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lanosten-3fl-yl acetate has been reported to melt a t  120- 
121".2 

Anal. Calcd. for CBzH6402: C, 81.63; H, 11.56. Found: C, 
82.12; H, 11.76. 

Reaction of As-lanosten-3a-ol with phosphorus oxychloride. 
(a) To a solution of 0.10 g. of epi-dihydrolanosterol in 5.0 
ml. of dry pyridine was added 0.20 ml. of phosphorus oxy- 
chloride. The homogeneous, colorless reaction mixture was 
warmed on the steam bath for 2 hr. After about 1 hr. the 
solution turned milky and deposited a colorless oil. (Com- 
pare dihydrolanosterol.) The reaction mixture was poured 
into water, and extracted twice with ether. The ethereal ex- 
tracts were washed well with water, and finally 10% hydro- 
chloric acid, and the solvent removed at the water pump. 
By this procedure approximately 1 mg. of organic material 
could be recovered. Additional extractions of the aqueous 
phases with chloroform afforded no organic material. 

(b) To a solution of 0.05 g. of epi-dihydrolanosterol in 3 
ml. of dry pyridine was added 0.10 ml. of phosphorus oxy- 
chloride and the mixture heated under reflux for 2 hr. The 
reaction was worked up as in (a) and a yellow oil obtained 

which was dissolved in hexane and filtered through an alu- 
mina column. On removal of the solvent, a colorless glass was 
obtained which was crystallized from chloroform methanol 
to afford 0.010 g. of semicrystalline solid, m.p. 87-94" with 
previous sintering. Several recrystallizations from the same 
solvents gave a minute amount of material. m.p. 95-112'. 

Reaction of A8-lanosten-3a-oE with phosphorus pentachloride. 
To a suspension of 0.05 g. of epi-dihydrolanosterol in 5.0 ml. 
of hexane was added 0.05 g. of phosphorus pentachloride. 
The reaction was stirred 2 hr. at room temperature, and 
then heated under reflux for an additional hour. The re- 
action mixture was diluted with ether, washed with succes- 
sive portions of water, 5y0 sodium bicarbonate, and again 
with water, dried, and the solvent removed at reduced pres- 
sure. The resulting yellow oil was taken up in hexane and 
filtered through an alumina column. Removal of the hexane 
afforded a small amount of colorless oil, which could not be 
induced to crystallize. Under identical conditions di- 
hydrolanosterol in our hands yields isolanostadiene. 
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Thioglycolic acid in aqueous solution a t  pH 5 reduces thiamine disulfide (I) to thiamine (IIa). When the reaction condi- 
tions are more vigorous, thioglycolic acid displaces the thiazole moiety of thiamine and of oxythiamine (IIb) to give (4- 
amino-2-methyl-5-pyrimidinylmethylthio)acetic acid (IIIa) and (4-hydroxy-2-methyl-5-pyrimidinylmethylthio)acetic acid 
(IIIb) respecti\ ely and 5-(p-hydroxyethyl)-4-methylthiazole (IV). The structures of IIIa and IIIb were established by 
Raney-nickel desulfurization to give 4-amino-2,5-dimethylpyrimidine (Va) and 2,5-dimethyl-4-hydroxypyrimidine (Vb) 
respectively and acetic acid. IIIa was converted to IIIb and Va was converted to Vb by 6N-hydrochloric acid at reflux 
temperature. IIIa was synthesized from 4amino-5-bromomethyl-2-methylpyrimidine hydrobromide (VI) and thioglycolic 
acid. 

The possibility of vitamin B1 activity in natural 
products being due, a t  least in part, to the bio- 
logically active oxidation product thiamine disul- 
fide677 and other reversibly oxidized forms of 
thiamine* led us to modify the thiochrome assay9 

(1) Paper I: G. E. Bonvicino and D. J .  Hennessy, J. Am. 
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(2) This work was aided by a grant from the Williams- 
Waterman Fund. 

(3) From the dissertation submitted by G. E. Bonvicino 
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by including a reduction step in the procedure. 
The reduction of thiamine disulfide to  thiamine 
is necessary because thiamine disulfide is not 
oxidized to  thiochrome by alkaline ferricyanide. 
We used thioglycolic acid for the reduction of 
thiamine disulfidelO in the thiochrome procedure. 
While investigating this reduction, it was observed 
that the recovery of thiamine disulfide as thiamine 
decreased when the thioglycolic acid concentration 
was too high.I0 This low recovery was thought to be 
caused by a further reaction between thiamine 
and thioglycolic acid following the reduction. 
To test this hypothesis, an aqueous solution of 
thiamine and three molar equivalents of thiogly- 
colic acid was adjusted to  pH 5 ,  and refluxed for 
one hour. The crystalline product, which sepa- 
rated in 70-75% yield on cooling the reaction 
mixture, analyzed for a compound of empirical 
formula CBHllN302S (IIIa or IIIc). The ether ex- 
tract of the basified aqueous filtrate yielded 5- 
(~-hydroxyethyl)-4-methylthiazole (IV) in 65-70% 
yield, identified as the picrate and picrolonate salts. 

(10) G. E. Bonvicino and D. J. Hennessy, in preparation. 
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When thiamine disulfide was reacted with thio- 
glycolic acid, under the same conditions as thiamine, 
the insoluble product which was isolated had the 
same composition as IIIa or IIIc. From the aque- 
ous solution, IV was again isolated in good yield. 
Oxythiamine'l behaved like thiamine and thiamine 
disulfide in the reaction with thioglycolic acid. 
The thiazole (IV) was again isolated and identified 
as its picrate and picrolonate salts. The pyrimidine 
fraction analyzed for a compound of empirical 
formula CsHloN203S (IIIb or IIId). 

The nucleophilic displacement of IV by thio- 
glycolic acid was expected because of the work of 
Snyder and Speck12 and of Raison.ls The 4-amino 
group of the pyrimidine moiety of thiamine (IIa) 
or the 4-hydroxy group of the pyrimidine moiety 
of oxythiamine (IIb), being in the ortho position, 

exerts an electromeric effect (+E); HZR- 

C=C-CH,-N+, to facilitate the rupture of the 
/ 4  "\ \ 
methylene bridge carbon-thiazolium nitrogen bond 
during the attack of the nucleophilic thiol group. 
This is quite analogous to the sulfite cleavage re- 
action of thiamine.I4 

Recently Kupstas and Hennessy15 have postu- 
lated a similar mechanism for the biosynthesis of 
icthiamine. 

Setkina and Kursanovls have reported reactions 
of quaternary ammonium salts of the type 

ROCH2-N+ Y-, with carboxylic acids and their 

salts whereby a displacement reaction took place as 
follows: 

N 

N 6+ N// 

// 

\ 

// 
ROCH%-N+ Y- + R'COOM + 

\ 
\ 

ROCH~OCOR' 4- 18 4- MY 
\ 

The tertiary amine is displaced by the carboxylate 
radical resulting in the formation of alkoxymethyl 
esters. If the reaction of thiamine or oxythiamine 
with thioglycolic acid took place in a similar man- 
ner, the structure of the pyrimidine reaction prod- 
ucts would be IIIc and IIId respectively. However, 
when one considers that the reaction product, 
CsHllN302S, is amphoteric, insoluble in organic 

solvents and melts with decomposition a t  290", 
then the reaction product seems to have the struc- 
ture IIIa rather than IIIc. That the 4-amino 
group of the pyrimidine moiety of the vitamin was 
unaltered in the reaction product C8HllN302S 
(IIIa) was shown by its conversion to C8H10N203S 
by refluxing IIIa with 6N hydrochloric acid for 
six hours. This product was identical with that ob- 
tained from the oxythiamine-thioglycolic acid re- 
action. Both decompose at 230" and have identical 
infrared spectra. The product of the oxythiamine- 
thioglycolic acid reaction must be represented as 
IIIb rather than IIId. Furthermore, the reaction 
conditions of Setkina and Kursanov were very much 
different from ours, Le., anhydrous medium a t  
150-170" for three or more hours. 

The application of the Raney-nickel desul- 
furization reaction to the product CsH11Na02S 
(IIIa or IIIc) was especially satisfactory because it 
yielded 4-amino-2,5-dimethylpyrimidine (Va) l7 and 
acetic acid. Under the same conditions, CsHIo- 
N20aS (IIIb or IIId) afforded 2,5-dimethyl-4- 
hydroxypyrimidine (Vb) l7 and acetic acid. The 
acetic acid obtained in both cases was character- 
ized as its p-bromophenacyl ester. l8 Compounds 
Va and Vb were identical with authentic samples 
of 4-amin0-2,5-dirnethylpyrimidine'~~~'~ and 2,5- 
dimethyl-4-hydroxypyrimidinelsb respectively. Had 
the reaction taken the path described by Setkina 
and Kursanov, the desulfurization reaction should 
have afforded the acetate esters of 4-amino-5- 
hydroxymethyl-2-methylpyrimidine (Vc) and of 
4 - hydroxy - 5 - hydroxymethyl- 2 - methylpyrimi- 
dine (Vd) respectively. To complete the structural 
proof of C8HllN3O2S and of CsHloN20& fragment 
Va was converted to Vb with boiling 6N hydro- 
chloric acid for six hours. 

Compound IIIa was synthesized from 4-amino- 
5-bromomethyl-2-methylpyrimidine hydrobromide 
(VI)20 and thioglycolic acid in the presence of 
sodium bicarbonate in 50% aqueous ethanol. 
The elemental analysis and the infrared spectrum of 
the synthesized product were in agreement with 
those of IIIa, obtained by reaction of thiamine 
chloride with thioglycolic acid. The synthesized 
sample of IIIa gave Va with Raney-nickel, identi- 
cal with an authentic ~ a m p l e , ~ 7 ~ ' ~  and acetic acid, 
characterized as before. 
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L bHa h&OI 

HSCHICOOH 
-1Vl pH5 

HSCH&OOH 
-1.1 pH5 

4 
N OH 

Vb CH3 

6~ H C ~ + ~ ~ ~ ~ J + C H I C O O H  r;-S 

Va '+CHGHDH 
CH3 IV 

IIIc, X 
IIId, X = OH, Z = SH 
VC, X = NHa, Z = H 
Vd, X = OH, Z = H 

"2, Z = SH 

Fermenting yeast did not resynthesize thiamine 
from IIIa in the presence of added IV.21 

 EXPERIMENTAL^^ 
(4-.Amino-,8-methyl-6-pyrimidinylmethylthio)acetic acid 

(IIIa). ( a )  From thiamine and thioglycolic acid. A solution of 
13.8 g. (0.15 mole) of thioglycolic acid, 16.9 g. (0.05 mole) 
of thiamine in 50 ml. of water was adjusted to pH 5 with 20% 
sodium hydroxide and refluxed for 1 hr. After the reaction 
mixture was cooled in an ice bath for several hours, the 
precipitated product was collected by filtration and dried. 
The filtrate was saved for the isolation of IT. Recrystal- 
lization from hot water afforded 8.0 g. (73%) of product, 
m.p. 290" dec. 

Anal.  Calcd. for CaH11NaOZS: C, 45.06; H, 5.20; N, 19.71; 
S, 15.03. Found: C, 45.09; H, 5.20; N, 19.39; S, 14.86. 

( b )  From thiamine disu@de and thioglycolic acid. Thiamine 
disulfide, 2.81 g. (0.005 mole) and 2.76 g. (0.03 mole) of 
thioglycolic acid were dissolved in 10 ml. of water and the 
solution adjusted to pH 5 with 10% sodium hydroxide and 
heated under reflux for 1 hr. The reaction product was iso- 
lated as described in ( a )  above. Recrystallization from hot 
water afforded 2.0 g. (60%) of product, m.p. 289-291" 
dec. 

Anal.  Calcd. for CSHllN302S: C, 45.06; H, 5.20; N, 19.71; 
S, 15.03. Found: C, 45.30; H, 5.06; N, 19.91; S, 15.14. 

( c )  From 4-amino-6-bromomethyl-2-methylpyrimidine hydro- 
bromide20 and thioglycolic acid. To a solution of 5.5 g. (0.06 
mole) of thioglycolic acid in 50 ml. of 50% ethanol was 
added 8.4 g. (0.02 mole) of 4-aminod-bromomethyl-2- 
methylpyrimidine hydrobromide. The mixture was refluxed 
for 2 hr. and then cooled. The precipitated product was col- 
lected, washed with hot alcohol, and dissolved in hot water. 
The hot solution was treated with sodium carbonate to pH 
8-8.5, Norite and filtered. The colorless filtrate was cooled 
in an ice bath and was acidified with acetic acid to pH 5. 
The crystalline product which slowly precipitated was col- 
lected and recrystallized from hot water. The product, 3.0 g. 
(70%), melted with decomposition a t  291'. 

Anal.  Calcd. for CsHllNaOzS: C, 45.06; H, 5.20; N, 19.71; 
S, 15.03. Found. C, 44.85; H, 4.96; N, 19.83; S, 15.14. 

The products obtained by procedures ( a ) ,  ( b ) ,  and ( c )  
above all had identical infrared and ultraviolet spectra. 
(4-Hydroxy-~-methylb-;oyrimidinylmethylthio)acetic acid 

(IIIb). ( a )  From IIIa (Thianzine-thioglycolic acid reaction 
product). A solution of 4.3 g. (0.02 mole) of IIIa in 250 ml. 
of 6N hydrochloric acid was refluxed for 6 hr. The solution 
was evaporated to  dryness on a steam bath a t  reduced 
pressure. The residue was dissolved in 25 ml. of water, 
adjusted to pH 4.5, and cooled in an ice bath. A crystalline 
solid separated, which on recrystallization from 25 ml. of 
hot water afforded 2.6 g. (60%) of product, m.p. 230" dec. 

Anal.  Calcd. for C8H1ONZOaS: C,.44.85; H, 4.71; N, 13.07; 
S, 14.96. Found: C, 44.78; H, 4.86; N, 12.91; S, 14.76. 

(This procedure is essentially that used by Rydonllo for 
the preparation of oxythiamine from thiamine.) 

( b )  From oxythiamins (IIb). A solution of 16.9 g. (0.05 
mole) of oxythiamine1l0 in 50 ml. of water and 13.8 g. (0.15 
mole) of thioglycolic acid was adjusted to pH 5 and refluxed 
for 2 hr. The clear solution was cooled in an ice bath for 1 
hr. and then stored overnight in a refrigerator. The crystal- 
line product which had separated was collected by filtration. 
(The filtrate was saved for the isolation of the thiazole 
moiety.) Recrystallization of the collected material from 15 
ml. of hot water aflorded 6.7 g. (637,) of product, m.p. 231' 
dec. 

Anal .  Calcd. for C8HloN20sS: C, 44.85; H, 4.71; N, 13.07; 
S, 14.96. Found: C, 44.77; H, 4.36; N, 13.03; S, 15.07. 

~ - ( - ( p - H y d r o x y e ~ y l ~ - 4 - m ~ h y ~ h ~ z o l e  (IV). (a )  Isolation from 
the thiamine-thioglycolic acid reaction. The aqueous filtrate 
(after separation of IIIa) was adjusted to pH 9 with potas- 
sium carbonate and extracted with four 50-ml. portions of 
ether. The combined ether extract was dried over anhydrous 
magnesium sulfate and evaporated to dryness to give 5.0 
g. (70%) of an oil. A sample of this product was converted 
to the picrate salt in 73% yield, m.p. 163-164' ( l i t . , 2*  162- 
163'), and to the picrolonate salt in 80% yield, map. 185- 
186" (lit.,24 184'). Mixed melting points with the authentic 
salts showed no depression. 

( b )  Isolation f rom the thiamine disul$de-thioglycolic acid re- 
action. The isolation was the same as described in ( a ) ,  
above. The yield was 0.7 g. (50%), characterized as the 
picrate, m.p. 163' and the picrolonate, m.p. 186185". 
The picrate salt was analyzed. 

(21) Thiamine regeneration studies were done by Dr. 

(22) All melting points mrere taken on a Fisher-Johns melt- 
R. J. Moshy, Fordham University. 

ing point apparatus and are uncorrected. 

(23) H. T. Clarke and 8. Gurin, J. Am. Chem. SQC., 57, 
1876 (1935). 

(24) E. 8. Buchman, R. R. Williams, and J. C. Keresz- 
tesy, J. Am. Chem. Soc., 57, 1849 (1935). 
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Anal .  Calcd. for C12HlBN408S: C, 38.71; H, 3.25; N, 15.05; 
S, 8.61. Found: C, 38.88; H, 3.42; N, 15.20; S, 8.31. 

(c) Isolation from the oxythiamine-thioglycolic acid reaction. 
The filtrate, obtained after the isolation of IIIb (see ( b ) ) ,  
was basified with excess potassium carbonate and extracted 
with five 50-ml. portions of ether. The combined etherial 
extract was dried over anhydrous magnesium sulfate and 
evaporated to dryness. The residue, 4.3 g. (60%) was charac- 
terized as the picrate, m.p. 163-164' (lit.,22 162-163'), and 
the picrolonate salt, m.p. 184-186' (lit.,2a 184'). Mixed 
melting points with authentic samples were 163-165" and 
184-186' respectively. 
4-Amino-W,5-dimethyEpyrimidine (Va). ( a )  Raney-nickel 

desulfurization of IIIa (from the thiamine-thioglycolic acid re- 
action). A suspension of 10.7 g. (0.05 mole) of IIIa, 100 g. 
of alcohol-free Raney-nickel (prepared according to the pro- 
cedure of Mozingo et aLJ26 the weight was estimated as sug- 
gested by Adkins)28 in 350 ml. of water was refluxed for 
2.5 hr. The hot mixture was filtered and the filtrate 
adjusted to pH 10-11 with 20y0 sodium hydroxide and again 
filtered hot over a bed of filter-aid. The filtrate was evapo- 
rated to dryness, redissolved in 100 ml. of hot water, de- 
colorized with charcoal, and filtered. The filtrate on cooling 
deposited 4.0 g. (65%) of product, m.p. 203-204' (lit.,17b 
201-202'). The picrate salt from ethanol melted at 224- 
225' dec. (lit.,17b 222"). A sample of the free base was sub- 
limed a t  130-135'/0.5 mm. The sublimate melted at 205- 
206'. 

Anal .  Calcd. for C~HBNI: C, 58.52; H, 7.37; N, 34.13. 
Found: C, 58.52; H, 7.33; N, 33.94. 

The above desulfurization was repeated on a sample of 
IIIa prepared from 4-amino-5-bro~omethyl-2-methylpy- 
rimidine hydrobromide and thioglycolic acid as described 
above. The product which was obtained was identical with 
an authentic sample and with the product isolated above. 
Mixed melting points of the free base and of its picrate salt 
showed no depression. 

( b )  Isolation of the acetic acid fragment from the Raney- 
nickel desulfurization of IIIa. The desulfurization reaction 
described above was repeated on a 4.0 g. sample of IIIa 
with 40 g. of Raney-nickel. The hot reaction filtrate was 
acidified to pH 4 with dilute hydrochloric acid and distilled 
in order to separate the acetic acid into the distillate. The 
latter was adjusted to pH 9 with 10% sodium hydroxide and 
evaporated to dryness. The residue was dissolved in 5 ml. 

(25) R. Mozingo, D. E. Wolf, S. A. Harris, and K. Fol- 

(26) H. Adkins, "Reactions of Hydrogen," The Uni- 
kers, J. Am. Chem. Xoc., 65, 1013 (1943). 

versity of Wisconsin Press, Wis., 1946, p. 22. 

of water and treated with one gram of p-bromophenacyl 
bromide according to the procedure described by Shriner 
and Fuson.ls The p-bromophenacyl acetate was recrystal- 
lized from alcohol, m.p. 86-87' (lit,,18 85'); the yield was 
150 mg. 
8,5-Dimethyl-~-hydroxypyrimidine (Vb). ( a )  Raney-nickel 

desulfurization of IIIb (from oxythiamine and thioglycolic acid). 
The desulfurization of 5.2 g. (0.024 mole) of IIIb and 50 g. of 
Raney-nickel in 175 ml. of water was accomplished as de- 
scribed above for the desulfurization of IIIa. After the second 
filtration, the filtrate was evaporated to dryness. The residue 
was extracted with three 50-ml. portions of hot chloroform. 
The combined chloroform extract was evaporated to dryness 
and the residue, 1.64 g. (55%), m.p. 175-176', was sublimed 
at 135-140'/0.5 mm. The sublimate, m.p. 176-177', on re- 
crystallization from acetone afforded 1.43 g. (48%) of 
product, m.p. 176-177', 174'). 

Anal .  Calcd. for CeHsNnO: C, 58.05; H, 6.49; N, 22.57. 
Found: C, 57.92; H, 6.47; N, 22.43. 

The p-bromophenacyl acetate was prepared from the 
chloroform insoluble residue as described above. 

( b )  From 4-aminod,6-dimethylpyrimidine (Va). A solution 
of 3.0 g. (0.024 mole) of Va in 100 ml. of 6N hydrochloric 
acid was refluxed for 8 hr. and evaporated to dryness. The 
residue was dissolved in 50 ml. of water, adjusted to pH 
5, and evaporated to dryness. This residue was extracted 
with three 50-ml. portions of chloroform. The chloroform 
extract yielded 2.7 g. (90'%) of product, m.p. 174.5-176", 
on evaporation. This material was sublimed at 135-140'/0.5 
mm. to give 2.3 g. (77%) of sublimate, m.p. 176-177'. 
Recrystallization from acetone afforded 2.0 g. (67%) of 
product, map. 176-177'. Mixed melting point with the 
product obtained from IIIb above showed no depression. 

Anal .  Calcd. for CeHsNzO: C, 58.05; H, 6.49; N, 22.57. 
Found: C, 58.25; H, 6.58; N, 22.72. 

The chloroform insoluble residue when treated with dilute 
sodium hydroxide and warmed, evolved ammonia. 
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