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The synthesis of “methioprim” analogs of thiamine is discussed. The pyrimidylmethyl halides used as intermediates were 
found to undergo solvolysis readily in warm alcoholic solvents. Physical properties and biological activity data tend to indi- 
cate previously reported preparations were frequently the alcoholysis products or mixtures of the alcoholysis product and the 
desired analog. 

ISTRODLJCTION 

Because of our interest in “methioprim” 
(2 - methylthio - 4 -amino-5-hydroxymethylpyrimi- 
dine) (I) as an antimetabolite,2 we have undertaken 
a restudy of the synthesis and biological activity 
of certain previously reported methioprim analogs 
of thiamine. This paper is concerned with the 
synthesis of the previously reported 4-methyl- 
&(p- hydroxyethyl) 4 - ( 2  -ethylthio--l-amino-5 - py- 
rimidylmethy1)thiazolium bromide (11) and its 
hydrobromide (111)4 and of 4-methyl-5-(p-hy- 
droxyetliyl)-N-(2-methylthio-4-amino-5-pyrimidyl- 
methyl) thiazolium chloride hydrochloride (IV). 4,5 

The synthetic route to these compounds involved 
the condensation of the halides of the pyrimidine 
moiety with the thiazole moiety of thiamine in 
alcoholic media, in analogy with the routine 
methods of synthesis for thiamine.6 We wish to  
report in this paper that our studies indicate that 
alcoholysis of the halides of these thiopyrimidines 
may occur and that some of the thiamine analogy 
prepared earlier were in fact alcoholysis products. 

DIYCUSMIOS 

We have found that 2-methylthio-3-amino-5- 
bromomethylpyrimidine hydrobromide (V) readily 
undergoes alcoholysis in hot isopropyl alcohol to 
give 2-methylthio-4-amino-5-isopropoxymethylpy- 
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rimidine hydrobromide (VI), analogously to pre- 
vious observations in methanol and ethanol.2a 
This alcoholysis occurs even when the solution 
cont2ins an equivalent amount of the thiazole 
moiety of thiamine. Alcoholysis is also observed 
with 2-ethylthio-.l-amino-5-bromomethylpyrimi- 
dine hydrobromide (VII) and 2-methylthio-4- 
amino-5-chloromethylpyrimidine hydrochloride (V- 
111) , 2-ethylthio-4-amino-5-isopropoxymethylpy- 
rimidine hydrobromide (IX) and 2-methylthio-4- 
amino-5-isopropoxymethylpyrimidine hydrochlo- 
ride (X) being obtained as the products. 

In  order to  avoid alcoholysis of the halide inter- 
mediates, we have carried out the synthesis of 
these thio analogs using nonhydroxylic solvents, 
and the products are indeed found to differ from 
the compounds obtained using alcoholic solvents. 

It is to be noted that with some compounds in 
this series, the differences in the elementary com- 
position are not large enough to differentiate ef- 
fectively between the desired thiamine analogs and 
the corresponding alcoholysis products. Thus, the 
differences in the calculated percentage analysis 
for carbon, hydrogen, and nitrogen for the free 
base of 2-ethylthiothiamine (11) and the isopro- 
poxy compound from alcoholysis (IX) are surpris- 
ingly small (Table I>. Since analyses for only thew 

TABLE 1 
CALCUL.4TED PERCENTAGE COMPOSITIOS’ 

Compound C H B r X  S 
- 

ZEthylthiothiarnine, 
as HBr sxlt 
C13H20Br3?;40S 33 06 4 27 33 84 11 86 13 58 

as free base 
Cl3HlPBrN4OS 39 89 4 89 20 42 14 32 16 59 

2-Ethylthio-Pamino- 
5-isopropoxy- 
methylpvrimidine 
CIOHl8BrN~OS 38 96 5 88 25 92 13 63 10 40 

2-Ethylthiothiamine, 

three elements were reported by Dornow and 
Petsch, their analyses are not sufficient to  identify 
their product conclusively. Gnlike other thiamine 
analogs prepared by the same methods, which are 
obtained as salts, I1 was reported by Dornow and 
Petsch to correspond to the free base having only 
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one halogen atom, in  accordance with their aiialy- 
sis. ;In additional analysis for bromide and for sul- 
fur would enable one to differentiate between the 
free base and the alcoholysis product. 

However, the melting point of our alcoholysi+ 
product (IX), 171-173" (dec.), is practically the 
same as that which Dornow and Petsch report 
for their "2-ethylthiothiamine" (172-174" , dec. 
at 175"), in contraht to the melting point of our 
2-ethylthiothiamiiie hydrobromide prepared in 
nonalcoholic solvelit (228-230", dec.) . 

Khile this report was being prepared, a paper by 
T. Sakuragi4 011 ~111 extensive series of %alkylthio 
analogs of thiamine appeared. Sakuragi prepared 
his 2-alkythio analogs b y  condensation of the 
halide intermediates in methanol a t  room tempera- 
ture. The melting point reported for his 2-ethyl- 
thiothiamine hydrobromide (21 2-213", dec.) i i  
lower than our*. This lower melting point is hug- 
gestive of some competing alcoholysis even in the 
cold. His elementary analysis for carbon, hydrogeii, 
and sulfur agreed well with that calculated for 
2-ethylthiothiamiiie hydrobromide. 

Dornon- and Petsch reported their compouiid to 
haye no thiamine activity when tested on Amoeba. 
Our alcoholysih product is also inactive. Sakuragi 
reports wme antithiamine eff ectiveness for his 
compound. Our .tudies on 2-ethylthiothiamine 
hydrobromide are incomplete. A complete report 
of the biological activity of our series of methioprim 
aiialogs will he bubniitted for publication elsewhere 
by I l r .  Joseph S.  Gob. 

%I: R = CH;; X = Br 
V. R = C H ,  X = Br 

YII. K = C2Hs, X = Br 
VIII. R = CHI, X = C! 

~ + ~ H , o c H '  
b N  'CH, 

R d  

hydrochloride6" was found to  be identical to our 
2-methylthio-4-amino-5 -isopropoxymethylpyrimi - 
dine hydrochloride in infrared spectra and to 
differ from the spectra of our 2-methylthiothiamine 
hydrochloride prepared in nonalcoholic media. 
In preliminary tests with Bacillus subtilis our 2- 
methylthiothiamine hydrobromide (XI) has shown 
a strong inhibition of growth, whereas Ulbricht's 
\ample has shown only a partial inhibitory action.' 

Sakuragi also reports strong biological activity, 
using Kloekera brevis and Lactobacillus fermenti. 
for his 2-methylthiothiamine hydrobromide. Hir: 
melting point is again lower than ours (202.5- 
204.5",dec.,ascf. 210-212",de~.).~ 

EXPEHIMESTAL' 

&-Methyl-5-( 6-h ydroxyeth y 1 )-X-( 2-ethl/Ethw-4-anaino-6-p yri- 
nLidylmethy1)thiazolium bromide hydrobromide (111). 2-Ethyl- 
thio-4-amino-5-bromomethylpyrimidine hydrobromide28 ( 10 
g., 0.0304 mole) and 5 g. (0.035 mole) of 4-methy1-5-(6- 
hydroxyethyl)thiazolelo were refluxed with stirring in 100 ml. 
of dioxane for 3 hr. Aft.er cooling, the solvent was removed 
by decantation from the precipitate, and the precipitat,e was 
dissolved in 100 ml. of boiling absolute et,hanol. The solution 
was concentrated t'o 50 ml. and cooled, yielding crystals 
which were fairly hygroscopic. The product was recrystal- 
lized from 80 ml. of absolute ethanol to give 4.3 g. of color- 
less crystals. Recrystallization four times more from absolute 
ethanol gave a product with m.p. 228-230" (dec.). 

Anal. Calcd. for C13H20Br2S40S: C, 33.06; H, 4.27; Br, 
33.84; 1;, 11.86; S, 13.58. Found: C, 32.78; H, 4.43; Br. 
33.53; KJ 11.91; S, 13.58. 

Infrared spectrum (in potassium bromide, wave length, 
and % absorption): 3.00 (521, 3.23 (541, 3.33 (561, 3.65 (54), 
6.06 (77), 6.34 (68), 6.55 (56), 6.72 (47), 6.92 (37), 7.23 
(48), 7.43 (431, 8.05 (561, 8.54 (421, 9.34 (361, 10.07 (23), 
11.40 (19), 12.33 (18), 12.63 (201, 13.03 (32), 14.27 (25). 
~-Ethylthio-~-amino-5-isopropoxymethylp~riniidine. 2-Eth- 

ylthio-4-amino-5-bromomethylpyrimidine hydrobromide (2  
g., 0.0061 mole) was dissolved in 50 ml. of boiling isopropyl 
alcohol. The solution was refluxed for 30 min., and then 
concentrated to 4 ml. After cooling, a white, crystalline 
precipitate was collected and washed with a small amount 
of isopropyl alcohol; yield, 1.3 g., m.p. 171-173" (dec.). 

Anal. Calcd. for CloHlsBr?u',OS: Br, 25.92. Found: Br,  
26.93,27.09. 

The crystals (1 g.) were dissolved in 10 ml. of water, and 
the solution was made weakly alkaline with sodium hy- 
droxide. The white, crystalline precipitate which appeared 
on neutralization was collected; yield, 0.6 g. The material 
was recryst,allized from a mixture of benzene and petroleum 
ether (1 : 5 )  to give colorless crystals, m.p. 72-74", 

Anal. Calcd. for C,oH,,N,OS: C, 52.84; H, 7.54; N, 18.48; 
8, 14.10. Eound: C, 53.15; H, 7.50; 5,  18.71; S, 14.30. 

4-;lI'ethyl-6-(@-hydroxyethyl)-~V-(2-meLhylthio - 4 -amino - 5 - 
pyrimidylmethyE)thiazoliun, bromide hydrobromide (XI). 2- 
Methylthio-4-amino-5-bromomethylpyrimidine hgdrobro- 
mideta (20 g., 0.063 mole) and 9 g. (0.063 mole) of 

VI. It = CH3, X = Br 
IX. R = C2H5, X = Br 
S. It = CH,, X C1 

In the case of the 2-methylthiothiamine com- 
pounds, a sample sent by Ulbricht to  the Roswell 
Park Memorial Institute as 2-methylthiothiamine for samples of this compound. 

____ 
(sa) This was not the same sample studied for biological 

(7) Private communication from M. E. Loebeck, Rosuell 

(8) In  a private communication, Ulbricht reports that hi. 
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Park Memorial Institute, to C. C. Price. 

compound decomposed over 160". 
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Pmethyl-5-(p-hydro~yethyl)thiazole were refluxed with 
stirring in 100 ml. of tetrahydrofuran for 30 min. until the 
solid turned into a viscous mass. After cooling, the solvent 
was removed by decantation and the viscous material was 
dissolved in 100 ml. of boiling ethanol. The solution was 
filtered while hot and 40 ml. of acetone was added until a 
precipitate appeared. After cooling, a pale yellow, crystal- 
line precipitate which was slightly hygroscopic was col- 
lected; yield, 18 g. This product was recrystallized four 
times from absolute ethanol to give colorless crystals which 
melted a t  210-212' (dec.) [lit.,4 202.5-204.5 (dec.)]. 

Anal. Calcd. for C12HloBr2N40S: C, 31.45; H, 3.96; Br, 
34.88; N, 12.22; S, 13.99. Found: C, 31.62; H, 4.20; Br, 
33.98; X, 12.67; S, 13.82. 

Infrared spectrum (in potassium bromide, piave length, 
and 7* absorption): 3.03 (55); 3.30 (61), 3.67 (54), 6.05 (82), 
6.35 (66)) 6.56 (60), 6.73 (50), 6.92 (40), 7.22 (48), 7.43 (49), 
8.05 (55), 8.51 (45), 9.34 (33), 10.25 (22), 10.60 (22), 13.02 
(30). 
2-Methylthio-4-amino-5-chloroniethylpyrimidine hydrochlo- 

ride (VIII). To a solution of 10 g. (0.06 mole) of 2-methyl- 
thio-4-amino-5-hydroxymethylpyrimidine in 600 ml. of 
boiling chloroform MTas slowly added 30 ml. (0.41 mole) of 
thionyl chloride, and the mixture was refluxed for 1 hr. After 
cooling, a white, crystalline powder was collected and 
washed three times with 50-ml. portions of chloroform, fol- 
lowed by drying a t  80' for 1 hr.; yield, 13.2 g. (100%). The 
product did not melt below 300'. It was recrystallized from 
acetic acid for analysis. 

Anal. Calcd. for CsHgClpXaS.2H20: C1, 27.02; N, 16.03; SI 
12.23. Found: C1, 26.61; N, 15.63; S, 12.82. 

~-Methyl-5-(~-hydrozyethyl)-N-(~-methylthio - 4 - amino - 5 - 
pyrirnidyZmethy1)thiazolium chloride hydrochloride (IV). (a) 
2-Methylthio-Pamino-5-chloromethylpyrimidine (5 g., 0.02 
mole) and 3.2 g. (0.02 mole) of 4methyl-5-(,9-hydroxyethyl)- 
thiazole were refluxed with stirring in 100 ml. of tetrahydro- 
furan for 7 hours. After cooling, a white precipitate was 
collected and dried a t  80' for 1.5 hr.; yield, 5.2 g. The product 
was refluxed with 300 ml. of isopropyl alcohol and filtered. 
The solid (ea. 200 mg.) was recrystallized twice from 40 ml. 
of absolute ethanol, giving colorless crystals, which were 
dried a t  110" (1 mm. Hg) for 1 hr., m.p. 218-220" (dec.). 

Anal. Calcd. for ClzH18ClZN40Sz.CzH60: C, 40.48; H, 
5.82; C1, 17.Oi; N, 13.49. Found: C, 40.11; H, 5.11; C1, 
16.75; N, 13.65. 

The filtrate from the above product was concentrated 
to 30 ml., and acetone was added until a precipitate ap- 
peared. After cooling, the hygroscopic precipitate was col- 
lected; yield, 1.2 g. It did not melt below 300'. 

An aqueous solution of this product, on neutralization with 
sodium hydroxide, gave a colorless, crystalline precipitate, 
which, after recrystallization from a mixture of benzene and 
ligroin, melted a t  105-108' and showed no melting point 
depression on admixture with authentic 2-methylthio-4- 
amino-5-i~opropoxymethylpyrimidine. This evidently was 
formed from some unreacted chloromethyl compound in the 
crude precipitate. 

(b) 2-Rlethylthio-4amino-5-chloromethylpyrimidine hy- 
drochloride (5 g., 0.002 mole) and 3.2 g. (0.02 mole) of 4- 
methyl-5-( 8-hydroxyethy1)thiazole were refluxed with stir- 
ring in 100 ml. of dioxane for 3 hr. After cooling, the solvent 
was removed by decantation and the viscous residue was 
dissolved in 150 ml. of hot absolute ethanol, filtered while 
hot, and the filtrate concentrated to 40 ml. After cooling, the 
crystalline precipitate was filtered and washed with absolute 
ethanol, and then dried at  80" overnight; yield, 2.6 g. This 
product was recrystallized from absolute ethanol, giving 
colorless rrystals which melted at 199-201 O (dec.). 

Anal. Calcd. for C12H&l&aOS2.H,0: C, 37.21; H, 5.20; 
S, 16.55. Found: C, 37.28; H, 5.35; S, 16.16. 

Infrared Spectra (T. Okuda's sample in potassium bro- 

mide, wave length, and Fo absorption): (a )  Alcoholate: 
3.08 ( T l ) ,  3.30 (75), 3.66 (62), 6.02 (85), 6.10 (85): 6.33 (77), 
6.57 (eo), 6.74 (57), 6.84 (57), 7.20 (59), 7.47 (G), 8.02 (74), 
8.35 (53), 8.50 (54), 9.32 ( U ) ,  10.30 (27), 10.60 (29), 
11.42 (26), 12.02 (38), 12.55 (33), 13.20 (42). 

(b) Hydrate: 3.35 (82), 3.85 (68), 6.11 (92), 6.35 (85), 
6.60 (83), 6.76 (io), 7.25 (69), 7.44 (73), 8.06 (74), 8.53 (63), 
9.40 (5l), 10.30 (34), 10.63 (37), 11.60 (31), 12.63 (41), 
13.10 (41). 

2-~le thy l th io-4-am~ino-~- i sopropoxy~?ze thy lp~r i~~~i~~ne  hydro- 
chloride (X). 2-Methylthio-4-amino-5-chloromethylpyrinii- 
dine hydrochloride (2 g., 0.009 mole) was heated with 50 ml. 
of isopropyl alcohol, the crystals being completely dissolved 
in 15 min. The solution was refluxed for 15 min. more and 
then concentrated to 5 ml. After cooling, a colorless cry- 
stalline precipitate vim collected; yield, 1.55 g. The product 
did not melt below 300". 

Anal. Calcd. for CgH,&lNEOS: C1, 14.19. Found: C1, 14.18. 
Infrared spectrum: (Hydrochloride, in potassium bromide, 

wave length, and absorption): 3.00 (681, 3.1i (79), 3.33 
(65), 3.80 (79), 6.02 (94), 6.35 (86), 6.56 (SO),  7.16 ( 6 i ) ,  7.23 
(64), 7.44 (is), 7.98 (79), 8.08 ( i i ) ,  8.57 (65), 8.78 (65), 
8.90 (72), 9.48 (SO), 10.27 (a), 10.54 (39), 10.89 (44), 11.46 
(46), 11.84 (47), 12.79 (50), 13.03 (44), 13.40 (43), 14.54 

Infrared spectrum of Glbricht's sample of "2-methylthio- 
thiamine" hydrochloride: 3.00 (64), 3.17 (72), 3.33 (60), 
3.80 (72), 6.02 (91), 6.35 (79), 6.56 (73), 7.16 (62), 7.23 (61), 
7.44 (Tl), 7.98 (71), 8.08 ( i o ) ,  8.57 (60), 8.78 (60), 8.90 
(67), 9.48 (74), 10.27 (44), 10.54 (41), 10.89 (44), 11.46 (49), 
11.84 (50), 12.79 (50), 13.03 (47), 13.40 (48), 14.54 (44). 

A solution of the above obtained hydrochloride (0.5 g., 
0.002 mole) in 10 ml. of water was made alkaline with so- 
dium hydroxide. A colorless crystalline precipitate was 
collected and recrystallized from a mixture of benzene 
and ligroin (1 : 3), yielding colorless needles, m.p. 105-108". 

Anal. Calcd. for C9Hl&,0S: C, 50.70; H, 7.04; N, 19.72; 
S, 15.02. Found: C, 50.64; H, 6.94; N, 20.00, S, 15.33. 
2-Methylthio-4-umino-6-isopropox~meth ylpyrimidine hydro- 

bromide (VI). 2-Methylthio-4-amino-5-bromomethylpyrirni- 
dine hydrobromide (2 g., 0.006 mole) was treated with 50 
ml. of boiling isopropyl alcohol in the same -my as the 
previous experiment, yielding 1.1 g. of colorless needles, 
which did not melt below 300'. 

Anal. Calcd. for CgH1&rN30S: Br, 27.16. Found: Br. 
27.96. 

B solution of this hydrobromide (0.5 g., 0.0017 mole) in 
10 ml. of water was made alkaline with sodium hydroxide. 
The resulting. colorless crystals were collected and recrv- 
stallized from a mixture of benzene and ligroin (1:3); m.p. 
105-108'. No melting point depression was observed on 
admixture with the sample obtained from the hydrochloride. 
b-Methylthio-4-amino-5-methoxymethylpyri?nidine hydro- 

bromide. 2-Methylthio-Pamino-5-bromomethylp~-rimidine 
(10 g., 0.015 mole) was added to a solution of 4.5 g. (0.03 
mole) of 4-methyl-5-(~-hydroxyethyl)thiazole in 100 ml. 
of methanol, and the mixture was heated a t  55-65' for 
12 hr., after which the solution was concentrated to 30 ml. 
After cooling, white crystals were collccted and washed with 
dry ether; yield, 10.2 g. These crystals were reprecipitated 
by dissolving in 20 ml. of hot methanol, adding 10 mi. of 
dry ether, and cooling, m.p. 167-168' (dec.). 

Anal. Calcd. for C7Hl2BrX30S: Br, 30.02. Found: Br, 
30.13. 

When 0.5 g. of the product, was dissolved in 10 ml. of 
water and the eolution was made weakly alkaline nith so- 
dium hydroxide, colorless crystals, m.p. 104- 106", were 
collected. These were identified as 2-methylthio-4-amino- 
5-methoxymethylpyrimidine by mixed melting point,. 

(42). 
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