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1,2-diol, 90 ml. of ether and 54 ml. of catalyst solution
(about 2.7 g. of dicobalt octacarbonyl). The bomb was
purged three times with carbon monoxide at 100 p. s. i.,
hydrogen introduced to a pressure of 1500 p. s. i. and car-
bon monoxide added to a total pressure of 3000 p. s. i.
The bomb was heated with shaking for six hours at 180°.
The pressure during the period of reaction reached a maxi-
mum of 4000 p. s. i., dropped to 3925 p. s. i. and then to
2250 p. s. i. when the bomb was cooled to room tempera-
ture. After removing the ether by distillation, the residue
was distilled in vacuo to give, after a small forerun contain-
ing water, 5 g. of material boiling at 111-117° (30 mm.),
n®p 1.4488. During the distillation, a large amount of
residue of polymeric nature formed in the flask.

The 3,5-dinitrobenzoate was prepared and recrystallized
from dilute ethanol, m. p. and mixed m. p. with the 3,5-
dinitrobenzoate of 2-tetrahydrofurfuryl alcohol 83-84°.

Crotonaldehyde from 3-Butene-1,2-diol.—A mixture of
15 g. (0.17 mole) of 3-butene-1,2-diol and 15 g. of 10%
hydrochloric acid in a 100-ml. flask fitted with a short
Vigreux column was heated at 100°. The distillate which
was a mixture of water and crotonaldehyde amounted to
10.5g. A black, viscous residue (18.6 g.) remained in the
flask. The crotonaldehyde layer was dried and redistilled
to give material boiling at 103-105°, #»%p 1.4420; re-
ported b. p. 104-105°, »n'"p 1.4384.7

(7) ""Handbook of Chemistry and Physics,'* 30th edition, Chemical
Rubber Publishing Co., Cleveland, Ohio, 1947.
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Antispasmodics. V.! Tertiary a- and y-Amino
Alcohols and Quaternary Salts of B-Amino
Alcohols!

By J. J. DENTON AND VIRGINIA A. LAWSON

Our previous studies have shown the effect
on the antispasmodic activity of variations in
chemical structure of the R and Am groups of
tertiary B-amino alcohols represented by the
following formula (where x is 2 and where R and
Am represent various hydrocarbon and disub-
stituted amino groups, respectively)

(|)H
@f—(cm)x—m
R

To determine further the effect of chemical struc-
ture on the antispasmodic activity of compounds
of this type, we studied two additional modifica-
tions of structure: lower and higher homologs,
compounds of the above formula where x is 1
and 3; and quaternary salts of the @-amino
alcohols, where x is 2.

$-Amino alcohols, 11,2 V22 and VII! in Table
I, have been reported previously and were chosen
for this study of homologs because they showed
a low, medium and high order of antispasmodic
activity, respectively. The «-amino alcohols,

(1) For paper IV in this series see THIs JoUrNAL, T1, 2054 (1949).
Throughout this series of papers for generic names, we have pre-
ferred to use the term ''alcohol'’ to mean the same as the term
“*carbinol.”” Thus, the amino alcohols retain the same prefix as the
amino ketones from which they were usually derived.

(2) Denton, Neier and Lawson, ¢bid., T1, 2053 (1949).

(3) Denton, Lawson, Neier and Turner, ¢bid., 71, 2050 (1949).
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I and IV in Table I, were prepared essentially by
the procedure of Henley,* who has described the
latter compound. One of the y-amino alcohols,
compound VIII, has been reported by Marxer®
and by Miescher and Marxer.® We have pre-
pared the other two, compounds III and VI in
Table I, by a similar procedure.

TABLE I
OH
@—%—(CHz)z—Am-Ha
R
Number R x Am Activity
I C.H:- 1 (CeHs ) N- -
II Cf_:Ha— 2 (CgHa)zL-— + +
III  CHe~ 3 (CHs:N- +
IV C.Hs- 1 C;HpoN- -+
v C.Hs- 2 C;HioN- +++
VI C.H;- 3 CsHpgN- ++
VII CeH - 2 CsHioN- ++++
VIII CeHs- 3 C:HoN- ++

In Table II, thirteen new quaternary salts of
previously reported B-amino alcohols are listed.
In general, the formation of these quaternary
salts from the amino alcohols proceeds slowly
if the latter are dissolved in an excess of the alkyl
halide, and the resulting solution is allowed to
stand. The use of solvents such as nitromethane
gave more rapid quaternization in certain cases
Attempts to increase the rate of quaternization
by heating were unsuccessful.

Pharmacological Activity

The general significance of the antispasmodic
rating has been given in paper I7 of this series,
and details of the testing method have been re-
cently reported by Cunningham and co-workers.?
The quantitative significance of the rating scheme
used throughout this series of papers has not as
yet been reported. The rating of 4 indicates
that no less than 1 mg. of the compound in 100
ml. of the testing bath gives a 509, relaxation of
the spasm of a rabbit ileum made spastic with
0.1 mg. of Furmethide per 100 ml. bath. A
rating of 4+ indicates that the same effect is
produced with no less than 0.1 mg. of the com-
pound. Ratings of +++4+ and +++4++ like-
wise vary successively by factors of ten in con-
centration.

Table I shows that the lower homologs, the
a-amino alcohols, are less active than the higher
homologs, the y-amino alcohols, which, in turn,
are less active than the B-amino alcohols. It is
concluded therefore, that, in this type of com-

(4) Henley and Turner, J. Chem. Soc., 1182 (1931).

(3) Marxer, Helv. Chim. Acta, 24, 209 (1941).

(8) Miescher and Marxer, United States Patent 2,411,664, Novem-
ber, 1946.

(7) Denton, Turner, Neier, Lawson and Schedl, THIs JOURNAL,
71, 2048 (1949).

(8) Cunningham, ef al., J. Pharmacol. Expil. Therap., 96, 151
(1949).



Vol. 72
NOTES
3280

ic activity re-
: aSmOdlc a -
. h reateSt, antisp hydroxyl and sub
Y pound, the 1g 3-relation of the hy
-3 rom a 1,o-
T EEs  sultsf ino groups. L 11T, IV, VI, VII
+ + + 8o 3 StltUtedb?mII quaternary saltSd_r activity ratings
+ + ++ + =29 K] In Table II, tispasmodic : tiary
+ 4+ + 825 lower antisp ective ter
0 D T 2% XTI have : f the respect alts
DITIIIINIIN ST 0 < from which they were Herived. S h
T b4+ + 2<% than hich they ating as the
Z + T3 £F  amines frorg X have fhe NN Higher an-
+ X III an . chloride. id
+ £X%  V, VI ai ine hydro drochlorides,
<EEY onding am the hydr X
" oo 288 ¢g COrresp . atings than salts 11, ’
froozesfanae 82 2281 tispasmodic ‘shown by here anpoats to be no
Y2 dgzcgsess g-g ~Z however, %ﬁu Thus, there aplgﬁe activity of
o N o Z . o n :
§c i $R2%Zz23" % &4 Sk boﬂ &‘;: XII 'andt relationShlp bEtvgeethe correspondmg
i SR8 3 Re*gaRss N COnSlStg?laternarY salts an
=E N N2 Y these " ! ternary
U e [<2 es. . the qua
2282838 Fog 2 hydrochlorid ide used in forming 3-heptanol has
T zszzangss vess BE2.2 The alky] halide idyl)-3-phenyl-3 de~p ctivity.
SEaIiiini 25ES 1-(1-piper ispasmodic a
- = om ntis -
5‘2 " R B§ g 3 Salrilill‘-ked effect on the*rible II)I and the me;tl]c;
r ) s . . »
I BEREES =3z The methiodide V) s active or nearly as nd the
=38 R ) =25 \ ere a. ive, a !
25 % W m E'ﬁf‘ﬁ chloride (IV) Vg{ (VI) was less aCtlder of activ-
SN8%2RYR -t hobromide h lower or -
= R28.nINERTRAR §5G  the et ide was of a much lo hydrochloride.
Yl damgascansan 5833 benzochlgge corresponding amine hy
-0 —- N @0 =~ .
a 52283 ES<S ity than Experimental 1) -2-phenyl-2-
E 8-M~r~m$ﬁ%?€~ﬁ”"d°v—° e v i Piperidyl) -2-phenyl -2-
3% aRERER rEe®e 2wiS in Table I: his compoun ith
T 23 LR N X zﬁ :J Compomgsochloride (IvV).—T ;ocedure was used V':}lxyl
4] ;2 1 Hydr ; the same p ituted for eth
L, - - utano ¢, the titute —o 0
D drizazmizaasos 5533 meed by Henlors o cther was subatiuted for cthy)
% o R Rl O =8 the excepti ; m.p. 195.6-196.
i “E 8zzgzy e ther; yield, 35%; at 168°). 9; H, 8.98;
3 £ o o 2B S ether; softening ) : C, 66.79; 2 ,
z |5 34388888 =8i it S “Feands C, 667 . 8.60; N
B_— u'»m*“e#.---n—w £ = Anal. ] Found: C,
o—0 Q'/'n's © o me F8BE8335 £ > . Cl, 13.14. -
[ “S gizszirsaz 5ECE N, 5.10; —The prepara
: 2 L 3. 1 (I).— -
© e :,t-:ﬁ E 5.19; .Cl’ 113 mo-z-phenyl-z'b“tﬁﬁ,% <(:1escr1bed fortcﬁi’;‘e
= e “em<aAm BETE 1-Dicthylamino-2- by the meth btaining crysta
< << SE rried o Ity in o 2°at 6
o £3 <<<nm SEXT  tion was ta Because of difficu s p. 111.8-113.
z M3 J-»:{-'-* g pound }I‘V' roduct was distilled; b. 6.4
2 - P T the p . X : N, 6.4.
& 5 e s ZLET828 5583 Sarl;‘lf’. vield, 30%. H,NO: X, 6.33. Poulldd by the
z %53 EFHESR — K £ mA ’al Caled. for CysHos? unds were prepare
o e o BEY nat. . compo
< > . 22 9~ following two buse
7} : -] sooc 3-%. The fo er.5 III).—The
z 132 fmosss 533EE . methed slaming o e 5143 at obraimed
. BN gwhﬁzm,gz ] iethyla: it . p. ; be obta
< - Ry, 23 == =Q 6-Diethy llation, uld be
PRI E ToalEiEE e B b e o oot solution of the
z P ecwmnw SzpzEes £ e Neither the however, an alco of citric acid,
= ; 2 NgER £33 52823 EC’D_:& : When, lic solution ified by re-
< 8L A~ + AR as a solid. an alcoholi dil Purifie d
o NZE D= o = as added to tallized readily. i re, it melte
o . e 28 BN base w: itrate crys —ether mixture, ] th
o < = %%.%“5 dihydli?ggrgiocrit?rom an alcnoc?s()lwiten immersed in a ba
= =N & = 2w stalliz seco
= 5o9c009% BN E & cry imately ten ; H
Y e LA AT TEE | approxim : : 59.84; H,
2 °d 22722 % In appre , 18% . C, \
A FEFEEE ir o588 b ; ygifcd for cmHm\é%cega%vzs; N, 3.401. de
:\-‘-“‘;",_ il S i = [ 2 . . J; 1, s. 1
g 2339 R mILE 2v3a Afmi\'r 3.17. Found: C’: 1-3-hexanol H’éq:m((:?a?rl;ple
e E 588385353 gEE 799, 6'(1.1>iperidyl_)(%3_'ph,‘i1 Y 190.11-01/9,;;11 )
[ORSRS) = U z - ield, 46.5%; 'hatedat e 49:
- 223 VIII).—Vield, t 185° and he 8.55; H, 9.49;
! T9EE  ( sed in bath a NOHCL: C, 68.55; I 4.77;
[~ R EE~ T g iminer: for CyyHyy 8.3; H, 9.45; N,
- . . ‘-v:mla':ad,,“c’".ﬁ Caled. : G, 68.3;
Ex éa%é:?‘éff%%’*ﬁa STEN Cl, 1191 Found To at least 3
<3 535555553333 $E33 Rt Table II. Procedure A.—To at | added
' R ’ ds in A ingle-nec d and al-
| gL e Compoun halide in a si s stoppere -10
Zo e S Y f the alkyl f The flask wa nd VII, 6
4%z O 53 moles o f the amine. mpounds VI a ollected
AU 12‘2‘257’%53 T 7 one mole o (3 weeks for co lid formed was c Com-
EzZZZ%ess~mmm:‘~m '3 d to stand ). The soli ixture. Co
ERERERE] RO 03 28~ lowe the others). hol-ether m imolar
mmm_mﬁ,,uvggvu = = ths for th an alco t that equimols
3333333353 £Ee.y mom T e o el Todite e Gisamolar
EE 2 E LE L Ly 5 24R% pound V § amine and met,}gday. he amine in
L LEEE S SZOETEA E¥<e&  amounts o lowed to stand o f one mole of the k was
B IZZS5O Y9 S:dSdd —3z= ether and allo —To a solution o single-necked flas
Od & siis S52% Procedure Bf itromethane in a
“om T8wd -1500 cc. of n
==l o R=IN = 700-15
s - :2>>;E~ Xx 7R a
z



July, 1950

added at least 5 moles of the alkyl halide (where methyl
chloride was used, the reaction mixture was saturated with
the gas). The flask was stoppered and allowed to stand
(1.5 hr. for compound XIII, 2-3 days for X and XII, and
2 weeks for IV). The reaction mixture was diluted with
ether. The solid which formed was collected on a filter.
Compound IV was recrystallized from acetone-ether, com-
pound X from acetone-alcohol, and compounds XII and
XIII from alcohol-ether. )

A solid which had formed before dilution with ether in
the preparation of IV was removed by filtration and
shown to be 1-(1-piperidyl)-3-phenyl-3-heptanol hydro-
chloride by halogen determination and mixed m. p. Ihe
filtrate, however, yielded the quaternary salt on dilution
with ether.
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The Reaction of Ethyl «- and y-Bromoaceto-
acetates with S-Alkylisothioureas

By R. M. Dobson, ELwoop R. PETERsSON! AND Jay K.
SEYLER

The preparation of substituted imidazoles by
the reaction of a-haloketones with S-alkylisothio-
ureas recently has been reported.? The reaction
of ethyl ~-bromoacetoacetate with S-benzyliso-
thiourea was studied with the hope of obtaining
the substituted imidazolylacetic acid, I, which
could then be converted to histamine. However,

N—CH
C6H5CH2—S—C< I
E_C_CH2COOH

I

it is well known that ethyl acetoacetate reacts
with S-alkylisothioureas to yield substituted py-
rimidines.? The reaction of S-benzylisothiourea
with ethyl y-bromoacetoacetate, under a variety
of conditions, including those used in the previous
preparation of imidazoles (sodium bicarbonate and
dilute alcohol),? yielded 2-benzylthio-4-benzylthio-
methyl-6-hydroxypyrimidine (II); no imidazole
was obtained from the reaction.

JNH
R—S—C{ _  + BrCH,—C—CH.,—COOC,H; —>
NH, l
R = C¢H;CHx-
CHs-

(1) From the M.S. Thesis of Elwood R. Peterson, September,
1949.

(2) R. M. Dodson, THIS JOURNAL, 70, 2753 (1948):
Dodson and F. Ross, tbid., T2, 1478 (1950).

(3) Wheeler and Merriam, Am. Chem. J., 29, 478 (1903).

R. M.
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OH
N—c( H+
rR—s—cZ" NcH —
N—=c( H,0
“\CH,—SR
II, R = CaH{,CHz—
IV, R = CHa—
OH
- / O
no—c{ scu
N—C
“\CH,SR
I, R = CeH,CHam
V. R = CHy

The structure of II was assigned on the basis of
(1) analogy with known reactions, (2) analysis,
(38) acid hydrolysis of II to 2,6-dihydroxy-4-ben-
zylthiomethylpyrimidine (III),*and (4) desulfuri-
zation of II with Raney nickel® to the known 4-
methyl-6-hydroxypyrimidine.

S-Methylisothiourea reacted with ethyl y-bro-
moacetoacetate in an analogous manner to yield
2-methylthio-4-methylthiomethyl-6-hydroxypy-
rimidine (IV). This in turn was readily hydro-
lyzed to 2,6-dihydroxy-4-methylthiomethylpyrim-
idine (V).

Ethyl a-bromoacetoacetate and S-benzylisothi-
ourea failed to give either 2-benzylthio-4-methyl-
5-bromo-6-hydroxypyrimidine or 2,5-dibenzylthio-
4-methyl-6-hydroxypyrimidine under the condi-
tions used to prepare compound II. Rather, the
ethyl a-bromoacetoacetate oxidized the benzyl
mercaptan (from the decomposition of S-benzyl-
isothiourea) to dibenzyl disulfide and was itself
reduced, at least in part, to ethyl acetoacetate.
The ethyl acetoacetate so formed then reacted
with S-benzylisothiourea to form 2-benzylthio-4-
methyl-6-hydroxypyrimidine. This oxidation of
benzyl mercaptan with ethyl a-bromoacetoacetate
was not unexpected. Finger and Hemmeter® have
shown that equal molecular quantities of sodium
phenylmercaptide and ethyl a-chloroacetoacetate
react to form diphenyl disulfide and diethyl a«,a’-
diacetylsuccinate.

Experimental’

Ethyl v-Bromoacetoacetate and Ethyl o-Bromoaceto-
acetate. —Ethyl ~y-bromoacetoacetate was prepared by
the bromiunation of ethyl acetoacetate in anthydrous ether.®
Since Burger and Ullyot reported that attempts to distil
the brouoester resulted in cousideruble decomposition,
the crude material was used in the following experiments.
Ethyl a-bromoacetoacetate was prepared either by the
method of Smith? or by the method of Courad.? It was
ot distilled but was used immediately after preparation.

2-Benzylthio-4-benzylthiomethyl-6-hydroxypyrimidine
(II).—To a solution of 26.2 g. (0.125 mole) of ethvl v-
bromoacetoacetate and 50.6 g. (0.250 niole) of S-benzyl-

(4) The 2-alkylthioimidazoles are not hydrolyzed under these
conditions. This is probably due to the great difference in elec-
tronegativity of imidazolyl and pyrimidyl groups.

(3) Mozingo, Wolf, Harris and Folkers, THIs JoUuRNAL, 68, 1013
(1943); Howard, Lythgoe and Todd, J. Chem. Soc., 356 (1945).

(68) Finger and Hemmeter, J. praki. Chem., [2] T9, 449 (1909).

(7) Microanalyses by Messrs. R. Amidon, J. Buckley, W. Cum-
mings, R. Kelly and H. Turner.

(8) Burger and Ullyot, J. Org. Chem., 13, 342 (1947).

(9) L. I. Smith, THis JOURNAL, 44, 216 (1922), M. Courad, Ber.,
29, 1042 (1898).



