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This invention relates to a novel thiamine derivative, 
S-benzoylthiamine ()-monophosphate of the following, 
structural formula 

and salts thereof, and a further relates to a process for 
preparing these compounds. These compounds are useful 
as therapeutics and nutrients . 

It is the obiti.ot of this invention to provide, novel 
S=oenzoylthiamine O-monophosphate and salts therzof 
vbich, possess thiamine potency for orgamsms, and, 
when administered, may be itigiily absorbed and produce 
very high and durable increase in thiamine levels in the 
body as compared with thiamine hydrochloride. An-
other object of tl,-;s invention is to provide a process for 

thianrine levcis in the body as compared with known 
thiamine derivatives such as thiamine liv,drochlorlde, 

1. 131.00D LEVELS IN I)OCS 
(1) Method.-As 'Lest ,samples were used crystals of 

S-betlzoylthiamine C-inonophosLThate of the aforemen-
tioned structural formula and sodiurn salt thereof and 
thiamine hydrochloride standardized by ;lapanese Phar-
macopeya. They were orally administered to dogs in 
amounts of 4.49 mg, of S-benzoyl'thiarnine 4)-monophos-
phate (containing 2 molecules of crystal water) (equiva-
'ent to 3 mg, of thiamine hydrochloride), 4.54 rug. of 
disodiun.i satt of the said 'thiarnine ester !.the eouiva:ent 
arnournt) and 3 mg. of thia ;ttint; hydrochloride respec-
tively per kg. of bodyweight of dog. 

Cross-bred female does weighing 14 .4 kg ., 13_4 kg. 
and "1 .9 kg . were used as t~. experiruental arinrals . They 
were given dog food (manufactured by Japan Cold-
Storage Comparry, Ltd., for 2 days 'before administration 
of the test agent arcd fasted for 24 hours before and during 
drawing of blood in order to naaintain blood-thiarnine 
level as constant as possible an: prevent ?ariation in ex-
perimental conditions . 

Bl~aod was drawn from the vein of foa°el_g cubitus of 
the experiniental animal acciuately in arnount of 2 cc. 
before and at definite intervals after administration of 
tlze aforementioned test sample, 'no blood frona each 
drawine ~a.-as immediately dissolved in 12 a°, of distilled 
water and the amount of total thiatninc, vias determined 
by the thiochrome r7uorin-ietri~t method . 

(2) d2escclt.-The results are given in Table 1 . 
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Aftsr admS:i?ctta ;fon, 3r . Test Sample acC dosr'ge, mg ./k,: . bodywelght 

Tbiaminc li vcL ocaloddc, 3 mgs./k~ _ ._ _ . _-_-_ .--_-_-_- 
8-benzoyltY4arnine, 0-manopbosphate (2H20), 4.4S 
mmp.cs---------- ------------------------ ----------Di-sodinM S-benzoyl thiamine, C-monopnesrbate, 
4.Frt mSs.,7cB---------------- --------- -------------- 

preparing S-benzoylthiamine O-monophospliate and salts 
thereof possessing such excellent chatacteris tics . Other 
objecis and advantages of this invention will be readily 
apparent from the following detailed description thereof. 

It is hiterto well known that thiamine hydrochloride 
is an important compound for therapy and r,atrition, 
However, because o£ low absorption and short-d:uration 
of thiamine hydrochloride in the body it is desirable to 
obtain thiamine derivatives having higher absorption and 
longer duration in the body than ihiamine hydrochloride. 
As a result of studies for obtaining useful derivatives 

of thiamine satisfying such requisites, uneapeatcdly, we 
have discovered that S-benzoylthiamine O-rnonophos-
pbate may produce a surprisingly high and durable in-
crease in thiamine levels in the body in comparison ivith 
thiamine hydrochloride, thns suffici;mtly fulfilling the 
aforementioned requirement. 
The following experimental data will evidently show 

that S-benzoyithiamine O-monophosphatc and salts 
thereof, such as, for example, sodium salt, of this in-
vention, when administered, may be much readily ab-
sorbed and produce very high and durable increase in 

~.0 As shown in the table, the blood-t$iamine levels in the 
cases with S-benzoylthiamine C-monophosphate and di-
sodium salt thereof reach the tnaxirnu_n within 1-2 
hours. It is surprising that the ma.xirnum increased 
amounts of blood thiazline after adminisl_ration of S- 

u:j benzoylthiamine O-monophosphate and disodium salt 
thereof are about 4-8 times as much as thosa after ad-
ministration of thiamine hydrochloride. That is, those in 
the former two cases are respectively 148.7. and 59.Sz-%, 
v~hife those in the lat,er case are 17 .5 2nd .7.7y% . Fur-
thermore ; the Wood-thiamine levels followinf; adminis-
tration of the compounds of this inv<:ntion axe significant-
ly hig}her even 6-S houss after ::dmii:istratir+n -than those 
following aduiinistrat :osi of thiamine hyd,ochloride, 

t:G 

TI . URINAfi'i' EXC12 ivTION IN ititlEN 
(2) Method.--Test samples used and method of thia-

mine assay were same as in the previo"is experiment. 
Thiamino excretions in urine in adult nxen in a period 
of 24 hours after oral administrat:on were determined 
withoui limitation of work and food . 
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(2) Resutds.-the results are shown ifi Table 11, 
:r'aite H 

Test samplc (dosage, mg,lkg, 
hodyweight) 

Thiam ;ne hydrschlaride, 1 rng .lkg______ ~i 
S-bonzoyl6h'amine Q-monophoaphate ;J (2H:0), 1.491ngn./kg. 

1,029 
I e08 

14 : 230 
2r, 250 

The data in the table abparenil-y show tilat tile. thiamine amounts excreted in urine after adrninistratiou of 
S-benzoylthiarnine O-monophosphate are 14--L5 times as 
much as those after administration of thiamine hydro-
chloride, thus demonstrating that the former compound 
may be far more readily absorbed in the body than the 
latter . 

(3) Other biological characteristics of 7-benzoylth'sa-
mine O-monophosphate.----- -benzoylthiamfne 0-mono-
phosphate of this invention has lower toxicity than thia-
mine hydrochloride as shown in Table 111, 

as the reactiou medium, the reaction mixture after coTr, pleticn of the reaction is concentrated to remove tihc 
or8an;c solvent, the concentrate acidified with an acid 
and the precip:tates tht;s formed filtered to obtain the 
desired product. 

(2) Thiantire rnouox}h~esphate is reacted with sodium 
benzoyithiosulfate (C6I°F54:OSS03Na) under such condi-
tion as at pH of about 7--f4. This reaction may be 
efiected by' treating the reactants under such alkaline 
cor!dition as at p13 of about 7-14, preferably at pH. of 
aLuut 10-13, in Water or an aqueous organic solvent 
such as aqueous methanol, aqueous ethanol or aqueous 
ac;:tone. Thc reaction temperature may be varied de-
peiidir,g upon the pH at which the reaction is carried out. 
and in practice, the reacting is conducted at temperatures 
below those causing decOrnpositon of tbiol-type thiamine 
at that pE3. It is preferable to carry out the reaction at 

1 

remparatures of about (?-30` C., especially' at about 5-
20° C. The molar ratic of the reactants is theoretioally 
1 :1, =but 1 .5-3 moles of sodium benzoylthiosulfate to 1 
rnolc o£ thianrine mono-phosphate is preferably used in 
practice . On rtctual corrunercial production, it is pref-
erable to tr~eat thiarlizw, monophosphate with sodium 
bencoylthiosu.Fate in a molar ratio of : :1 .5-2 .0 at DH of 
about il-1~' and at teniperature of about Zo' C. for a 
period of about 1-? hours. After completion of the 
rca.^tion, the desired product, S-benzoylthiamine 0-mono-
phosphate, is obtained frorn the reaction mixture in the 
satrm way .;s described under item 1. When water is 

TABLE HI 
ACUTE ToXrr,Miti a-CLAsa cRo,~s-nREn MICE, zDEflaN Mc1 .la . rloDz v ylGxT 

Thiamine hydroehloride-------------- ---------
a-benzoyluhlamine, 0-mcnopbc :-phate--_--__-_ 

S-benzoyltl,iamine O-monophosphate of ihis invention 
is resistant to aneurinase I and II, thianls"ne-dest:aying 
enzymes produced by cultivation of Baci11!,Ls, ttuart:innly-
ticus Matsukawa et Iviisawa and Baciltu aneurinolyh`cus 
Kimura et Aoyama respectively . 

S-benzoylthiamine O-monophasphate of this invention 
is prominent in that it may be readily converted to active 
form of thiamine in the body and it taay be readily 
utilized in the body as the thiauiine source: Moreover, 
this thiamine derivative may be readily absorbed in the 
body maintaining thiamine_ levels of viscera high for a 
long period of time . Therefore, it is very useful for 
remedies especially in some human diseases ̀ ,.,here .tnown 
thianrine derivatives such- as tltiarnine hydrochloride are 
not effective. 

According to the present invention, S-borzi?ylthiamine 
O-monophospl1ate describcd above ma,," ba prepare', in 
the following ways . 

(7 ) Tbiamine monophosphate is reacted with bemoyi 
chloride under such conc?ition as at pTi of about 7-14 . 
This reaction may be effected by treating the reactants 
in water or an aqueous organic solvent s¢ch as aqueous 
methanol, aqueous ethanol or aqueous acetone under 
such alkaline condition as at pH of about 7-1=i, preferably 
at pH of about 9-12 . The reaction temperature may be 
varied depending upon the pH of the reaction rr.ixture, 
and in practice, temperatures below those iztducing de-
composition of thioltype thiamine al: that pH are applied . 

20 

30 used as the reaction medinm, the reaction mixture with 
or wit-1101]t concentration is acidified (for example, to 
pH 3-5--d) with an acid. such as hydrochloric or sulfuric 
acid . 'Be precipitates tlius formed are therr, isolated by 
filtration to obtairi the desired product. If an aqueous 

n j organic solvent is used as the reaction- medium, the rcae-
21ort 1TlC{Fnre is cOnC;entl'ated to ZemDve the organic 
solvent, followed by acidifying with acid in the same way 
as described above. The precipitates thus formed are 
isolated by filtration Iz7 obtain the desired product. 

40 The use of sodium benzoylthiosulfate for the purpose 
of acylation is not hithertofore unknown. We have found 
that this compmand may be effectively employed as an 
acylating agent. 'T'herefure, the acyiation reaction de-
scribed above is a novel process for acylation . More-
o~)er, it is advantageous that the production of S-benzoyl-
thia .mine O-mdnophosphate in accordance with this 
r,~action process results in higher yield of the desired 
produci that that in the. Use of benzoyl chloride in the 
preeess as under item 1. 

(3) 'l'hiamino monophosphate is reacted with dihen-
zoyl disulfide (Co1=IsCOSSCOCsi-IS) ; In carrying out 
the reaction, pH is chosen between about 7-14, preferably 
b-ettveen about 11-13 to maintain the reaction mixture 
alkaline. it is preferable to carry out the reaction at 
tc;mperatures below those which cause decomposition of 
£nioI-type thiamine aE that pH, such as for example, of 
tae range betwecn 5--30° C-; desirably between 5--20' C. 
1'his re<rction is conduct~:d by adding thiamine mono-
phosphate to an aqueous organic solvent such as aqueous methanol, aqueous ethanol or aqueous acetone, control-
ling thc pH. to the range d,-,cribed above and then adding 
a solution of d'it)enzoyl di.nsi.tlfi ;le dissolved in an organic 
solvent such as chlcrpforrrt or dischloroethane to the re-
suiting mixture. 
After completion of the reaction, the desired product, 

S-benzovlthiarniane Cy-rnonophosphate, may be isolated 
from the reaction mi.,tur~ by the following procedure. 
A2ter completion of the reaction, the chloroform layer, 
if necessary, after additior, of viater to the reaction mix-
ture, is separated and the,. aqueous layer; with or with-
out concentrations is then acidified with- an acid such as 
hydrochloric or sulfuric acid (for example, to pH of 
about 3.5-=1) and -the tsrccipitates of S-benzoylthiamine 
0-.tnonophosphate thus fa:irted are isolated .by filtration. 

As is in the case nndGr Item II, this process is a novel 

In practice, it is preferable to carry out the reaction at 65 
temperatures of about Q-30° C., especially at about 5--
20' C. Molar ratio of the reactants used is '.hcorctically 
1 ;1, but 1 .5-3 moles of ber.zoyl chloride per 1 niole of 
thiamine r_monophosphate are preferably tised . When 
water is used as the reaction medium, the :eaction mix- ;0 
lure after coal pletion of 1he reaction, with or without 
concentration, is acidified (for example, to p%3 of 3.5-4) 
with an acid such as hydrochloric or sulfuric acid, fol-
lowed by filtration of the precipitates to ab!ain the de-
sired product. If an aqueous organic s0:vent is used 75 
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acylation reaction since dibenzoyl disulfide has not been 
hithertofore used in acylat',on of thiol derivative com- 
pounds and therefore it has not been expected that di- 
benzoyl disulfide can be used for the acylation of thiol-
,-type thiamine compounds. 5 

S-benzoyltbiamine 0-monophosphate obtained in the 
processes stated above is a crystalline compound tv~hich 
is stable, resistant to heat and light, non-hygroscotric and 
possessing no odor characteristic in the usual tii;amine 
derivatives . It can be therefore used in a wide varie 
of therapeutic and nutritional preparations . Moreover . 
it may be converted to the salts .by the per se known 
methods. For example, it may be converted to calcium 
and sodium salts respectively with calcium and sodium 
hydroxides . 
The following examples will illustrate the invention in 

greater detail, and it is to be understood that the in-
Yeation is not to be limited thereto but is to be construed 
broadly and restricted solely by the scope of the ap-
pended claims . 

Example 1 

To a solution of 4.3 parts of thiamine monophusphate 
uydrochloride dissolved in 16 parts of water are added 
with ice-cooling 11 parts of 15°io aqueous solanion of 
sodium hydroxide. 2.1 parts of bentioyl chloride are 
added dropwise to the mixture with stirring, while main-
taining the reaction mixture alkaline by occasional ad-
dition of aqueous sodium hydroxide. The resulting 
solution is neutralized, concentrated in vacuurn and the 
pH is then adjusted to 3 .5-4 with concentrated hydro-
chloric acid to precipitate crude 5-benzoyltbiamine O-
monophosphate. The product is then suspended in water 
and the pH adjusted to 7.0 with addition of sodium 
hydroxide to a solution . 7-he pH of the solution is ad-
justed with hydrochloric acid to 4.0 to give the pure 
product, weighing 3 .4 g., b3 .P . about 165° C. (decom-
posed) . 

Analysis.-Calculated or C1sH2;0~NgSP2I3;0 : C, 
45 .49 ; H, 5.42; N, 11 .15. Found: C, 45 .56; kI, 5.37; 
N, 11.02. 
The thiamine monopbosphate hydrochloride used for 

the starting material has been prepared in the following 
way : 28 .6 g. of R?% orthophosphoric acid are heated 
at about 270° C. After cooled to about 100° C., 4.0 g. 
of thiamine hydrochloride are added to the resulting acid 
and heating is continued further to cease evolution of 
hydrochloric acid gas. The reaction mixture is pottrad 
onto ice water and acetone is aded to precipitate thiamine, 
phosphates . The precipitates are dissolved in 17 cc . of 
1 N-hydrochloric acid and tae solution is allowed to 
stand at room temperature for about 7 days, during 
which period of time thiamine polyphosphate is hydro-
lyzed to give the monophoGphate alone, Acetone is 
then added to the solution and the mixture is niaced in 
an ice box to obtain thiamine monophospbate hydro-
chloride. 

Example. ?. 
To a solution of 3.5 parts of thiamine mortophosphate 

dissolved in 10 parts, of water are added with ice-cooling 
a solution of 1.2 parts of sodium hydroxide dissolved 
in 2.8 parts of water. To the resulting solution are 
added in small portions 3 .6 parts of powdered sodium 
benzoylthiosulfate with stirring . During the reaction 
sodium hydroxide solution is occasionally added to main-
tain the reaction mixture alkaline . The reaction mixture 
is then filtered, pl-l adjusted to about 3 .a-~J- ard it is 
allowed to stand to precipitate crystals of S-be .rzoylthi-
amine 0-monophosphate, which is after-treated. in the 

same way as in Example 1, Yield 4.0 parts. INC P. about 
165° C. (decomposed) . 
Sodium benzoydthiosulfate used as the start4n^ mate-

rial in the above reaction is obtained by the following 
method : To a solution of 3 .2 parts of sodium thiosul-
fate (containing 5 molecules of crystal water) dissolved 
in 3:L parts of water are added 5.2 parts of ethanol. 

To the resulting mixture are added 2.1 parts of benzoyl 
chloride maintaining the temperature at about 15° C. 
during the addition to yield crystalline sodium benzoyl-
thiosulfatc, :41 . P. above 120° C. (decomposed), 

Example. 3 

Fifty parts of ethanol are added to a solation of 3 .5 
parts of thiamine monoghosphate dissolved in 10 parts 
of water. To the re3u15ng solution is ad::ed t3, solution 
of 1 .2 parts of sodium bydroxida dissolved in 2.& parts of 
water, and the mixture is treated vvitlt sodium benxoyl-
thiosnlfate in the same way as, in Example 2. After 
;.ompletion of the reaction, the ethanol is distilled off 
and die residue treated in the same way as in the above 
example to obtain 3.7 parts of the crystraine product. 

E.Lampfe 4 
A solution of 1.2 parts of sodium hydroxide in 4.0 parts 

of water is added to a solutiou Of 7.5 par:s of thiamine 
monophosphate hydrochioride in 7 parts 6f water witb 
ice-cooling. Following addition of 10 parts of methanol, 
the mixture is rni.rced with a solution of 5 parts of dibenzoyl 
disulfide in about 30 parts of chloroform by addition in 
small portions . During the reaction is occasionally added 
aqueous-sodium hydroxide to iTZaintaia 'the 141 at about 12 . 
The reaction mixture, follow',-rig addition of 9 parts of 
water, is filtered and to the filtrate is added hydrochloric 
acid to make the solution slightly acid. The chloroforrn 
layer is removed and the aqueous layer is concentrated . 
"Fhe pH of the concentrate is then adjusted to about 4 and 

'40 it is allowed to stand to precipitate crystal; of S-benzoyl- 
thiamine 0-monophosphatc, which are purified in the 
same way as in E,:amplz 1. Yield 3 .0 parts, MI . :p. about 
165° C. (decomposed) . 

,g rtalysi .c.-Calculated for ':.`taH2sObNySiP ~ 2iIc0: C, 
3d 45.49; H, 5.42; N, 11.15. Found: z., 45.74; .fi, 5.§9; 2ti, 

11 .10. 
PxGnrple 5 

To a rnixture of 20 parts o¬ S-beazoylthicmine O-morno-
phosph :~te with 1 .O0i) ptcrts oT 1ti :tter are r=adually added 
3 parts of calcium hydroxide iniked with sf Small amount 
of water to adjust pIZ of the rnixture to about 2. Tha 
resulting mixture is filtered -and the filtrste allowed to 
stand to precipitate crystals of calcium sad of S-benzoyl-
thiarnine 0-monophosphatc. The prceipitate,s are filtered, 
washed with a sm-all arnouni: of water and dricd. Yield 
19 .6 parts, NIT, aboat 170° t.- (decomposed) . 
Areulysa .-Calculated for CtsIhtus :N'aSi?Ca~2kIe0: Ca, 

7.41; Ha0 6.67. Found : Ca, 7.38 ; 14s0 6.63. 

bC Excunlile S 

To a mixture of 10 parts of S-3jenxoylthirIzaine ()-'none-
phosphate with 35 parts of water is added with stirring 
and ice-cooling a 10% solution of soriiurn hydroxide to 
adjust pII to about 8. The resnlting solution is filtered, 
added with acetone and allowed to stand at cold place to 
precipitate crystals of sodium salt of S-',arczoyhhiamine 
O-rnonophosphate . The crystals are filtered at cold place 
and dissolved in a small amount of water. Acetone is 
then added to the solutioa to give a recrystallizatiott of 
purified product, which is dried in vacuum over phos- 

This pFaduct is hygro-phorus pentoxide, Yield 8 parts. 
soopic and decomposes at about 150° C. 

,9.nnlysls .-Calculated for s: iaHaz0sN4s ;?Na, : C, 44.71; 
II, 4.15; Na, 9.01 . Found: C, 44 .53 ; I-T., 4.10, , Na, 9.16. 

`w.rhat we claim is ; 
1. A compound scle,:tcd from the a ouN consisting of a 

couapoiund of the formula 

tI ̂  

6 11 

N--C-N,12 
I I 

V113-'V V--VnY- ,q--C( 

'jty and the sodium and calcium salts thereoY- 
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2. S-benzoylthiamine O-rnoizop}iosphate . 
3. The sodium salt of S-benzoylthianrim, 0-n:onaplcos- 

phate. 
4. The calcium salt of S-benzoyIthisrnine ¬;+-monophos-

phate. 
5. A process for preparing S-benzoyliFda-n:nc C-rnono-

phosphate which eornprises rcacein~; thianaine monophos-
phate with sodium benzoylth:osuiiate at pH of about 7-14 
in water to form S-benzoylthiatsir.c 0-rnoaopiiosphate and 
isolating S-benzoylthiamina _ 0 -ir<onophosph.ate t-orsr_ed 
from the reaction mixture, 

fi . A process for preparing 5-bcnzoylthiaaninc C)-mono-
phosphate which comprises treating a cfistribuuon of 
thiamine monophospiiate in water with a solution of 

8; A process, £or preparing, S-benzo;ltIfiiamine O-mano-
phosarha.te wltich compr:ses reacting thiamine monophos-
phata distributed in an sdniixirtre of water and arganic 
solvent with a solat;on of dil7enzoyl disulfide dissolved in 
crganic solvent and isalatirg the desired S-benzolyth:amine 
0-nnonophue.phat; irorn the aqueous ?ayer obtained by 
separaGon of the or8ani~- solvent layer. 

10 
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7. Process in accordance ,vitR claim 5_ wherrin the 
water is admixed with an organic solvent, 
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