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TABLE I 
SUBSTITUTED ~-~-AMINOPROPIONC ESTERS 
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lield.  c/c 
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44 
73 

50 

76 

75 

ti0 

60 

36 

40 
52 
66 
52 
77 
65 
25 

l3.p. (mm.) or 
m.p., 'C. 

53 (0.2)a 
56 (0.5)" 
60 ( 0 . 0 5 ) b  

60-62 (0 5)' 

96-97 

57-58 

64-65 

140 (0.15) 

114 (0.25) 

96 (0.3) 

92 (0.05) 
142 (0.02) 
80 (0.5) 
94 (0 .3 )  
96 (0.5) 

96-lOO(O.05) 

a Ref. 10. * J. A. Hendry, F. L. Ross, and h. L. \\'alpole, Brtt. J .  Pharmacol., 6,301 (1951). Rhoiie-Poulenc. and Co., Freiich Patpiit 
1,167,5lO 11958); Chem. -4bbstr., 55,8444(1961). 

3.26 nig./Ii+, with drug 10.66 mg./K+ excreted). 
The diuretic effect of this compound was confirmed in 
the dog, but the stimulating activity of the compound 
precluded testing above 6-8 mg./kg. i.v.14 The related 
o-tolyl derivative (28) had a similar order of activity 
to 3-dimet hylaniino-2-met hyl- 1 , 1 -dipheny 1-1 -propanol 
in all of the pharniacological tests for central nervous 
system activity. When its diuretic properties were 
compared with acetazolamide and chlorthiaside, it was 
found that, whereas chlorthiazide increased the urinary 
output of water, Na+, I<+, and CI-, the o-tolyl deriva- 
tive and acetazolamide also increased that of residual 
anion.12 

Replacement of the dimethylamino group by pyr- 
rolidyl and piperidyl groups gave compounds 2 and 3 
with a similar order of activity, but if the ring size were 
further increased (4) activity decreased in all of the CNS 
tests except the antagonism of pentylenetetrazole- 
induced convulsions. Other substituents on nitrogen 
(5-10) gave inactive compounds. 

When the aromatic groups (Arl and Arq) in I1 (R1 = 
R3 = R4 = Me; Rn = H) are varied, CSS stimulant 
activity (antireserpine and picrotoxin potentiation) and 
anticonvulsant activity are retained when Arl is phenyl, 
Ar2 is o-tolyl (28), and Arl, 4 r 2  = di(o-tolyl) (36). Ac- 
tivity is lost when one or both of the aromatic nuclei are 
substituted in the meta or para poiitions with chlorine, 
methoxyl, or methyl (29-35). Similar effects were 
noted in the pyrrolidyl series (38, 39, and 43), where it 
was additionally observed that replacement of one of the 
phenyl groups by 2-furyl, 2-thieny1, or 2-pyridyl gave 

(14) \ \ e  are grateful t o  Dr G Ellrot ,  Smith Kline 8: French Labora- 
tories, Philadelpliia, Pa  ,for the diuretic data  on this compound. 

compounds 40-42 with moderate-to-good stimulant 
activity but lower anticonvulsant activity than the 
parent compound. 

The benzoates (48 and 52) and propionates (50 and 
51) of I (3-dimethylamino-l,l-diphenyl-2-methyl-l- 
propanol and 1,l-diphenyl-2-methyl-l-pyrrolidyl-l- 
propanol) were active in the picrotoxin potentiation 
test but were much less active as ariticonvulsarits and 
had considerably less diuretic activity. The olefirib 
(45-57) had no activity in the tests employed. 

Thus optimum activity, in the depressant, stimulant, 
and anticonvulsant tests, occur3 in structure I (R3R4K 
= dimethylamino or pyrrolidyl; R1 = CHS; R2 = H; 
Ar1Ar2 = diphenyl or phenyl-2-tolyl). 3-Dimethyl- 
amino-2-met hyl- 1-phenyl- 1- (0-t olyl) -1-propanol (28) 
was investigated clinically for antidepressant activity, 
but the main effects found were ataxia and drowsiness. 
When stimulant activity was observed it closely re- 
sembled that due to amphetamine. Toxic side effects 
prevented further investigation of the potential anti- 
convulsant activity of the compound in man. 

Experimental Section's 
1,l-Diphenyl-t-amino-1-alkanols (Table II).-The appropriate 

aryllithium reagent (0.2 mole) was prepared in anhydrous ether 
(150 ml.) under an atmosphere of nitrogen. To the cooled 
(0-,5*) solution was added a solution of the appropriate p-t- 
amino ester (0.1 mole) in anhydrous ether (50 ml.). The mix- 

(15) Llelting points were recorded using a n  Electrothermal melting point 
apparatus comprising a gas-heated block and thermometer calibrated for  
exposed stem. Microanalyses are hy Air. h1. Graham (Analytical Labora- 
tories, Smith Kline 8: French Laboratories Ltd.). The infrared spectra of 
each compound u-as recorded. 
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ture was then heated under reflux for 4 hr., cooled, and poured 
onto ice. The aqueous layer was extracted several times with 
ether, the extracts were dried (MgSO4), and the solvent was dis- 
tilled. The products were purified by crystallization or, if they 
were oils, as salts. 

The preparation of 1 ,l-diphenyl-2-niethyl-3-( S-methyl-N- 
phenethy1amino)-1-propanol (Table 11, 53), l1l-diphenyl-3-(l;- 
methyl-N-phenethy1amiiio)-1-propanol (54), 2-(3,3-diphenyl- 
3-hydroxy-2-methylpropyl)-1,2,3,4-tetrahydroisoq~iinoline (56), 
mid 2-( 3,3-diphenyl-3- hydrosypropyl)-l,2,3,4tetrahydroisoquino- 
line (55) was described in a previoiis commiinication.1 

The s,ibstituted /3-&nminopropioriic esters (Table I )  w r e  
prepared by the addition of the appropriate secondary amine to 
an cu,p-unsat,urated ester (methyl acrylate, methyl methacrylate, 
or ethyl crotonate), sing the method of Adamson.lo The crude 
esters wcre distilled and used immediately. 

Unsymmetrical 1,l-diaryl-t-amino-1-alkanols (Table 111) were 
prepared in a similar manner from a p-dialkylaminoalkyl ketone 
(0.1 mole) and an aryllit'hium reagent (0.1 mole). The products 
were purified by crystallization or if they were oils as salts. 

The p-dialkylamino krtotics were prepnrrd by 1 he JIannich 
reaction16 from the appropriate srrondary amine, formaldehyde, 
arid the appropriate aralkyl ketoiie. The following compoiinds 
were prepared in this w iy :  3-dimethylaminopropiophenone, h.p. 
80" (0.5 mni.), lit.'? h.p. 83-87' (1-2 mni.): X-dimethylaniino-2- 
n~ethylpropi~plienonc, b.p. 70-72" (o.3 nim.), lit.4 h.p. 80-82' 
(1 mni.); 3-diinet h~~!ainiiio-2-ethylpropiophciione, b.p. 100 -103' 
(0.5 mm.), lit.4 h.p. 110' ( 1  mm.) ;  2-meth~l-3-pyrrolidylpropio- 
phenone, b.p. 113' (0 .3  mm.). lit.'* b.p. 117-118" (0.3 nim.); 
3-~N-methyl-~-phet~etli~lamiiio~-2-niethylpropiophenone oxa- 
late, which rrystallized from methanol, m.p. 177" (;lnal. Salvd. 
for C I ~ H Z N O . C ~ H ~ O ~ :  C, 67.9; H, 6.iS: S, 3.8. Foiind: C, 
68.0: H, 6.52; S ,  3 . 7 . ) ;  3-dimeth~lan-ii1io-~-methyl-p-methosy- 
propiophenone hydrochloride, which rry9titllized from isopropyl 
a!cohol, m.p. 156-15io (Anal. Calcd. for C13H19S@2.H(:1: 
C, 60.6; H, 7.82: Kj 5.4. Foiiiid: C, 60.8; H, 7 . 7 3 :  S, 5.2.);  
3-(~-methyl-?;-phenethylariii1iu)-2-inethyl-p-me t, h o x y p r o p  io- 
plienone hydrochloride which crystallized from isopropyl alcohol, 
m.p. 161 -163" (,lnaZ. Calcd. for C19H,,N02.HC1; C, 68.35; 
H, 7.25; eqiiiv. wt., 334. Found: C, 68.2; H, 7.43; eqiiiv. wt., 
338.). 

I-Phenyl-4-( N-phenethyl-N-methy1amino)butan-1-one.-A 
mixture of 4-chlorobutyrophenone (18.3 g., 0.1 mole), N-methyl- 
phenethylamine (13.5 g., 0.1 mole), triethylamine (10.1 g., 0.1 
mole), and toluene (100 ml.) was heated under reflux for 40 hr. 
The precipitated triethylamine hydrochloride was filtered ; the 
filtrate and washings were then extracted with dilute HC1, and 
the acid extracts were made alkaline with h " 3  and extracted 
with ether. The solvent was distilled from the dried (RIgS04) 
ether extracts, and the residual oil was distilled in vacuo to yield 
15.1 g. (547,) of the required product as a colorless mobile oil, b.p. 
154" (0.1 mm.). The maleate crystallized from isopropyl acetat,e 
in colorless needles, m.p. 101-102". 

,4naZ. Calcd. for C I S H ~ ~ N O . C ~ H ~ O ~ :  C, 69.5; H, 6.85; S, 
3.5. Found: C, 69.7; H. 6.83: N. 3.3.  

1-( 4-Fluorophenyl)-4-(N-phenethyl-N-methylamino)butan-l- 
one was prepared in a similar manner from 4-chloro-4'-fluoro- 
butyrophenone and K-methylphenethylamine. It was obtained 
as a colorless oil, b.p. 162' (0.01 mm.). The maleate crystallized 
in colorless needles, m.p. 110-11lo. 

Anal. Calcd. for C19H22FSOCdHd0d: C, 66.5; H, 6.31; N, 
3.4. Found: C, 66.4; H, 6.44; N, 3.4. 

l,l-Diphenyl-2-methy1-3-( N-phenethyl-N-methylamino)-1- 
propene (45).-A mixture of 1,1-diphenyl-2-methyl-3-( E-phen- 
ethyl-N-methy1)aminopropan-1-01 (10.3 g.) and 8570 HZSOI (20 
ml.) was heated on  a steam bath for 20 min. and then poured 
onto ice. The mixture was made alkaline and extracted with 
chloroform; the CHCL extracts were dried (MgSOa) and the 
solvent was distilled to leave a viscous oil. Distillation of the 
residue gave the product as a viscous oil, b.p. 198-200" (0.1 
nim). The maleate crystallized in rosettes of needles from isopro- 
pyl alcohol, n1.p. 157-159'. 

Anal. Calcd. for C~~H~,N.CIHIOI :  C, 76.1; H, 6.83; N, 3.1. 
Found: C, 76.2; H, 6.69; N, 3.2. 

(16) J. J. Denton, R.  J. Turner,  IT. B. Neier, V. A.  Lanson, and H. P. 

(17) H. R. Srnder and J. H. Brewster, ib id . ,  70, 4230 (1948). 
(18) A. Pohland and H. R. Sullivan, ibid., 76, 4458 (1953). 

Schedl. J. Am.  Chem. Soc., 71, 2048 (1949). 
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2-(3,3-Diphenylallyl)-1,2,3,4-tetrahydroisoquinoline (46) was 
prcpared from the corresponding tertiary alcohol, as described 
above. The base was crystallized from isopropyl alcohol, m.p. 

Calcd. for C24H2ZN: C, 88.6; H, 7.12; equiv. wt., 325. 
83-84', 

Anal .  
Found: C, 87.6; H, 7.14; equiv. wt., 323. 

The maleate crystallized from ethanol; m.p. 174-175'. 
Anal .  Calcd. for C24H23N.C4HaOa: C, 76.2; H, 6.16; equiv. 

wt., 441.5. 
1 -(4-Fluorophenyl)-l -phenyl-4-( N-phenethyl-N-methylamino)- 

1-butene (47).-The base was obtained as a viscous oil by 
dehydrating the corresponding tertiary alcohol with 857, H2S04. 
The maleate crystallized from isopropyl alcohol-petroleum ether 
(b.p. 60-80"), m.p. 125-127'. 

d n a l .  Calcd. for C ~ S H ~ ~ F X , C ~ H ~ O ~ :  C, 73.4; H, 6.2; X, 
2.95. Found: C, 73.5; H, 6.4; ?;, 3.2. 

l-Benzoyloxy-l,l-diphenyl-2-methyl-3-pyrrolidy~propane (48). 
-To a solution of l,l-diphenyl-2-methyl-3-pyrrolidyl-propan-l- 
01 (29.6 g., 0.1 mole) in a mixture of dry benzene (150 ml.) and dry 
ether (100 ml.) was added with cooling (0-5") benozyl chloride 
(7 g., 0.05 mole). The mixture was allowed to stand at  room 
temperature for 72 hr. The hydrochloride of the starting mate- 
rial was filtered, final traces being removed by washing with 
water. After drying, the solvents were distilled to leave a color- 
less viscous oil, which was converted to the oxalate salt. This 
was mrified bv crrstallization from isomopyl alcohol, m.p. 170- 

Found: C, 76.1 ; H, 6.12; equiv. wt., 441. 

1721  yield 7.l"g. (%3%). 
Anal .  Calcd. for C2~H29NO2.C2H2O4: 

2.8. Found: C, 71.2; H, 6.50; X, 2.7. 

Synthesis and 

C, 71.1; H, 6.38; K, 

l-Benzoyloxy-l,l-diphenyl-2-methyf-3-piperidylpropane (49) 
was prepared by treating the corresponding tertiary alcohol with 
benzoyl chloride; i t  crystallized from isopropyl alcohol as color- 
less prisms, m.p. 165-167". 

Anal .  Calcd. for C28H31N02: C, 81.3; H, 7.56; N, 3.4. 
Found: C, 81.5; H, 7.68; N, 3.5. 

1,l -Diphenyl-2-methyl-3-pyrrolidyl-l -propionyloxypropane 
(50).-A mixture of l,l-diphenyl-2-methyl-3-pyrrolidylpropan- 
1-01 (3.0 g., 0.01 mole), pyrridine (4.0 ml.), and propionicanhy- 
dride (4.0 ml. 0.03 mole) was heated on a steam bath for 3 hr. 
The solvent was distilled zn vacuo and the residual oil converted 
into its oxalate. Crystallization from ethyl alcohol-water gave 
the pure ester, m.p. 170-173". 

Anal .  Calcd. for C23H29?JO?.C2H204: C, 68.0; H, 7.08; 
equiv. wt., 220.8. Found: C, 67.7; H, 7.19; equiv. wt., 214. 

3-Dimethylamino-1 ,l-diphenyl-2-methyl-l -propionoxypropane 
(51) was prepared from the corresponding tertiary alcohol (1) 
and propionic anhydride. l9 The oxalate crystallized from ethyl 
alcohol-water as colorless prisms, m.p. 152-153". 

d n a l .  Calcd. for C~~H2~KO~.C2H,Oa.0.5H~O: C, 65.0; H, 
7.12; N, 3.3. Found: C, 65.5; H, 7.38; K, 3.4. 

The hydrochloride was characterized by Perrine.'g 
1 -Benzoyloxy-3-dimethylamino-l,1 -diphenyl-2-methylpropane 

(52) was prepared from the corresponding tertiary alcohol (1) 
and benzoyl chloride. The base crystallized from isopropyl 
alcohol as colorless prisms, m.p. 115-116'. 

Anal .  Calcd. for C2jH2i?;02: C, 80.4; H, 7.29; K, 3.75. 
Found: C, 80.7; H, i.51; ?;, 3.80. 

(19) T. 1). Perrine, J .  Ow. Chem., 18, 898 (1953). 

Cholinergic Effects of Certain N-Methoxylated 
Quaternary Compounds'" 
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Analogs of acetylcholine, methacholine, carbachol, and bethanechol have been prepared, in which one of the 
N-methyl groups has been replaced by methoxy. Biological data are presented on these compounds. 

The biological actions of the quaternary alkoxyamirie 
moiety have not been studied thoroughly or systemati- 
cally; the literature contains relatively few reports of 
testing of alkoxy analogs of quaternary ammonium 
drugs for their systemic effects. The chemical similar- 
ity between the alkylamino and the alkoxyamino groups 
suggests that organic molecules containing these moie- 
ties may be adsorbed at  many of the same receptor sites 
in the body; differences in bulk and in electronic dis- 
tribution may in some instances result in differences in 
the responses of the body to the two classes of com- 
pounds. Thus, it  is possible that certain alkoxyamine 
derivatives may possess therapeutic advantages over 
their amine analogs. 

Major and Hem2 found that a quaternary N-methoxy 
congener of methantheline had atropine-like activity 
similar to methantheline itself. Rogers, et u Z . , ~  found 

(1) (a) This investigation n a s  supported in part by Grant GM-10753, 
h-ational Institute of General Medical Sciences, and in part by Grant B- 
1396, United States Public Health Service (b) To whom all correspondence 
should be addressed 

( 2 )  R T h!Iaior and H. J. Hess, J .  .Wed. Pharm Chem., 9, 461 (1960). 
(3) E F Rogers, D. Bo%et, V. G Longo, and G B Rlarini-Bettolo. 

E z p e r z e n t m ,  9, 260 (1953). 

that methoxy-, ethoxy-, or n-propyloxytrimethylam- 
monium cations closely resemble their alkyltrimethyl- 
ammonium counterparts in muscarinic properties. 
Palazzo and co-workers4 reported that 1,lO-bis(di- 
methy1aminooxy)decane dimethiodide possessed anti- 
cholinesterase activity. Bruno, et u Z . , ~  found that 2- 
dimethylaminooxyethyl acetate methiodide (V) had 
similar biological activity to acetylcholine, and Schiatti 
and Naffii6 reported that this compound was equal to 3- 
dimethylaminopropyl acetate methiodide as a substrate 
for acetylcholinesterase; although both were poorer 
substrates than acetylcholine, they were of the same 
order. 

In the present work, certain significant structural 
variations in the acetylcholine molecule have been 
applied to the N-niethoxy congeners. Thus, the N- 
methoxy analogs of acetylcholine (Ia), methacholine 
(IIa), carbachol (IIIa), and bethanechol (IVa) have 

(4) G. Palazzo, E. F. Rogers, and G. B. Marini-Bettolo, Gazz. chim. itd., 

(5) I. Bruno, B. J. R.  Xicolaus, G. Pagani, and E. Testa, HeEu. Chim. 

( 6 )  P. Schiatti and G. illaffii, Boll. Sac. I td.  B i d .  Sper., 38, 1823 (1962). 

84, 915 (1954). 

Acta, 45, 358 (1962). 


