833,39 | 3 In the above tests
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m nat i omof thethiram e T b oot Wwas ton- _general Ty avaif able as acid
salts such ag, the ducted by a chem cal nethod, i.e. the thiamne
hydrochl ec#e, nitrate and sul phate and these in blood was reduced.
wWith cystein and then acid salts are all usable in the present inven- 5
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0 os or by intTa - peritoneal injection to rats, and its | ethal
dose was obskdaed.achtances:eidss 2(3)fVwas R (CHerr])[err]-S SR f ound

that the LDIiayahtaiatdJcongs very 20 ow as shown bel ow

Jerr] dm nistration Thi am ne_
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or rdrErBgEEpound. 35 the - SH
4l i srgeneraley Knﬂmplth@t i, Ri.gm ne,
related
TTPD: R'=CH.,,R:=furyl, R*=H,n:3

with of the above cormounds

which is able to go?ykert t)fpe t pirafitag”
group into the K/\ V \C \)1_

and its
conmpounds exi st in sol utfon f"n a stare

-S-S-(CHerr])-Rerr
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and that the equk i

pyranyl

is a positive whebesshumpbdrcifertormme. and to the %

condi ti ons 20

30

wherein R' is a methyl er ethyl r‘.dkif R- 1%

fc:r hydrofury! or tegs hxﬂ
rg h M’mcn or an

In recent years many kinds of thiamine
derivatives having asymmetrical structurcs re-
sembling the above formula have become
known but all such derivatives have an alkyl,
aryl, aralkyl or the like radical in place of
the —(CH.),—R? group. These compounds
are superior to thiamine acid salts in medici-
nal effect, but they generally have an un-
pleasant mercaptan-like odour.

The inventors of the present invention have
sought to make new and better disulphide-
type thiamine derivatives and have succeeded
in obtaining a new group of disulphide-type
thiamine derivatives which do not have the

[Price 3s.6d.]

of equilibri

%p PR V&F{}Rt Rngr..ar{rﬁ)m}{jy—tlyp%
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T TATED GRaupesRl s FonitSred SiHE Yiandhe
shifts peiitdhentdhivebert ¥pe 11t 32dalad b nEE’((P@lmii”tpih(dﬂS hich is hadiogaliccand n

pﬁ“ rﬁmllpfxybépq frriggjvep, and
thiamine nvdrochleride

When TTFD, TTPD or TTMD is injected
intravenously into ears of rabbirts, the thiamine
concentration in their blood is increased re-
markably and the high concentration is main-
tuined for a long time. The tests were con-
ducted with rabbits weighing about 2 kg. each.
The amount of cach sample injected corres-
ponds 1o 10 mg. of thiamine hydrochloride,
i.e. 11.8 mg. of TTFD, 13.7 mg. of TTPD,
12.3 mg. of TTMD and 10.6 mg. of thiamine
propy! disulphide. The thiamine concentration
in the blood was measured several times after
the injection. The results were as follows:

w
w
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1to 3. as shown bel ow. [err]
Accordingly, the reaction of the present inven- reaction system Although

nmost of the aboye- 85 tion takes prace T rettral—or—alkaline condi-
exenpllfled,reagents for use in introducing the tions or in other word
the reaction proceeds -S-(CHerr])[err]-Rerr] snoot hl y
at a non-acidic pH The yield of groups are used without the aid of any
other 75 the product may be | owered when the reaction reagent, the is
conducted in a nmediumwhich is too stron% ¥% [err] ¢
90 al kal i ne2 because not _only the thi*3i¥fe or its ypn_LgaggnL_ﬁtdﬁg
is enployed together with rel ated conpounds but also t he product may
an oxi di sing agent such as brom ne, hydrogen be deconposed under such
conditions. The peroxide, potassium permanganate or an 80 nost
preferable pH Iies between 7 and 9. al kali bichromate. Electrolytic
oxi dati on may The reaction is carried out in a salvent such also be
applied for the purpose. 95 as water, an alcoﬁol acet one, an
acetic ester The invention i 'neg howevelr, Limted to the or a

m xture of such solvents, but] ofhef &jok- &uge &f the=parficul ar process
nment i oned above vents may bge usBd if they are inert o the for
converting the -SH group or {thifol }{type 4 1
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ethyl acetate gives colourlgssi~ | | . w-S—ngCH[errj)-R

prisms, mp. 132[err] C /decony Njé ePr exssSionNA groupy =

of nmelting point is observed €n @ Préduct ~ Wien|the starring
material is an O acyl is nelited w t he product of Exapplg 1. 5
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corresponding O acyl EXAMPLE 3. . & 65

derivative, but the acyl grol
parts of thiam ne hydro-
starc- chloride in 5 parts (
a free hydroxyl radical, the
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process propyl thiosulphatelin|5 parits of watgr wth 15 this
invention: in all the Exanpl ¢s par}§ | St |-‘Rr'ﬁngo Thirdy m ni#des later, the
chloroform. - are by weight, analy@ical "values are in per §layer is

]

separated and the aqueous |ayer|isiex- 75 £
B

o 2

gg © © o ~ b

g818% 9 & @ § g

L8 ‘g

g

3

8

g‘: - oo o T2 — f;:

4 L o

© 2

3

! o ¥ g &b 3
f 5 & 8 oF 2Z¢& =
| 2 = 5 2 S = o
| E 12 9% o 38 o £
: A n E.2% £ 8| E
i /2 A s EnE E bR 2
- B E EFF Stz B
! Bk B BRES RES| o«




cent, and all tenperatures are uncorrected. tracted wth 12 parts
of chloroform The

chlorofeFﬂ1suFu{i0no are cofbtrred—amd—straken EXANAPLE
1. th 25 parts of 5% hydrochloric acid, and

sol ution of 20 parts of thiam ne hydro- the acid solution, after belmgﬂ53
decol ourised, is 20 chloride in 30 parts of water is adde d an
neutralised with alkali netal carbonate, when 80 aqueous sol ution, of
sodi um hydroxide (7.2 thiam ne tetrahydﬁbﬂﬂ;yl - 2 - propyl disul- 3
parts of NaOH "1 3U PALLSOf e &filaiv @B NE 1Bl A& RERALA S5 Ulas! L1 g

resinous state. JHRion of tlfi XaMhE it SloGORLBW LReWBE BELTOAs BLALHE %o asyingl d
is 3 parts. - (ﬂil:tEd)MBdch'f:'@'gShamdi ionhu3ﬁhmmut‘@mdﬂ@@k,pam‘tusartdf subate @l desof or m

i s added, foll omd>10199' vgs sgw#. f cystein and then acid <alts aEANPPIE i the presenpinvag
parts of crudé Hffﬂmgé 5 YR gfnhr“fed}pfllusm" “" &S & “6‘I“l§1t°f”8‘f?“‘5‘ff°3m4m Jars s 4pf
t hi am ne hydr o- g‘:ﬁ’m the bsOiksOSEUILPRBIE cdst, B0s parts of water, and the
chloride in 5 paibtisusofhanater thcscoa’ddedk af slm ut| on ——ShhS}I—@H $—8tirred for
30 ninutes. The IE‘NN@FGUL injegrpd 1““21111 “61“ um. hydroxide in. 5 parts

form |l ayer i Sl()s %S: a t‘i’lﬁgth ﬁlg@ﬁ%a{z O%ye iutu%gﬁmci%lgu startmﬂ’matﬁa t Lf; r;ma;'é
ﬂhg

_m

al | owed to stanc rochlSrid %k BaGliRhréoN €€ wukht 20 parts of chlorof orm
30 mnutes and sulﬂlﬁiampardt& diraighrl of ofcorigh cops Al the chlororform
solutions are ‘%ﬁ?ﬂﬂah@d'sahd far lengereden PoPt Bied By —6-Tparts ¥ erude sodi um *°
90 shaken! e 2P %“%)If; A% dyerogh.oric acid.  getrahydropyran - 2
- methyl thi osulgpbagyani 1 c.rhomal iTh&omGirds aed ution is deexl ouri sed and
neutral- st rriistghal Afaet ers oBﬁnccm%nuteest irtvhe  AhHOEBlorSmS—R ised with

al kali netal foﬁrlf% alist ghe Lhe ol 5BR/Ke) M4t B i s separ at eg and the agueous
| ayer is 35 it ht °‘inbt‘°"r°‘éhydr of urfuryl disul phide sepér- extracted with
12 parts of chl or ofagmshistrdtea at eSTRAind N thze_(c&s}n@uss-smate but soon
solidifies chl or ofonditions ol utTH hedrechboAbi ned and shaken (mp.

129[err] C. (dec ng)ﬂgﬂwh ity is % wi t R T8Hharts SoT%% hydr ochl ori c
acid. The pa{?‘f éaéfry“é‘t‘ i 1 P5ation ¥ rom etdylciagerathe gives  acid
solution is dscol oty c&gduands nRUbfcahd s€duiion  col ourless prisnms nelting at
132[err] C (de-mav\mphparailﬂfatlgkrﬁ»smteﬂcor*eaghoné‘te;cpwréﬂeupon 40 conp.). 3%
t hi ami ne tetrahy" G‘“““‘Q"— YnBERPE @cet] - ave the afore-
phi de separat es {J}%& P ms"”é;””éy ﬁﬁﬁ“e md Q:lis?ﬁ? e the afoce
C[err]H[err]C{oerp erﬁﬂes&ew dhyb:didR); cor bhd . BBuire ahh obxil, Rowevany! sdion or a

cr ySt alli ses in of checou®@laed ga:'x"atl\ Fo(u:ppdcerm ourds 0'}.1'\ similar Eo RZ, 1}:1(1(‘} ?r:ﬁl;giif:ﬂﬁt%@ 4;0
prism, mp. 12027 tescoms o 8 ST PR AT
yield is 1.4 par, ﬁ;%cm.Q hgi@- b0y EJFQ&T@ b@nhlammg or related Cﬁ'naound

EXAVPLE 2. 35 the —SH oroup mto the Zene gives |ar gét is gtrouliy besn leahémine4hd it To
100 parts of 50% et hanol _are added ' DEE0} dw\t\lqtsl Sozur:l;rgr:n?aig
of tetrahydrof urf uryl tefranyforot- o R ARB e B

and the thiol-tvpe,

the formla GEYL thP SR iNAES1 BB randl PAIS So @c hiI-@P8 Mealkaline conditions
hydr ochl ori de aridh hedmixi gisgivi shoa‘f%l_m&tréd’mt Oand to th Hur® up -t thpedn 4dDeradiirabus
sol uti on of sodilupd50 hydroxide. While maiht®A ‘"ﬁ i the pH, the

[err] m xture |s rned for_one hour ea,tq aqterrp cture between
50-60[err]C., whenRt | Machrsie | r eagtioh e ﬂjre be@orres
negative. Af t % _ H,[/é«r\rh] decol Quf i SI m\xt ur
concentrated ti ¢ ¢ 3 Sp dryness a*é?r re'd"eed rgssure
and a little amount of wat éﬁsl%*zafﬁﬂéd to the residue tdhdl”%z‘“‘ 2"fher ei n

Rlerr] is a neth é)r et hyl- mo% R[err] |sa tsol 3

. Do ecordi .

i mpur it es, M@ﬁ i %ﬂﬁm R T L g& o,
Rlerr] St NGians &8I dASr WA &1 rea Q%Weds sol 11di f1 s AR, ),—RS rogen or
an acyl group aRrflodthiy ot a fesadidic w8, Thd Gicld of t dreupwade|usddf withhe thd dig kf by other

scratched (m75. teagfdurtyrpag be lophrod whag bryetct “roﬁ‘ﬁ"f{"f’t‘!ie 35: 60 mp.)). The
hich g
yieldis 1.2 par}g kam{ﬁ%ﬁjﬁ B e s RTPOUNAS hARY L @mfﬁ{omﬁm

related compounds but also the product may an oxidising agent such as bromine, hydrogen

be decomposed under such conditions. The peroxide, potassium permanganate or an

80 most preferable pH lics between 7 and 9. alkali bichromate. Electrolytic oxidation may
The reaction is carried out in a solvent such  also be applied for the purpose. 95

as water, an alcohol, acctone, an acetic ester The invention is not however, limited to the

or a mixture of such solvents, but other sol- usc of the particular process mentioned above

vents may be used if they are inert to the for converting the —SH group or thiol-type




4 833, 391 thiamne or its

related conpound into the Ilisation from ethyl acetate gives colourless
-S-S-(CHerr])[err]-Rerr] - prisme—mp—i32ferr]1 C
(deconp.). No depression - group.

of nelting paint is observed when the product When the starting
material is an Oacyl 1is nelted with the product of Exanple 1. 5
derivative of thiamne or of ethyl thiamne, the product is also the
correspondi ng O acyl EXAMPLE 3. 65
derivative, but the acyl group can readily b<‘§3391 To a solution of 3.4
parts of thiani ne _Hydrao- split off by 1f the

start- chloride i fhidmi iadrt Bs ﬂﬁ'trwa;.tneﬂf\m_ins iaddid &Hssgol drem cthyl Mt ¢ nitcerdblatrichas
a free hydroxyl radical, tHe-S+C8aoR 1.2 partgr‘ﬁfﬂ% dPting-/ ég\ﬂécl‘rﬁ‘%

10 product also h&&h free h droxl, Ladigal, B creoel r;"sf,i 5P B Ao
mxture is left §t§{@ : gofﬂ, iami h@o qil XWincOioup of the product can or
30 minutes. To t hepxmuxit u¢ elsb Stad hengsﬁﬁldxed 0-240 acyl at Eghsirne B usual 65
manner, if necessatgyivative, but the 3%1 wen smo‘f»de:hlbor olfiﬁwrﬁ“u'f\mlgf bc\,}}edwlgythaﬁs&@hm;w on

H 1 ey 218 i Vil & -
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chl or of or m sol ut i osst andellcambinsterangorshaken  traced with 12 parts of LFILEO(’;&(IWPLEFLl
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lotic a x and
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ool he THRIG \1“1(1

of water), and theauoply fiemggemr;@hgg%gugn tLP]e resious state. The

mxture i s cool @l wldrdiornads erdedT oo Yo Ur a»husP yield is 3 pantess4 al | oned

to stand for 30 mi rf@@@srts o6 Oudsardian @Wl?@ofurcm‘or ofbdrzm\ovtnsl cadldedrs of Glamnaglcpy 85

a sol ution thiosulph ‘“:_f" {RIE aen and g gigos gar‘t ‘sp‘etf%‘r ”?ﬂ‘ﬂfﬂﬁ‘““’“
whole h'f red fof IS, ‘i F art ,PI cr\7n| in >

tet rahydr of ur f uryl form 1y G SQLUELAR Qlad: pa? L AL R e TANRE mm@%‘

t hi osul phat e i n380isparted ofxcbmm @0 par&R dﬂfh@mn chib Qﬁllud@ ifd D patst s 1mwaﬂheﬁs

is added a sol utiofli the c'wxmrneﬂl glﬂxst“rnrqt@hlmfderi3@dw nucesd b Isepachlobrd: sgfum 5
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the agi ueous | aver Lrbb AT v dhE A G, alb e T, & I
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fol lowed by 6 part &z é,gh 5 g ;L‘f,l {f H&kéa Bt B 50 Idoproriscigod he
hydrochl oric aci d. ggﬂ@sg ;ﬁat&gﬁpg% c. e IetiB uf At E! m L oeaiie
acid solution i §0dawhour| sed and neut raI st |t}f|:['qh1ﬁ]:gcgtrAf}§ﬁfu'\30- 2 mnﬂuﬁe&aul-

the chloroform kr‘iia" k c aphidn atperatenher Buip(!ﬂmmiaayléqldnms 100
tritamne tet rahyd%ﬁfli u&x} %gjp %)bﬁii @3 1 abichchowever i p‘? & qfourless

chl oroform The ates out in the’resi nous'st‘vaﬂ’e}’S mﬁpaﬁo%c@ ittt |f,¢,§1 e
chloroform solutions are cﬁxnbwne:d and shaken zef@%ives larzc(dMoﬁJ:JLsJJ&Q serr
(deconp.)). The i glja’ 1@ pg ?@g59h ‘]E§a Patre 8disf 5UHAYAYPChROVIIS: -aci d. The . 105

arts of tetrahydrofurfuryl tetrahydrofur- P
/f. LRt 2 )
furvlthlosulph'nm. and 2 parts of thiamine 1. Compounds have'the formula .1"

nvdrochloride and the mixture is adjusted to
pH 8 with a 10%; aqueous solutian of sodium .
50 hydroxide. While maintaining the pH, the Rl /7 -S-(:Hz)n-a?
mixture is warmed for one hour at a tempera-
ture between 50—60° C., when the thicchrome / “C\
reaction of the mixture b'.comc> negative. After
decolourising, the mixture is conc entrmd to
55 dryness under reduced pressure and a little
amount of water is added to the residue to dis-  wherein R* is a methyl or ethyl group, R? is a
solve inorganic impurities, when an oily sub- tetrahydrofuryl or mrah)drop\raml group, R®
stance remains, which, however, solidifies when  is hydrogen or an acyl group and # is a positive 110
the wall of the flask is scratched (m.p. 1295 C.  whole number from 1 to 3. _
60 (decomp.)). The vield is 1.2 parts. Recrysmal- 2. Compounds having the formula
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arts of crude sodium tetrzhyvdrofurfury
t..:o;ulp‘u‘c in 30 paris of water, and the
whole is stirred for 20 minutes. The ch
form layer is =Lpar_’.:ed and the aqucous lave
is extracted twice with 20 parts of chloroform.
All the chloroform solutions are combinad arnd
shaken with 50 parts of \”3 kydrochlaric acid.
The acid selution is decolourised and neutral-
ised with alkali metzi carbonate, v‘w*u.),m
thiamine tetrahyvdrofurfuryl disulphide separ-
ates out in the resinous state buz soon solidifies
(m.p. 1297 C, (decomp.)). The vield is 16
parts. Recrystallisa atian from ethyl acetate gives
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Analysis:

Caled. for CI,H._-,.,O;.\’,Sn C, 51.22; R, 6.58.

Found 51.11; H, 6.45.

EXAMPLE 2
To 100 parts of 507% ¢thanel are adde
3 parts of tetrahydrofurfuryl tet.ahv*roﬂ.*-
furylthiosulphinate and 2 parts of thiamine
oydrochloride and the mixture is adjusted to
pH 8 with a 10° aqucou; soluticn of sodium
hydroxide. While maintaining the pH, the
mixture is warmed for one hour at a tempera-
ture between 50—60° C., when the thiochrome
reaction of the mixture buorms negative. After
decolourising, the mixture is cencentrated to
dryness under reduced pressure and a liule
amount of water is added to the residue to dis-
solve inorganic impurities, when an oily sub-
stance remains, which, however, solidifies when
the wall of the flask is saatchnd {m.p. 1292 C.
(decomp.)). The vield is 1.2 parts. Recerysral-
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To a solution of 3.4 parts of thiamine hydro- 85
ckloride in § parts of water is added a solution
cf 1.2 parts of sodivm hydroxide in § parts
of water. The mixture is allowed to stand for
30 minutes and 12 parts of chloroform is
added, followed by 6 parts of crude sodium 99
tetrahydropyran - 2 - methyl thicsulphate with
stirring.  After 30 minutes, the chloroform
layer is separated and the aqueocus layer is
extracted with 12 parts of chloraform, The
chloroform sclutions are combined and shaken 95
with 15 parts of 575 hydrochloric acid. The '
acid solution is decolourised and neutralised
with alzali metal carbonate, whereupon
thiamine t=tr’1h5d;op\ran - 2 - methyl disul-
phide separates out as a resinous substance 100
which, however soon crvstallises in colourless
pris-ns, m.p. 126—127% C. (decomp.). The
yield is 1.4 parts. Recrystallisation from ben-
zene gives large colourless leaves.
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1. Compounds hawe the formula /WW?
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wherein RY is a2 methyl or ethyl group, R? 1s a
tetrahydrofuryl or tcrrah}drop\rdmI group, R
is hydrogen or an acyl group and # is a positive 110
whole number from 1 to 3. i
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of the fornmul ayhercin R? is a tetrahydrofuryl or tetrahydro-
40 pyranyl group and n is a positive whole num-
ber from 1 to 3. :
5 3. Compounds having the formula

wherein R* is a tetrahydrofurs! or tetrahydro-
pyranyl radical.
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wherein R* is a tetrahydrofuryl or tetrahydro-
pyranyl radical.

5. The compound having the formula
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7. The compound having the formula
CHO
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8. A process for producing a compound hav-
20 ing the formula

2
s-s-(ca ) -2
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, 2 wherem_RZ 1s a methyl or ethyl radical, R*
is a tetrahydmfur)l or tgtrah)drop)raml

- group, R* is hydrogen or an acyl group and .

25 17 is a positive whole number from 1 to 3,
which comprises reacting a compound having
the formula
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where R? and R* have the aforementioned sig-
nificance with a reagent which serves to con- 30
vert the —SH group into a group of the for-
mula
—S$—S—(CH.,)),—R*
wherein R* and » have the aforementioned
significances. 35
9. A process as claimed in claim 8, wherein
the reagent which serves to convert the —SH
group into a group of the formula
—S5—8—(CH.),—R*
is of the formula 40

R:—(CH.),—5--S0,—M,
0
N\
R"—<CH ._.),!——S——S-—-R,



wherein RZ is a nethyl or ethyl radical, Rerr] is a tetrahydrofuryl or
t et rahydr opyr anyl Rerr]-(CHerr])[err]-S--SOerr]-M group, Rerr] is

hydr ogen or an at:)a» group ancr Z5 n |s a posStirve whole nunber from1l to 3,
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