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ethyl)-m-hydroxybenzyl Alcohol.-A s o h  of 0.50 g (1.62 mmoles) 
of the (+)-erythro benzoate.HC1 in 50 ml of 10% NaOH s o h  
was stirred a t  room temp for 1 hr, cooled in an ice-NaC1 bath, 
and acidified with concd HC1. The ppt was filtered and dried to  
give 0.20 g (45.570) of the benzamide of metaraminol: mp 125.5- 
127.0°, softens a t  123.0'; identical with an authentic sample 
prepd from metaraminol by mmp, tlc (loyo EtOH-PhH), ir, and 
nmr. 

( a R , l S ) -  or (- )-erythro-w(l-Aminoethyl-m-hydroxybenzyl 
Acetate (10d).-A soln of 5.3 g (0.025 mole) of (otR,lS)-(l-acet- 
amidoethy1)-m-hydroxybenzyl alcohol in 3.8 ml of concd HCl and 
150 ml of EtOH was heated a t  reflux for 1 hr. After concg re- 
duced pressure, the residue was mixed with 100 ml of 50% C&e- 
EtOH and reconcd. This process was repeated 4 times before 
the residue was dissolved in THF, filtered through a charcoal pad, 
and dild with Et20 to give an oil. Since the oil failed to cryst 
from various solvents, it  was dried under high vacuum to give the 
(-)-erythro acetate as a glass: mp 102" dec, sinters a t  go", 
[ C Y ] ~ ~ D  - 34.5" (c  2, MeOH); nrnr (DzO), 6 1.28 (3, d, CH3, J = 
7 Hz), 2.27 (3, s, CHICO) 3.5-4.1 (1, m, CHN), 5.87 (1, d, CKO, 
J = 4 Hz), 6.8-75 (4, m, aromatic CH), weak absorption st 6 
1.20 (d), 2.23 (b),  4.95 (d). Anal .  (C11HI~N03.HC1.0.2jHz0) 
C, H, X.  
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Although impressive potency was observed in 1,4- 
benzodiazepines possessing a lactam linkageZ no syn- 
theses or pharmacology have been reported for imide 
analogs. The original multistep synthesis of such 1,4- 
benzodiazepin-3,5-diones by Gartner3 preceded any 
medicinal interest in the family and its complexity 
precludes its utility as a routine synthesis of this.class. 
We have recently reported a facile direct cyclization 
of anthranilamide adducts of dimethyl acetylenedi- 
carboxylate as a route to 2-carbomethoxymethylene- 
2H-1,4-ben~odiazepin-3,5(lH,4H)-diones.~ Herein we 
report an extension of this synthesis (9-16), some 
related transformations of the ring functions, and our 
results on the biological evaluation of this new class. 

(1) Taken in part from the Ph.D. Thesis of T. F. L. (1968) and W. P. F. 
(1971) and the B.S. Honors thesis of H. W. S. (1970). 

( 2 )  L. H. Sternbach, L. 0. Randall, R. Banziger, and H. Lehr, "Drugs 
Affecting the Central Nervous System," A. Burger, Ed., M. Dekker, New 
York, N. Y., 1968, p 237. 

(3) S. Gartner, Justus Liebigs  Ann. Chem.. 881, 226 (1904). 
(4) N. D. Heindel, V. B. Fish, and T. F. Lemke, J .  Org. Chem., 88, 3997 

(1968). 

Hydride reduction, by inverse addition, reduced 3 
of the benzodiazepinediones, (9, 11, 12) to  their cor- 
responding 3-OH analogs. Structural characterization 
of this hydroxybenzodiazepinone system has been re- 
ported elsewhere.* Treatment of the OH compound 
17 with alcoholic alkoxide resulted in lactonization. 

9-16 

" C Y o H  H 1 CHCOOCHj 

0 .H 17,18, and 19 
\\ 

Biological Results.-The benzodiazepinediones (10- 
16) were tested in nonfasted albino rats (180-210 g), 
and the results were analyzed according to  the methods 
of Malone and C a r r a n ~ . ~  In  general, all compds were 
nontoxic with no deaths observed up to  1000 mg/kg 
ip, except with 16 where death was observed at 1000 
mg/kg at 48 hr postinjection. Compd 12 was tested 
only as high as 562 mg/kg and at  this dosage showed 
some CNS depression which included decreased motor 
activity and body tone. Compd 14 was tested only 
a t  a maximum dose of 316 mg/kg. 

Evaluation of 10, 11, 13, 14, 15, and 16 in a CXS 
profile6 resulted in no outstanding effects on pentylene- 
tetrazole, strychnine, or maximal electroshock-induced 
convulsions. There was measurable, but not out- 
standing, antioxotremorine effects with all these compds 
at  200 mg/kg ip. Compd 10 did show a slight increase 
in hexobarbital sleep time and a slight protection of 
ACh writhing. In  an anesthetized cat, 10 caused a 
fall in arterial blood pressure at  1-5 mg/kg iv, and 
potentiated the blood pressure response of norepi- 
nephrine and dimethylphenylpiperazinium (DJIPP) at 1 
and 25 mg/kg iv. Compd 11, administered at  50 
mg/kg ip, displayed no significant effects in the anes- 
thetized cat. Compds 11, 13, 14, and 16 showed a 
depression of weight gain which could indicate an- 
orexigenic activity since the effect was delayed (ie., 
24-48 hr postinjection) and no diarrhea or excessive 
urination was noted. 

Compds 11 and 16 were tested in the isolated guinea 
pig ileum and had no outstanding effects at  M 
on the responses to  ACh, histamine, serotonin, nicotine, 
or BaCL. Compds 11, 14, and 15 were tested in a 
combined antiinflammatory and analgetic test according 

( 5 )  M. H. Malone and R. A. Carrano, "Hippocratic and Pharmaco- 
dynamic Screening," American Pharmaceutical Association Academy of 
Pharmaceutical Sciences, Symposium on Advances in Screening Methodo- 
logy, Washington, D.  C., Piovember 1968. 

(6) N. D. Heindel. W. P.  Fives, T. F. Lemke, and R. A. Carrano, J .  
Pharm. Sei., 60, 703 (1971). 



1234 Journal of Medicinal Chewiistry, 1971, Vol. 14, A'o. 12 

to previously described methods.6 There was no sig- 
nificant activity. 

Three of the intermediate dimethyl (Zcarboxamido- 
ani1ino)fumarates (1, 3, 4) were also studied in the 
rat and found to possess only modest activity and 
low toxicity. KO deaths occurred at  doses up to  
1000 mg/kg. Compds 1 and 4 produced slight CXS 
depression at doses from 100 to 1000 mg/kg with slight 
decrease in motor activity and body tone and a delayed 
(24-43 hr postinjection) decrease in body TI eight at 
the upper dose limit. Compd 3 had parallel CNS 
activity but displayed a greater effect on the autonomic 
nervous system. Marked reduction in pupil size was 
evident in the 100 to 1000 nig/kg dose range. 

Compd 18, a 3-hydroxybenzodiazepinone, xas  un- 
available in sufficient quantity for rat screening and 
TI as evaluated ip in a modified Irwin neuropharmaco- 
logical mouse profile at  300 mg/kgS7 I t  was inactive 
except for slight reduction in spontaneous motor ac- 
t ivit y . 

The lack of significant anticonvulsant and analgetic 
effects and the slight general pharmacologic activity 
in these compds could well be related to poor absorp- 
tion. Xecropsy at  48 hr postinjection with 11, 12, 13, 
14, and 15 revealed the presence of unabsorbed drug 
in the abdominal cavity. Since significant cardiovas- 
cular effects were detected with 10 when administered 
iv, it is apparent that when absorption is bypassed, phar- 
macologic effects are observed. 

Experimental Section 

Combustion results reported in this work were provided by 
l l r .  George I .  Robertson, llicroanalytical Laboratory, Florham 
Park, ?;. J. Melting points were obtained in capillaries in a 
Ilel-Temp Apparatus and are reported uncorrected. 

Anthrani1amides.-The unsubstituted, 5-chloro-, 5-bromo-, 
S-iOdO-, and 5-methylanthranilamides were prepared by pre- 
viously reported methods.426 Oxidation of 5-methoxy-6-chloro- 
isatin by the method of Adams and Snyder8 gave the isatoic 
anhydride in 487, yield and this was treated with dil aq NH3 
according to the standard p r o c e d ~ r e . ~  The crude 4-chloro-5- 
methoxyarithranilamide (mp 173-175") was obtained in 78% 
yield and was utilized directly without further purification. I n  a 
aimilar fashion from 5-fluoroisatin'O the crude 5-fluoroanthranil- 
amide (mp 146-149') was obtd in 747, conversion. The phos- 
genation" of *5-methoxyanthranilic acid produced 5-methoxyisa- 
toic anhydride which was converted by ammonolysis into 5- 
methoxyanthranilamide in 3 O c 7 ,  yield (mp 115-116' from MeOH). 
Anal. C,H,?u ' .  

Amide Adducts, Dimethyl (2-Carboxamidoanilina)fumarates. 
-A soln of 0.1 mole each of the required amide and dimethyl 
acetylenedicarboxyl~te was refluxed for 4 to 6 hr  and concd in 
mcuo ,  and the pptd adduct was recrystd from MeOH. Yields 
and physical properties are reported in Table I. 

Substituted 2-Carbomethoxymethylene-2H-1,4-benzodiaze- 
pine-3,5(1H,4H)-diones.-A s o h  of 0.07 mole of the amide 
adduct in Sa-dried xylene was brought to reflux and treated 
with a catalytic quantity (approx 0.1 g )  of NaOMe. MeOH 
WRS evolved during the 2-hr reflux and it was allowed to  escape 
by employing an uncooled air condenser to  reflux the xylene. 
The reaction medium was filtered hot and the yellow crystals 
which formed on chilling the xylene were filtered off, washed well 
with hexane, dried, and sublimed in oacuo to analytical purity 
______ 

( 7 )  S. Irwin in "Animal and Clinical Pharmacologic Techniques in 
Drug Evaluation," J. H. Xodine and P. E.  Siegler, Ed., Year Book Medical 
Puhlishers, Inc., Chicago, Ill.. 1964. Testing carried out by Dr.  Richard 
zMatthen.s, Pharrnakon Laboratories, Scranton, Pa .  

(81 R. Adarns and H. R.  Snyder, J .  Amer. Chem. Soc., 69, 1411 (1938) .  
(9) R. P. Staiger and E. C.  Wagner, J. O r g .  Chem., 18, 1427 (1953). 
110) R. S .  Castle, K.  Adachi. and W. D. Guither, J .  Heterocycl.  Chem., 

(11) E. C .  Wagner and h l .  F. Fegley, O w .  Suinlh., 27, 45 (1947). 
2 ,  159 (1965). 

Cornpd R1 R2 

1 H  H 
2 F  H 
3 c1 H 
4 Br I1 
3 I I1 
6 CH3 H 
7 CHZO H 
8 CHBO C1 

0 Anal. C, H, E. 

H C O C H  

iup,  " C  (1 

133-133 3 01 
160-161 3 91 
156-1 38 84 
162-164 71 
190-192 72 
134-13.5 54 
133-136 7 j  
158-162 7 5 

Yield, 

Cornpd Ri R? Alp, oc 
gb H H 230-232 

10 F H 224-227 
l l b  Cl H 233-234 
126 Br H 239-240.5 
13 I H 223-22.7 
14b CH3 H 240-241.3 
15 CH30 H 199-200 

a Anal. 
16 CH3O C1 249-262 

C, H, N (within -0.4% 
ously reported in ref 4. 

Yield, 
x p ,  O C  F /O Formula" 

17 H 204-206 43 Ci2Hi2X;204 
18 C1 219-221 34 C1?HiiClN:O4 

Cornpd R 

19 Br 44 C12H11BrN201 
C, H, S (within +0.327, of theoretical values) 

216-2 19 
a Anal. 

(170-180°, 0.1 mm). Alternatively the crude product could be 
recrystd from xylene. Yields and properties are given in Table 
11. 

3-Hydroxybenzodiazepinones.-The benzodiazepinedione (0.02 
mole) was dissolved in 350-400 ml of previously dried and freshly 
distd THF. This soln was placed in an ice-salt bath and stirred 
until the temp was below So,  a IAH (0.02 mole)-THF slurry 
was then added in small portions over 4 j  min. When the addrl 
was completed, the ice bath was removed and the stirred s o h  
n-as allowed to  warm to  ambient temp. Stirring was contd for  
an add1 hr and the reaction was then quenched with moist EtzO, 
and the solid ppt was allowed to settle, The solids were filtered 
off, and the filtrate was dried (hIgS04). The collected solids 
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were washed repeatedly with hot T H F  to ext entrained product. 
The washings and the filtrate were combined and concd, and the 
resultant org solid was recrystd from MeOH. Yields and prop- 
erties are reported in Table 111. 
Lactonization of the 3-Hydroxybenzodiazepinone.-A soln 

of 0.25 g (1.0 mmole) of 17 was prepd in 30 ml of anhyd MeOH 
contg 0.05 g of NaOMe. The reaction mixt was refluxed for 1.5 
hr, chilled to O', and the pptd pale yellow crystals isolated by 
filtration, Add1 product was obtd by concg the mother liquors. 
The crystals (0.17 g or 85%) were recrystd from DMSO-HzO 
and exhaustively dried in vacuo, mp 264-266". C, H, N. Anal .  

Antispasmodic Agents. 2. Syntheses and 
Pharmacological Activity of Ethyl 2-(w-Amino- 

alkyl)-2-(3-methoxyphenyl)phenylacetates 

T. KAMETANI,* K. KIGASAWA, &I. HIIRAGI, A N D  T. AOYAMA 

Pharmaceutical Institute, Tohoku University, Aobayama, Sendai,  
Japan ,  and Research Laboratories, Grelan Pharmaceutical 

Company, Ltd., Sakurashinmacha, Setagaya-ku, Tokyo, J a p a n  

Received Apr i l  8, 1971 

We have recently reported a series of aminoalkyl 3- 
substituted phenylacetates (1) and now wish to  describe 
the synthesis, and the antispasmodic and analgetic 
activity of ethyl 2-(aminoalkyl)-2-(3-metho~yphenyl)- 
phenylacetates and related compounds. Some 2- 
(aminoalkyl)-2,2-diphenylacetates have been reported 
by other investigators.*-'j 

2-(3-hIethoxyphenyl)pherlylacetic acid (3) was pre- 
pared by alkaline hydrolysis of 2-(3-methoxyphenyl)- 
phenylacetonitrile (2), which was obtained in good 
yield by benzyne reaction between 2-chloroanisole and 
phenylacet onitrile .'3 Ethyl 2- (aminoalky1)-2- (3-me- 
thoxypheny1)phenylacetates (7a-71) were synthesized 
as follows; (A) condensat'ion of the ester 4, prepared 
from 1, with aminoalkyl chlorides wit'h the use of NaHj9 
and (B) condensation of ethyl 2-(4-bromobutyl)-2-(3- 
methoxypheny1)phenylacetate (5b), prepared from 4, 
with amines. In  the latter method, condensation of 
ethyl 2-bromomethyl-2-(3-methoxyphenyl)phenylace- 
tate (5a) with secondary amines gave only the starting 
material. The similar reaction of 2-chloromethyl-2-(3- 
methoxypheny1)phenylacetonitrile (sa) with amines also 
resulted in failure. 

Finally, the nitriles 8a-8c and the alcohols 9a-9c 
were synthesized in order to compare their pharmaco- 
logical activities with those of ester analogs 7. Con- 
densation of 2 with aminoalliyl chloride afforded 9a,b. 
The treatment of 6b with dimethylamine gave 8c. Re- 
duction of 7 with LAH gave the corresponding alcohol 9. 

(1) Part  I ,  T .  Kametani, K .  Kigasaiva, M .  Hiiragi, T. Aoyama, and 0. 

(2) D. J. Dupr6, J. Elks ,  B. A .  Hems, K. K. Speyer, and R. M .  Evans, 

(3) hl. E. Speeter, W. M. Byrd, L. C. Cheney, and S. B. Binkley, J .  

(4) J. H.  Cardner, N .  R. Easton, and J. R. Stevens, ib id . .  70, 2906 (1948). 
( 5 )  E. Walton, P .  Ofner, and R. H .  Thorp, J .  Chem. Soc.,  648 (1949). 
(6) K.  Takagi and H.  Ozawa, "Yakubutsugaku," Nanzando, Tokyo, 1964, 

p 61. 
( 7 )  T .  Kamatani, K. Kigasaira, Bf. Hiiragi, M. Kusama, and K. Waki- 

saka, Yakugaku Zasshi, 89, 1212 (1969). 
(8) T.  Kametani, K. Kigasawa, Rf. Hiiragi, T. Aoyama, and 0. Kusama, 

J .  Ory.  Chem.,  36, 327 (1971). 
(9) H. E. Zaugg, D. A .  Dunnigan. R. J. Michaels, L. R. Swett, T. S. 

IVang, 1. H. Sommers, and R. W. Denet, ibid., 26, 644 (1961). 

Kusama, J .  Med. Chem., 14, 72 (1971). 

J .  Chem. Soc., 500 (1949). 

Amer.  Chem. Soc., 11, 57 (1949). 

SCHEME I 

1 
R, = OMe, OH, OAc 
& = H, Me, Et, CHMeEt, Ph 

X - N(Me),, N(Eth, N 

n = 2-3 

2, R, = CN; R2 = H 
3, RI = COOH; R2 = H 
4, R1 = COOEt; R2 = H 

5a, R,=COOEt; R1=CH2Br 
5b, R, = COOEt; RP =(CHJ,Br 
6a, R, = CH2C1; R2 = C1 
6b, R, = (CH2),Br; R, = CN 

Pharmacology.-Table I gave the results of screen- 
ing for antispasmodic, anticholinergic, and analgetic 
activities. The compounds were tested by the Mag- 
nuslo guinea pig ileum screen. The screening for 
analgetic activity was carried out by the hot plate 
method in mice. Although all the compounds were 
inferior to  atropine sulfate in anticholinergic activity, 
the 3 compounds (7b, 7c, and 7k) showed an anti- 
spasmodic effect similar to  papaverine .HCl. Among 
them, 6 compounds (7b,c,f,k,l, and 9b) showed analgetic 
activity; especially, in case of 7k, the minimum effective 
dose was 25 mg/kg as shown in Table I. 

Experimental Section" 

Ethyl 2-(3-Methoxyphenyl)phenylacetate (4).-A mixt of 
15 g of 3, 100 ml of EtOH, and 2 ml of 98Y0 HzSO~ was refluxed 
for 5 hr and evapd. The resulting residue was dild (H,O) and 
extd (PhH). The ext was washed (HzO), dried (NaZSO,), and 
evapd. The remaining residue was distd in vacuo to give 14.3 
g (85yo) of 4 as a pale yellowish oil: bp 162-164' (1.0 mm); 
ir (liq) 1725 cm-l (C=O); nmr (CCl,) 6 1.12 (t,  3 H, C H Z C H ~ ) ,  

COOEt), 6.42-7.16 (m, 9 H, ArH). Anal .  (C1,H,~03) C, H. 
Ethyl 2-Bromomethyl-2- (3-methoxypheny1)phenylacetate (5a). 

-To a stirred soln of 14.4 g of CHzBrz in 50 ml of dry D M F  was 
added a soln of Na salt of 4 [prepd from 15 g of 4 and 2.9 g of 
NaH (507, suspension in mineral oil) in 50 ml of DMF]. After 
stirring for 3 hr at 70-80", the mixt was poured into HzO and extd 
(Et20) .  The ext was washed (HzO), dried (NaZSO,), and evapd. 
The remaining residue was distd in vacuo to give 13.5 g (67.5%) 
of 5s as a pale yellowish oil:'* bp 188-189" (0.3 mm);  ir (liq) 
1720 cm-I (C=O); nmr (CC1,) 6 1.17 (t, 3 H, C H Z C H ~ ) ,  3.68 
(s, 3 H, OCH3), 4.15 (s, 2 H, CHzBr), 4.15 (9, C H Z C H ~ ) ,  6.60- 
7.40 (m, 9 H, ArH). 

Ethyl 2-(4-Bromobutyl)-2-(3-methoxyphenyl)phenylacetate 
(5b).-To a stirred s o h  of 18 g of l,4-dibromobutane in 50 ml of 
DhlF was added in portions a soln of the Na salt of 4 [prepd 

3.53 (s, 3 H, OC&) 4.02 (9, 2 H, CHzCHs), 4.80 (s, 1 H, CH- 

(10) R. Magnus, Pfluegers Arch. Gesamte Physiol. Menschen T iere. SO, 
349 (1904). 

(11) Melting points are uncorrected. Ir  spectra were determined on a 
Shimazu spectrometer and nmr data  on a JKM-MH-60 instrument (TMS). 

(12) These samples were difficult to microanalyze because of compara- 
tively low boiling points, bu t  unambiguous structures rest on those of the 
following reaction products which mere confirmed. 


