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4-METHYLTHIAZOLE ANALOGS

TABLE I
PYRIDINE DERIVATIVES

~——B. p.—— M. p, °C., Yield, Derivative ~—Analyses, %—
2-Substituent °C. Mm. or nip o M. p., °C, Formula aled. Found
g-Dimethylaminoethylamino- 105 4 1,5320 78.5% 223-224° CyHuN3-2HC1 C1,29,79 29.78
B-Diethylaminoethylamino- 112-134 4 51¢ 170-1713 CuHpN2HCL Cl,26.65 26.62
y-Aminopropylamino- 128 2 1,5750 20.7°% 204.5- CsH;sN3-3p.a.f N, 20.03 20.28
68.2¢ 205.0/
v-(2-Pyridylamino)-propylamino- 220-225 1 113,5-114.0 33.8;' 2187 C1isHuN, N, 24.50 24.35
9.7
t-Aminohexylamino- 147-148 1 28  165-166/ CyHuNs3p,a’ N, 19.17 19.37
162 3 66,5¢
¢-(2-Pyridylamino)-hexylamino- 205-220 3 149-149.7 31% 222/ CisHzaNy N, 20.71 20.68
185-198 1 16°¢
v-Diethylaminopropylamino- 105-107 0.8  1.5309 40®  163.5-164/ C;sHauNs N, 20.26 20.03
v-Di-n-butylaminopropylamino- 144-150 2 1.5087 26%  149-150/ CisHaNp3p.a’ N, 17.28 17.11
v-Piperidinopropylamino- 135 0.5 1.5505 48% 168.5-169/ CiHuN32HClL N, 14.37 14.28
Cl1,24.26 24.19
v-Morpholinopropylamino- 154-156 2 55-58 48% 2207/ Ci1sHpyN:O N, 18.98 18.82
74°¢
35¢
y-Morpholinopropylamino-5-bromo- 182-185 1 76-77 51.6% 170-1717 C1eH1isN:OBr N, 13.99 14.10
3 Morpholinobutylamino- 139-144 1 1.5455 28®  191-192/  CiHuN:O-3p.a’N, 18.21 18.33
92,59
Di-(v-piperidinopropy!)amino- 186-192 1 1,5337 48% 167.5-168/ CuHwNe¢3p.a' N, 17,91 18.11
p-Diethylaminophenylamino- 185-200 2 ..., 40 231¢ dec, CuHpN:+2HC1 N, 13.36 13.21
p-Methoxyphenylamino- ... . 84 420 165-1667 C1sH1:N30 N, 13.97 13.76¢
«-Methyl-y-morpholinopropylamino- 165-168 2.5 45-47 40  165-166/  CuHyuNiO N, 17.85 17.84
a-Methyl-vy-piperidinopropylamino- 138-142 3 ..... 48% 145-146.5° CuHuN32HCl N, 13.71 13.55
$-Piperidinobutylamino- 148-152 2 1.5351 63.5% 148-149¢ C1uHaN:-2HCl N, 13.71 13.78
v-(B-Morpholincethylamino)-propylamino- 170-171 2 1.5525% 30¢ 1787 CuHuNiO-3HC! N, 14.98 14.90
v-(B-Diethylaminoethoxy)-propylamino- 140-142 1 1,5185 68.5° 111-1127 CuHNyO N, 16.71 16.68
e Method I. ® Method II. Equal molar amounts of reactants were used, ¢ Method II. One molar excess of
aliphatic diamine used. ¢ Synthesized according to Method II. Two molar excess of aliphatic diamine used. ¢ Hy-
drochloride. / Picrate derivative, ¢ Yield based on the amount of aliphatic diamine used. * This material solidified

on standing to a white, low melting solid.

niixture was then warmed with 20 g. of powdered sodium
hydroxide in pyridine, the mixture filtered, and the filtrate
distilled through a Claisen flask. After the pyridine and
hexamethylenediamine had distilled over, 38.4 g. (66.5%)
of 2-(t-aminohexylamino)-pyridine (b. p. 162-165 at 3
mm.) and 6.8 g. (16%,) of 1,6-di-(2-pyridylamino)-hexane
(b. p. 195-200 at 3 mm.) were collected, Both products
solidified on cooling, the first to a low melting solid and
the second, on crystallization from methanol, gave clusters
of needles melting at 149-149.7°. - Both gave crystalline
picrates, the first melting at 165-166° and the second at

‘ The abbreviation p. a. is used for picric acid, CsH;N;0,.

222°. The latter compound gave a hydrochloride which
melted at 216°; Sharp® reported 216-218°,

Summary
Twenty basically-substituted 2-aminopyridine
derivatives have been synthesized from 2-bromo-
pyridine and an aminoalkylamine or from 2-
aminopyridine and an aminoalkyl halide.
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4-Methylthiazole Analogs'?

By EpwiN R. BucamaN AND EpwIN M. RICHARDSON

The thiamin (vitamin B;) molecule may be
represented by formula (I)

in which R —CH.CH,OH. The present
paper reports the synthesis and antineuritic

properties of the seven vitamin analogs

N——C—NH, - HBr (|:H3 F gﬁg R= :Iész (Ia) to (Ig). These analogs were pre-
= gc) = —CH=CH, pared by condensing the appropriate

CHs—(HZ (HZ—CHz——N\CH d (d)) = —gg%%c(l:{ﬁ oH thiazole with a bromopyrimidine de-
—NCH— e) = —CH.CH,CH, rivative, following the procedure used

N—oCH Br ((?) = :SEZSII}OHCH“ by Williams and Cline® in their syn-

(1) Paper XXII in the R. R. Williams series.

(2) The data relating to analogs (Ia)-(If) were presented before
thie Organic Division of the American Chemical Society at the Dallas
meeting, April 1038, Aunalog (Ig) prepared by Dr. Herbert Sargent
is inclnded in the present paper.

thesis of the vitamin. Compound (Ia)
has previously been reported on by Bergel and
Todd,* who obtained it by another method, the

(3) Williams and Cline, THIS JOurNAL, 58, 1504 (1U3¢); Cline,
Williams and Finkelstein, ébid., 89, 1052 (1937).
(4) Bergel aud Todd, J. Chem. Soc., 1504 (1937).
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preparation of {le)® and of (Ig)® has been dis-
closed® in a number of patents, and in addition
physiological data® ou tI¢)? and on (Ig)” have
been published.

4-Methylthiazole was obtained by a wmethod
given iu the literature®; for the preparation of
4-methyl-5-hydroxymethylthiazole, see the fol-
lowing paper." The synthesis of the remaiuing
thiazole intermediates was carried out as indicated
o tlie accompanying chart; wherever the syn-
thetic route was not entirely free of ambiguities
the constitution of the final product was iude-
pendently confirined (see Experimental).

80.Cl, HCSNHs
1-C3H;COCH; e CuH;CHCICOCH; —m—e>
11 1881
Ti1-C,H,
v
HBr N(CHa);
Th-CH,CH,OH! ——— Th-CH,CH,Br —3
\Y Vi
AgOH
Th-CH.CH:N(CH;):Br -————->1 : Th-CH=-CH,
VII VIl
HCSNH,;
CH;COCHCICOCH;1? ——
X
(iSO'Csl’hO)s}\l
Th-COCH;#* ————— Th-CHOHCH
X XI
HCSNH,
CH;COCHBr(CHy);OH1 —— Th-CH,CH,CH,OH 14
XII X111
NaOCH:
CH,COCH,COOCH;

S o
CE SCH—(.Hz
\()/

(7) The preparation of (le) is cluimed botli by the Williamms Clined
and by the Todd~Bergel* methods: (i) L (5. Farbenindustrie. A.-G.,
tnglish Patent 471,416 (1937) [C. 1., 32, 1051 {1938), Chem. Zenir.,
109, 1, 939 (1938)]; {b) I'rench Pateunt 816,432 (1937) .. .1., 82,
1870 (1938)]; (c¢) I. ;. Farbenindnstrie, A.-G. (Andersug and West-
phal, inventors), German Putent 683,032 (1929) [C. 4., 34, 3763
i1940) ], (dy Andersag and Westphal ifa Winthrop Chemical Com-
pany, lne) 1. 8. Patent, 2,200,244 ¢1040) [C. A., 85, 282 (1u41)];
(e) I. G. Farbenindustrie, A.-C., German Patent (Osterreicl)
139315 (1941).

(6) The preparatiou of {Iz} by tihe Williams- Cline®
ported: ref. 3a, ¢, e.

(Ga) Since this paper wis written, Bantmgarten, Dornow, CGut-
schmidt and Krehl, Ber., T8, 442 (1942) [C. 4., 37, 3041 11943)],
have described the preparation of (Id}; biological assays indicated
ihial the substanee has no true antiacurifiic acvtien.  Ouar own iindings
<ubstantiate the werk of the German invesifxators,

\7) Schmlte, Z. physind, Chen:., 265, 113 (19400 mnaterial suqqilied
by Andersag and Westphal. The preparation of {fe¢} has nor Leen
described.

+8) Clarke annd Gurin, Vurs junryaLn, 879,

nwethed is re

18716 (10935

(9) Buchnmua amd Sargenr, ivrd., 67, 400 {10.13),
SR § SO
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Mr. W, L. Sampson of the Merck Institute for
Therapeutic Research has tested the thiamin
analogs for antineuritic activity by the rat cura-
tive method.'® None of the substances exhibited
vitamin B, potency in doses up to 500 y. Thus
evei a small change in the nature of the thiazole-
attached group R results in complete inactivity.!?

Experimental'®

The Synthesis of Thiazoles? from Crude Thioform-
amide.®—Extensive use has been made of this method

This eompound is mnentioned in the patent literature, English
Patent 456,735 |C. A., 31, 2232 (1937), Chem, Zentr., 108, I, 2819
143373 ); its preparation hus not been described.
+1;) The negativeresults are inagreement with previousreportson
i)t tIc)? and (fd).8a  Vor (Ig) Schultz? reported antineuritic
l=stency with pigeons; the diserepancy may be traced to the differ-
cuce intest object.  Fur other physiological properties of compounds
deseribed in this paper see: Bonuer, 4m, J. Botany, 28, 543 (1938):
Boaner and Buchman, [*roc. Natl. Acad. Sci,, 34, 431 (1938); Bon-
ner and Erickson, Am. J. Bolany, 28, 685 (1938); Knight and Mc
1lwain, Biochen. J., 32, 1241 (1938); A, Lwofl and M. Lwoff
Compt, vend. soc. binl., 127, 1170 (1938); A. Lwoff and Dusi, ibid.,
128, 238 (1938); Ochoa and l'eters, Biocken:. J., 32, 1502 (1938),
Robbins and Kavanah, Proc. Natl. Acad. Sci., 24, 145 (1938):
fionner and Buchman, 4bed., 26, 164 (1939); Summary: Schopfer,
Lrgeb. Biol., 16, 74 (1939). Compounds (Ia), (Ie) and (If) were
found to have substantially no vitamin activity with Propionibac-
texium pentosaceurm (private communication from C. H. Werkman).
The hydroxythiazoles were tested with a like result on a Neurospora
mutant requiring vitamin thiazole (private communication from E. L.
‘Tatuni),

{17) Compure Stein, Sampson, Cline and Stevens, THIS JOURNAL,
63, 2039 (1941).

{18) All melting points are corrected. A portion of the work re-
ported wis carried out by the senior author at The Johns Hopkins
L'niversity. lu connection with the preparation of cocarboxylase
analogs {unpuldisheil), the greater part of the experiments described
liere has been repeated in this Laboratory by Drs. H. Sargent and
M. J. Schlatter; supplementing observations due to these investiga-
tors have 2een ineleded in the present paper.

110) See (1) Willstiitter uml Wirth, Ber., 42, 1808 (1909); (b)s:
(s]) Cerecedo and Tolpin, THIS JovurnaL, 89, 1660 (1637),
ie) Buelinian and Richardson, ibid., 61, 891 (1839); (f) Stevens and
Stein, ibid., 62, 1045 {(1W10); (g) Buchman, Reims and Sargent,
Do Chem 8, TGR (1141Y; (W) ‘Told, Bergel and JacoD, J. (Chewr.
Noo 1855 4136y 3) Harington and Mogygridge, ibid., 443 (1034
(j» lirlennmiever and cu-workers, Hely. Chim, Acta, 30, 204 (19373,
22, 43s 1ug0y; 23, 197 (1940); 25, 362, 5328 (1942); (k) Ochiai and
ecvovoerkers, Jo Phars: Soc. Japan, 59, 228, 462 (1039) [C. 4., 34
(1 cfn4) ] Ber., T3, 28 (1940), (1) Pesina, J. Gen. Chem. (U. S.
SRy 9, R 10939y [C. 4., 34, 426 (1940)]; (m)?; (11)8s; nnmcrous
recent patemr<, O the basis of experience fu this Laboratory the
neefliod may be recemmended wlmost without reserve lor the prepa-
ratien of 1hinzoles unsnbstituted in the 2-position; compare however:
fo; Meleau and Mudr, . (ien. Sec., 383 (1912); (p) Erlenmeyer
aned Morel, Hele, Chibe, Jcia, 25, 1074 01912) tlls reaction? between
thieslermamide aud 3.4-dibromoburanene-2 or 2, 3-dibremmopropanal.

120y Cabriel, Berv., 49, 1115 {1910).  Altbougb the purity of (he
(ifornzunide nsed mndonltedly influences the yiebl of thiazole
this facter hms unt yet been igvestigated thoronghly;
te kept for several days at 0° vntlmut

et

shtnined,
thie Galriel preparation (niay
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in this Laboratory. Because of the unstable nature of
thioformamide, it is essential that its reaction with an
a-halogen ketone be carried out.at the lowest feasible
temperature. Most a-chloro ketones react smoothly at
room temperature; in the case of a-bromo ketones and of
especially reactive a-chloro ketones, it was found advisable
to bring the reactants together at 0° or below and to pro-
vide for external cooling since the reaction may be strongly
exothermic, Unless otherwise specified the a-halogen
ketone was rnixed at 0° with 1.5 to 2 times the theoretical
of crude thioformaniide and a small amount of absolute
alcohol. The reaction mixture was allowed to stand for
periods up to seven days in the ice box (omit in the case of
less reactive halogen ketoues), and then for periods up to
two weeks at room temperature (reaction usually com-
plete in three to four days). The product was then treated
with excess 6 N hydrochloric acid and washed with ether
to remove non-basic material. The ether extract rarely
contained any significant amount of unreacted «-halogen
ketone. However, in order to recover from it small
amounts of thiazole, it was extracted with small portions
of aqueous hydrochloric acid and the hydrochloric acid
extracts combined with the main reaction product. This
latter was made alkaline by the addition of a large excess
of concentrated aqueous alkali (alkali carbonate was used
in the case of thiazole esters and other thiazoles altered by
caustic alkali}). Usually the thiazole separated as an oil;
solid alkali hydroxide or alkali carbonate was added to
saturation and the base extracted with ether. Since most
thiazoles readily give a precipitate?! when treated with
ethereal picric acid, in the case of these substances the ex-
traction was continued until a negative test was obtained
with this reagent. The ether solution was dried over
sodium sulfate or caustic alkali (the latter can be used oniy
in case of simple alkyl thiazoles; in the case of hydroxy-
alkyl thiazoles, there is a certain amount of interaction)
and distilled. Final purification was effected by fraction-
ation, usually 7n vacuo, or in special cases by conversion to
‘a crystalline derivative and regeneration.

4-Methylthiazole was prepared® from chloroacetone in
329, yield, b. p. (743 mm.) 132.1-132.4°,d%,1.112, picrate,
m. p. 184.5°1%° (analysis).

3-Chloropentanone-2 (III)?? (a).—The chlorination of
43 g. (0.5 mole) of methyl n-propyl ketone (II) (b. p. 101-
102°) diluted with 50 cc. of ¢. p. benzene was accomplished
by adding 63 g. (0.5 mole) of sulfuryl chloride over a
twenty-minute period while excluding moisture, stirring
and keeping the temperature at 20° by external cooling.
The reaction mixture was fractionated i vacuo, 26.5 g.
(445 yield) of (III) boiling at 62-66° (56 mm.) being ob-
tained.

(b) Twenty-five grams of a-chloro-a-ethylacetoacetic
ester (b. p. (2 mm.) 58-60°, obtained in 869, yield by
chlorination?® of ethyl a-ethylacetoacetate in benzene
solution with sulfuryl chloride) was heated under reflux
from a bath at 100° with 80 cc. of glacial acetic acid and 20
cc. of concentrated c. p. hydrochloric acid?; gas was given
off slowly. After twenty hours of heating, the reaction
mixture was cooled, neutralized with alkali and extracted
with ether. Fractionation of the ether extract gave 1.6 g.
of (III), the major portion of which boiled at 61-62° (56

(21) Four -exceptions of similar structure have been noted:
Th!oCOOCH;, ThCOOC:H;, ThCHO and ThCOCH:.  The picrates
of tliese compounds are quite appreciably soluble in ether and crys-
tallize from the solution only on strong cooling; ThCOOCH;
picrate, m. p. 107.6-107.8° from isopropy! ether.

(22) (a) Conrad, Anxn., 186, 241 (1877); (b) Vladesco, Bull. soc.
chim., [3] 6, 832 (1891); (c) Korschun, tbid., [4] 8, 595 (1908), the
b. p. 63° (95 mim.) reported is in error.

(23) Compare (a) Forster and Newman, J. Chem. Soc., 97, 1365
(1910), the b. p. (0.3 mm.) 64° reported is in error; (b) Macbeth,
tbid., 123. 1125 (1923),

(24) Cf. ref. 22a; under these conditions ea-cthylacetoacetic
ester is readily converted to (1I). That «,a-disubstituted aceto-
acetic esters offer greater resistance to hydrolysis has been recog-
nized; see for instance. Hudson an.d Huanser, THIS Journat, 63,
3183 (144 ().

4-METHYLTHIAZOLE ANALOGS

397

mm.), 130-132° (745 mm.), and 8 g. of unchanged «-chloro-
a-ethylacetoacetic ester.

4-Methyl-5-ethylthiazole (IV) was made from (III)
prepared by each of the above methods; the products ob-
tained were identical in all respects. Chlorinated (II)
(26.5 g.) was condensed with 20 g. of thioformamide and
25 cc. of alcohol. Refractionation of the resulting 11 g, of
crude thiazole gave 8.8 g. (29%), b. p. 78-79° (25 mm.}, b.
p. 169.5-170° (745 mm.), d%, 1.042.

Anal. Caled. for CiHyNS: C, 56.65; H, 7.13; N,
11.01. Found: C, 56.57; H, 6.82; N, 11.14.

The picrate was recrystallized from alcohol, m. p.
164.7-165.1°; the methiodide from methanol-ether, m. p.
130.5-131.5°, (IV) was also obtained from ThCH,-
CH,CL.1! One gram of the latter was heated at 140-150°
in a sealed tube for eight hours with 10 cc. of 57, aqueous
hydriodic acid. The resulting solution was then stirred
at 0° while 6 g. of zinc dust and 7 cc. additional of hydri-
odic acid were added over twenty-four hours. The mix-
ture was made alkaline and steam distilled; extraction of
the distillate with ether gave a small amount of base from
which picrate and methiodide were prepared. These were
shown (mixed m. p.%) to be identical with material made
from (III).

4-Methyl-5-(8-bromoethyl)-thiazole (VI).—Ten grams
of vitamin thiazole!! (V) was cautiously mixed with 100
cc. of hydrobromic acid (aqueous solution saturated at
room temperature), the mixture placed in a sealed tube
and heated for twelve hours at 100°, The contents of the
tube were evaporated on a steam-bath at reduced pressure
to a small volume, cooled and diluted with water. Ex-
cess potassium carbonate was added and the liberated base
taken up in ether, dried over sodium sulfate and distilled
from a bath at below 110°2 yield 11.3 g. (78%), b. p.
87-88° (2 mm.).#

Angl. Caled. for CeHgBrNS: C, 34.96;
Found: C, 34.82; H, 4.13.

The stable picrate was recrystallized from ethanol-water,
m. p. 128.3-128.5°, (VI) has only a limited stability;
after twelve hours at room temperature it had become
cloudy and on longer standing was entirely corverted to
a solid polymer.?

{B-(4-Methylthiazolyl-5)-ethyl ]-trimethylammonium
Bromide (VII).—Freshly distilled (VI) (11.3 g.) was
mixed with 50 cc. of trimethylamine solution (36%, in ben-
zene) and heated in a sealed tube for twelve hours at 100°.
The crystalline product was filtered off, washed with ether
and dried, yield 11.0 g. (76%), m. p. 228.0-228.5° from
absolute ethanol.

Anal. Caled. for C;HypBrN.S: C, 40.76;
N, 10.56. Found: C, 40.99; H, 6.69; N, 10.60.

The corresponding chloride was made from ThCH,-
CH,C111; after twenty-four hours of heating at 100° with
369, trimethylamine solution the yield of product was
609, (unreacted chlorothiazole was recovered). The
quaternary chloride is an extremely hygroscopic crystalline
solid, easily soluble in water and alcohol.

4-Methyl-5-vinylthiazole (VIII),—Ten grams of (VII)
(chloride could also be used) was dissolved in 30 cc. of
water, silver oxide from 10 g. of silver nitrate was added
and the suspension shaken for one hour. After filtering
and washing with a little water, the filtrate (ce. 70 cc.) was
treated with 6 g. of potassium hydroxide and the resulting
solution refluxed for thirty minutes.® The decomposition

(25) The picrates of (IV) and of (V) give only a very small m. p.
depressicn when mixed.

(26) Higher temperatures resulted in extensive polymerization.

(27) Ref. 14 and also German Patent 702,831 (1941) (Andersay
and Westphal inventors) issued to I. G, Farbenindustrie, A.-G.
describe the preparation of this compound by another method, b. p.
93° (3 mm.), picrate m. p. 129°.

(28) ThCH:CH:Cl, previously reported!! to be stable, is in fact
much more stable than (V1). On long standing, however, it also
polymerizes and some samples have been observed to pass to a solid.

(29) Aqueous solutions of the quaternary base are unstable; an
attenipt to evaporate such a solution prior to decomposition re
wilted in 4 much poorer yield,

H, 391.

H, 6.46;
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took place smoothly: (VIII) separated as an oil which
was isolated by extracting with ether and distilling at re-
duced pressure, b. p. 76-78° (21 mm.), yield 2.6 g. (65%),
%% 1.090.

Anal. Caled. for CH;NS: C, 57.56; H, 5.64;: N,
11.19. Found: C, 57.23; H, 528; N, 10.71.

The base on standing at roomn temperature was soon con-
verted to a thick viscous polymer (¢f. styrene). The pic-
rate was recrystallized from ethanol, m. p. 162.2-162.7°,
not appreciably altered on standing.

4-Methyl-5-acetylthiazole (X).*—Sulfuryl chloride (62.5
g. = 0.5 mole) was added slowly at room temperature with
stirring over a period of four hours to 50 g. (0.5 mole) of
acetylacetone (b. p. 69-70° (99 mm.)) mixed with 50 cc.
of c¢. p. benzene. Fractionation of the product yielded
53 g. (799)% of chloroacetylacetone {IX), b. p. 56-59°
(28 mm.).

Twenty-five grams of (IX) reacted with 17 g. of thio-
formamide; 15.3 g. (559,) of product was obtained, the
major portion of which boiled at 96-97° (9 mm.) and
crystallized on standing, m. p. 27.5°,

Anal. Caled. for CH;NOS: C, 51.04; H, 5.00: N,
9.92. Found: C, 51.26; H, 4.95; N, 10.08.

(X) has a characteristic odor, picrate, m. p. 107.6~
108.0° from ethyl acetate-ether.

4-Methyl-5-(a-hydroxyethyl)-thiazole (XI).%.31—Fijve
grams of (X) together with 8.5 g, of aluminum isopro-
poxide and 110 cc. of absolute isopropyl alcohol were in-
troduced into a flask equipped with fractionating column
and distilled at such a rate (bath temperature 120-140°)
that the acetone formed during the reaction was removed.
After four hours of heating the distillate gave no further
test for acetone. The material in the flask was treated
with a small amount of water and solid potassium hydrox-
ide and repeatedly extracted with ether. The combined
extracts were dried with sodium sulfate and distilled in
vacuo yielding 3.9 g. (789%) of product boiling for the most
part at 103-104° (2 mm.).

Anal, Caled. for CeHyNOS: C, 50. 32 H, 6.34; N,
9.78. Found: C, 50.85; H, 6.17; N 9.5

(XI) is 4 quite viscous oil %, 1.172, plcrate, ni. p. 142.1-
143.1° from alcohol.

Pentanol-4-one-2%* was brominated in aqueous solution
with one molecular equivalent of bromine and the product
extracted with ether. After drying the extract and re-
mioving solvent i# vacuo, the crude bromide was condensed
with thioformamide to give a small yield of thiazole which
was converted to the picrate, m. p. 117.2-117.7°%3 after
recrystallization froni ethanol and from ethyl acetate.

Anal. Caled. for CioHppNOS: C, 3871; H, 3.25;
N, 15.05. Found: C, 38.91; H, 3.51; N, 14.69.

This picrate is presumably derived from 4-(8-hydroxy-
propyl)-thiazole formed from a bromo ketone consisting
maiuly of 1-bromopentanol-4-one-2 (¢f. bromination? of
ketobutyl alcohol).

4-Methyl-5-(v-hydroxypropyl)-thiazole  (XIII).—5-
Methyl-1,2-dihydropyrane® (30 g., b. p. 106.3-106.4°)
was mixed with 150 cc. of water, to which a few drops of
hydrobromic acid had been added, and stirred at room
temperature for one-half hour. A sllghtly exothermic re-
action took place and after fifteen minutes the organic
phase had disappeared. Tle resulting acetobutyl al-
cohol solution® was treated (compare ref. 13) with 50.0 g.

(30) These conditions are apparently superior to those given in the
literature. 12®

(31) Reduction of (X) with aluminum amalgam gave a small
amoint of a crystalline substance {pinacol) and other oily material
boiling higher than the desired alcohol.

{32) Claisen, Ber., 23, 3164 (1892),
Wuhl and Maayg, Ber., 43, 3283 (1910).

{33) 1n another simnilar experiment a picrate, m. p. 160.0-160.5°,
was obtained; it did not depress the m. p. wlien mixed with the pic-
rate of like propertws obtained? fromn crude ketubntyl alcohol,

(31{) Lipp, Ann., 289, 187 (1896;.

(33) A solution containing acetobntyl alcohol may conveniently
be prepared by heating G-methvi-d-carbethoxy-1,2-diliydropyrane

Ann,, 306, 324 (1899);
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(2% excess) of bromine which was added slowly with
stirring over a period of one and one-half hours while the
temperature was maintained at 5-10°; a second phase
appeared when about half the bromine had been added.
The crude product (XII) was isolated by extraction with
ether, the extracts were dried over sodium sulfate and sol-
vent was removed at 30 mm. and temperatures below
50°; yield 52.2 g. of only slightly colored oil.

This material was cooled to ~10° and mixed with 25 g.
of thioformamide and 30 cc. of methanol which also had
been cooled to —10°. The condensation proceeded
smoothly and yielded 23.3 g. of distilled thiazole (489,
from the dihydropyrane). The base was converted to the
picrate by addition to the theoretical amount of picric
acid in ethyl acetate, yield 49.5 g. (869,), m. p. 105.6-
106.2° from alcohol, analysis for CysHy(N,OsS.

A careful search failed to disclose any significant amount
of isomeric picrate in the mother liquors (in one experiment
a few crystals of material m. p. 140~141° were obtained
from mother liquors; the amount did not suffice for puri-
fication); thus the monobromination of acetobutyl alcohol
gives essentially one product. The free base was regener-
ated from the picrate by treating with aqueous hydro-
chloric acid, removing picric acid with ethyl acetate and
liberating from the hydrochloride with alkali as usual,
vield 889, b. p. 122-124° (2 mm.), d%, 1.150.

Anal. Caled. for GHNOS: C, 53.47; H, 7.05; N,
891. Found: C, 53.28: H, 7.04; N, 8.90.

(XIII) (1.4 g.) was treated with 14 cc. of concentrated
nitric acid and the mixture heated for six and one-half
hours at 40°. After evaporation in wvecuo, the residue
was dissolved in water and sulfate ion quantitatively re-
moved by addition of an equivalent amount of barium
nitrate solution. The resulting solution was again evap-
orated, taken up in a small volume of dilute potassium
hydroxide solution and concentrated hydrochloric acid
added cautiously. g-(4-Methylthiazolyl-5)-propionic acid
(0.75 g.) precipitated, was washed with water and re-
crystallized from methanol using Norite, m. p. 179.0-
179.5°.

Anal. Caled. for CG;HNO,S: C, 49.10; H, 5.30; N,
818 Found: C,49.04; H, 5.65; N, 8.49.

A portion of the acid was methylated with ethereal di-
azomethane and the product sublimed in a small still.
The methyl ester (oily), picrate, m. p. 120-121°, on heating
for fourteen hours in a sealed tube at 120-130° with satu-
rated methyl alcoholic ammonia, gave the corresponding
amide, in. p. 97-98°% from dioxane—ether.

a-Aceto-y-valerolactone (XIV).¥—To a solution of 69 g.
(3 moles) of sodium in 1000 cc. of absolute methanol, 348
g. (3 moles) of methyl acetoacetate was first added, and
then over a period of seventy-five minutes 173 g. (3 moles)
of propylene oxide (b. p. 33.5°) slowly with stirring (ice-
bath, anhydrous conditions). The temperature was
allowed to rise slowly to room temperature and after stand-
ing for twelve hours the solvent was removed under water
pump vacuum. The white solid residue was dissolved in
ice-water and the solution acidified with sulfuric acid at
0° and extracted repeatedly with ether. The extracts
after drying over sodium sulfate were fractionated in
vacuo, b. p. 120-128° (15 mm.), yield 162.5 g. (38%,):
refractionated niaterial boiled at 125° (15 mm.).

Anal. Caled. for CG;H1s05: C, 59.14; H, 7.09. Fouud:
C, 58.85; H, 7.33. .

a~Chloro-a-aceto-y-valerolactone (XV).—The above
162.5 g. of (XIV) was mixed with 150 cc. of ¢. p. benzeue

(Perkin, J. Chem. Spc., 51, 709 (1887)) witlh an equal volnme of 0.6
N hydrochloric acid for one hour at 100°.

(36} The preparation of this compound (m. p. Y6°) by another
method has been reported, ref. 14; Andersag and Westphal (to
Winthirop Cheniieal Corupany, fnc.) U. $. Patent 2,139,570 (1938);
1. C. Farbenindustrie, A.-G., Cerman Patent 704,236 (1941).

(373 This commpound, made by the method described here, is re-
ferred toin Euglish Patent 459,453 (1937) issued to I. G. Farbenindus-
trie, A.-(3. It is erroneouxly termed a-aceto-S8-methylbutyrolac-
tone (F dm 108, [, 4827 7i837)).
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and 154.5 g. of sulfuryl chloride was added slowly with
stirring at 0° over a period of four and one-half hours taking
precautions to exclude moisture. The reaction mixture
was distilled in vacuo yielding 178 g. (88%) of (XV), b. p.

78-84° (3 mm.). A portion b. p. 83° (3 mm.), was an-
alyzed.
Anal. Caled. for C;H,ClO;: C, 47.60; H, 5.14; Cl,

20.08. Found: C,47.22; H, 5.08; Cl, 20.51.

3-Chlorohexanol-5-one-2 (XVI).#—To 30 g. of (XV),
300 cc. of water and 60 cc. of ¢. p. concentrated hydro-
chloric acid were added, and the mixture heated under
reflux from a bath at 100° for one and one-half hours dur-
ing which carbon dioxide was evolved and the chloro lac-
tone went into solution. After having been saturated
with ammonium sulfate, the solution was repeatedly ex-
tracted with ether, and the extracts dried over sodium
sulfate and distilled, yield 17.7 g. (69%) b. p. 69-75°
(2 mm.), -

Anal. Caled. for CHyClO,: C, 47.85; H, 7.36; Cl,
23.54. Found: C, 47.71; H, 7.33; Cl, 23.17.

4-Methyl-5-( 8-hydroxypropyl)-thiazole (XVII).%®—The
reaction between 19.5 g. of (XVI) and 12 g. of thioform-
amide gave 5.0 g. of crude (XVII) (249%). This was
purified® (compare (XIII)) via the picrate, m. p. 166.5-
167.0° from ethanol, analysis for C;HyNOsS. The re-
generated thiazole boiled at 105° (2 mm.}, d%3; 1.149.

Anal. Caled. for CGGH;NOS: C, 53.47; H, 7.05; N,
8.91, Found: C, 53.96; H, 6.81; N, 8.72.

The base readily gave a positive iodoform test which is
in agreement*! with the assigned structure and that of
«a-aceto-y-valerolactone.

Preparation of Thiamin Analogs.—Equal weights of 2-
methyl-6-amino-5-bromomethylpyrimidine  dihydrobro-
mide (obtained from Merck and Co., Inc,, and giving analy-
tical figures close to those expected), the appropriate
thiazole, and of n-butyl alcohol were heated? for fifteen
to twenty minutes in a bath maintained at 115-120° while
stirring occasionally to ensure intimate mixing, Usually
complete solution took place and, in the course of the re-
action, the analog crystallized out. The solid product
was thoroughly washed with anhydrous ether and with
small portions of cold absolute alcohol, after which it was
recrystallized, preferably with the aid of decolorizing char-

(38) The stability of this compound is noteworthy. Stevens and
Stein have shown!¥ that 3-chloropentanol-5-one-2 has a great ten-
dency to pass into a dimeric ether. Note also that (XV) (compare
also hydrolysis!! of a-chloro-a-acetobutyrolactone) is easily hy-
drolyzed whereas a-chloro-a-ethylacetoacetic ester (above) is not.

(39) An attempt to prepare 4-methyl-5-acetonylthiazole failed:
chlorination of acetonylacetone with sulfuryl chloride yielded much
tar; compare Gray (J. Chem. Soc., 79, 682 (1901)).

(40) The crude thiazole exhibited to a -ignificant extent the biolog-
ical activity associated with vitamin thiazole (V): the picrate was
recrystallized until negative results were obtained in the Phyco-
myces test.1$

(41) See Fuson and Tullock, THis JoUuRNAL, 86, 1638 (1934).
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coal, Suitable solvents included methanol, methanol-
ethanol and aqueous ethanol, No attempt was made to
study the reaction from standpoint of yield; the yields of
pure analog actually obtained varied from 99 in the case
of (Ic) to 319, in the case of (Ib). Further pertinent data
are given in the accompanying table.

TaBLE I
Melting point
Formula . From

Iah CioHuBraNiS® 274 dec. Ethanol-water
Ib CrHisBraNiS? 256 dec. Methanol-water
Ic CieH14BreNS¢ 248 dec. Ethanol-water
id CitHisBraN40S-1/3H: 09 251 dec.® Ethanol-water
Ie C1:HBraNy0S.1/:H.0° 228, 5% 969 ethanol

It CisHnBriN(OS-1/2H;07 237 dec. 96% ethanol

ig C11H1sBraN4OS-1/3H: 09 2317 dec, Ethanol-water

s Anal. Caled.: C, 31.43; H, 3.69; N, 14.66. Found:
C, 31.45; H, 3.56; N, 14.62. » Anal. Caled.: C, 35.13;
H, 4.42; N, 13.66. Found: C, 34.84: H, 4.42; N,
13.76. ¢ Anal. Caled.: C, 35.31; H, 3.95: N, 13.73.
Found: C, 35.21; H, 4.22; N, 13.31. ¢ Anal. Calcd.:
C, 33.11; H,4.40; N, 12.87, Found: C, 32.31; I, 4.42;
N, 12.83 (the carbon value was consistently low on this
sample). ¢ Anal. Caled.: C, 34.75; H, 4.71; N, 1247.
Found: C, 34.67; H, 4.78; N, 12.52. / Anal. Calcd.:
C, 34.75; H, 4.71; N, 1247, Found: C, 35.08; H,
4.75; N, 12.57. ¢ Anal. Caled.: C, 31.37; H, 4.07;
N, 13.30. Found: C, 31,51; H, 4.05; N, 13.37. *A
77% yield of crude Ia was obtained by allowing the py-
rimidine hydrobromide to stand for six months at room
temperature with an excess of thiazole. ¢ Ref. 5 gives
m. p. 226°, { Ref, 6 gives m. p. 227°, * Ref, 6a gives
m. p. 231° dec.
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Summary

The preparation is described of seven thiamin
analogs differing from the vitamin only with re-
spect to the group attached to the thiazole ring
in the 5-position. When tested on rats, none of
these analogs was found to possess vitamin B;
activity.
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