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8-Methaxy-2-(trinuormethyl)quinoline (38, Scheme V). The 
reductive dehalogenation of compound 37 was based upon a pro- 
cedure used for the hydrogenolysis of 3-halo-6,8dimethoxyiso- 
quinolines.' Compound 37 (13 g, 0.049 mol) and 2 g of 10% 
palladium-on-carbon catalyst were mixed in a hydrogenation bottle. 
Ethanolic potassium hydroxide (1 N ,  130 ml) was added to the re- 
action mixture and it was shaken in a low-pressure Parr hydrogenator 
at room temperature until the theoretical amount of hydrogen was 
consumed. The catalyst was removed by filtration and the filtrate 
was concentrated on a rotary evaporator to give a yellow oil. The 
oil was dissolved in 40 ml of acetone and then poured into 2500 ml 
of ice-water. The solution was stirred overnight. The solid that 
formed was collected by filtration and purified by recrystallization 
from ethanol-water, 8 g, 71% yield, mp 90-92", C,,H,F3N0. 

pound 38 (9 g, 0.039 mol) was refluxed in 90 ml of 48% hydrobromic 
acid for 6 hr. The reaction mixture was then poured into 1500 ml 
of ice-water and stirred overnight. The colorless solid that formed 
(6 g, 71% yield) was collected and recrystallized from ethanol- 
water, mp 48-49". 

5-Methoxy-2~trifluoromethyl)-4-hydroxyquie (40) and 
7-Methoxy-2.(trifluoromethyl)4-hydroxyquinoline (4 1, Scheme V). 
rn-Anisidine (20 g, 0.16 mol) was added slowly to 150 ml of poly- 
phosphoric acid. The resulting mixture was heated to 80". Ethyl 
trifluoroacetoacetate (31.9 g, 0.170 mol) was then added to the 
mixture in small portions with vigorous stirring over a period of 20 
min. After 2.5 hr at loo", the flask was cooled and its contents 
were poured into 2500 ml of ice-water. The resulting mixture was 
stirred overnight. The precipitate that formed was collected by fil- 
tration, dried, and recrystallized from absolute ethanol to give 27 g 
of an isomeric mixture, mp 200-21 3". The components of the 
mixture were separated by dry-column chromatography using a 
2 X 24 in. column filled with 250 g of Woelm silica gel. The column 
was eluted with chloroform. The first fractions (3 X 500 ml) were 
collected and evaporated in vacuo to afford pure 40 (12.3 g, 31% 
yield), mp 131-132'. The column was next eluted with a 50:50 
mixture of chloroform and absolute ethanol (4 X 400 ml). After 
the removal of solvent, these fractions afforded 17.2 g (43.5% yield) 
of 41, mp 255-256", C,,H,F,NO,. 

V). Phosphorus pentachloride (5.49 g, 0.026 mol) and phosphorus 
oxychloride (12.3 g, 0.080 mol) were alternately added to com- 
pound 40 (6 g, 0.025 mol) in small portions over a period of 20 
min. The reaction mixture was processed as described for compound 
37 to give 5.8 g (91% yield) of the desired product, 42, mp 92-94". 
C, ,H,ClF JO. 

5-Methoxy-2-(trifluoromethyl)quinoline (43, Scheme V). The 
reductive dehalogenation of compound 42 was carried out as de- 
scribed for compound 38. The resulting solid was recrystallized 
from ethanol to give 2.5 g (52% yield) of product, mp 60-61", 

pound 4 3  (15 g, 0.066 mol) and 150 ml of 48% hydrobromic acid 
were treated as described for compound 39. The solid thus ob- 
tained was recrystallized from ethanol-water to give 12 g (85% 
yield) of product, 44, mp 198-201' , C,,H,F,NO. 

2-(Trifluoromethyl)-8-hydroxyquinoline (39, Scheme V). Coin- 

4-Chloro-5-methoxy-2-(trifluoromethyl)quinohe (42, Scheme 

c, I H P P O .  
2-(Trinuoromethyl)-5-hy&oxyquinoline (44, Scheme V). Com- 

3Substituted 3,4-Dihydro-5-(trifluormethyl)-W-1,3~xazino- 
[5,6-c]quinoHnes 45-47 (Table VI). These compounds were pre- 
pared from the corresponding substituted 4-hydroxyquinolines 36 
and 41 using the general procedure described for the preparation of 
2,3-dihydro-5-phenyl-2-piperonyl-lH- 1,3-oxazino [ 6,5-c] quinoline 
(6). 

1,3-benzoxazines 51-57 (Table VII). These compounds were syn- 
thesized by the following general procedure described in detail for 
the preparation of 3-benzyl-3,4-dihydro-9-(trifluoromethyl)-2ff- 
pyrido [ 3,2-h]-1,3-benzoxazine (51). Benzylamine (0.506 g, 0.004 
mol), paraformaldehyde (0.282 g, 0.009 mol), and 60 ml of 50%> 
benzene-ethanol were heated for 2 hr under reflux. To this was 
slowly added a solution of compound 39 (1 g, 0.004 mol) in 20 ml 
of absolute ethanol. The resulting mixture was heated under reflux 
for 9 hr. It was then cooled and evaporated in vacuo to afford a 
yellow oil. The oil was treated with decolorizing carbon and re- 
crystallized from absolute ethanol. 

3- and 8-Substituted 3,4Dihydro-W-pyrido [ 2,3-h]-1,3-benzox- 
azines 58-61 (Table VIII). These compounds were synthesized by 
the following general procedure described in detail for the prepara- 
tion of 3-(p-chlorobenzyl)-3,4dihydro-8-(trifluoromethy1)-W- 
pyrido[ 2,3-h]-1,3-benzoxazine (59). Paraformaldehyde (0.28 g, 
0.009 mol), p-chlorobenzylamine (0.66 g, 0.004 mol), and 40 ml of 
50% ethanol-benzene were heated under reflux for 2 hr. Compound 
44 (1 g, 0.004 mol) was added to the mixture and it was heated 
under reflux for an additional 26 hr. The solvent was removed in 
vacuo and the viscous material which remained was crystallized from 
ethanol to yield compound 59. 

Acknowledgments. This work was supported b y  the U. S. 
Army Medical Research and  Development Command,  Con- 
tract  DADA-17-69C-9152. This is Contribution No. 1009 
in the U. S .  Army series of publications on malaria research. 
The authors wish to thank Dr .  Edgar A. Steck for his advice 
and encouragement. 

References 
(1) W .  M. Duffin and I .  M. Rollo, Brit. J. Pharmacol., 12, 171 (1957). 
(2) G. S. Bajwa, K.  E. Hartman, and M. M. Joulli6, J. Med. Chem., 

16, 134 (1973). 
(3) M. Mordarski and J. B. Chylihska, Arch. Immunol. Ther. Exp . ,  

19,533 (1971). 
(4) G .  S. Bajwa and M. M. Joulli6, J. Heterocycl. Chem., 9, 1403 

(1972). 
(5) T. S. Osdene, P. B. Russell, and L. Rane, J. Med. Chem., 10, 

431 (1967). 
(6) K. N. Campbell, R. S. Tipson, R. C. Elderfield, B. K. Campbell, 

M .  A. Clapp, W. J. Gensler, D. Morrison, and W. J .  Moran, J. 
Org. Chem., 11,803 (1946). 

3-Substituted 3,4-Dihy&0-9-(trifluoromethyl)-2H-pyrido [ 3,2-h ] - 

(7) B. Staskun and S. S. Israelstam, ibid., 26, 3191 (1961). 
(8) H. R. Snyder, H. E. Freier, P. Kovacic, and E. M. Van Heyninger, 

(9) J. D, White and D. S. Straus, J. Org. Chem., 32, 2689 (1967). 
J. Amer. Chem. SOC., 69,371 (1947). 

3,4-Dihydroisocarbostyril and 1,2,3,4-Tetrahydroisoquinoline 
Derivatives of Ephedrine 

Donald L. Trepanier*i and Shyam Sunder? 

Chemistry Research Department, Human Health Research and Development Center, The Dow Chemical Company, 
Zionsville, Indiana. Received June 20, 1972 

3,4-Dihydroisocarbostyril and 1,2,3,4-tetrahydroisoquinoline derivatives of ephedrine were synthe- 
sized and  screened for  central  nervous system activity in  t h e  mouse. Some  of these compounds  
prevented reserpine ptosis, potentiated &amphetamine toxicity,  prolonged hexobarbital  sleep t ime, 
and/or  prevented hydrochloric acid writhing in mice. 

Many heterocyclic derivatives of ephedrine and norephe- 
drine have been synthesized and tested for  biological activity. 

For example,  morpholine,  2-oxazoline, oxazolidine, di- and 
tetrahydro-l,3,4-oxadiazines, 2-thiazoline, thiazolidine, 
dihydro-l ,3  ,4-thiadiazine, tetrahydrous-triazine,  and imi- 

?Chemical Biology Research, The Dow Chemical Company, 
Midland, Mich. 48640. 

dazolidine derivatives have been ieported. '  Many of these 
compounds possess interesting biological activity.' For  this 
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reason we wish to report the synthesis of two new hetero- 
cyclic derivatives of ephedrine, namely, 3,Qdihydroisocarbo- 
styrils and 1,2,3,4-tetrahydroisoquinolines. 

Brucker, et  al.,, and Welsh3 have reported acid-catalyzed 
N + 0 acyl migrations in N-acyl derivatives of ephedrine and 
$-ephedrine. We have found that concentrated H2S04 
besides promoting N + 0 acyl migration also cyclodehy- 
drates. For example, treatment of N-(p-tert-butylbenzoyl)- 
(-)-ephedrine (Ia) with concentrated H2S04 at ambient 
temperature for 1 hr caused a quantitative conversion to a 
70:20: 10 mixture of N-(p-tert-butylbenzoyl)-(+)-$-ephe- 
drine (Ha), trans-(+)d-tert-butyl-3,4-dihydro-2,3-dimethyl- 
4-phenylisocarbostyril (IIIa), and 0-(p-tert-butylbenzoyl)- 
(-)-$-ephedrine sulfate (IVa). 

We studied the affect of configuration of the ephedrine 
amide (erythro vs. threo), the position (ortho, meta, or para) 
and nature of substitution on the benzamido moiety, and 
reaction conditions on the product composition. Treatment of 
N-(p-tert-butylbenzoyl)-(+)-$-ephedrine (11) with concen- 
trated H2S04 at ambient temperature for 1 hr produced a 
27: 10:55 mixture of 11,111, and IV and eight parts benzoic 
acid. 

In regard to the influence of substituents on the benza- 
mide group on the course of the reaction, we found that an 
electron-donating group (CH,) in the meta position promotes 
cyclodehydration, whereas an elec tron-withdrawing group 
(NO,) inhibits cyclodehydration. An ortho substituent 
inhibits both cyclodehydration and N -+ 0 acyl migration 
and results in 100% inversion of configuration of the 
hydroxyl-bearing carbon atom (erythro + threo). 

Regarding the affect of reaction conditions, we found 
that increasing the time of contact between compound Ia 
and H2S04 from 1 to 24 hr gave a similar product compo- 
sition (76:7:8), except for a reductiqn in isocarbostyril. 
This reduction in isocarbostyril (from 20 to 7%) was accom- 
panied by the formation of 9% p-tert-butylbenzoic acid, 
Raising the reaction temperature to 80" (2-hr contact) 
increased the formation of p-tert-butylbenzoic acid to 15% 
and the 0-ester to 45% and gave no isocarbostyril. Other 
acidic reagents, such as PPA, HBr in HQAc, fuming H2S04, 
and BF3, all failed to cyclodehydrate amide I to isocarbo- 
styril. Thus, concentrated H2S04 at room temperature for 
1 hr gave the highest yield of isocarbostyril product and 
that best yield was only 30%. 

These results indicate that dissolution of the erythro 
hydroxy amide Ia results initially in two competing reac- 
tions: (1) hydroxyl oxygen attacking carbonyl carbon to 
give a cis-oxazolidinium intermediate Y, and (2) dissociation 
of protonated hydroxyl to give a benzyl carbonium ion. The 
benzyl carbonium ion undergoes attack by carbonyl oxygen 
to give a trans-oxazolidinium intermediate VI and attack by 
the phenyl moiety to give an isocarbostyril intermediate 
VII. When the H2S04 solution is poured onto crushed ice, 
the three cationic intermediates V, VI, and VI1 are attacked 

111 
20 
30 
0 
0 

IV 
10 
5 

25 
0 

by H20. The cis-oxazolidinium V is attacked exclusively at 
C-5 to give the threo hydroxy amide IIa. The trans-oxazolidi- 
nium VI is attacked at C-2 and opens to give threo hydroxy 
amide IIa and threo amino ester IVa. The trans-oxazolidi- 
nium VI is not attacked at C-5 as evidenced by the fact that 
no erythro hydroxy amide is isolated. The isocarbostyril 
intermediate VI1 loses a proton to give the isocarbostyril 
IIIa. 

HO ?TCH3 HO Ph+-icH3 
0 NCH, 

O Y N C H 3  Y 

Ph 

HO wz:; 
0 0  Y 

0 NCH, Y 
0 

IIIa 

1 Ia IVa 

Dissolution of the threo hydroxy amide IIa in H2S04 gives 
a different distribution of products because no cis-oxazolidi- 
nium intermediate V is formed and the rate of formation of 
the trans-oxazolidinium VI is much faster because of the 
favorable trans disposition of phenyl and methyl in the 
threo hydroxy amide IIa. Thus five times more amino ester 
IVa and one-half as much isocarbostyril IIIa are formed 
from the threo hydroxy amide than from the erythro 
hydroxy amide Ia. 

involve the carbonyl group, it was reduced with B2H6 in 
refluxing THF. The resulting N-benzylephedrines were 
cyclodehydrated in high yield by 1-hr contact with H2S04 
to 1,2,3,4-tetrahydroisoquinolines. 

Because all reactions that compete with cyclohydration 
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PhHcH3 
Ph in high yield regardless of the nature or position of the sub- 

stituent on the benzyl moiety, for example, p 0 2 N  and o-CH3 
THF’ HO NCH, whereas, in the case of N-(substituted benzoyl)ephedrines, 

these types (electron withdrawing or ortho) of substituents 
prevented cyclization (Table I). When N-(meta-substituted 
benzy1)ephedrines were cyclodehydrated, a mixture of the 
5 -  and 7-substituted tetrahydroisoquinolines was obtained. 
A mixture of two different tetrahydroisoquinolines was 

H2S04 
PhHcH3 

’ l H 6  ___, 

@ - R A  &R 

R = H, 2CH,, 3CH,, 3C1, 2,4€1,, 4-terf-Bu, 4-NO, 

This is a very efficient 1,2,3,4-tetrahydroisoquinoline syn- 
thesis that gives 3,4-disubstituted tetrahydroisoquinolines 
that do not have activating moieties (OCH3) in the 6,7 posi- 
tions. Heretofore, this type of tetrahydroisoquinoline was 
very difficult to prepare. The well-known and much used 
methods, such as Pictet-S~engler,~ Bischler-Napiral~ki,~ 
Pomeranz-Fritsch,6 Bobbitt,’ and Hasner,* which all involve 
electrophilic substitution on phenyl, either will not work at 
all or will give only very low yields of this type of di- or tetra- 
hydroisoquinoline. Recently, Freter, Dubois, and Thomas 
reportedg a method of synthesis of 3,4-disubstituted tetra- 
hydroisoquinolines not having activating (CH30) moieties in 
the 6,7 positions. Rather than ring closure via electrophilic 
substitution on phenyl, the ring is formed by amine addition 
to a double bond. The only disadvantages to this method are 
the synthetic effort needed to prepare the amino olefin, and 
the product is amixture of cis (JH3-H4= 4.4 Hz) and trans 
(JH3-H4 = 6.0-8.0 Hz) isomers. 

I 
c1 CI 

A comparison of the concentrated H2S04 cyclodehydra- 
tion of N-(substituted benzy1)ephedrines and N-(substituted 
benzoy1)ephedrines revealed that in the case of the N-(sub- 
stituted benzy1)ephedrines the cyclodehydration proceeded 

obtained because cyclization occurred at both of the two 
different ortho positions. The product composition was 
determined (where R = C1 or CH3) both by glc and nmr (the 
3-CH3’s have different chemical shifts). The isomers were 
separated (where R = CH3) by column chromatography. 
The isomers were differentiated by means of the magnitude 
of the H3-H4 coupling. The H3-H4 coupling of the 5-C1 and 
5-CH3 substituted compounds is 3.8 Hz, whereas the 7-C1 
and 7-CH3 is 8.5 Hz. The magnitude of the H3-H4 coupling 
is less for the 5-substituted compounds because steric inter- 
action between the 5 substituent and the 4-Ph compresses 
the H3-H4 dhederal angle. 

The products resulting from H2S04 treatment of N-(sub- 
stituted benzoyl and benzy1)ephedrines were all designated 
as trans (threo) isomers based on pmr analysis and because 
the sulfuric acid treatment of both erythro and threo hydroxy 
amides gave the same three products. 

Both the isocarbostyrils and the thioisocarbostyril exhibited 
small H3-H4 coupling (1.3-1.6 Hz). Undoubtedly, this is becausi 
of ring flatteningby the C=O and C=S. LiAlH4 reduction of an 
isocarbostyril gave the same tetrahydroisoquinoline as was 
obtained by sulfuric acid cyclization of the appropriate 
N-benzylephedrine. The thioisocarbostyril was prepared by 
P2S5 treatment of the isocarbostyril. 

- Table I. Benzyl- and Benzoylephedrines 
C H CHCH(CHJN(CHJR ‘ ’I 

OR, 
Yield, Recrystn 

Isomer Mp, “C % solvent Formula Analyses No. R R,  
1 44CH ,) $C,H,CO H Erythro-(-) 186-188 88 i-PrOH ‘2 IH,7N02 C, H, N 
2 H  4-(CH,),CC,H4C0 Threo-(-) 230-233 10 MeOH-Et,O C,,H,,N0,~0.5H,S04 C, H 
3 4-(CH,),CC,H4C0 H Threo-(+) 139-141 81 i-PrOH C21H17N01 C, H, N 
4 4-(CH,),CC6H4C0 H Erythro-(+) 186-187 90 i-PrOH C21H17N01 C, H, N 
5 3,4,5-(CH,O),C,H,CO H Erythro-(+) 144-1 46 9 2 i-PrOH-Et,O C , ,H ,,NO C, H, N 
6 3CH3C,H4C0 H Erythro-(-) 100-1 0 3 7 0 i-PrOH-Et,O C ,,H ,,NO , C, H, N 
7 4-(CH,),CC6H4C0 H Threo-(-) 138-140 68 i-PrOH-Et,O C,,H,,NO, C, H, N 
8 H  4-(CH,),CC,H4C0 Threo-(+) 203-205 10 i-PrOH C,,H,7N0,~HC1 C, H, N 

10 C,H,CO H Threo 135-136 92 i-PrOH-Et,O C,,H,,NO, C, H, N 

12 H C ‘H $0 Threo 215 -2 17 14 i-PrOH-MeOH C,,H ,,NO, .HCl C, H, N 
13 C,H,CH, H Erythro 144-147 87 i-PrOH-Et,O C,,HZ,NO.HC1 C, H, N 
14 3CH3C6H4CH, H Erythro 182-184 60 i-PrOH C ,*H ,,NO . HC1 C, H, N 
15 3CH3C,H4C0 H Threo 147-148 30 i-PrOH C,,H,,NO, C, H, N 
16 2C4H,SC0 H Erythro 78-80 84 i-PrOH-Et,O C,,H,.J’JO,S C, H, N 
17 2C,H,SCO H Threo 111-113 82 EtOH-Et,O C,,H,.J’JO,S C, H, N 
18 2CH3C,H4C0 H Threo 161-163 94 i-PrOH CI8H2,NOZ C, H, N 
19 2CH3C6H4CH, H Erythro 186-188 70 i-PrOH-Et,O C,,H,,NO~HCl C, H, N 
20 3C1C,H4C0 H Erythro 91-93 90  Et,O-hexane C,,H,,ClNO, C, H, N 
21 3CIC,H4CHZ H Erythro 204-205 80 MeOH-Et,O C,,H,,ClNO~HCI C, H, N 
22 4-0,NC,H4C0 H Erythro 188-190 75 i-PrOH I TH I BNZo 4 C, H, N 
23 4-0,NC,H4CH, H Erythro 223-225 68 MeOH-Et,O C,,H,$J,O,.HCl C, H, N 
24 2,4C1,C6H3C0 H Erythro 139-141 84 MeOH-Et 0 C,,H,$l,NO, C, H, N 

9 H  4-(CH,),CC,H4CO Threo-(+) 228-231 11 i-PrOH C,,H,,N0,~0.5H,S04 C, H 

11 H C,H,CO Threo 192-194 12 i-PrOH C,$,,NO,~0.5H2SO4 C, H 

25 2,4C1,C6H,CH, H Erythro 196-198 93  EtOH-Et,O C,,H,,Cl,NO.HCl C, H, N 
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2,3-Dimethyl-4-phenyl- 1,2,3,4-tetrahydroisoquinoline was 
N-demethylated by pyrolysis of the carbethoxy quaternary 
derivative followed by removal of the carbethoxy group via 
strong acid hydrolysis. 3-Methyl-4-phenyl-l,2,3,4-tetrahy- 

ph 
~ C H 3  CH3 - LIAIH, 

J ~ 3 - ~ ,  = 8.6 Hz 

droisoquinoline was allowed t react with acrylonitrile to 
give a 9 1% yield of 2-@-cyanoethyl)-3-methyl-4-phenyl- 
1,2,3,4-tetrahydroisoquinoline. The cyano group was 
hydrolyzed to an amido group with PPA. 

lines listed in Table I1 were evaluated for CNS activity in the 
mouse using the resperine ptosis, potentiation of ampheta- 
mine toxicity, hexobarbital sleep time, and HCl writhing 
tests. The results are listed in Table 11. The test methods are 
described in the Experimental Section. Compounds 32,36, 
and 37 were active in the reserpine ptosis test and compare 
favorably with imipramine which in our hands had EDS,= 
35 mg/kg. 

Pharmacology. The isocarbostyrils and tetrahydroisoquino- 

Compounds 34 and 35 were active in the potentiation of 

Ph Ph 

Ph 

CQOEt 

Ph 

35 34 

d-amphetamine toxicity test. Five compounds (27,32,33, 
34, and 37) prolonged hexobarbital sleep time more than 
twofold. Of these five compounds active in the hexobarbital 
sleep time test, compounds 27 and 32 reinduced sleep in 
hexobarbital treated mice suggesting a CNS rather than a 
metabolic mechanism of action. 

Compounds 32 and 39 were active in the HC1 writhing test. 
In summary, this series of 3,4-dihydroisocarbostyrils and 

1,2,3,4-tetrahydroisoquinolines shows some CNS activity 
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which is manifested in potentiating the effect of hexobarbi- 
tal and d-amphetamine in mice and antagonizing the effect 
of reserpine and HCI. In these four tests, compound 32 
shows the best activity profile and behaved similarly to the 
antidepressants imipramine and amitriptyline. 

Experimental Section$ 

stirred mixture of 0.1 mol of 1-ephedrine, 0.2 mol of Et,N, and 300 
ml of CH,Cl, was added, over a 30-min period, a solution of 0.1 mol 
of the substituted benzoyl chloride in 100 ml of methylene chloride. 
The mixture was stirred and heated at reflux temperature for 18 hr. 
The cooled mixture was diluted with 500 ml of CHCl,, washed (H20, 
HCl, NaHCOJ, dried (MgSOk), and evaporated in vacuo. The residual 
solid was recrystallized from appropriate solvents. 

H,SO, Treatment of N-Benzoylephedrines. To 50 ml of concen- 
trated H,SO, stirred in a beaker was added, portionwise, 15 g of N- 
substituted benzoylephedrine. The mixture was stirred at  ambient 
temperature for 1 hr, poured onto 500 g of crushed ice, and extracted 
thoroughly with CHCI,. The washed (NaHCO,, H,O) and dried (MgSO, 
CHCl, extract was evaporated in vacuo. The residual oil was dissolved 
in anhydrous Et,O and treated with ethereal HCl to precipitate the 
0-(substituted benzoyl)-$-ephedrine hydrochlorides listed in Table I 
(these have a threo configuration). The ether filtrate was washed 
(NaHCO,, H,O), dried (MgSOk), and evaporated in vacuo. The residue 
was chromatographed on 300 g of alumina (Baker 0537) using ben- 
zene as eluent. The first material eluted was the trans-substituted 
2,3-dimethyl-4-phenyl-3,4-dihydroisocarbostyril (Table 11), and this 
was followed by N-substituted benzoyl-$-ephedrine (Table I). 

Preparation of N-Benzylephedrines Listed in Table I. To 100 ml 
of 1.0 M B,H, in THF stirred and cooled to 5” was added, over 1 hr, 
a solution of 0.1 mol ofN-benzoylephedrine in 400 ml of THF. The 
mixture was stirred and heated at the reflux temperature for 18 hr, 
cooled, treated with 50 ml of THF-H,O (1: l )  and then 50 ml of 
HCl-H,O ( l : l ) ,  concentrated in vacuo, basified with NaOH. and 
extracted with CHCl,. The CHC1, extract was washed with brine, dried 
(MgSO,), and evaporated in vacuo. The residual oil was dissolved in 
anhydrous Et,O and treated with ethereal HCI until precipitation of 
the hydrochloride was completed. The hydrochloride was purified 
by recrystallization. 

Preparation of 1,2,3,4-Tetrahydroisoquinolines Listed in Table 11. 
To 100 ml of concentrated H,SO, stirred at ambient temperature was 
added, portionwise, 0.1 mol of the N-benzylephedrine hydrochloride. 
After 1 hr of stirring, the mixture was poured onto 600 g of crushed 
ice, basified (Na,COJ, and extracted with CHCl,. The washed (brine) 
and dried (MgSOk) CHCl, extract was evaporated in vacuo. The resi- 
due was purified by recrystallization or, in some cases, was converted 
to hydrochloride or hydrobromide (Table 11). 

To a solution of 4 g of trans-2,3dimethyl-4-phenyl-3,4-dihydro- 
isocarbostyril in 100 ml of CHCl, was added, portionwise, 5 g of 
P,S,. The mixture was stirred and heated at reflux temperature for 
18 hr. The cooled mixture was basified with a cold 20% NaOH solu- 
tion and then stirred for 1 hr. The CHC1, layer was separated, washed 
(H,O), dried (MgSOS, and evaporated in vacuo. The residue was 
crystallized with CHC1,-Et,O. 

LiAlH, Reduction of trans-2,3-Dimethyl-4-phenyl-3 ,4-dihydroiso- 
carbostyril. To a stirred mixture of 4.0 g of LiAlH, and 100 ml of 
THF was added, dropwise, a solution of 5.0 g of tran~2,3-dirnethyl-4- 
phenyl-3,4-dihydroisocarbostyril in 150 ml of dry THF. The mixture 
was stirred and heated at  the reflux temperature for 18 hr. The cooled 
mixture was treated with 5 ml of H,O, 5 ml of 10% NaOH, and 5 ml 
of H,O and suction filtered, and the fi trate was evaporated in vacuo. 
The oily residue was dissolved in dry ether and treated with ethereal 
HCl. The hydrochloride (4.3 g, 87%) was purified by recrystalliza- 
tion from i-PrOH-Et,O, mp 206-207”. Anal. C, H, N. 

late (35). A stirred mixture of 74 g (0.31 mol) of 2,3-dimethyl-4- 

Preparation of N-Benzoylephedrines Listed in Table I. To a 

trans-2,3-Dimethyl-4-phenyl-3,4dihydrothioisocarbostyril (33). 

Ethyl 3-Methyl-4-phenyl-3,4-dihydro-2( 1H)-isoquinolinecarboxy- 

~ 

$Melting points were determined in open capillary tubes using the  
Thomas-Hoover Uni-Melt and are uncorrected. Nmr spectra were ob- 
tained using a Varian A-60 spectrometer ori 10% CDC1, solutions 
with TMS as internal standard. Ir spectra were obtained using a 
Perkin-Elmer 337 grating spectrophotometer. The elemental analyses 
were done by Midwest Microlabs, Indianapolis, Ind. Where analyses 
are indicated by only symbols of the elements, analytical results ob- 
tained for these elements were within *0.4% of the theoretical values. 

phenyl-l,2,3,4-tetrahydroisoquinoline and 250 ml of anhydrous ben 
zene was treated, dropwise, with a solution of 34 g (0.3 1 mol) of 
ethyl chloroformate in 100 ml of anhydrous benzene. The mixture 
was stirred and heated at reflux temperature for 18 hr and evapo- 
rated in vacuo, and the oil residue was distilled under reduced 
pressure. 

mide (34). A mixture of 65 g (0.22 mol) of ethyl 3-methyl-4- 
phenyl-3,4-dihydro-2( 1H)-isoquinolinecarboxylate and 100 ml of 
38% HBr in HOAc was heated at reflux temperature for 18 hr and 
cooled, and the crystalline solid was removed by suction filtration, 
washed with ether, and recrystallized. 

3-Methyl-4-phenyl-3,4-dihydro-2( 1H)-isoquinolinepropionitrile 
(41). A mixture of 32 g (0.14 mol) of 3-methyl-4-phenyl-l,2,3,4- 
tetrahydroisoquinoline, 18 g (0.30 mol) of acrylonitrile, and 200 ml 
of EtOH was heated at  the reflux temperature for 18 hr and cooled, 
and the crystalline solid was suction filtered, washed with Et,O, and 
recrystallized. 

3-Methyl-Q-phenyl-3,4-dihydro-2( 1H)-isoquinolinepropionamide 
(42). A mixture of 2.2 g of 3-methyl-4-phenyl-3,4-dihydro-2(1H)- 
isoquinolineptopionitrile and 25 g of PPA was triturated and heated 
on a steam bath for 2 hr, cooled, mixed with 300 g of crushed ice, 
basified (Na,C03, and extracted with CHCl,. The washed (H,O) 
and dried (MgSOJ CHCl, solution was evaporated in vacuo. The 
residue was recrystallized from an appropriate solvent. 

6-Amino-2,3-dimethyl-4-phenyl- 1,2,3,4-tetrahydroisoquinoline 
(39). A solution of 6.0 g of 2,3dimethyl-4-phenyl-6-nitro-1,2,3,4- 
tetrahydroisoquinoline in 75 ml of MeOH was hydrogenated at 
ambient temperature on Raney nickel catalyst in the Paar apparatus. 
The pressure dropped from 43 to 37 lb/in.* in 2 hr. Crystalline prod- 
uct was recrystallized from EtOH. 

6-Acetamido-2,3-dimethyl-4-phenyl- 1,2,3,4-tetrahydroisoquino- 
line (40). A mixture of 5.0 g (0.19 mol) of 6-amino-2,3dimethyl-4- 
phenyl-1,2,3,4-tetrahydroisoquinoline and 25 ml of Ac,O was heated 
at the reflux temperature for 5 hr, cooled, poured onto 300 g of 
crushed ice, basified with Na,CO,, and extracted with CHCI,. The 
washed (H,O) and dried (MgSOk) CHCl, solution was evaporated in 
vacuo and the gummy residue rubbed with ether-petroleum ether 
(bp 30-60”). 

groups of four, were given the test compound, ip, using at  least three 
dose levels and observed for 24 hr. LD,, values were calculated by 
the method of Litchfield and Wilcoxon.’” 

Antagonism to Reserpine-Induced Ptosis in Mice. Adult male 
mice were given test compound ip (this screening dose was ca. 0.3 
LD,,) 30 rnin prior to a reserpine (5 mg/kg ip) challenge. Observation 
for ptosis was made 45 min after reserpine. Results are given as the 
ratio of the number of mice protected to number of mice tested. 
When 6/10 or more mice were protected at  this screening dose, addi- 
tional tests were made to determine the ED,, (method of Litchfield 
and Wilcoxon). In these cases, the ED,, values and their 95% confi- 
dence limits are listed instead of the protection ratios. 

Potentiation of Amphetamine Toxicity in Aggregated Mice. 
Adult male mice, in groups of ten, were given test compound ip 
(0.3 LD,,), saline control, or amphetamine (5 mg/kg, “positive” con- 
trol. All animals were dosed with amphetamine (5 mg/kg) 30 rnin 
later and aggregated by placement in cubic wire-mesh cages 16 cm on 
a side. They were then kept in a walk-in incubator (30”, for both 
noise and temperature control) for 5 hr at which time the dead were 
counted. I f  three or more were dead in the saline control group or 
six or less in the “positive” amphetamine control group, the entire 
experiment was discounted arbitrarily. Results are given as a ratio 
of number of mice dead to number of mice in the group. When 6/10 
or more mice were found dead at the screening dose, additional 
tests were made to determine the ED,,. In  these cases, the ED,, 
values and their 95% confidence limits are listed instead of the lethal- 
ity ratios. 

Hexobarbital Sleep Time Test. Adult male mice were injected ip 
with the test compound 30 min prior to the ip injection of 100 mg/ 
kg of hexobarbital. The time in minutes between injection of the 
hexobarbital and the regain of the righting reflex was taken as the 
duration of the sleeping time. The results are expressed as a ratio of 
the treated group over the control group. Reinduction of sleep was 
determined by ip injection of the compound just as the mice were 
regaining the righting reflex. 

18-22 g were used in this test. Writhing was induced by the ip injec- 
tion of 10 ml/kg of a 0.1% HCl solution. The compound to be tested 
was administered ip 30 min prior to the HCl solution. The results are 
expressed as a ratio of the number of animals not writhing to the num- 
ber of animals tested. 

3-Methyl-4-phenyl-l,2,3,4-tetrahydroisoquinoline Hydrobre 

Pharmacology. Acute Toxicity in Mice. Adult male mice, in 

Hydrochloric Acid Writhing Test. Adult male mice weighing 
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Antiparasitic Nitroimidazoles. 3. Synthesis of 
2-( 4-Carboxystyryl)-5-nitro- 1 -vinylimidazole and Related Compounds 
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The synthesis of 6 ( R  = COOH), one of its metabolities ( R  = CONHCH,COOH), and 3 1 related com- 
pounds is described. The compounds were examined for antiparasitic activity against Trichomonas vagi- 
nalis and Entamoeba histolytica in vitro and in vivo and against various Trypanosoma species in vivo. The 
compounds were also tested against Schistosoma mansoni in mice and hamsters. Comparisons are made 
with standard drugs. 

The need for new classes of drugs effective against the 
African trypanosomiases has been stressed in specialist pub- 
lications during the last few years.l?’ In part I3 of this series 
of papers, we described the antiprotozoal activity of a series 
of 2-styryl-5-nitroimidazoles emphasizing in particular their 

Scheme I 

x 
1 2 

1. TsCI-PY 

L ’ C H = C H D < ]  CH2CH20H I 
2. NaOEt 

3 

R1=CH-@[] 

4 

R1=CH G C H O  - R1=CH 

5 6 
a, R = COOH e , R = H  
b, R CH,OH f, R =NO, 
c, R =CN g, R = CSNH, 

h , R = M e  
d , R = - C  

\N-N 
H 

I 
CH=CH, 

antitrypanosomal properties. A related papert discusses the 
metabolism, in various species, of several of these styrylimi- 
diazoles and describes the isolation and identification of a 
metabolite, 2-(4-carboxystyryl)-5-nitro-1 -vinylimidazole 
(6a). This compound, its 0-glucuronide, and its glycine con- 
jugate were isolated from the urine of mice, rats, rabbits, 
hamsters, and dogst after oral or parenteral dosing of 2-(4 
methylstyry1)-5-nitro-1-~inylimidazole~ (6h). In this paper 
we describe the synthesis and antiparastic activity of 6a and 
various related compounds. As we were uncertain as to 
whether the acid 6a or the alcohol 6b were active metabo- 
lites (cf: lucanthone-hy~anthone),~ a synthesis was devised 
which was capable of yielding either compound (Scheme I). 

Although 2 was readily prepared, purification by distil- 
lation under reduced pressure was not possible due to con- 
comitant disproportion into terephthaldehyde and its bis- 
ethylene acetal. However, the base-catalyzed condensation 
of 2 with metronidazole 1 gave the styrylimidazole 3 which 
was converted to the N-vinyl compound as shown in 
Scheme I. 

Acetal 4 underwent acid-catalyzed cleavage to the alde- 
hyde 5 which on oxidation’ gave ahigh yield of the acid 6a 
while reduction with NaBH4 gave the alcohol 6b. 

Compound 6a could also be prepared by direct conden- 
FHO 

-hr 

+ 8 - 6 a  

AN LCH, 
I 

CH=CH2 
O,N 

COOH 
7 8 

sation of 73 with 4-carboxybenzaldehyde (8) in the presence 
of base, but the reaction was capricious due to the instabi- 
lity of 6a under the strongly basic conditiom6 

Condensation of 1 with 8 (Scheme 11) gave 9 which was 
readily converted to the chloride 10 on treatment with the 
DMF-SOCl’ complex7 followed by hydrolysis. Dehydro- 
halogenation of 10 with a variety of bases gave 6a in poor 
yield. 

t D .  M. Morton and J .  N. Green, unpublished results. 


