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Masayoshi Samejima, Isao Sugimoto, and Isamu Utsumi : Stability of
Thiamine Solution in the Presence of Sulpyrin.

(Pharmaceutical Research Laboratory, Tanabe Seiyaku Co.,/ Ltd.*?)

The stability of thiamine in the presence of sulpyrin in buffered aqueous solutions was
examined over a pH range of 3.5 t0 6.0. The apparent first-order rate constants at various
pH and various sulpyrin concentrations were determined. The influence of ionic strength
and acetate ion concentration was also investigated.

By the addition of sulpyrin decomposition product, 4-methylaminoantipyrine, bis(4-methyl-
aminoantipyrinyl)methane, aminopyrine, or formaldehyde sodium bisulfite; the hydrolysis of
thiamine in the presence of sulpyrin appears to be catalyzed by bisulfite ion formed as a
result of hydrolytic cleavage of sulpyrin.

Decomposition of thiamine with sulpyrin yielded a substance (V) of m.p: 183~184°, which
was found to be N-methyl-N-{(2-methyl-4-amino-5-pyrimidyl)methyl}-4-aminoantipyrine
from its ultraviolet and infrared spectra, color reaction, and elementary analysis. Further,
4-methyl-5-thiazoleéthanol and 2-methyl-4-amino-5-pyrimidinemethanol were identified as
the decomposition products of thiamine.

(Received November 15, 1965)

F73v (UF BL &) (1) © WEMMKBRIRATE ) ZETH B00Y THEEED # 761 X b DT 2
2-methyl-4-amino-5-pyrimidinemethanesulfonic acid (I') & 4-methyl-5-thiazoleéthanol (II) 1= 4 fE3% = &
RELR TN 5.2

CHs N H—NHZ . HCl Na,SO; CHs— N ‘l‘|~NHz N ———H—Cﬂg
CH2 \ pH 4.8~5.0 N N /—CHz—SO3H u S J-CH,CH,OH
I H3C CHzCHzOH I m

LTHIRN, FARNE B RFEBET7 I vEBIOERREY Nz 5L, B DHFRITIREZ N, BiDF7 vV — 1
Bz 77 s vEBBRTHEHEL T .

, HaS0s CH—¢ N NH,
I + N — , + I
N— — N le,-N7
N P N—
cl

WF B RBERE ALY v (V) BRne X 0 SFMEET S Z LB L e TW B DT, ALY ) Vilfe
ShicBaD B OREW, AR, SIREHIC O TRE L. |

ETEADORBEICANLE Y VERINLUCEA, pH 3.5~6.0 ki35 Bl OREMY BIE LR, &L
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13 70° CIRBFHTAOMBLY ALY VEED
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Whs By HBOMEE L 7t B LTI, B o4 S
REERIOED LTS, )
~ 4B kB +RBYD) (1) E
CeTh ALY Y VEANOETIC LD By &
SIREEER, ke 12 AN €Y VSRR
X% Bi HEEEER By 57 3 VRE, , \ - ,
O BFWEOALE ) ¥ AREE, B OF r # ime s
DI OLSEEERY k LTHE (D) XD, Fig. 1. Apparent First Order Rate Plots for Disappea-
kz'd(Bl)/dt —ko-+ka(D) C(2) rance of B;HCl at 70°, and pH 6.01
(Bl) Sulpyrin concentration :
x FOVCSF%%@Z/V ) ‘/EZ’?X% R%, = O—Q control, @—@ 5.29 x10-8)\,

OO 26.5x10"8M, @@ 52.9x10-8)
NEY VEIREY S ETHEY :

TasrLe I. Effect of varying Sulpyrine Concentration on the Apparent
Rate Constants, for the Disappearance of B;HCl at 70°

Sulpyrin concn. X 103M

pH®»

o Control 0.529 5.29 26.5 52.9
3.50 0. 00224 0. 00429 0. 0137 — 0. 0456
4.05 0.00268 0. 00440 0.0189 — 0. 0661
4.51 0. 00275 0. 00436 0.0167 — 0. 0690
5.00 0. 00320 0. 00507 0.0243 — 0. 0822
5.55 0.00351 0. 00569 0.0283 — 0. 0930
6.01 0.00325 0. 00599 0.0237 0.0734 0.0910

a) pH 3.50: 0.0925M CH3COOH +0.007504 CHsCOONa
pH 4.05: 0.0796M CHsCOOH +0.0204 CHsCOONa
pH 4.51 : 0.0553M CH3COOH +0.0447M CHsCOONa
pH 5.00 : 0.0281M CHgCOOH +0.0719M CHzCOONa
pH 5.55 : 0.0110M CHzCOOH +0.0890M CHzCOONa
pH 6.01 : 0.00250/ CHzCOOH+0.0975M CHsCOONa
Ionic strength adjusted to 0.1 with NaCl.

(100—R)=a+S? (3)
a, b XER. il —1<b<0
D=(100—R)S TH%DT, 3) XY

D=gq.Sb+! (4)
@, @ xv |

k=kho+kqeaSt+t (5)
LT B) b

log (k—ko)=log K+ (b+1)log S - (6)

722l K=kqea
(6) RO A e T 570w, Table I 0% pH w35 & ko, S % (6) tfUA LickER, Fig. 2 iFETXx
S5 (6) BT B LV b, ALY VOREYL Bl SROMBELTD Z LR T
Windhauser SEVXEERE LC 7 = VERE, BE UV vBEEZHAVWS L, ChboEX Bl oiks B2
HELMBEOEEX 2 THEBRELTCNABDT, ALY VHIEETHESL - bOEIMEIEASY T 50 B B

©4) BB, BA, N EH%E, 26, 23 (1966).
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Fig. 2. Relationship between k—ky and Fig. 3. Effect of Acetate Ion Concent-
Sulpyrin Concentration at pH 6.01 ration at Constant Ionic Strength (0.2),

at 70° and at pH 4.68. Sulpyrin
Concentration was 26.5x 10-3M

B Uic. pH 4.68 BHEA-BREAT 1 ) v MBI A AV BIBE OIRE R B S48, HMbT b U & ACA oF VERE R —
FBL LTRDI b EHBEOCREY vy +35&, Fig. 3 ©R3 X5 CHEBET Bl O9BE{EETS o &
RHELNERY, Fig. 3 WEBWTEHBEOREN 0 DL ED k 2#MNFELTRDB L k=4.8x10"2 T -7z,
KNT, A4 VIERE (1) OFERMD-oic pH 4.68, 0.1M Bip-BEEE - F V v A EBRICIELF b U v A
Bz ¢ % 0.1~03 KRB LALBE, k & MV 13 Fig. 4 RTTELFREGETCRA + VERE 0BT
BEAERD BRI » T2,
Tasie . Apparent Rate Constants () of B;HCl1

Disappearance in the Presence of Sulpyrin
or Its Decomposition Products

. 8 ‘ at 70° and pH 4.68
e Molarity of sulpyrin or its -1 _
4 decomposition products ( x 108) k (hr."1)x 10-3
I 1 ] .
0.2 0.4 06,75 Control 4.99
Fig. 4. Bronsted-Bjerrum Type Plot Sulpyrin 29.6 63.3
at 70° and pH 4.68 A~NHCH, 29.6 5.45
Sulpyri centration : 2.65x10-8M Bis 14.8 6.16
ulpyrin conce H A Aminopyrine 8. 8 5. 12

A-NHCH : 4-methylaminoantipyrine
Bis : bis(4-methylaminoantipyrinyl)methane

ClEDERI Y Bl ZALY Y VOFERY WS

0,
LA RRERIL D EXHS1eDT, ANE Y VO ﬁlé)
it B 3a% By OARCBIET B0MBIDICALE B 70
Y VY E#E L BT 5,59 4-methylaminoanti- 2. 0 S
pyrine (V), bis(4-methylaminoantipyrinyl )methane = T o
(W), aminopyrine %N 7z & ¥ D Bi OREMLE K & 1 . ‘ | |
F L7 Table I 265007 X 5K, ZhbD 2 4 6 8 10 hr.
L& By HRCBE LTUWELW DT I HIZAL ' Time

o N : : Fig. 5. Apparent First Order Rate Plots for the
vy vHIEERCH B formaldehyde sodium bisulfite g
)V BAERRTD Disappearance of B,HCI at 70°, and pH 4.68

2 TeBAa F )
<HOCstosNa) %73[117‘\_% = o %%ﬁ%ﬁﬁl\f %% HOCH,SOzNa concn. : Q== control,
Fig. b @R TX5k B I FBRRLEEL B & & @ —@ 5.93x1078M, (emerr() 29.6 x 108M

5) ®i&% : sk 76, 1180 (1956).
6) G. Wagner : Arch. Pharm., 289, 121 (1956).
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2ot b, Fie By XERREC X o TOMRT S S ERMOR TWAHD T, AnE Y vD -CHS0:Na 7t By
PRI ET S L Bbhb. Fig. 5 ©B\T log(By BER) LHMO 7 ry MIERE o b THMLERC
LT B XHETHLHEESINS.

SER By, A4 YY) VIBSKER R ME L CHEH OV THRR Lc. DR DR — =g NS T T 4 —
- 2-methyl-4-amino-5-pyrimidine methanol (I[) # AL, WKL 7 LA VL L=~T 1T HWHL,
= —5 @YX h 4-methyl-5-thiazoleéthanol (II) % #ERR L7c. = —FAMBBOKEBR 7 v vk LA THETS
2 I o mp. 183~184° DipE (W) %7, VI ORMAWBRIL A < 7 + ik pH 1.4~5.0 Tk 246 mp
AR Y, pH 237 v Vigicies & 246 mp OWEEHED L, pH 9.5 ‘Cix 233 mp, B LT 271 mp
B AREAETS. Fh 237.5mp & 273 mp SR E % b, Bi o pyrimidine OB EE SN D (Fig.6).
FABRILA 7 b AREORKS, 1640cm™ I3 73 F, 75em™ g v 2 v/ BHEDORILIFED B

1.0+
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0.2 0.2+ o D
! ) ~
70250 210 290 310y - o—¢
Wave length A B C D E
Fig. 6. 'Ultraviolet Spectra of VI Fig. 7. Thin-layer Chromatography of
___________ pH 5.0, —-—e— pH 7., Pecomposmon Products of Bi-HCl
——— pH 95 in the Presence of HOCH,SO;Na
A : 4-methyl-5-thiazoleéthanol
h,%&m“ﬂ@%ﬁTE/’EDV@%ﬁ%%@,aﬁﬁ &2&?@?%Mm%mmmmw
methano :
RWHINZ D& MEWEELEL, ZhboKERNrs Wi C: BrHCl .
D : degraded solution
phenylpyrazolone % & » T\ 5% & & B3PI 5. Lk E : HOCH,SOzNa

DIERR LOTESHOER S W 12 N-methyl-N-[(2-
methyl-4-amino-5-pyrimidyl)methyl)-4-aminoantipyrine & #3x %. %7 B; » HOCH:SOsNa i X % iy %
WEI e~ /F 74 —~THRELER Fig. 7T wixd2E< Bk 4-methyl-5-thiazoleéthanol (1), 2-methyl-
4-amino-5-pyrimidinemethanol (I) e MR XN 5 & L HHER L.
AAEY VIE Y T B BWAEI NI oX D X 5 4 DEBIELONRD. Tiebb,
(A) Bi+sulpyrin —— products
(B) sulpyrin —= 4-methylaminoantipyrine (V)+HOCH:SOs;Na
B;+HOCH;SO3Na —— products
%7213 B1+HOCH,SO;Na+(V) —— products
(C) sulpyrin = (V)+HOCH;SO3Na
HOCH,SOsNa == HCHO+NaHSO;
B+ NaHSO3; —— products
. % 7-1% B1+NaHSO3;+(V) — products
(D) sulpyrin == (V)+NaHS0;+HCHO
B:+NaHSO; —— produts
%721 Bi+NaHSO3+(V) —— products
By L AAE Y VOESMEYITIEC IR~ & { pyrimidine . phenylpyrazolone % 3> WM TH5H L, X
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LiIcAL ) v pH 4.7 BEWCHERES 7 v v h L A THET S L, 2= ek AR 4-methylaminoanti-
pyrine (V) 2\FERR ZN/=DT, AAE Y VIIKBHKE T5 L EBIZ-CHSONa E2REL VlsET 52 &b
Y, SHLRANE) VRN Bl SROMIEEEL 5 LRELCHE L 6) Rt Fig. 2 @ RL X 5K
L, A) X5 Bl SR ALY VAFREEMEEE b : Bbhs.

FD B, AN Y VRESBED 7 v rdr sRHHBEOKEI: =2 v KRB L, EBEBEE Ltk e 5
EZRbA A v RH RS LRI, SEMMBGEKLE W 5 WEEMLT By, ALK Y VRSB IRID T ODHRK
ric iy Fig. 1, Table I OfERZ 6B ERTH L v REBEETHANLNE ) VIR SR LI LBbh5s. L
fedio CHBRFCIIEBBIEOFAENTEIN, ¥A@B/r<1 257 1 —12 )X T3 HOCH:SO:Na %
ATET, (B) DBERIZ L - T By i3S9 L7s\ & #2255, '

> ¥ HOCH:SOsNa 2:5 NaHSO; #3453

ml. ' BOEIEMD Iz pH 4.69, 70° & k13 %
© HOCH,SOs;Na o %5 % HOCH,SO;Na 51

, BEDa v REMABHFTS 2y R F AT
1.0 PPOO-000~0—0—0—0 ° o=  FYv s NaS0s) THEET S Lk VR
‘ L7. HOCH,SO:Na %5 NaHSO; 2343 hif
B NaHSO; & = 7 2 RIG L C NagS:0s DiEEE
DA% 23, Fig. 8 THRS X 51z NasS:0; o
56 Th gmEn ECmrl s v RELBETH T %

Time 7z 4-methylaminoantipyrine (V) 2384 L ¢ %
Fig. 8. Relationship between ml. of Na;S,05 and Time —%E T HOCH,SOsNa %> & NaHSOs o ERII%E

‘ : Exhb. b C) DL ALEY VR

BRI L C L DY By O OEEL 78 LRETIE, Bl ORERRF OB BTk Bl 0Ff
BOBWEME T o time lag SFET A EEZBNREH, ALY VEERO Bl HowiHo log (B BE
) Lo ey PIFELCERE LD time lag DO . AL DERMS (C) ORI L - T

Nazszos

T
.

Chart 1.
,CH; 7 N CHj N
HSC [ N\CHgSOgNa Hsc—l —N<CH20H
H:C-N = H,C-N + NaHSO;
\N/=O «H,0 \N/:O
| |
C6H5 ]_V t\ CGHG /
cr oo
HiC—-N-CHy-N-—=-CHy ~ NeOH  HC-—-NH™
HC-N_| g 0ol N-CHy 7 HC-N ‘_‘ + HCHO
N7 NN/ \N/~
t I ]
CsHs V.[ CGHS C6H5 V
HaC—l |—NHzHCl ( S N-CH,CH,0H HiC- = NG NaHSO,
+ } —_—
CH, J~CH3 HC-N_ Lo
{
¢
. a &ty
CH,
N ! N
H;C~#""-NH; N——=-CH; N-—-CH; H;C—#" " Y-NH;
/ol Ncm * || |
CH;/ O= Bt _CH OH o
\/ 2 1[\]‘/ NG/ CH,CH, ) N\/ CH,OH
i CoHs - -
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Bi WAL EEZ B,

DEDERNS AL YY) VAL LS Bl 0SB D) 0L 5 AVEY VR IRT 5 LB bic NaHSO;s,
HCHO, 4-methylaminoantipyrine (V) %4 U, NaHSO: 0T TR, FARDOEEHED 1wfe - T (V) 28 Br @
F7V—ARKEERL (M) 23Tkt #E% % (Chart 1)

£ B o #

SHelds SUREK ALY v BFm% EtOH b E&ER L, owe CHCl < 2 HEw, 105°, 5hr. #
%, B;+HCI, aminopyrine : [§77 . 4-methylaminoantipyrine (V), bi5(4—methylaminoantipyrinyl)methane (VD)
EEZo e 4-methyl-5-thiazoleéthanol (I): Williams SO FErELELD L AK, 742V e
K:sFe(CN);, Dragendorff 33, 0.01N I, 0.01N NayS:0;: FH.

B, L MREE B LCAWRBRRRKR T CHAN—EEBL No KT CAALTHEMLL. 100
ml. 2273522 c@EEKH 80ml Mz, 70° EEKEc ARERCETE BisHC1 20.0 mg. &L O¥RMY
BNz T0° @ 100ml &L, ME—EEEC LR EEUBRELZRE L. ERERER BrCN %
WHFA 2 B — ABER L ot HENUDA—AFy PEFEH BICN ¥AVWLIHFERELEA—DOERYBI LR
Heh i,

By, ZLEY LARMONEE R BieHCL Aaey v soxo 10g i pH 4.7 AcOH-AcONa R
50ml. fm% Shr. mn#GEWEH NaOH iz c7rrvdEs L=—7 L THHE. = — 5 A B% JmK NasSOy TH
Big, =—5AEE BbhiBECE s Y VB0 BIOH BREMAE 7 7~ LT 5. #HE R &, m.p. 1620
Williams © 53D ©f8% 4-methyl-5-thiazoleéthanol () o 7 7 — + LEM, MKETES. =- 7 2 FhH
#%oKER CHCl; ciilti. CHCl; B % Kk NaSOs TR, CHCl; g LcEGamRhE2B. =—-Trz
e CHEBETS LR 45g HO0 X b BiER Aatgbika (), mp. 183~184°. CysH32ONg Anal. Calcd.:
C, 63.88; H, 6.55; N, 24.84. Found: C, 64.06; H, 6.20; N, 24.68. v7 5 — 1 ® m.p. X 219~220°(decomp.).
TABVEETIMONBRY R——/r= S F7 4 ~T BELEER 2-methyl-4-amino-5-pyrimidine-
methanol (VI) %7 (Rf 0.68). {FiK : HEFK No. 51, BB : n-BuOH-EtOH-H,O0 (2: 1: D, 2 &R
3% : Dragendorff R#, 4@+ o HOCH,SO:Na ORROHE 7w <+ 7/ 77 4 — 34 o BRI (PH 4.7).
BRE L Lie. BEHF : Kieselgel G, 0.25 mm., 105°, 30 min. RBEELK n-BuOH-EtOH-H,O (2:1:1), &
@R . I vapor. 7x %t » HOCH,SOsNa«H,O o Rf % 0.28 ¢dH - 7c. :

HOCH,80:Na [ k% B: ONBMORE RPEW + BieHCl 337 mg., HOCH,SO;Na.H;0 1521 mg. %
pH 5.0 AcOH-AcONa &< 100ml. & L 70° 24hr. L, 14 BECHTERE BEH: Kieselgel G,
0.25 mm., 105°, 30 min. jn#k. EEEL ¢ #-BuOH-EtOH-HO (2:1: 1), 2@ 3R % : I vapor % X 0 Dra-
gendorff 3K, :

ZILEY kE%kD CHCL: HH CHCl; 20ml. w2 vy v 10g., pH 4.7 AcOH-AcONa #Z& ¥ 20 ml.
Mzt bie 1min. E#E L, CHCly 8% 4K Na,S0; cE g, CHCl; #8% 35 & Heauliky 100 mg. #»
B, v735—~bt &$H. mp 172%(decomp.). EE%E O FFED B 4-methylaminoantipyrine (V) o v 7 7 —
b LER, BLAKRTRP, ¥k IR LA —&KL.

HOCH,SO;Na DZEFEE pH 4.69, 0.2M AcOH-AcONa #& & % # 40 ml. % 50 ml. x A7 5 A2 AR,
700 fEE Kk AR, HOCHySOsNa-H,0 67.7mg. #jnx 70° @ c 50ml. & L—ERMI LK 1ml B9,
0.01N I, 1ml. % < 5min. #%ic N HCl 1ml., HO 10 ml 2 mxCi@BE o L % 001N NayS$0s ¢ 8 &
(BAREF VI VRE). tBHILNLLD HCHO 1t I, RIS L2 &% fEmdfc. ¥ 4-methylaminoanti-
pyrine (V) SETEF 5 & ¥ 13 ERFEE Licas » T HOCH;SONa & V ¥z pnz, —ERMEI i Sml
Ry Vs I 2RIET 50 c CHCl cHil LTV 2R B 2w TRE L.

W o —WMIT B EEEAMERERC & » . ¥ e AR R M » T R B AR BRRERWL
B LET.

FH 37 4 2R B4 B SE R
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