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Studies on the Stability of Vitamin D, Powder Preparations. IV.D
Isomerization of Vitamin D, and Related Compounds catalyzed
by Surface Acid on Excipients, and Active Site
for Catalytic Reactions
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Shionogi Research Laboratory, Shionogi & Co., Lid.»
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This paper deals quantitatively with the relationship between the surface acidity of ex-
cipients and isomerization of vitamin D, (I) and its isomers, involving isocalciferol (Im),
5,6—cis—isocalciferol (I1I), isotachysterol (IV), precalciferol (V), 5,6-trans—calciferol (VI),
and tachysterol (VII).

Isomerization rates and products were examined in hexane solution of each isomer in
which CaHPO, (pK. 0.8 to 1.5) was suspended. The results showed that the isomeriza-
tion products are I-II and IV, III-II and IV, VI-II and IV, VII-II and 1V, V-L1II,
and IV (I is thermal transformation product of V), II-»IV, Similar results were obtained
when natural aluminum silicate or talc was used. The isomerization rates of vitamin D,
and its isomers were intimately related with “Bronsted acidity,” rather than “‘Lewis ac1d1—
ty,” on the solid surfaces. Natural aluminum silicate was base-exchanged with sodium
chloride solution, and was re-activated in air at 300°. This sample exhibited little diminu-
tion in Lewis acidity although its activity in D, isomerization decreased markedly with
decreasing Brénsted acidity. On the other hand, ca.talys tsample which had been saturated -
with perylene, that gives colored complexes with typical Lewis acids, was found to be
still effective for this isomerization.

In a powder preparation, 5,6—cis—isocalciferol (III) was obtained together with II and
IV as the isomerization products of vitamin D, (I). ‘This differs from the results obtained
suspension samples. ’ ‘
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723 Dy 12 BFH ®° AcCI® £k p IL 5XW IV Ik F/ea vRICE D Dy i3 VI &, V 3 VII®D &
HibEh? Lobh Tz, F iV I MEWOREE ChEOEBRR P CRAEN KR D, kRBIEL, FERESY
DORT 5% 23 Dy &85 2 LB T 5.8)
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HE D, nEHYx i vEORKR, D, ORMABHIHBMONET D, L BLLEREAVWE. KA,
1BT =27 a (BF), g2 BFH), VvBAZE»A Y s (BHFEFHRREER) RIS 18, S2#%
AL oRMER FRRAE BE, PEFVIY (WThIBRHR BRERBEST v r ~ 2 —thERT+44
L TRV D, BIUOZoBRMGOEKFIE, Th b % HEE{kF o butylated hydroxyanisole (BHA) o
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ERL EDE~Fy vEEILTHBAH-ERCEM, RETEELYRE, BRLT2 - k.

REBREORE EhoXREHCI: Bronsted Bi & Lewis 25528, ChboBE OM (BB % &
OBBEY 28 1 ROFEC L2, WFhi v s e~sy vhCHl%E, %% Lewis it . Bronsted g © 4
HMHAEZSE OF R X - 7.

a) Lewis Pl BIEH 01g 2 7rr bV 7= 2v) 0.2% Y7 r~%+ vIEK bml i
W, BRLERT 20hr KE, BAREEOI/r e bV 72 =212 2 V{E2IKRESRY Lewis BELTH. Thb
BbYy 2 AV—dHBEEAL, YIre~Fr v TYBRES LB —I10h) L, oF v 7 r ~FH -k
(95:5) B TLEREN LBE Bhr) 35, Ktvrem~ryrvisdpl, BABEECEM L Lewis i
LTHERL, EFERELTWBE 78R b 7 2=t 2 2V ) T2 h A2~k e » TREET 5. W
EHEFE, RBWE HSO, winl, WR 430 mp oRIEE»RIE, Lewis B % WA 1g ¥ hos=
BRV 722203 ) AP TRLT, REBREHIZ P Y vz =230 -4 0 HSO, BEK (0.5—4
pg/ml) #Hi5. : . ,

b) Bronsted B EE— R HEOKEE Y Y, BHEEFHOS » + v EHOB A+ v AR L T, KEESP ;
CHRIBERAT r b vORE L D Bronsted BBOZDELRD B WHY BT 235 % 2%, IKAMESEEE RIS
CTHEOTEEBRZILL, —REHFKREREF7 I VHEETRDOh 2B L b Lewis MR % 28] Hikat

TlabhTws0TEEL zhic LicH -7, Tablel EREBRHWEREH OXEREEY =T

Tasre I. Surface Acidity of Excipients

Acidity
Excipient ACI.(?PsKtre)ngth Lewis Total acid® pK, range
v : acid® P,
3.3 <6.8
Natural aluminum silicate —8.2to —5.6 0. 122 0. 600 4.50
Dibasic calcium phosphate (a) 0.8 to 1.5 0. 00071 0. 050 0.06
Dibasic calcium phosphate (b) 3.3 to 4.0 0 = 0. 004
Talc ' =15 0. 00058 0.004 . 0.30
" Lactose 4.0 to 4.0 - 0 o — 0. 0003
. Sucrose o >4.8 0 — —
‘Wheat starch >4.8 A0 — —

a) Lewis acidity: triphenylchloromethane titer (m.rﬁoles/g)
b) total acidity (Lewis acid+ Bronsted acid): #»-butylamine tlter (mmoles/g) in the pK, range: indicator, dimethyl
yellow (pK, 3.3), neutral red (pK s 6.8)

BEFIOEEF PY Y LB LVRY LB BEH © Bronsted B &% BRI ST 5 o, FER
B o NaCl KE¥—E&x e CX<EM, 150° T 2hr H%, ALK THIT IS LTREYFA-%, X5
Sk 300° T 2hr BERT . k7 Lewis AR HET LD, HEREDO=Y v v o CS, Al—E
BEML RN, BRECTAELZHR. <V vvaRFAEEO Lewis BRECBREIRREOI O 14V
ERT 5. ‘ ‘ _

BERICRE LI AFLLy FHELORY Lo ORI <Y FLOFE B#REOMBEOFELLONRS
L g, BREPFEFCHH-LOTIE, BREOATHOLLILABRTREABL L S WEERHD O T O Hikkc
Lol MIBHI 1g kAF1 VY FO 0.02% Y27 e ~9vEK 10ml 2k, BREPHE LK, BT
ZFER, RBERB <57 4 v EHod ORFERIZIAR, BER LT HYEHRESNEE s} EPS-3T
CEDAHBBILAR 2 b AERRE. MBAFL Ly FO 0.0085% <v¥ viEgitddc 484 myu iz, HCl g
BT 516 mp RN AELRT. Y vy, 0 0.1% CS, %I 10ml »REE 1g ©ing, BEFE
TR LB AR AE L TRIXA =2 b A% HI%E L. '

D, $IVEZORMFEOREERBRELTE BBRCRT >ZEERRERE 1 MEERT, WA
0.02—0.1 g % @WAERPEOEXMRMEMEDO~+ v W (0.125—2.5 mg/ml) 1, 7 v Frh N, B L 65°
THRE. FARACETARBEBEZE 2HMEART, FREME 0.5 mg 2RTH 128 0UATERL = % # %,
7 v I ARRE (1 mmHg) FTHAL 37° TREERY LbARz. TRERHABEBEROL XREH—E B Y, *
eHH O L Fix 10% KOH EtOH BT bRy v{bhk, 7A3irnFarn< i L, SETHER

7) H.A. Benesi, J. Phys. Chem., 61, 970 (1957); ’H[iﬁfi *, B4k, 7, 694 (1964).
8) C. Walling, J. Am. Chem. Soc 72; 1164 (1953) :

9) FRE 3, FHMWELE, 7,694 (1964)."
10) V.C.F. Holm, G.C. Ba.lley,A Clark, J. Phys Chem 63 129 (1959)
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RO WTIRBARRIRA R 7 P VET, $7A3F25 57 v < P KT TROBERELRS OEI DL
CIHEmK~ VA VEETRE LD DR IVCMBELAEVWS DD T SbCl; REL L3 BEXThV, BEWeD
MEE L., EEEOHMIKBTRRS.

BRI UVEE

D, % S URE{L AMORIE(L |
Y VEEIKEA ALY Y A (pKa 0.8—1.5) HERE L -SRI~ F v VBRI 2 W T —ERHEI & IR
FORAYEREL, Fig. 1 KRTHERY Bk, T7rbb b,6-cis-isocalciferol (III), 5,6~trans—calciferol (VI) &

yitamin D, (I) isocalciferol (II) 5,6- cis-isocalciferol (1)
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Fig. 1. Isomerization of Vitamin D, and Its Isomers by Dibasic Calcium

Phosphate in #-Hexane Solutions at 65° under Anaerobic Condition
sample: vitamin D, or isomer 6.25 mg, CaHPO,
(a) 0.1 g/5 ml n—-hexane
--[J--: total found of vitamin D, and/or its isomers
O tachysterol (VII) 2xbHi% Dz DEA LF U X 5 I isocalciferol (II) & isotachysterol .(IV) 2%, precalciferol
(V) 2360 11 & IV DEMNCEZIC X »C Dy 23R, Fiz II 1k IV ~RE#fbd % (Chart 1). 7o¥s Dy—
IV ~DREMELEECR AT, 52 HOPKFAC B TR EERBEERY T -7 LIk, =0 X5 R
WOBEHE IR, EOHEBIXH LTI
F TR ORBHC 36\ T b IR, WHAICERET 5 BB & BUGIC X D AR Lic B 5 O BOMITZ LA
LIETRED SRR, CHIZE DX 5 RERR CRERCLUADOSRRICHRZL BT, Lrd BHEALIIED
BRAERYTH S IV RURKEIEHET CREBNRERDEEL DS,
DEDMBRIRRyrABT A =7 222 7% RB LIEBROBECSFAKRT, Dy LT ﬁﬁﬁiﬁ@%@
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Tasie II. ‘Isomerization Rates of Vitamin D, and Its Isomers by Na,ti%.ral Aluminum-
Silicate, Dibasic Calcium Phosphate or Talc in #-Hexane Solutions at 65°

Vitamin D,
and its isomer

Initial isomerization rate (mg/min-g)

Natural aluminum Dibasic calcium Talc

silicate phosphate: (a)
Vitamin D, (I) 41.5 3.31 0.34
Isocalciferol (IT) 92.2 3.60 0.62
5,6—cis—Isocalciferol (III) 14.2 ~1.10 0.05
Isotachysterol (IV) 0.7® 0.017® 0. 007®
Precalciferol V) . 16.5 1.12 0.12
5,6-trans-Calciferol (VI) 47.8 9.20 0.59 .
~ Tachysterol (VII) 99.5 6. 60 0.79
a) decomposition rate
vitamin D,(I) isocalciferol(I)  5,6-cis-isocalciferol(IIl)
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Fig. 2. Isomerization of Vitamin D, and Its Isomers Mixed with Dibasic

Calcium Phosphate at 37° in Vacuo (1 mmHg)

sample: vitamin D, or isomer 0.5 mg, BHA 0.5 mg/g CaHPO; (b)

==[J--- : total found of vitamin D, and/or its isomers
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FDRDNT, BRI E DEMIC X - T = 5 BELOMEE™ %k & Table IT KFRF L 517 b,
ﬁdﬁwﬁfﬂimﬁ’mﬁﬁ@Ez’%éﬁﬁp%’iﬂgkgﬁﬁa L, RRA-AB7ArIiz=vs>) ‘/@%ﬂ(?ﬁ N TR RS

DIFAR T3 5.

DFI D, 5 X 0L DREY ) VEKES L v A (pKa 3.3—4.0) *G?ﬁiﬁ{bf;%‘(ﬁﬂlf;obx T, FRHDE
L ERMC L BNS & Fig. 2 KRT X 51785, F7adbb precalciferol (V) 3#8Z8LI X - TEeh D
Lis b, D, 3Bk isocalciferol (I1), 5,6-cis—isocalciferol (III) 3s X¢8 isotachysterol (IV) 234 g4 3 25, &
O%E 1L BLECBRE IR RIZIEORBK DO L X L. Lo L I, 5,6-trans-calciferol (VI) % X 8
tachysterol (VII) mavi%'?%%é@%ﬁ& RERC, Whd 1T & IV 28R L, 10k IV ~&#kd s 2%
&7z (Chart 1).

BED X5 Dy 8L O£DREAEIL, WTIhRBHOREBRMSC T v, KRBTSR V= v
Tho b bRERD S VARD IVALBEEIRE., LHLIDL 5 AR — 75 RIC 35135 Bl 1k DB,
Bl b BREIETH B0, 5 WIEINRKIGHEES 0% T T 5 O35 F0 L, BU/LREKOEMIcOL T
I3 R TS B,

BT BIRE OB A & MiRE :

TAIFRY Y H-T NI F DX 5 IcEGEAE E O Bronsted A (LT BB ZW) BT Py v A, %
7= Lewis /5 (LUF L M,mklﬂﬁ) XY VY GERICHEL, F7rEVvVOBEAY 1-2v 5 v OB
DBELD. 22 VD7 5y % v /W RERKT5MEEE L BAOBRAHEIA TS, BEEL - AL
TR Lieiys, BIPAIRE TR % D, REAEORMARIGICHT 2B ERLW L0 T 5 koo, FFhE
B L BEOEZVCRKRyABETLI=Y A2 T, L BEi: BEYHSONCEEL, BIEE LB LEED
BfRE L b,

WAk b U v AREMLCAME LD 7 m b v Na ©% TRUILRRFABT A I =Y 2%, Dy ~+ v vV BEK
CRRE L CEELEERZ L% L Table III KiRT X 5175, Tibbd 5 EE NaCl #inz T3 L BE
CIXHEORELREINIRDONT, Dy, REMAEEOZE LWVETIZEL LT B BEORA LBFRESS L5
Bhhs.

TasLe III. Influence of Sodium Chloride on the Isomerlzatlon Act1v1ty
of Natural Aluminum Silicate

NaCl® . Acid Strengthb) of . Acidity . . , Isomiriza,ftion
. ‘ rate o
u{;&fgﬁ; 2‘7;;1 catal;(fstKSI)lrfa.ce Total acid  Lewis acid Bronsted acid:  vitamin D, .
pite (M (L) . (T-L)  (mg/min-g), 65°
(without NaCl)" —8.2 to —5.6 0.600 0.122 0.478 41.5
T 0.1 © —5.6 to —3.0 0.522 0.120 0. 400 12.8
0.2 —5.6 to —3.0 0.450 0.112 0.338 5.2
0.4 —5.6 to —3.0 0.294 . 0.106 0.188 2.3
0.8 =-3.0 0.148 0. 088 0. 060 1.1

a) amount of NaCl impregnated on 1 g of aluminum silicate
&) acid strength of aluminum silicate surface after impregnation with NaCl

RY UV Y ATAIFRBETBETOAAA A VRERT S, COBLEEY 722422 D} Y
Tx2 AR s AFV~OBLEFL, LBETRECS &5 2 &, Brouwer )k » T3 FEIHh
T, ERECHAWIERRFABTAI =0 2B E LRV VVYDORIRARY bAdt Fig. 3 RRTEED T,
BRBARTCRT2HBELARE, SOINAFVOERPBEDORD. DLV VVIREE - T LEEA

1) EHEEE, “SBTYHE 1% MERGEER" MIELSRE, HASH, %K, 1964, pp. 109—110.

12) F.E. Shephard, J.J. Rooney, C. Kemball, J. Catalysis, 1, 379 (1962); J.J. Rooney, R.C. Pink, Trans.
Faraday Soc., 58, 1632 (1962).

13) W.H. Wilmot, R.T. Barth, D.S. MacIver, & 3 [6][E [ i &3 (7 AR A B) HIRTH 11-6, (1964).

14) D.M. Brouwer, J. Catalysis, 1, 372 (1962).
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RN HEBELICRR T AB7A =y A%, D, ~% 518
FVERCIRE U TR EEECK JIETEEY LOLNE ' ’
& Table IV RT X 5, L BiNZLAEHBEI LT
WHEBRBbIhS XS gl (Y v VREENLEBE
0.122 mmoles/g X D $ B HBA) KB\ T, KARY A
7=y a0 Dy BEKIGKS 2 MBS itz &
AEET UV, B -2) Vvt mE BE T
LEE, REOFOINA F VERDD, HRERC X
L RERBECLHMBEOMEITETS 5.
BER Uo7 0 I FOEEBBITFDIE LA LN L Bk
> ThHDHNTID b T 3 23,19 D, Ok o 400 420 440 460‘}%/.83%502&53;15140 560 580 600“’”
NLTEDED ﬁﬁ!@%‘l&*‘zrﬁé . fo b 2iX Woelm @
7 13+ (pKa2.0—33) 1% D % it L Belkn ‘ : in CS, solution,
A& WA, BE (1mmHg) F 500° ¢ 3hr gERR$s 0 - : in 989 H,S0,, o

: ~«—-.~: chemisorbed on natural aluminum silicate
& L BBEiY 0.087 mmoles/g & 7z », TableI KjRIH :

Absorbance

Fig. 3. Absorption Spectra of Perylene

Tasre IV. Activity of Perylene—Adsorbed Natural Aluminum Silicate »

Perylene adsorbed Isomerization rate Perylene adsorbed Isomerization rate
on catalyst of vitamin D, on catalyst of vitamin D,
(mmoles/g) . (mg/min-g), 65° (mmoles/g) (mg/min-g), 65°

(without perylene) 41.5 - 0. 100 41.8

' 0. 025 42.3 0. 200 40..8
0. 050 42.6 : 0.400 40.6

BANIRY VBBKEAI NV T A () InED L BECHELTEZHES. L LIDTA I+ % D, O~%
VVERCERE L THRBRLICE &0 Dy BRUALEE (66°) 1, Ml 1g %74 » 0.12mg min~? Licd, Y Vg
KRA LYY 2D 3.31 mg. min~! BIUFL 27D 0.34 mg. min—t 1 UAAEEIE M3 072 D 3300,
5,6~trans—Calciferol (VI) < tachysterol (VII) X & b TRMIE IR0, I, BE, IEFVvIvie
ED X5 IsREBREDT A IFA & OEMIC X » THRMP . L 2TchbOEEK O 0.05% i
B (BHA 0.05% % &%) %IET 87° T5 BRMBHETS &, VI ik 95%, VII i3 50% Bl ERBEELTS.
Fig. 4 RABOBPACREINIZAF AV y ¥ (DKo 4.8) ORIRA R 2 F ABTTDR, KRFrABT L=
ADHE, BESNIEREIHA LA CBEE (R) 221, EEBOFENEB IR, I AP B T,
b#ﬁfﬁa%ﬁ&%éht%w%@wéﬁ?&ah%uo%mwﬁﬁékr¢ Ko SERRLBEL, B
B 7 FLEC DWW T & @ﬁ%m@b&h%et%%oiﬁ@&ﬁ%%%k&k&%?é%mfmkmkmbh
S, ERHABEEREL, Zrr )72z v0olnk, BREOEW L BEHEREL LTHALRT WS p-7
==V VY PT7 IV XY v a2 RIBERIRCOT, AEOEREMRIL BHLE 2L bh 5. B,
FYIVIRER, dHAAINLD LBEERELIRIGE LWV, Reibhd k3 BEESRAFA Ly F
DEFFCH 1T & A LEBRD bIT, HROIREETHOREROTARITHT IO L. Ll
@%@%@07?P/&Wm?éﬁﬁﬁ%é&hbhfbé+)%#/l%v/mmwﬂTE%,7/7/&8
ORELHET DL, VI 2 VII oRMiiE s Bk(t%of,phBﬁ%ﬁ&G%%klbiﬁﬂm%ﬁb
REMT bbb B BCERT20LBbhs. L0 1§y Fig. 5 kiRt
uioﬁﬁ%mmoDa%ﬁ@ﬁkobf%mﬁf%b,m%miﬁfﬁuéch&OQﬁkﬁmmxbfL
BoOFEEL DL, E&LTBM@%#&;ofzﬁﬁﬁoﬁﬁ%vwwayxﬁﬁﬁﬁmkEomﬁ&m

15) E.P. Parry, J. Catalysis, 2, 371 (1963).
16) BmELK, Ak, 82,1290 (1961); MK, S'ZI?EKEIS, I, 4, 54 (1962).
17) BAHE, kAGRERE, EH—RK BSEEH, BimBteE, 22, 327 (1957).
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Fig. 4. Absorption Spectra of Methyl Red Fig. 5. Stability of Tachysterol Mixed with

Adsorbed on Various Excipients

: natural aluminum silicate,
— — —: lactose,

: sucrose,

: wheat starch

Sucrose at 37° in Vacuo

sample: a) tachysterol 0.5 mg, BHA 0.5 mg/g;
b) tachysterol 0.5 mg, BHA 0.5 mg, polyethylene
glycol 4000 5 mg/g
-—-[J--: total found of tachysterol (VII), isocalciferol (II)
and isotachysterol (IV)

I VI VI
+H +H* +H
¢ R R
H3C H3 H3C
CH
HC
§ HO
._.H+ +H* —H* —H*| |+H*
I IV Chart 2 o

BEFTH LD EE L bR D (Chart 2).
R DY 5 hNAE=y A4+ VEREEES X,

—R ) AT F DL S IRERBROMBERIC X - T '

BrbAL 7 1 VREKEOREREI PEARIGRE OBRBICAVLRTVS. IR =Y AL % v DERIC
BAERE O B MASELTHLY 7 4 VIRERTFIR S = b vl o BE0E1e, LRS- 7 71 VIRER
NHEDAL FI4 P44y (H) OF[EHRERET LERANELLNTWDA, BHBIRRRIETH 20 L
BBIRESET, HENLZNCEZ DT EWbh T3

BE AR hR b EiEHL D CRERMEE L - KR E}EE RR# ¥, ﬁﬁlﬁﬁfi%?&é’ﬁk’i’mﬁ]‘b,
¥eERCHBIShCHRLUERRCRHBLET.

18) F.C. Whitmore, Ind. Eng. Chem., 26, 94 (1934); W.O. Haag, H. Pines, J. Am, Chem, Soc., 82, 2488 (1960).
19) #¥ERR, B W, BE %, 1L, HT, MR 2, 81 (1957). :
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