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O-Benzoylthlamme Disulphide and ifs preparation

10

15

20

We, ‘TaNABE SEIYAKU . Co., L1D., 'a cor-
poration organized under the Jaws of Japan,
of 21, Doshomachi 3-chome, Higashi-ku,
Osaka, Japan, do hereby declare the invention,
for which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in and
by the following statement: —

This invention relates to O-benzoylthiamine
dlsulph1de which possesses vitamin B,-like
activity, and to its preparation.

It is known that acid addition salts of thi-
amine have many disadvantages such as un-
pleasant odour, low stability, solubility in
water and limited absorption upon oral in-

gestion.

" Tt is also known that some people have thi-
aminase, thiamine destroying enzyme in their

‘intestines and, therefore, no effect is produced

by the oral administration of thiamine acid-
addition salts.

We haye found that O-benzoylthiamine di-
sulphide i§'free of the disadvantages mentioned
above. The O-benzoylthiamine disulphide of
this invention occurs as colourless and odour-
less crystals melting at 146° to 147°C.

Its structural formula is as follows:

| .. _

It has been found that O-benzoylthiamine
disulphide is sparingly soluble in water. The
solubility in distilled water at various tem-
perature is as follows: .

e _ TaBLE 1
Temperature (°C.) Solublhty (%) by wmght/volume
20 0. 0060
ey | 30 0.0082
NG 40 0.0097
T 50 ~0.0110

35

The solubility may be increased to more than

50°%, by the addition of an equimolar amount
of an acid (pH 3.0—3.2).

It is known that thiamine acid-addition salts
such as the hydrochloride are generally un-
stable in alkaline media.

thiamine d1sulph1de is quite stable, even in _

alkaline media. The following Tables II and
I illustrate residual rate (%) of both thi-
amine hydrochlonde (B, HCI) and O-benzoyl-
thiamine disulphide (BTDS) in alkaline medla
on acoeleraued ageing tests, -

However it has been found that O-benzoyl-

[Price 4s.6d.]
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2 Herr]O

C: 52.02;

concent r at ed hydrochl oric aci-d were added to
t he 'suspersa2#é# to di ssolve the particles.
M Xt Ur e was naae al kali'ne with
hydr oxi de.;

washed2wi th wat er
dried, et hyl
sodi um-
of benzoyl

o

out. A0 ice.bath, while maintaining the mxture Y|eId 2 9
theory. Bl Kahiz/s0 aish 2 PO%Anca@) aktesO! UL 1 ARc 90 miutes
EXAI\/PlrE pH m—prrno— i'.'
-BTDS (%) | B,HCL(%) BTDS (%) 31 HCI(%) BTDS (%) B1 HCI(%) o
5.0 9.5 | 96.5 96.5 9.0 | 945 | ‘945 |
6.0 97.0 | 945 96.0 | 8 5 "."_':'_'84 5 Cess |
7.0 91.5 60 |. mo | w5 | 50 | 20
8.0 83.5 00 | 60 | 35 | w0 [ 100
PH 5.0 — 7.0 Macllvain's buffered soluion 7
PH 8.0 —9.0: Clask-Lubus buﬁ'ered.sqluﬁqn:-'-_ Do
"TABLE- I
Resxdual rate (%) in- calcium carbonate powder (200 mg/g)
~Relative humldxty 82% at room temperature '
: ' S -After5days 4 After 25 days ‘| After 40 days-| ‘.
Substance \- - s _ o e
B,HO | 50 2 | s
BTDS 100 94 | o
It has been feund that. O-benzoylthmmltwi solution prepared from a cultural med; juh. of
‘'disulphide is more ° resistant f0 enzymatic Bacillus thiaminolyliticus (M.M.) or*B' Hus
. degradation with thiaminase than thiamine anmevrinolyticus (K.A.)" was incubated for 1
5 hydrochloride, by the test described below. hour at 37°C,, and the degradation rat€* of

-chl ori de were

“acetate was ‘évaporated at a_
reduced pressure and 38,44 .1y of "benzene were
‘added to the residue" thereby C)benz
dri pped into t Residvalxmater(%) ik aqueas |svlutlon§g(20ms/a¢a) at A9 n@_- di sul-phi de er

55+

A mixture of 1 ml. of substrate solution
containing 20y of B, HCI or 22.8 y of BTDS

* (equivalent to 20y of B, HCI), 1 ml of
buffered solutlon and 3 ml of an- enzymatlc_ N

each of- the substances was assayed

thiochrome method.
The results are as- follows:

Anal ysis: Calculated for err]JHerr]err]Nerr]Serr].2 HC
C 51.88; H 5.50; N 12.74 Found:
_ H 5 57 N 12 74 i EXANPLE 2
,;t-preC|p|tate appeared The nlxture mas 50" 20 g
.. were sus-- ‘stirred-for. an.additional 10 n1nutes ~and-the
~m. of water and 3.5 g. of precipitate was extracted With ethyl

“of thlanlne dlsulphlde
pended i,n 200

acetate 5
- After the extract®uwas

The

~and

10

0
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sodi um hydr oxi de.
5 was 60 1

Exanpl e

the m x-

wi.t h chl orof orm and t he
extraet was- treated as described in Exanple

The m xture was sti
for

an additional

rred

3 hours at roomtenpera-

gen perOX|de and 40 ni.
i nstead of

of water were used 15
i odi ne-sodi um i odi de sol ution,
the pH of the m xture was

I.\.w o

fo

an

The procedure described in
| 1 owed

et o-Rg—adj-usted to pH 7,

ture was extracted

d

2 with

mai nt‘ai ned bel ow 1. 18 g. of O benzoylthiam ne disul phide were 1
acetic acid during the reaction. 2982445 obt ai ned. _ 3 .
g. of O benzoylthiam ne disulphide were EXAMPLE 3

obt alned.

in Expnple 1 was

In the sane way there mayrabg mvwed 20
pota55|un1ferr|cyan|de as the OX|d|2|ng agent

The procedure descri bed

ol-lipwed except t{@ar—20—g —of beENZaiT ns&ed%ﬁg rodipe or hydrogen
per oxXt’de. anhyfdride were used i §fg5 nzoyl chl oride. 16.
g. ©of O benzoyl t hi pris@8tatdesul -| BadliATL WE, OLABMilut K. A, |. 70
phfde wer e obt ai nef. - After 5 days 1Afte®3bByszoy| t hi am ne
diisul phi de - havi ng[25 " PLE _ ' t he
structural -formula 24 g. of 2o |1I>I?r);1fh Vi rﬁ%‘)’a 2040 m . of wat er
were dripped into h B Baed sof ugg.en| 46.8 81.4 61.3

' | BTDS 150 | 47 | 27 | 20

* Dilution of enzymatic solution.

Tt has also been found that the compound’

-of this invention . possesses vitamin B,-like

10 .

activity on tests on both animals and human
beings. Moreover, when the compound of this
invention is orally administered, the blood
level of total vitamin B, rises more rapidly,
and remains at a high level for a longer petiod

as ‘compared with thiamine hyd'mchloride,

and a larger quantity of free vitamin B, is
excreted in urine as compared with thiamine

- hydrochloride. These results indicate a better

15

absorbability ‘of the compound from the in-
testines than that of thiamine hydrochloride.
From the above facts, the use of O-benzoyl-

- thiamine disulphide of our invention is more

20

advantageous than the use of thiamine hydro-
chloride for the treatment of vitamin B,-de-
ficiency. It is also useful as a fortifying agent
suitable for wse in those instances where a
fortifying agent of low water-solubility is
desired, for instance, in- the enrichment of
cereals- subjected to rinsing before being

.. cooked--

“The present mventmn ‘also provides pro-
cesses for preparing the O-benzoylthiamine
dlsulphﬁie The O-benzoylthlamme disulphide

- may be-:prepared by reacting thiamine disul-

35

_ phide “with an acylating agent derived from

bmz_o:c acid such as the chloride, bromide or
anh)@naé in the presence of an acid acceptor

. suchi.as sodium hydroxide, sodium carbonate,
potd

i__ ydrox1de, potassmrn carbonate or

pyridine.
Ag the startmg matenal an oxidation mix-

- ture of ‘thiamine in an alkalme solution in

- which the thiamine disulphide is formed may

also be used. Alternatively, O-benzoylthiamine
disulphide may be prepared by treating O-

benzoylthiamine with an oxidizing agent such
as jodine, hydrogen peroxzide or. potassium
ferricyanide, while maintaining the reaction
mixture alkaline. The starting material, O-

benzoylthiamine may be prepared according

to the process set forth in an article reported
by K. Vematsu in The Annual Report of
Takamine Laboratory (Japan), vol. 11, pages
4245, 1959.

It has been found that the reaction proceeds
most satisfactorily at a pH within the range
of 10.0 to 12.0 in an aqueous medium.

The invention is further illustrated by the

following examples. The compound thiamine -

disulphide, used in Examples 1 and 2, has
been reported by Nesbitt and Sykes in J.
Chem. Soc. (1954), pages 4581—4587.
- ExXAMPLE 1

10 ml. of benzoyl chloride were dripped
into a stirred suspension of 20 g. of thiamine
disulphide in 20 ml. of absolute pyridine at
room temperature. The mixture was stirred
for an additional 3 hours at room tempera-
ture and was allowed to stand overnight. The
- reaction mixture was concentrated under re-
duced pressure to remove pyridine and, after
adding small amounts of a 209/, aqueous solu-
tion of sodium hydroxide, the residue was
extracted with chloroform.- The extract was
washed with small amounts of aqueous solu-

tion of sodium bicarbonate and water succes- -

sively and was dried with sodium . -‘sulphate.
Then the chloroform was removed by evapor-
ation and 20 ml. of benzene were added to
the residue whereby O-benzoylthiamine di-
sulphide crystallized out. Yield, 20 g., colour-
less prisms melting’ at 146°~147°C.  after
recrystallized from 999, ethanol,
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I am [ d 100 m . of
| Si 70 g. of thiam ne hydrochloride [err] an
oyl zlnngn icg bath. To the 30 m xture, was added a solution of 25 g. of

}Ngfjﬂ.e and—35—g-—of—petassi-umiodide in 200 . of wa whereby —
thianine disul phide was prepared in the reaction m xture.” Then L AU
m . of benzoyl chloride were dripped into 2. A process for preparing . .°

i ' K erature with stirring, anine *
O-bepzayl thi- 35 the mixture at room tenperat . stirrin . T
di su phiyde whi ch conprises-treating 75 whil e mai ntaining the mxture 7

al kal ine with #thiam ne di sul phi de wi t h9224enzoyl halide or sodi um "
hydroxide. After being allowed to benzorc annydrided mtire plt_cr?C||p§ o
aci d st and over ni ght Analykig IRRAkkOR: O, 0 R s/as ex-  acceptor..

tracted with chloroformand the extraCt 3sei; H: 3.49) N:0¢£56 for preparing

_ R in e 1. 50 .g. of amne oy
| thi- 40. treated as described in Exanple 1. 50 : i i
c%gﬁlnéﬁ?/de whi ch conpri ses treg"'fs“f"t‘fg 0~-g8-% HDHBzdy| thlani ne di sul Phi tey

i | t Mbichyitoclonidé:h CaRuRY Skl BEIAZENT i N an
\IIE\BXL\(I?/PEEt gl ned benzoy o aqﬂ%buslSIﬁﬁd-Edaﬂimp,).%llﬂF% maintaining the

: i ami i ‘of .. medium al kal i ne. .

4.5 g. of O benzoylthi amg Rl N0l f 8,8H4go;1~_r_ss,.g HCl . 2 H,0
. Ci5L88; H 5i50; N: 12.78
Found: C:.52.02; H:i 5.57; N: 12.74"

)

EXAMPLE 2 - _ . white precipitate appeared. The mixture was 50

20 g. ‘of thiamine disulphide. were sus-. stirred for an additional 10 minutes, and the .
pended in 200 ml of water and 3.5 g. of precipitate was extracted with ethyl- acetate.
5 concentrated hydrechloric acid. 'were added to After the extract ‘was washed with’ water
the suspension to dissolve the particles. The * and dried; ethyl acetate was- evaporated at -a

mixture - was -made alkaline with sodium -reduced. pressure and 30 ml. of benzene ‘were 55

hydroxide. 10 ml. of benzoyl chloride were « added - to the residue thereby ‘Q-benzoylthi- = . r
dripped into the mixture with stirring on.an  amine. disulphide crystallised out. ~ . = - : '
10 ice bath, while maintaining - the mixtare - “Yield 2.9 g, 75.3%, of ’ﬁheoi:_y-. o S

alkaline ' with a. 20% aqueous solution of . - ExamMpLe 6° 0 - :
sodium hydroxide. The mixture was stitreéd - The: procedure described ‘in Example 5 was 60 |
for an additional 3 hours at room tempera- followed except that 0.85 g, of 30, ‘hydro- .
ture. After: being adjusted to pH 7, the mix- “gen- peroxide and 40 ml"of water were used

15 ture was extracted with chloroform and the instead “of- iodine-sodium' iodide ‘solution; and -
extract was treated as described in Example the pH of the mixture was maintained below . - -
1. 18 g. of O-benzoylthiamine disulphide were 12 with: acetic ‘acid ‘during . the reaction.. 2.8 65

obtained. 8. -of “O-benzeylthiamine” disulphide - were -

: EXAMPLE 3 - _ -obtained, In the same way- there may be used =
‘20 The procedure described in Example 1, Was - potassium ‘ferricyanide 4s the oxidizing agent
followed except that 20 g of benzoic - instead -of ‘jodine or Hydrogen peroxide. :

. anhydride were wused instead ‘of benzoyl - . R R
“chloride. 16 g. of O-benzoylthiamine disul- . "WHAT WE CLAIM 1S:— . . 70 ey
phide were obtained. . 1. O-benzoylthiamine disulphide’ having - S

25 .. EXAMPLE 4 . the structural formula - . 0.
24 g. of sodium hydroxide in 140 ml of - . ST e ' i

_water were dripped into a stirred solution 4

comprising 70 ‘g. of thiamine hydrochloride ..
and 100 ml. of water. on an ice bath.. To the - . |

30 mixture, was added a solution of 25 g of .
iodine and 35 g. of potassium iodide in 200 R
ml. of water; whereby thiamine disulphide ="
was prepared in the reaction mixture. Then -~ = LT

40 ml. of benzoyl chloride were dripped into . 2. A process for preparing
35 the mixture at room temperature with stirring, - amine disulphide which. . comp:
while' ‘maintaining the mixture alkaline with - thiamine disulphide ‘with 4 benz
sodium . hydroxide. After being allowed ‘to benzoic anhydride in the presetice
‘stand -overnight, the reaction mixture was ex~ - acceptor. ‘- T et
tracted with chloroform and the extract was 3. A -process for preparing. O

40 treated 9s.described in Example 1. 50 g. of " amine disulphide: which' comprises’ treati

O-benzoylthiamine disulphide were - obtained, - benzoylthiamine with an oxidizing. agent in‘an
- " EXAMPLE. § . aqueous medium - while - maintainifig - the

4.5 g. of O-benzoylthiamine in 460 ml. of medium _alkaline, o Tl

water were neutralized with 7.5 ml. of 4N - 4. A process according to claim-3, where< - - -
45 sodium hydroxide on an ice bath. Into the 'in the oxidizing agent is iodine; potassium, 85

solution, was dripped a solution comprising  ferricyanide or hydrogen peroxide: .= T -

13 g. of iodine, 4 g. of sodium iodide and 3. A process according to claim3 or. 4,

100 ml. of water at the same temperature  wherein the " aqueous medium ‘is. maintdined -

with stirring. As the reaction proceeded, 2 at a PH within the range of 10 to 12,7




water were neutralized with 7.5 ni.
claim3, where- 45

oxi di zing agent is

sol uti on conpr|3|ng
I odi ne, 4 g.
4, 100 m .
i s maintained -
within the range of 10 to 12.
922, 444

i odi ne, potassium -85
ferricyanide or

Found: , C: 59.
Di-hydeéchiloride: Colourless

180 — 181° C. (decomp)

of 4N
sodi um hydr oxi de on an ice bath.
gl &

of water at the sanme tenperature
Wi t h Analysis:i rGplculdted fd!leﬁarl'hmsln

4. A process according to
Into the in the
sol utions was dripped a
en peroxi de. 1.3 g. of

v

wherei n the aqueous nedi um

roceeded a at a pH -
9.21; 8 P

39; H: 5.79; N: 14.31

prisms melting at

Analysis: Calculated for CogH,,04N,S,.2 HCI . 2 H,0

C: 51

Found: C: 52.
ExXAMPLE 2

20 g. of thiamine disulphide were sus-
pended in 200 ml of water and 3.5 g. of

the suspension to dissolve the padrticles. The
mixture was made alkaline with sodium
hydroxide. 10 ml. of benzoyl chloride were
dripped into the mixture with stirring on.an

[T
SRR

10

sodium hydroxide. The mixture was stirred

for an additional 3 hours at room tempera-
15 ture. After being adjusted to pH 7, the mix-
extract was treated as described in Example
1. 18 g. of O-benzoylthiamine disulphide wers
obtained.
o ExaMPLE 3

‘20 The procedure described in Example 1 was
anhydride were used instead of benzoyl
“chloride. 16 .g. of O-benzoylthiamine disul-
phide were obtained.
EXAMPLE 4 -

24 g. of sodium hydroxide in 140 ml of
water were dripped into a stirred solution
comprising 70 g. of thiamine hydrochloride
and 100 ml. of water on an ice bath. To the
mixture, was added a solution of 25 g. of
iodine and 35 g. of potassium iodide in 200
ml. of water, whereby thiamine disulphide
was prepared in the reaction mixture. Then
40 ml. of benzoyl chloride were dripped into
the mixture at room temperature with stirring,
while maintaining the mixture alkaline with
sodium hydroxide. After being allowed to
stand overnight, the reaction mixture was ex-
tracted with chloroform and the extract was
treated as described in Ezample 1. 50 g. of
O-benzoylthiamine disulphide were obtained.

EXAMPLE 5

4.5 g. of O-benzoylthiamine in.460 ml. of
water were neutralized with 7.5 ml of 4N
sodium hydroxide on an ice bath. Into the
solution, was dripped a solution comprising
1.3 g. of iodine, 4 g. of sodium iodide and
100 ml. of water at the same temperature
with stirring. As the reaction proceeded, a

25

30

35

40

45

.88;

concentrated hydrochloric acid were added to -
ice bath, while maintaining the mixture

alkaline with a 209 agueous solution of -

ture was extracted with chloroform and the

followed except that 20 g. of benzoic -

H:. 5.50; N:
H: 5.57; N:

12.74

02; 12.74

‘'white precipitate appeared. The mixture was 50
stirred for an additional 10 minutes, and the -
precipitate was extracted with ethyl acetate.
~ After the extract was washed with water
and dried, ethyl acetate was evaporated at a
reduced pressure and 30 ml. of benzene were
- added to the residue thereby O-benzoyltln-

amine disulphide crystallised out. '

Yield 2.9 g., 75.3% of theory.

EXAMPLE 6

The procedure described in Example 5 was
followed except that 0.85 g. of 30% hydro-
gen peroxide and 40 ml. of water were used
instead of iodine-sodium iodide solution, and - -+
the pH of the mixture was maintained below
12 with acetic acid during the reaction. 2.8 65
g. of . O-benzoylthiamine disulphide were |
obtained. In the same way there may be used =
potassium ferricyanide as the oxidizing agent = .~
instead of iodine or hydrogen peroxide.

WHAT WE CLAIM 1S:—
1. O-benzoylthiamine disulphide
the structural formula

55

: 70
having -

N-—C—-NHZ

L1
i
N~CH

N,.cHo

~c=C
A

/S"'

\CH‘« CH3 OCOQH‘; 2

2. A process for preparing O—benzbylthi-_
amine disulphide which comprises treating. 75
thiamine disulphide with a benzoyl halide or
benzoic anhydride in the presence of an acid
acceptor. '

3. A process for preparing O-benzoylthi-
amine disulphide which comprises treating O-
benzoylthiamine with an oxidizing agent in an -
aqueous medium while maintaining the
medium alkaline.

4. A process according to clalm 3, where-
in the oxidizing agent is iodine, potassium,
ferricyanide or hydrogen peroxide.

5. A process according to claim 3 or 4,
wherein the aqueous medium is maintained
at a pH within the range of 10 to 12.

80
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6. The processes for preparing O benzoyl - STEVENS, LANGNER, PARRY &
thi am ne di sul phide substantially as herein- ROLLI NSON,

before ceoemeeae—juteimmiti -G -EReemmmte@umie} @ ——Char-tered Pat ent
Agent s, Exanpl es. Agents for the

Appl i cantis. -, Leanmi ngton Spa: Printed for Her Majesty's Stationery |
Ofice, by the Courier Press (Leam ngton) Ltd.-1963. Published by The
Patent Offick, 25 Southanpton Buil di ngs, London, WZC. 2,
from whi ch copi es nay be obt ai ned. . 922444 _ 5
- 6. The processes for preparing O-benzoyl- STEVENS, LANGNER, PARRY &

s . thiamine disulphide substantially as herein- ROLLINSON,

B before described with reference to the Chartered Patent Agents,

o Examples. _ Agents for the Applicants.

" R . Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press

. (Leamington} Ltd.—1963, Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.
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