo[ l,2-a]pyrazine, 
is equipotent with mianserin on the clonidine receptor (az)  but ca. 70 times as selective as mianserin for this 
az-adrenergic receptor. Reduction of the imidazo ring (2,d-dihydro) lowers affinity for the cyz receptor without affecting 
q-receptor affinity. Computer-assisted molecular modeling techniques are applied to the estimation of conformational 
energies of 2a and its 5-position isomer in relation to the semirigid molecule mianserin. 

Piperazinylpyrazineslsz a n d  piperazinylquin~xalines~,~ 
with selective actions on central  nervous system neurons 
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E. L.; Hirschmann, R.; Clineschmidt, B. V.; Torchiana, M. L.; 
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were the subjects of previous publications from these 
laborator ies .  F r o m  these s tud ie s ,  6-chloro-2-( 1- 
piperaziny1)pyrazine (MK0212, 1) was selected for clinical 
s tudy because of i ts  serotoninmimetic properties. During 
in  vitro receptor-binding studies of 1, significant affinity 

(4) Lotti, V. J.; Clineschmidt, B. V.; Haubrich, D.; Porter, C. C. 
Arch. Int. Pharmacodyn. Ther. 1978, 235, 103. 
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