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platelets, m.p. 70-71' both alone and in a d m i p r e  with 
authentic'? 0-phenylpropiophenone of m.p. 70-71 . 

Anal. Calcd. for ClaHlaO: C, 85.68; H ,  6.71. Found: 
C, 85.83; H,  6.61. 

The crude acids obtained in another run from 11 g. of 
3,5-diphenyl-2-isoxazoline treated as above were recovered 
from the acidified sodium hydrogen carbonate extracts by 
ether extraction. The crude product (1.1 g.) on crystalliz- 
ing from petroleum ether yielded a first crop of 0.17 g. of 
benzoic acid, m.p. 120-121" both alone and when mixed 
with pure benzoic acid, followed by further crops of less 
pure benzoic acid (0.339 g. in all). The non-crystalline 
acids recovered from the mother liquor (0.545 9.) were 
dissolved in a slight excess of aqueous alkali and refluxed 
with 0.5 g. of p-bromophenacyl bromide in 15 ml. of ethanol 
for one hour. On cooling 0.402 g. of crystals separated, 
which from ethanol gave 0.228 g. of platelets, m.p. 103-104', 
and no depression of the m.p. when mixed with the authentic 
p-bromophenacyl ester, m.p. 104', of hydrocinnamic acid. 

Anal. Calcd. for C17HlS03Br: C, 58.80; H, 4.35. 
Found: C, 58.95; H, 4.31. 

Aniline was obtained from the original reaction mixture 
after refluxing 1 g. of 3,5-diphenyl-2-isoxazoline with 15 
ml. of constant boiling hydriodic acid for 2.5 hours. The 
diluted mixture was extracted with ether and then steam 
distilled after adding 20 g. of sodium hydroxide. The 
aniline in the condensate was taken up in benzene and 
converted to the hydrochloride (34 mg.). Benzoylation 
in pyridine gave benzanilide, m.p. 161-162', alone and 
when mixed with authentic benzanilide. 

Anal. Calcd. for ClaHllON: C, 79.16; H ,  5.62. Found: 
C, 79.13; H, 5.71. 

Cyclization of Cinnamani1ide.-Cinnamanilide (100 mg., 
m.p. 151') was refluxed for 1 hour with 20 ml. of constant 
boiling hydriodic acid. The neutral product (70 mg., m.p. 
178-179') from ethanol gave 32 mg. of 4-phenyl-3,4-dihydro- 
carbostyril, compact prisms, m.p. 179.5' and no depression 
when mixed with the corresponding product above. 

Anal. Calcd. for C15HlaON: C, 80.69; H ,  5.87. Found: 
C, 80.51; H ,  5.86. 

The same product was obtained in slightly lower yield 
when using constant boiling hydrobromic acid as above. 

Reduction of 4-Phenyl-3,4-dihydrocarbostyril.-4-Phenyl- 
3,4-dihydrocarbostyril (156 mg.) in 30 ml. of ethanol was 
gradually treated under reflux with 4 g. of sodium. After 
adding water and removing ethanol in vacuo, the products 
were taken up in ether and the base recovered via a hydro- 
chloric acid extract as 124 mg. of oil. After two distillations 

(17) R. Adams, J. W. Kern and R. L. Shriner, OYE. Syntheses, 8, 36 
(1928). 

(tube, 110-120' (0.04 mm.)) the product (95 mg.) was fil- 
tered in petroleum ether solution through alumina and 
recovered a t  91 mg. of crystals, m.p. 72-74'' unchanged on 
recrystallizing from ethanol of 4-phenyl-1,2,3,4-tetrahydro- 
quinoline. 

Anal. Calcd. for ClaH15N: C, 86.08; H, 7.22. Found: 
C, 86.03; H,  7.50. 

Benzoylation of 65 mg. of base in pyridine gave 105 
mg. of neutral product, m.p. 135', which from ethanol 
gave the pure benzoyl derivative, m.p. 145". 

Anal. Calcd. for C22H190N: C, 84.31; H ,  6.11; N, 
4.47. Found: C,84.13; H,6.37; N,4.34. 

The Reduction of 3,5-Diphenyl-2-isoxazoline with Lithium 
Aluminum Hydride.-3,5-Diphenyl-2-isoxazoline (1.920 9.) 
in 50 ml. of anhydrous ether was added to 0.34 g. of lithium 
aluminum hydride suspended in ether. After stirring 
under reflux for 5.5 hours, the cooled mixture was de- 
composed by adding ice-water and hydrochloric acid. 
After extraction with ether, the acid solution was made 
alkaline with sodium hydroxide solution and the crystalline 
precipitate filtered off (1.208 g., m.p. 114-118'). Crys- 
tallization from ethanol gave 1,3-diphenyl-3-aminopro- 
panol, prisms, m.p. 121-122'. 

Anal. Calcd. for CljH170N: C, 79.25; H ,  7.54. Found: 
C, 79.27; H, 7.59. 

The monobenzoyl derivative was obtained from 127 mg. 
of amino-alcohol and 79 mg. (1 mole) of benzoyl chloride 
in pyridine (1 hour a t  96'). The crude product (121 mg., 
m.p. 120-140') was recrystallized from benzene and from 
ethanol to give prisms, m.p. 169-170'. 

Anal. Calcd. for C22H2102N: C, 79.73; H ,  6.39; N, 
4.23. Found: C,79.92; H,6.40; N,4.52. 

The dibenzoyl derivative was obtained from 235 mg. of 
amino-alcohol and 491 mg. (3.4 mole) of benzoyl chloride 
as before as 442 mg. of silky needles, m.p. 175-188'. Crys- 
tallization from ethanol raised the m.p. to 190-191". 

Anal. Calcd. for C&&N: C, 79.98; H ,  5.79; N, 
3.22; mol. wt., 435.5. Found: C, 80.47; H ,  5.79; N, 
3.25; mol. wt. (ebull. in benzene), 440. 
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Intermediates are 
pseudobasic esters of type VII, proved by the isolation of diacetylacetoxyphenylimidazolidine ( IX)  from the acetylation of 
2-phenylimidazoline. One exception is 
described. Reductive methylation gives N-methylimidazolines. By condensation of nitriles with diethylenetriamine, 
aminoethylimidazolines (XVIII), with triethylenetetramine, bisimidazolines (XIX) joined through the nitrogen atoms by 
an ethylene bridge are obtained. 

The acylation of imidazolines 1-111 results in the formation of diacylalkylidenimidazolidines IV-VI. 

Alkylation usually yields mixtures of quaternary and non-quaternary imidazolines. 

Acylation.-Several imidazolines have proved to In  particular, the acylation of imidazolines at- 
be of practical importance in the last ten or fifteen tracted our interest, whereby diacylimidazolidines 
years, and for this reason we published some work IV-VI, with the double bond shifted exocycli- 
on the basic chemistry of the imidazoline ring sev- cally, resulted from substituted 2-methylimidazo- 
era1 Years ago.2 lines 1-111. The diacetylalkylidenimidazolidines 

u 

IVa-VIa have been obtained id good yield, but the 
(1) Talk given a t  Dallas, Texas, 129th National A.C.S. Meeting, dibenzoyl derivatives Im-VIb were 
(2) K. Miescher, A. Marxer and E. Ureeh. Helo. Chim. Acta, 84, to prepare* We have succeeded, 

difficult April, 1956; 6. Abstracts of Papers, 25-M. 
. .  

1 (1061). in making the dibenzoyl compound in good yield 
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It is to be supposed that  the intermediates for 
the diacylalkylidenimidazolidines of type IV, V 
and VI are esters of pseudobases, e.g., in the case 
of acetylation with acetic anhydride, 1,3-diacetyl- 
2-acetoxyimidazolidines (VII). As a proof, the 
pseudobasic intermediate I X  should be isolable 
from the acetylation of 2-phenylimidazoline (VIII), 
an exocyclic split of acetic acid not being pos- 
sible as in IV-VI. The expected 1,3-diacetyl-2- 
acetoxy-2-phenylimidazolidine (IX) was indeed ob- 
tained in the form of massive hygroscopic prisms. 
On standing in air, the crystals first became liquid 
when the evolution of acetic acid could be clearly 
discerned. After some time the liquid crystal- 
lized again and then consisted of N,N'-diacetyl- 
N-benzoylethylenediamine. The isolation of I X  
therefore demonstrates the path of formation of 
the diacylalkylidenimidazolidines and the validity 
of the above-mentioned suggestion. 

H 

COR ' 5  
C 

COR' 

COR' 
H 

Diacylmethylen- 
imidazolidine, 
isolated 

It already has been shown that it is possible to 
isolate the very unstable 1,3-dibenzoyl-2-chloro-2- 
benzylimidazolidine (X) on benzoylation of 2- 
benzylimidazoline.2 A quaternary form for com- 
pounds IX and X is excluded by their solubility in 
benzene. Attempts to benzoylate 2-phenylimid- 
azoline (VIII) to a stable 2-chloro-1,3-dibenzoyl 
derivative analogous to X led, however, only to the 
monobenzoyl compound XII. 

COCHj COCeHs 
I I 

R-C("-I I \T- 
CeH~-CIlz-C / "-i \N- 

I 'i 
CHrCOO COCHr 

VI1 

---f 

-+- 
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s 
COCHi 

XI  XI1 

The results of the acylations are listed in Table I. 
In view of the isolated substances G and H, the 

acylation must go throuyh the quaternary stapes 
A and E and then through stage B and F by polari- 
zation of the double bond to  the pseudobase esters, 
C and G. h monoacylated pseudobase ester like 
C was never isolated in our experiments, although 
its existence is very likely in view of the results of 
the benzoylation of 2-phenylimidazoline (VIII). 
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With excess benzoyl chloride in benzene, tempo- 
rary addition to XI probably occurred. Due to 
the lack of excess base-possibly also to the lower 
basicity of the starting material-further transfor- 
mation ceases for the moment. Soon, small 
quantities of the insoluble monobenzoylphenyl- 
imidazoline hydrochloride (XII, or D in Table I) 
precipitate from the clear benzene solution, each 
time shortly after the previously formed XI1 has 
been removed by filtration. This crystallization 
could be repeated up to  eight times, giving about 
10% of the theoretical amount of XI1 a t  each sep- 
aration. As XI1 in the form of its hydrochloride is 
insoluble in benzene, the soluble intermediate XI 
(or C) is very likely to be present in the solution. 

The hydrochloride XI1 is very easily soluble in 
water, but after a short time the ring-opened di- 
benzoylethylenediamine crystallizes out of the 
solution. 

Alkylation.-The alkylation follows the path 
indicated in Table I. Owing to the lack of the 
electronegative CO group, however, the quater- 
nary stages A and E, not isolable in the acyla- 
tion, are stable. Confirming the results of King 
and McMillana and Kyrides, et u Z . , ~  we iso- 
lated a mixture of monoalkylated product, di- 
alkylated monoquaternary salt and starting mate- 
rial hydrohalide. These results should now be 
amended by some new observations. 

While trying to quaternize the methylhydroxydi- 
phenylamine XI11 (phentolamine, Regitinem, a 
sympatholytically active compound) with methyl 
iodide, we obtained a definitely monomethylated 
compound XIV. Unlike the starting material i t  
was not possible to  precipitate the free base with 
sodium bicarbonate or ammonia from an aqueous 
solution of the salt. As a consequence of the mes- 
omerism between quaternary and tertiary salt 
(XV-XVI), this was surprising and it was con- 
sidered that  XIV might be of stronger basicity 
than XIII. This, however, was not the case; 
both compounds had the same pK. (about 9.1). 
Other imidazolines did not give such monomethyl- 
ated salts without a considerable amount of qua- 

OH 

OH 

(3) 1. A. King and F. H. McMillan, THIS JOURNAL, 68, 1774 (1946). 
(4) L. P. Kyrides, F. P. Zienty, G. W. Steahly and H. L. Morrill, 

J .  Org. Chcm., 12, 577 (1947). 

ternary dialkyl product, so that it seems possible 
that this behavior could be a function of the phe- 
nolic part of the molecule. With dimethyl sulfate, 
however, XI11 also was converted into the di- 
methylated quaternary salt. 

To prepare definitely monomethylated derivatives 
(e.g.  XVII), a method was developed which con 

\1;H-I S i i H 2  

N- CHnO 
D - C H - C Y  'c 

a - C H z - C  /"- 
\N- 

I 
XVII CHa 

sists in methylating with paraformaldehyde in the 
presence of nickel and hydrogen, when the mono- 
methylated imidazolines were obtained in fairly 
good yield. (The well known method of methylat- 
ing with formaldehyde and formic acid is imprac- 
ticable, the imidazoline ring being split by concen- 
trated,formic acid.) 

New Types of Imidazolines and Bisimidazolines. 
-One method of building up imidazolines is to 
condense nitriles with ethylene diamines in the 
presence of hydrogen sulfide. In  the course of 
other work with polyamines, we tried to  replace 
the ethylene diamine by diethylenetriamine or 
triethylenetetramine and were able to isolate the 
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I 

CHnCHzNR't 
N- 

R-cH~-c<~J 

I 
XVIII CH2CHzNR'r 

R-CHz-Ch' H~N-CHZ I R-CHI-C P-1 
\N- HN-CHz 

I 
(CHdz 

I + ( ' j X M z  
I 
I 

HN-CH~ 
R-CHnCN I 

HsN-CHZ 
XIX 

a, R = CeHs- 

b, R = D- c, R = ~ - C H z X - - ~  
I - 0 

corresponding aminoethylimidazolines XVIII, and 
the bisimidazolines of type XIX in very good yield. 
During this work we discovered that Blair, Groves 
and Gross6 had already obtained imidazolines from 
the reaction of polyamines with fatty acids. 
Blair and co-workers do not seem to have ex- 
tended their work to  imidazolines with aromatic 
substitution. Such compounds are of particular 
pharmacological interest; the benzyl derivative 
XIXa, for instance, corresponds to two tolazoline 
(Priscoline@) molecules joined through the nitrogen 
atoms by an ethylene bridge, the naphthylmethyl 
derivative XIXb to two naphthazolines (PrivineQ) 
(6) C. M. Blair, W. Groves and W. F. Gross, U. S. Patent 2,468,168 

(April 28, 1949). 
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TABLE I1 
/"-I 
\y-- 

AMINOETHYLIMIDAZOLIE~ES, XVIII, R--C 
I 

VOl. 70 

XVIII  R 
1 Cs&- 

CsHsCHp- 2a 
3 
3a 

4 
4a 

Hydro- 
Base b.p.  chlori$e, 

R' 'C .Q Mm. m p ,  C. 
CH3 132-138 0.05 

135 .03 e 193-195 d I CHs 116 .03 
CH3 172-1 7 3 

180-182 . 0 2  
232-233 

CHzCH,SR'? 
r Analyses, R --. 
--Calculated --. -Found-- 7 

Formula C H N C1 C H S C1 
71.57 8.81  CiaHisSa 71.85 8.81 

CizH~ih-3 70.90 8 .43  20.67 70.74 8.31 20.81 
Ci?HinK3Cl? 52.20 6.92 2 5 . 0 7  52.30 0.77 28.01 
C14HziNa 72.68 9.13 18.17 7 2 . 4 9  8.90 17.97 
CirHz3N3Clz 23.31 23.30 

Ci6Hi0N3 7 5 . 8 5  7 . 5 6  16.59 75.8ti 7.59  1 6 . 5 2  
CIGHUNICIZ 28.90 6 . 4 9  12.88 59.07 t j .28 12.81 

175-177 .03 
f :: 165-170 1 CHI 168 .05 

CH3 155-157 

CisHzoPITa 87.20 8.68 24.12 67.45 8.98 24.23 
Ci3HzzN4Cli 2 3 .  "3 2 3 . 4 2  
CIbHZ4NI G9.19 9.29 2 1 . 3 2  69.08 9 . 3 1  21.C,G 
CisHiaKdC1z 21, 26 21.ti l  

H 193 .08 { CH3 185 .15 

H 205-210 .05 
H 229-230 I CHs 188 .06 
CHa 2 10-2 1 2  

204 .os C ~ H ~ C H Z N C H ~ C ~ H S  
178-180 

10 ! 
CH2- I n3 

c1 

ClaHZ?P\'4 19.03 19 ,09  
CzoHzsPir 7-1.49 8 .13  17.38 7 4 . 8 1  8.00  17.54  

.iO.87 6.93 14.80 
i 4 , . > 0  8.33 1 6 . 2 0  

C:qH?eNaClz 59.84 6 .87  14, G9 
CzrHsX~r 71.96 8.39 1G.65 
C ~ H ~ O S ~ C I ?  l i ,  H-' 1 7  18 

CZPHZLN4 74.49 8 .13  7 4 A l  8.31  
,5 j . ( i7  li.01 12.57 CzoHinNaCla n5.62 6 . 7 7  12.98 

C?OH~IS,CI 6F.09  8 .57  15 .64  OG.1S 8.fi l  15.44 
CzoHssS~Cla 2 4  40 _'I  318 

The b.p. differed widely, e.g., subst. 2 showed b.p. up to 173", depending on the width of the neck of the distillation flask 

joined in the same way through the nitrogen atoms 
by an ethylene bridge and the benzylanilino deriv- 
ative XIXc to two joined antazolines (Antistine@). 
It is surprising that none of these doubled molecules 
has shown the same activity as the parent com- 
pound. 

Several of these bis-imidazolines, especially in 
the diphenylamine series, have, however, marked 
bactericidal and fungicidal activity, but all of 
them produced local irritation. Some of the 
aminomethylimidazolines and bisimidazolines syn- 
thesized are listed in Tables I1 and 111. 
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Experimental6 
Acylation.--1,3-Diacetyl-2-alkylidenimidazolidines (IVa- 

1,3 - Dibenzoyl- 2 - benzylidenimidazolidine (Vb). ma).* 

-2-Benzylimidazoline (16.02 g., 0.1 mole) was dis- 
solved in 50 ml. of abs. benzene and 20.24 g. (0.2 mole) of 
triethylamine. With stirring, 28.12 g. (0.2 mole) of ben- 
zoyl chloride was added dropwise a t  60-70' (cooling), and 
the mixture was heated for 2 hr. at 100 . After cooling, 
100 ml. of water was added and stirring continued to com- 
plete solution of the triethylamine hydrochloride. The 
yellow crystals were isolated, washed with water and ben- 
zene, dried and recrystallized from ethyl acetate. The 
compound Vb obtained in almost quantitative yield had m.p. 
137-139" and was identical with the product obtained for- 
merly by other methods.2 
Z-Acetoxy-l,3-diacetyl-2-phenylimidazolidine (IX) .-2- 

Phenylimidazoline (14.62 g., 0.1 mole)' was dissolved in 50 
ml. of dry pyridine and 75 ml. of acetic anhydride, when the 
temperature rose to  about 40". The solution was allowed 
to stand at room temperature until the separation of crystals 
was complete. This took several days on the first run but 
only a few hours when seeds of IX were already available. 
The acetylation with 100 ml. of acetic anhydride at 100' 
gave the same crystals; these were isolated and washed with 
benzene giving hygroscopic prisms of m.p. 87-89', 5 ield 8 g. 

A n d .  Calcd. for C15fTla04S2: C, 62.05; H, 6.25; S, 
9.65. Found: C,fi1.87; H,G.IS; S,Y.82.  

N,N'-Diacetyl-N-benzoylethylenediamine .-Prolorigetl 
standing of IX in the air resulted in an uptake of water, thc 
material becoming liquid, then resolidifying. The cr? stids 
were taken up in benzene a i d  precipitated by addition of pe- 
troleum ether, m.p. 69-72'. 

A n d .  Calcd. for Ci3H1603X2: C, 62.89; H, 6.50; N ,  
11.28. Found: C,63.02; H,6.74; S,  11.41. 

(6 )  Melting points are uncorrected. (7) Prepared according to the method given for XVIII and XIX. 
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TABLE 111 

BISIMIDAZOLINES (~,~'-BISIMIDA~OLINYLETHANES) (XIX) NvN-cH2CH2-N m l-7 , 
I Y" 

0 
N H C H r  

~ - N H C H ~ -  
I 

Cl 

~ - S H C H ~ -  

I 
c1 

Hydro- 
chloride 

m.p., OC. Formula 
CZOH¶lNl 

262-263 C ~ Q H ~ N A C ~ S  

CzaHzeNi7 

294-295 CaoHaiNiCln 

CarHuN4 

CarHasNa 
250-253 CvHieNaCln 

CzzHiaNaClz 
228-231 CnHarOiNaClrC 

CnHzaNaCli 
158-161 CaHnsNaClrd 

CzzHasNaCla 
242-244 CzzHnNeClrd 

R R 

471 

Analyses, % \ 

-Calculated- -Found-- 
C H N  C I C H N C I  

75.44 6.96 17.60 75.25 6.90 17.58 
14.32 18.12 14.43 18.54 

6.26 7.56 16.17 76.01 7.80 16.18 

63.00 6.73 16.91 62.95 6.79 17.04 

10.79 13.65 10.44 13.54 

81.89 6.87 11.24 82.13 6.60 11.26 

71.25 7.97 20.78 71.37 7.78 21.09 
60.37 7.18 17.60 60.57 7.34 17.56 

15.90 15.47 
67.87 6.37 13.97 11.79 67.75 6.15 13.98 11.87 

77.48 7.35 14.85 77.66 7.24 15.10 
13.35 11.26 13.14 11.46 

59.32 5.88 18.87 59.05 6.10 18.86 
14.68 12.39 14.66 12.38 

59.32 5.88 18.87 59.17 5.67 18.74 
50.98 5.45 27.36 50.59 5.43 26.83 

59.32 5.88 18.87 59.23 5.98 18.95 
50.98 5.45 16.22 50.59 5.31 16.01 

M.p. of the substance without recrystallization. The 12 mm. dried material contains 3 moles of water according to mole 
The anhydrous substance is very hygroscopic weight determination, which is given off very slowly in the high vacuum. 

and difficult to get absolutely dry. Dried a t  12 mm. i t  contains 1 mole of water. 

1-Benzoyl-2-phenylimidazoline (XII) . - (a)  2-Phenylimid- 
azoline (14.62 g., 0.1 mole) was dissolved in 50 ml. of ben- 
zene. Benzoyl chloride (7.03 g., 0.05 mole), dissolved in 10 
ml. of benzene, was added quickly and the mixture was 
heated at 100' with stirring for 2 hr. More benzene was 
added and the crystals of 2-phenylimidazoline hydrochloride, 
m.p. 235", isolated from the hot solution by suction. The 
benzene solution was concentrated under reduced pressure 
and gave XI1 by careful addition of petroleum ether, m.p. 
99-10lo, yield 0.05 mole. 

Anal. Calcd. for CI~HIION~: C, 76.78; H, 5.84; K, 
11.19. Found: C,77.03; H,5.93; N, 11.43. 

(b) When repeated as above, but using 0.1 or 0.2 mole 
of benzoyl chloride, only traces of 2-phenylimidazoline hy- 
drochloride (m.p. 235') were obtained. On standing, the 
mother liquors yielded a fine crystalline powder, m.p. 169- 
171°, that was isolated by suction; the mother liquors 
yielded further crops of material (up to eight), always in 
about the same amount regardless of the time of standing. 
This product, m.p. 169-171 O ,  consisted of l-benzoyl-2- 
phenylimidazoline hydrochloride (XII.HC1). 

Anal. Calcd. for CI~HISOT\;ZC~: C, 67.01; H, 5.27; C1, 
12.37. Found: C, 67.04; H, 5.09; C1, 12.04. 

XII.HC1 was soluble in water; after standing, crystals of 
the ring-opened product, the known8 dibenzoylethylenedi- 
amine of m.p. 246O, separated. 

(8 )  S. R. Aspinall, J .  Org. Chrm., 6,  895 (1941). 

Alkylation.-1-Methyl-2- [( 4'-methyl-3 "-hydroxydiphenyl- 
amino)-methyl] -imidazolinium Iodide (XIV) .-2- [(4'-Methyl- 
3" - hydroxydiphenylamino) - methyl] -imidazoline (XIII,  
phent~lamine,~ 42.19 g., 0.15 mole) was dissolved in 
200 ml. of chloroform and 150 ml. of abs. alcohol; 22.35 g. 
(0.1575 mole) of methyl iodide in 50 ml. of abs. alcohol was 
added dropwise and the mixture heated with stirring for 5 
hr. a t  90" (bath temperature). The solution was evapo- 
rated to one-third of its volume and the crystals isolated, 
m.p. 213-216'. No precipitation in the aqueous solution 
with sodium bicarbonate or with ammonia occurred. 

Anal. Calcd. for C18H220NsI: C, 51.07; H, 5.24; I, 
29.98. Found: C, 51.09; H,  5.20; I ,  29.54. Calcd. for 
ClgHzrONaI (dimethyl derivative): C, 52.18; H, 5.53; I, 
29.02. 

1-Methyl-2-benzylimidazoliie (XVII) (Reductive Methyl- 
ation).-2-Benzylimidazoline (16.02 g., 0.1 mole) was dis- 
solved in 175 ml. of abs. alcohol, 3.3 g. (0.11 mole) of para- 
formaldehyde was added and the mixture hydrogenated in 
the presence of 10 g. of Rupe or Raney nickel. The hydro- 
gen uptake was sluggish, 24 hr. being required before the 
theoretical amount was absorbed. The alcohol was evap- 
orated and the base distilled, b.p. 158-161' (12 mm.). The 
base was hygroscopic. The hydrochloride had m.p. 185- 
186'. 

(9) E. Urech. A. Marrer and IC. Miescher, H d v .  Chim. Acta, 98, 1386 
(1960). 
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Anal. Calcd. for CIIHIIN~Cl: C, 62.70; H, 7.18; N, 
13.30; C1, 16.83. Found: C, 62.36; H, 6.97; N, 13.36; 
Cl, 16.98. 

Nitriles used were either commercially available or were 
prepared according to the method of Marxer.10 

I-Aminoethylimidazolines (XVIII) (cf. Table 11). Gen- 
eral Procedure.-The appropriate nitrile (0.2 mole) mas 
mixed with 0.22 mole of diethylenetriamine or h-,X-di- 
methyldiethylenetriamine, and 200-500 mg. of dry hydrogen 
sulfide was passed into this mixture. The resulting solution 
was heated in an oil-bath a t  90-120" until evolution of 
ammonia was complete, this taking sometimes only a few 
minutes and sometimes 7-8 hr. Usually a temperature of 
100-105" was sufficient. The resulting imidazolines were 
usually distilled twice and the dihydrochlorides prepared. 

1,l '-Bisimidazolinylethanes (XIX) (cf. Table 111) General 
Procedure: Bis- [2,p-chloroanilinomethylimidazolinyl-( 1 ) I -  
ethane (XIX/S).-Dry hydrogen sulfide (400 mp.) was __ 
(10) A. Marxer, Helo. Chim. Acta. ,  37, 166 (1954). 

passed into a mixture of 49.98 g. (0.3 mole) of p-chloroanilino- 
ac,etonitrile and 21.93 g. (0.15 mole) of triethylenetetra- 
mine. This was heated in an oil-bath a t  llOo, when a rapid 
evolution of ammonia occurred, lasting for 1 hr. and becom- 
ing very slow during the next 6 hr. The reaction product 
crystallized on addition of 200 ml. of ethyl acetate. Crystals 
of XIX/8 were isolated and washed with ethyl acetate, when 
they had m.p. 162" (slight sintering a t  149'). Since this 
base conformed to the expected analytical results, the hydro- 
chloride was prepared without further purification, by dis- 
solving in alcohol and adding 2 equivalents z f  alcoholic hy- 
drochloric acid; hydrochloride m.p. 228-231 . 

Generally, the bases of Table I11 decomposed on distilla- 
tion, with the exception of XIX/1 and XIX/2. When they 
did not crystallize upon addition of ethyl acetate, the solu- 
tion was evaporated, dissolved in dilute hydrochloric acid, 
the oil reprecipitated by dilute ammonia in the cold and 
taken up in ethyl acetate or alcohol to prepare the hydro- 
chloride. 
BASEL, SWITZERLAND 
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Central Stimulants. a,a-Disubstituted 2-Piperidinemethanols and 1,l-Disubstituted 
Heptahydrooxazolo [3,4-a]pyridines 

BY FREDERICK J. M C C A R T Y ,  CHARLES H. T~LFORD AND M. G. VAN CAMPEN, JR. 

RECEIVED JULY 19, 1956 

A series of a,a-disubstituted-2-pyridinemethanols was prepared and converted to the corresponding 2-piperidinemethanols 
Heptahydrooxazolo[3,4-a]pyridine derivatives of some of the piperidinemethanols were also prepared. by hydrogenation. 

A number of the piperidinemethanols and heptahydrooxazolidines possess central stimulant activity. 

This investigation was a continuation of the 
search for new therapeutic agents in the a,a-disub- 
stituted-2-piperidinealkanol series. A previous pa- 
per' described the synthesis of a series of a,a- 
disubstituted-2-piperidine-ethanols and the related 
octahydropyrid [ 1,2-c]oxazines. A number of these 
compounds had diuretic and anti-fungal properties. 

The piperidinemethanols of the present investiga- 
tion are analogs of a, a-diphenyl-2-piperidinemetha- 
no1 hydrochloride2va which possesses central stimu- 
lant a ~ t i v i t y . ~  Generally, these piperidinemethanols 
were prepared by hydrogenation of the correspond- 
ing pyridinemethanols. Some of them were treated 
with formaldehyde to yield the oxazolidine deriva- 
tives. The synthetic methods used for preparing 
the intermediate pyridinemethanols are shown. 

Previous examples of Grignard reactions in 
which other pyridyl ketones were substituted for 
benzoylpyridine have been described in the litera- 
ture.6-7 The preparation of a-phenyl-a-(2- 
thienyl)-2-pyridinemethanol (Table I, 35A) was 
recently reported.* 

The synthesis of di- and tripyridinemethan~ls~ 
(1) C. H.  Tilford and M. G. Van Campen, Jr., THIS JOURNAL, 76, 

( 2 )  C. H. Tilford, R.  S. Shelton and M. G. Van Campen, Jr., i b i d . ,  

(3) H. W. Werner and C. H. Tilford, U. S. Patent 2,624,739 (1953). 
(4) B. B. Brown and H. W. Werner, J .  Phormacol. Exp t l .  ThcraP., 

(5) K. Schofield, J .  Chcm. Soc., 2408 (1949). 
(6) K. Winterfeld and F. W. Holschneider, Aich.  Pharm., 273, 315 

(1935). 
(7) N. Sperber, D. Papa, E. Schwenk and M. Sherlock, THIS JOUR- 

NAL, 71, 887 (1949). 
(8) J. Heer, E. Sury and K. Hoffmann, Hclo. Chim. Acta, 38, 134 

(1955). 
(9) J. P. Wibaut, A. P. de Jonge, H.  G. P. Van der Voort and P.  Ph. 

H.  L. Otto, Rcc.  1rm. chim., 70, 1054 (1951). 

2431 (1954). 

70, 4001 (1948). 

110, 180 (1954). 

and other pyridinemethanols by reaction of lithio 
agents with ketones have been carried out.1° A 
ketone synthesis from ethyl picolinate and 2- 
pyridyllithium has been reported to yield trG2- 
pyridinemethanol as a by -p rodu~ t .~  Preparation 

Q-C02Et + 2RLi 

Q-LR I 

R = alkyl, cycloalkyl, aralkyl, aryl or heterocyclic 

of aIa-dimethyl-2-pyridinemethanol from ethyl 
picolinate and methylmagnesium iodide has been 
reported." A series of pyridinemethanols, mainly 
of the type in which one R group is alkyl, has been 
prepared2 by condensation of pyridine with the ap- 
(10) A. J. Nunn and K. Schofield, J. Chcm. Soc., 589 (1952). 
(11) W. Sobccki, Bn.. 41,4103 (1908). 


