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Abstract 0 An attempt was made to prepare p-aminophenylpropyl- 
trimethylammonium iodide (a  potential ganglionic stimulant) by a 
route involving the Clemmensen reduction of 3-dimethylamino-1-p 
nitrophenylpropan-1-one. The main product was the trans-isomer 
of 1-p-aminophenyl-3-dimethylaminoprop-lenc, but this could 
be converted to the required trimethylammonium derivative by 
hydrogenation and methylation. The Clemmensen reduction of 
other Mannich bases also was investigated. 3-Dimethylamino-l- 
arylprop-l-enes are of particular interest because of the reported 
nicotinic activity of the methosalts. Several products were formed, 
however, including an azeotropic mixture of the aminoalkane and 
the aminoalkene. The azeotrope could be converted smoothly to 
the pure 1-aryl-3-dimethylaminopropane by catalytic hydrogena- 
tion. This route can, therefore, be used to prepare l-arylpropyl- 
trimethylammonium halides, which are potentially nicotine-like. 
Other methods for reducing the carbonyl group of Mannich bases 
completely are discussed. 

Keyphrases 0 p-Aminophenylpropyltrimethylammonium iodide- 
synthesis and screening as a potential ganglionic stimulant 0 Gang- 
lionic stimulants, potential-synthesis and screening of pamino- 
phenylpropyltrimethylammonium iodide, Clemmensen reduction 
of Mannich bases 0 Clemmensen reduction of Mannich bases- 
synthesis of potential ganglionic and nicotinic agents 0 Mannich 
bases--use of Clemmensen reduction to synthesize potential gang- 
lionic and nicotinic agents 

Some aralkyltrimethylammonium salts ( I )  were highly 
active on the isolated frog rectus abdominis muscle ( I ) .  
The most active agonists were m-hydroxyphenethyl- 
trimethylammonium iodide (leptodactyline iodide) (Ia, 
n = 2), m-hydroxyphenylpropyltrimethylammonium 
bromide (Ia, 11 = 3), and p-aminophenethyltrimethyl- 
ammonium iodide (Ib, n = 3), which were 20-50 times 
as potent as nicotine on this preparation. p-Amino- 
phenethyltrimethylammonium iodide was found later 
to be the most specific as a ganglionic stimulant (2), 
and it was decided to prepare p-aminophenylpropyltri- 
methylammonium iodide for pharmacological evalu- 
ation. A number of arylpropenyltrimethylammonium 
halides (VI), which are structurally similar to the aralkyl- 
trimethylammonium series (I), also were reported (3,4) 
to possess high nicotinic activity. 

DISCUSSION 

A three-stage synthesis was designed (Ila -. lIlh -. Ih, it = 3) to 
prepare p-aminophenylpropyltrimethylammonium iodide (Scheme 
I). The first step involved the Clemmensen reduction ( 5 )  of 3- 
dimethylamino-I-p-nitrophenylpropan-1-one (Ha) t o  the corre- 
sponding p-aminophenylpropylamine (1116). This produced the 
rrcnu-p-aminophenylpropenylaminc (IVb) in 24 yield, together 
with a large quantity of intractable material. The product (IVb) 
was identified by its PMK spectrum, which showed a vinylic multi- 

plet ( A B X 2 ,  JAB = 16 Hz.) characteristic of rrans-I-aryl-3-tertiary- 
aminoprop-I-enes (6). Catalytic hydrogenation of IVb gsve I-p- 
aminophenyl-3-dimethylaminopropane (IIIh), from which p-amino- 
phenylpropyltrimethylammonium iodide (Ib,  It = 3) was prepared. 

The formation of olefinic by-products in the Clemmensen reac- 
tion is well established (7). but there appears to be no report re- 
lating to the reduction of p-aminoketones (11). The isolation of 
rro~s-I-p-aminophenyl-3-dimethylaminoprop-1 -me (IV6) from the 
reaction, however, was of much interest, because the quaternary 
methiodide derivatives (VI) of such aminoalkenes have been reported 
(3, 4) to be highly active nicotinic agents. It was, therefore, decided 
to see whether aminoalkenes were consistently formed with other 
Mannich bases (Table I), three of which (Ilc, IId, and IIe) were 
studied in detail. The Clemmensen reduction gave t+vo products in 
low yield': (a) ar. azeotropic mixture of the appropriate amino- 
alkane2 (111) and aminoalkene2 (IV), and (b)  a high boiling liquid 
which could be crystallized. The solid product appeared to be a 
mixture of the meso- and d/-forms of the dimer3 (V) and was prob- 
ably formed by the addition of two electrons and protons from the 
Clemmensen reagent (8) to the Mannich base. 

With the three other 0-aminoketones (Ilf, Ilg, and llh), no at- 
tempt was made to isolate the corresponding dimers. Only the low 
boiling distillate was collected, and it was sgain found to be a mix- 
ture of aminoalkane and aminoalkene2. The formation of pure 
aminoalkene (IVb) in the initial reaction seems to depend on the 
prescnce of the nitro group, which may prevent complete reduction. 
The exact mechanism of the Clemmensen reduction of P-amino- 
ketones is obscure, but the formation of arninoalkenes may involve 
a monomeric alcohol' intermediate (7). 

The carbonyl group in Mannich bases appears to be very di%cult 
to reduce to methylenc; treatment of both the phenyl and 0-tolyl 
aminoketones with the lithium aluminum hydride-aluminum 
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Sclieme I 

IV 

* A largc amount of intractable resinous material was evident after 
distillation of each crude Clemmensen product. 

a Mass spectral total ion-currcnt evidence. 
4 When one reaction with IIc was terminated by basification after 

3 hr., a sample of 3-dimethylamino-I-phenylpropan-1-01 hydrochloride 
(3%) was isolated. m.p. 135". identical to authentic material (6). but 
the ratio of the other products remained unchanged. 

Proton magnetic rcsonancc cvidence. 
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OH Table I-Reaction Products from Clemmensen 
Reduction of Mannich Bases 

Aminoalkene (1V)- 

OH 
V 

VI 

chloride reagent. which has been suggested as an alternative to  the 
Clemmensen reduction ( 15). gave only the corresponding secondary 
alcohols. Both the carbonyl and the p-nitro groups of the Mannich 
base (I lu)  could be reduced, however, when the compound was 
suspended in ethanolic hydrogen chloride and hydrogenated at  
room temperature and atmospheric pressure for 14 days with 
palladium-on-carbon as catalyst5. This method provided another 
route to p-aminophenylpropyltrimethylammonium iodide (Ih, I I  = 
3). 

PHARMACOLOGY 

p-Aminophenylpropyltriniethylarnmonium iodide showed no 
hypotensive effects in the pithed rat and acted as a weak blocker6. 
It was only one-tenth as activc as p-aminophenethyltrimethyl- 
ammonium iodide (16, ) I  = 2) when tested for ganglionic stimulant 
activity on the isolated guinea pig ileum. 

EX PER1 M ENTAL' 

0-Aminoketone Hydrochlorides (11) --The hydrochloride salts of 
lla-II/~ were prepared by the usual method (16) from the appro- 
priately substituted acetophenones. The melting points of l l u  (17), 
Ilc(9), IId(10), IIe(1 I ) ,  Ilf(l2), Ilg(l3),andlI/1(14)werein agree- 
ment with literature values. 

trans-1-pAminopheny I-3-dimethylaminopropl-ene (IV b)-A so- 
lution of mercuric chloride ( 5  g.) in 10% HCl(100 ml.) was shaken 
( 5  min.) with granulated zinc (60 g.) as previously described ( 5 ) .  and 
the amalgam was rinsed with water. 3-Dimethylamino-I-p-nitro- 
phenylpropan-1-one hydrochloride (17) (110) (38 g., 0.147 mole) was 
dissolved in 35% HCl (150 ml.), and the solution was added drop- 
wise to the amalgam. The vigorous reaction was kept under control 
by cooling under the tap before a further portion of 357; HCI (100 
ml.) was added and the mixture was refluxed overnight. The solution 
was basified with enough ammonium hydroxide to redissolve the 
zinc hydroxide precipitate and was then extracted with ether and 
dried (sodium sulfate). Evaporation of the extracts gave an oil (14 
g.) which, when distilled riu a Vigreux head, gave 5.4 g. (247:) of 
the product, b.p. 121 (0.35 mm.), 1122 = 1.5960. The proton mag- 
netic resonance (PMR) spectrum (CDCh) agreed well with that of 
the parent alkene (1Vc) (6). The product formed an unstable mefhi- 
odide, which formed a light-sensitive hydrogeu iodide, m.p. 21 5- 
217" (methanol-ether), Amax 282 nm. ( E  21,900). 

And-Calc. for CI2HT2I2N~: C, 32.04; H, 4.69; N, 6.28. Found: 
C, 32.30; H,4.51; N, 6.28. 
pAminophenylpropyltrimethylammonium Iodide (Ib, n = 3)- 

The amioalkene (IVb) (1 6.) was dissolved in a mixture of ethanol 
and 10% palladium-on-carbon (0.4 g.) and hydrogenated overnight 
at room temperature and atmospheric pressure. The reaction mix- 

~~~~ ~ ~ 

6 The authors thank Dr. J. M. Osbond, Roche Products Limited. 
Welwyn Garden City, Hem.. U.K., for suggesting these reaction con- 
ditions. 

6 D. S. McQueen, Department of Pharmacology, University of Edin- 
bu: h, Edinburgh EH89JZ. U. K., personal communication.  belting points were recorded on a Mettler FPI instrument con- 
nected to a pen rccordcr. The NMR spectra were recorded on Perkin- 
Elmer RIO and Varian HA-100 instruments. Mass spectrometry was 
carried out with an LKB-9000 (cv. 27.5). 

Amin2lkane (ill), 
R-C,H4C0CH2CHZN(CH& (11) Yielda Dirner (V) 

IIc, R = H (9)* 1 3  (1 :1) 28 
1Id. R = D-F f10) 1 7 ~  1R 
IIe,' R = & I  i i i j  
IIf, R = m-CF3 (12) 
IIg, R = e C H 3  (13) 

-- 
29(1:1) 9 
27 (1 : I )  - 
27 (3  :2) - 
26 ( I  :2j - IIA, R = pCHa  (14) 

~ ~~ 

Product ratio from proton magnetic resonance integral data in 
parentheses. * Reference. Greater than 90 aminoalkene. 

ture was filtered (kieselguhr), and the filtrate was evaporated to a 
small volume. After the addition of methyl iodide (2 rnl.) and a few 
drops of ether, the product separated as gold needles ( I  .2 g.), m.p. 
204205"; PMR (D20) :  vinylic signals absent. 

Anal.-Calc. for C,ZHZ~INI: C, 45.01; H, 6.61. Found: C, 44.79; 
H. 6.83. 

Other Clemmensen Reductions-These were carried out in the 
manner described for IVb. Distillation of the crude products de- 
rived from Ilc, Ild, and IIe gave two fractions (Table 1) with the 
following characteristics : 

A mixture of IIlc and IVc, b.p. 62' (0.20 mm.), and the isomeric 
rlimer Vc, b.p. 168" (0.25 mm.), m.p. 148-150" (ethanol); M' at 
m/e 356 (CZZH~ZNZO?) (both isomers). 

Anul.-Calc. for CZ2Ha?N202: C, 74.12; H, 9.05. Found: C, 
74.22; H, 8.89. 

A mixture of Illd and IVd, b.p. 66-68" (0.20 mrn.), and the iso- 
meric dimer Vd, b.p. 168-169" (0.30 mm.), m.p. 170-172" (ethanol); 
M+ at m/e 392 ( C B H ~ ~ F ~ N ~ ~ I )  (both isomers). 

Atrrrl.--Calc. for CBH, ,F~N~OZ:  C, 67.32; H, 7.70. Found: C, 
67.58; H, 7.48. 

A mixture of I l k  and IVe, b.p. 80-82" (0.10 mm.), and the iso- 
meric dimer Ve, b.p. 230" (0.20 mm.), m.p. 198-200" (ethanol); 
Mi at  m/e 425/427 (C??HJOCI~N20?) (both isomers). 

Atid-Calc. for CrrHaOCl?N?O?: C, 62.11; H, 7.1 1. Found: C, 
62.22; H, 7.09. 

The aminoalkene-aminoalkane mixtures from the ni-CFa, o- 
CHI, and p-CH, Mannich bases ( I l f .  Ilg, and I lh ,  respectively) 
were collected at  -70" (0.20 mm.) in various ratios (Table I). 

In all the reductions specified, the PMR spectra (CDCIJ and 
tetramethylsilane) of the low boiling products were compatible 
with mixtures of the aminoalkene (IV) and the aminoalkane (111). 
In most cases, direct comparison was possible with the PMR 
spectra of authentic aminoalkenes and aminoalkanes prepared by 
standard methods. The aminoalkanes showed N(CH3k singlets at 
higher field (-0.08 p.p.rn.) than the corresponding signals for the 
aminoalkenes. The integral ratios of the N(CH3)r peaks were used 
to assess the product ratios (Table I). 

Lithium Aluminum Hydride-Aluminum Chloride Reductions- 
Treatment of 3-dimethylamino-I-phenylpropan-1-one (IIc) with 
ethereal lithium aluminum hydride--aluminum chloride in the 
usual manner ( 1  5 )  gave 3-dirnethylamino-I-phenylpropan-l-ol, 
identical to authentic material (6). 

Similarly, lithium aluminum hydride-aluminum chloride re- 
duction of 3-dimethylamino-I-o-tolylpropan-l -one (1  3) gave 3- 
dimethylamino-I-a-tolylpropan-1-01, which formed a mefhiodide, 
m.p. 152-154" (ethanol-ether). 

And-Calc. for CL3H2?INO: I,  37.86. Found: I. 37.88. 
Catalytic Reduction of 3-Dimethylamino-1-pnitrophenylpropn- 

1-one (1Ia)-IIa hydrochloride (17) (7.7 9.) was suspended in 
ethanol (I00 ml.), and the mixture was saturated with hydrogen 
chloride gas. Most substrate went into solution and, after cooling. 
10 :< palladium-on-carbon (0.5 g.) was added and the reaction 
mixture was hydrogenated at  room temperature and atmospherlc 
pressure until hydrogen absorption ceased (14 days). The filtered 
solution (kieselguhr) was evaporated to dryness, the residual solid 
was treated with ammonium hydroxide. and the liberated base was 
extracted into ether and dried (magnesium sulfate). Evaporation 
of the extracts gave an oil ( 5  g.), which was distilled to give l-p- 
aminophenyl-3-dimethylaminopropane (Illh), b.p. 120" (0.1 mm.), 
tiz$ = 1.5430, which formed the mprhiodide (lb, I I  = 3). m.p. 203- 
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204", identical (PMR, mixcd melting point) to the material pre- 
pared previously by thc Clemmensen routc. 

CONCLUSIONS 

Clemmensen reduction of Mannich bases leads to  a variety of 
products, but the reaction can still be used to prepare members of 
the arylpropylamine series. Catalytic hydrogenation of the low 
boiling fraction distilled from the crude product ensures complete 
saturation of the side chain and the isolation of pure aminoalkane 
(111). 1-hese derivatives can then be converted to phenylpropyl- 
trimethylammonium derivativcs (1. ti = 31, which have potential 
nicotinic properties ( I ) .  
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Potential Biologically Active Agents V: 
Synthesis and Pharmacological Screening of 
Substituted 3-Aminomethylbenzoxazolin-2-thiones 

RAJENDRA S .  VARMA 

Abstract 0 A series of substituted 3-aminomethylbenzoxazolin-2- 
thiones was synthesized and evaluated for antibacterial activity. 

Key phrases 0 3-Aminomethylbenzoxazolin-2-thiones-synthesized 
and screened as potential antibacterial agents Antibacterial 
agents, potential-synthesis and screening of 3-aminomethyl- 
benzoxazolin-2-thiones 0 Benroxazolin-2-thiones, substituted- 
synthesized and screened as potential antibacterial agents 

Benzazoles have been reported to exhibit diverse 
biological properties. The 2- and 3-substituted benz- 
oxazolinone analogs have shown anticonvulsant (1)  
and antimicrobial ( 2 ,  3) activities. Antitubercular (4), 
antispasmodic (5 ) ,  and antibacterial (6-9) activities have 

I< 

I 11 

been observed for benzothiazolin-2-thione and 2- 
alkylmercaptobenzothiazoles. Substituted 3-amino- 
methylbenzothiazolin-2-thiones have displayed anti- 
microbial (10, 1 1) activity. Further antimicrobial (12, 
I3), diuretic (14), cancerostatic (15), antitubercular 
(1 3, hypoglycemic (16), parasympatholytic (17), and 
herbicidal (18) properties have been associated with 
bcnzoxazolin-2-thiones. In view of these reports, it was 
of interest to  synthesize substituted 3-aminomethyl- 
benzoxazolin-2-thiones (I) for biological screening. 
The synthesis of I was achieved by condensing benzoxa- 
zolin-2-thione (II) ,  formaldehyde, and an amine. 

BIOLOGICAL DATA 

The compounds listed in Table 1 were screened for their inhibitory 
effect against Escherichia roli and Staphylococcus aureusl by the 
agar diffusion technique (19). Four compounds (I, VII, XII, and 

1 Bacterial cultures maintained at Central Drug Research Institute. 
Lucknow, India. wcre used. 
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