Available online at www.sciencedirect.com
JOURNAL OF
sc'ENcﬁ@D'“EOT* PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

ELSEVIER Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 850—863

www.elsevier.com/locate/jpba

Degradation chemistry of a Vitamin D analogue (ecalcidene) investigated
by HPLC-MS, HPLC—-NMR and chemical derivatization

Fa Zhand"*, Mathews Nune®, Brigitte Segmullef, Richard Dunphy,
Robert Henry Hesst Sundara Katugam Srinivasetty Sétty

8 Analytical and Chemical Development, Drug Development Operations,
Johnson & Johnson Consumer and Personal Products Worldwide, Skillman, NJ 08558, USA
b Barrier Therapeutics, Inc., 600 College Road East, Princeton, NJ 08854, USA
¢ Johnson and Johnson Pharmaceutical Research and Development, L.L.C., Raritan, NJ 08869, USA
d Research Institute for Medicine and Chemistry, 49 Amherst St., Cambridge, MA 02142, USA

Received 2 January 2005; received in revised form 11 March 2005; accepted 30 July 2005
Available online 20 October 2005

Abstract

Ecalcidene (1-[(&,38,5Z,7E,20S)-1,3-dihydroxy-24-ox0-9,10-secochola-5,7,10(19)-trien-24-yl]-piperidine) is a new 1-hydroxyvitamin D ana-
logue. In this report, the thermal degradation, acid induced degradation and iodine induced degradation of ecalcidene were investigated usir
HPLC-MS, HPLC-NMR and chemical derivatization. In solution ecalcidene was thermally and reversibly transformed to a pre-Vitamin D type
isomer_lwhich subsequently produced the dehydrated pyrocalciferol and isopyrocalciferol type iscandr8i# cyclization and dehydration at
elevated temperatures. Acidic conditions resulted in the formation of a ngAreld@oxylated isomer df ecalcidene, possibly via a tachysterol type
intermediate, followed by the acid facilitated nucleophilic addition of water. In the presence of iodinens isomerization of both ecalcidene
and its pre-Vitamin D type isomerdccurred. The results may shed light on the stability and metabolism of ecalcidene, provide useful information
for its potential pharmaceutical development, and enrich the knowledge of Vitamin D chemistry.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cium and phosphate levels. The product, 1,25-dihydroxyvitamin
D is the hormonally active form of Vitamin D and functions as
Vitamin D is important for many biological processes in a classical steroid hormone to induce its physiological effects,
higher animald1-4]. It plays a critical role in the control of intestinal calcium absorption and bone calcium mobilization
calcium and phosphate metabolism, assists in the formation afia genomic mechanism. 1,25-Dihydroxyvitamin D also pro-
bone and may also have roles in the control of muscle activmotes normal cell differentiation and proliferation as well as
ity. Vitamin D can prevent myopathy, rickets, osteomalacia andvokes a variety of biological responses through a non-genomic
other diseases. Vitamin D itself is a prohormone that requiresmechanism. It is well-established that the 1-hydroxy group is
two in vivo sequential hydroxylations before manifesting opti- necessary for the biological activities of 1,25-dihydroxyvitamin
mal physiological activity5]. The first occurs in the liver to D3 [6]. The elucidation of the metabolism of Vitamin D has
produce 25-hydroxyvitamin D which is the major circulating led to a change in emphasis from the study of the parent Vita-
metabolite of Vitamin D. The second hydroxylation occurs inmin D itself to the study to its metabolites. It also led to a
the kidney and is controlled directly or indirectly by blood cal- renewed interest in Vitamin D research with regard to its poten-
tial use as a therapeutic agent, as in the treatment of cancer
and skin disorders such as psoriasis9]. The use of 1,25-
dihydroxyvitamin D for the treatment of malignancy resulted
* Corresponding author. Tel.: +1 908 874 1333; fax: +1 908 904 3891. in toxic hypercalcemia and stimulated research to find ana-
E-mail address: fzhangl@cpcus.jnj.com (F. Zhang). logues with high potency in inducing cell differentiation but
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with low calcitropic effectd10,11] As a matter of fact, many dimethyl sulfoxide (99.9%, ACS reagent), iodine (ACS reagent)
hydroxylated derivatives of Vitamin D have been synthesizedvere obtained from Aldrich (St. Louis, MO, USA). HPLC grade
to study the structure—activity relationships and to search fowater was obtained from Burdick & Jackson (Muskegon, M,
compounds showing an increase in specificity or overall activiJSA). Concentrated ammonium hydroxide was obtained from
ity for potential therapeutic and cosmetic applications. SoméMallinckrodt (Paris, KY, USA).

of the hydroxylated derivatives are already in development or

being used therapeutical[{t2]. As an example, more than 10 2.2. HPLC-UV analysis

analogues of 1-hydroxylvitamin D have already been approved

by governmental agencies or are currently under development HPLC was performed using an Agilent 1100 HPLC system
by various industrial and/or university research groups for thevith diode array UV detection at 267 nm. The UV spectra of
therapeuticindications of psoriasis, osteoporosis, hypocalcemithe HPLC peaks were obtained using the on-line diode array
hypoparathyroidism, leukemia, cancer and immune diseaseafetector. One analytical HPLC method (Method I) and one semi-
[13]. Ecalcidene (1-[(&,3B,5Z,7E,205)-1,3-dihydroxy-24-oxo-  preparative HPLC method (Method II) were used. Mobile phase
9,10-secochola-5,7,10(19)-trien-24-yl]-piperidine), as a new 1A was prepared by adding 11.4 mL of acetic acid into 4L of
hydroxylvitamin D analogue, was introduced by Hesse et alwater followed by adjustment of the pH to 4.8 with concentrated
and has the potential to serve as a cell modulgtdl. Under-  ammonium hydroxide. For Method |, a Prodigy ODS (3) column
standing the degradation properties of ecalcidene is necessamas used (15 cm 0.32 cm, 3um, Phenomenex, Torrance, CA,
for the development of its potential pharmaceutical applicatUSA). A binary linear gradient elution using mobile phase Aand
tions. In this report, the thermal degradation, acid inducedcetonitrile was conducted: 1-5 min, 50% acetonitrile; 5—7 min,
degradation and iodine induced degradation of ecalcidene wetimear gradient to 55% acetonitrile; 7-25 min, 55% acetonitrile
investigated. The degradation products were identified usingt a flow rate of 0.6 mL/min. The injection volume wasllO.

the combination of HPLC-UV, HPLC-MS, HPLC-NMR and For Method Il, the conditions are the same as for Method | except
chemical derivatization. The degradation mechanisms of ecathat a column of the same type with a larger diameter and larger
cidene induced by temperature, acid and iodine are proposegarticle size (15cnx 1cm, 5um) was used; accordingly, the
Some new chemical features regarding the reactions of this seftew rate was scaled up to 4.8 mL/min and the injection volume
osteroid 1-hydroxyvitamin D analogue are reported for the firstvas 100—-100Q.L. The column temperature was 40 for both
time. Methods | and Il.

2.3. HPLC-MS and direct infusion MS analyses

HPLC-MS analysis was performed on a ThermoFinnigan
(San Jose, CA, USA) LCQ mass spectrometer with an atmo-
spheric pressure chemical ionization (APCI) source and a
quadruple ion trap mass analyzer in the positive ion mode. The
nebulization temperature was 480. The discharge currentwas
kept at 4.QuA. The heated capillary was kept at 18D. The
mass spectrometer was interfaced to a TSP HPLC system which
consisted of a vacuum degasser, a P4000 pump, an AS3000
autosampler and a UV6000LP PDA detector. The HPLC con-
ditions were the same as for Method | described in Se&i@n
Directinfusion electrospray ionization (ESI) mass spectrometric
analysis was performed on a ThermoFinnigan MAT-900 instru-
ment (San Jose, CA, USA) in the positive ion mode. The sample
solution was directly infused into the ESI source at a rate of
1 pl/min.

Ecalcidene

2.4. HPLC-NMR and off-line NMR analyses
2. Experimental
HPLC-NMR measurements were carried out on a Varian
2.1. Chemicals Unitylnova 500 MHz NMR spectrometer (Palo Alto, CA, USA).
The spectrometer was equipped with auéOflow probe. The
Ecalcidene andpi-trans ecalcidene were obtained from the spectrometer was interfaced to a HPLC system. The HPLC con-
Laboratory of Process Research at the “Organisch-Chemischédg#ions were the same as for Method | described in Section
Institut” of the University of Zurich (Switzerland). HPLC grade 2.2 except that the HPLC column was at room temperature.
acetonitrile, phosphoric acid (80%), sodium hydroxide (ACSAlso mobile phase A was prepared using@and mobile
reagent) and acetic acid (ACS reagent) were obtained fromphase B was prepared using acetonitrje@ff-line NMR mea-
J.T. Baker (Phillipsburg, NJ, USA), maleic anhydride (99%),surements were performed on the Varian UnityPlus 500 MHz
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NMR spectrometer (Palo Alto, CA, USA) using GOD asthe  and 3were generated along with some other minor species. This

solvent. report will focus on 12 and 3 Fig. 1indicates that the yields
of 1, 2and 3were very dependent on the temperature. The level
3. Results and discussion of ecalcidene decreased rapidly at temperatures greater than
140°C. Additional HPLC-APCI-MS analyses were performed
3.1. Thermal degradation and the total ion chromatograms (TICs) of the samples exhib-

ited similar profiles to those of the HPLC-UV chromarograms.

The thermal degradation of ecalcidene was performedhe UV spectra of peaks ecalcideng 2land 3are presented
by incubating solutions of ecalcidene in dimethyl sulfoxidein Fig. 2a—d), respectively. HPLC-APCI mass spectrometric
(DMSO, 0.35 mg/mL) in sealed glass containers for 0.5 h at 25studies revealed that, as expected, ecalcidene exhibits ianhs at
100, 140, 145, 150 and 158. The HPLC—UV chromatograms 456 [M +H]", 438 [M + H — H20]" and 420 M + H — 2H,Q]",
of the reaction solutions are shownfiig. 1 Ecalcidene eluted which correspond to the protonated molecular ion and the ions
at about 13 min. At temperatures of 14D or lower, compound losing one or two water molecules. The UV spectriig(2(a))
1 was observed as the major degradation product. At temper&f ecalcidene shows absorptioniatax 267 nm due to the 5,7-
tures higher than 14, two additional degradation products 2 diene system. This is consistent with the well-known fact that the
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Fig. 1. HPLC-UV chromatograms of ecalcidene in DMSO for 0.5 h.
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Fig. 2. UV spectra of: (a) ecalcidene, (b)(t) 2 (d) 3, (e) 4 (f) 7and (9) 9

5,7-diene nucleus in VitaminDor D3 has similar UV absorption HPLC eluant corresponding tovias trapped in the NMR flow

at Amax 265 nm[15]. The APCI mass spectrum for degradation probe using a flow—stop technique. For comparative purposes,
product_lexhibits ions at 456M + H]*, 438 [M +H — H,OJ* the HPLCXH NMR spectrum of ecalcidene was also obtained
and 420 M +H — 2H,O]" similar to those of ecalcidene indi- underthe same conditions. By comparingtHeNMR spectrum
cating that 1is an isomer of ecalcidene. To obtain the structuralof degradation productdith solution NMR data of pre-Vitamin
details of 1 HPLC-NMR measurements were performed. TheD3 [16], it is proposed that 1s a pre-Vitamin D type isomer
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Table 1
Key chemical shifts for land pre-Vitamin @

Protons

4

6

Previtamin D;

H1 4.00 (m)

H3 3.81 (m) 3.85 (m)

H6 5.85 (d,/ =12 Hz) 5.93 (d/=11.8 Hz)
H7 5.69 (dJ=12Hz) 5.66 (d/=11.9 Hz)
H9 5.43 (br s) 5.46 (df = 3.5 Hz)
H18 0.62 (s) 0.66 (s)

H19 1.60 (s) 1.61 (s)

of ecalcidene. The key characteristic chemical shifts ah@l  tributed by the 3,5,7-triene moiety since the isolated 3-acetoxy
pre-Vitamin D; are summarized ifable 1 The only structural group or the isolated double bond at position 22 or the rest of
difference between and pre-Vitamin @ are the 1-hydroxyl the molecule should have no contribution to the UV spectrum at
and the side chain substitutionBable 1shows that both the a wavelength higher than 250 nm according to the well-known
values of chemical shifts and the coupling patterns of the keWoodward—Fieser rule)d 9]. The fact that the UV absorption
protons in Icorrelate quite well to those of pre-Vitamirglnd  pattern of 3-acetoxyergosta-3,5,7,22-tetraene is quite similar to
thus indicate their structural similarity. The UV spectrum of 1 the UV spectra of 2and 3suggests that both&hd 3contain the
(Fig. 2(b)) exhibits akmax0f 263 nm, which has a4 nm blue shift similar 3,5,7-triene moiety. Accordingly,ghd 3are proposed to
compared with the absorption of the parent ecalcidgng of  be the dehydrated pyrocalciferol analogue and the dehydrated
267 nm Fig. 2(a)). Similar phenomena were also observed wheriso-pyrocalciferol analogue of ecalcidene. Additional work is
comparing the UV absorption of pre-Vitamirg b that of Vita-  still needed to distinguish the absolute structuresari®3 The
min D. Pre-Vitamin D and Vitamin D exhibit UV absorptions at proposed structures and generation mechanismzyihd 3are
260 and 265 nm, respectivdll/7], indicating that the postulated shown inScheme 1
structure of Is reasonable. The structure of/as also confirmed
by its unfavorable reactivity towards maleic anhydride, which
will be discussed in SectioB.3.

HPLC-NMR experiments indicated thawhs not stable and
can partially revert to the parent ecalcidene in the HPLC mobile
phase. Compound Was separated by HPLC and trapped in
the NMR probe at room temperature followed by periotit o
NMR measurements. THél NMR spectrum of hfter 4 days of )}\
isolation clearly indicates the appearance of the resonances assq, o
ciated with ecalcidene (i.e. the resonances at 6.28{d1.2 Hz,
H6), 5.96 (d/=11.1Hz, H7), 5.19 (s, H19) and 4.81 (s, H19)).
This was confirmed by comparing with the HPLXEB+NMR 3-acetoxyergosta-3,5,7,22-tetraene
spectrum of the authentic ecalcidene under the same conditions.
In contrast, the¢tH NMR spectrum of lobtained immediately Ecalcidene is first reversibly converted to the corresponding
after HPLC separation did not show the presence of ecalcidergre-Vitamin D type isomer Which then generatesénhd 3by
at significant levels. cyclization and dehydration on the B ring at elevated temper-

Both of the APCI mass spectra ofdhd 3exhibit ions at  atures. The structures of 2 and 3were proposed based on
miz 438 [M+H]* and 420 M +H — H,0]*. The UV spectra the aforementioned HPLC-UV, HPLC-MS and HPLC-NMR
for 2 and_3are shown irFig. 2(c and d). Compound &xhibits ~ measurements~{gs. 1 and 2and Table ) The reversibility
UV absorption peaks aimax 300, 314 and 328 nm. Compound between ecalcidene anaevhs demonstrated by the HPLC-NMR
3 exhibits UV absorption peaks athax 302, 316 and 332nm. investigation. As presented ffig. 1, increasing the tempera-
The fact that the UV and MS spectra ofi2 quite similar to  ture resulted in the increase of peaksar®d 3along with the
3 suggests that 2and 3are a pair of dehydrated isomers of decrease ofthe ecalcidene peak. Peakitased atfirstand then
ecalcidene. It has been reported that 3-acetoxyergosta-3,5,7,2fcreased, as would be expected with the mechanism depicted in
tetraene exhibits UV absorption &fax 303, 316 and 331 nm Scheme Wwherein 1behaves as an intermediate generated from
[18]. These three UV absorption peaks must be solely conecalcidene and then further reacted to produce the dehydrated
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Previtamin D type isomer
1

-H,0 >140°C

Dehydrated pyrocalciferol and
iso-pyrocalciferol type isomers
2and 3

Scheme 1. Proposed thermal degradation mechanism of ecalcidene.

pyrocalciferol analogue @nd the dehydrated iso-pyrocalciferol to form a favorable triene system. As indicated=ig. 1, com-

analogue &t elevated temperature. pounds_2and 3were generated only at elevated temperature.
It is well-known that in solution Vitamin B can reversibly  Prolonged storage of ecalcidene in DMSO at room temperature

convertto pre-Vitamin Bwhich can be subsequently rearrangedonly yielded las the degradation product.

to form pyrocalciferol and iso-pyrocalciferol at elevated temper-

atures by cyclization of the B ring20,21] Both pyrocalciferol  3.2. Acid induced degradation

and iso-pyrocalciferol exhibit UV absorptioniafax of less than

300 nm[17]. It is not unreasonable to expect that ecalcidene, a The HPLC-UV chromatograms of ecalcidene (0.08 mM/mL)

close analogue of Vitamin$) has a similar thermal degradation in 1:1 mixture of acetonitrile and 80 mM phosphate buffer with

pathway accompanied by an additional dehydration process tearying pH after 5 days at room temperature are illustrated in

form a dehydrated pyrocalciferol type isomer and a dehydrateflig. 3. Acetonitrile was used as an inert solvent to increase

iso-pyrocalciferol type isomer, i.e. @d 3 (Scheme L The the solubility of ecalcidene in the aqueous solution. Ecalcidene

occurrence of dehydration with, instead of pre-Vitamin b, eluted at about 13 min. At pH 7 and higher, only the pre-Vitamin

may be due to the structural difference between ecalcidene ardltype isomer as observed to be the major degradation prod-

Vitamin D. Itis likely that the electron withdrawing 1-hydroxyl uct. At pH 3, the maximal amount of a new degradation product

group of iImay facilitate the dehydration of the 3-hydroxyl group 4 was formed. Also at pH 1, minor degradation products eluting
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Fig. 3. HPLC-UV chromatograms of ecalcidene at different pH after 5 days at room temperature.

at 17-19 min were observed (the peakzat 1 min was caused | revealed that the isolatediad a high purity. The isolated 4
by the buffer). The identity of vas confirmed by comparing was dissolved in the HPLC mobile phase and directly infused
its HPLC retention time, UV spectrum and APCI mass specinto the ESI source of the ThermoFinnigan MAT-900 mass
trum with those of las described in Sectidhl This section spectrometer to generate ionssat 519 [M + Na+ CH;CNJ*,
will focus on degradation product Fhe UV spectrum of 45 497 [M+H+CH3CN]*, 478 [M+NaJ*, 456 M +H]*, 438
presented irFig. 2e). The APCI mass spectrum ofekhibits  [M+H — H20]", 420 [M +H — 2H,Q0]*, indicating that 4has
ions atm/z 438 [M +H — H,0]" and 420 M/ +H — 2H,O]". The  a molecular weight of 455 and is an isomer of ecalcidene. In
molecular weight of 4vas determined to be 455 by direct infu- contrast, the HPLC—-APCI-MS spectrum abdly exhibits ions
sion electrospray ionization (ESI) mass spectrometric analysiatm/z 438 [M + H — H,0]* and 420 M + H — 2H,0]* without
described later in this section. The UV spectrum abhibits  the protonated molecular ionatz 456. This is possibly due to
overlapped absorption peaks between 250 and 300 nm. the high temperature involved in the APCI vaporization process
To isolate pure solid of for structural identification, a more leading to the dehydration of Additional structural informa-
concentrated solution of ecalcidene (4.63 mg/mL) in 1:1 mix-tion of 4 was obtained by NMR studies includifé, 13C and
ture of acetonitrile/phosphate buffer of pH 3 was incubated a& series of 2D measurements usings0OD as the solvent. The
room temperature for 6 weeks in the dark. HPLC analysis usingH and 13C NMR data and the assignments of the chemical
Method | indicated that 4s still the major degradation prod- shifts are presented ifable 2 Compound 4was identified to
uct. This solution (10-1200L) was repeatedly injected onto be anisomer of ecalcidene with-8C9 hydroxyl migration. The
the preparative HPLC column and eluted using HPLC Methodstructure of 4and a postulated generation mechanism are pre-
Il. The eluant corresponding to was collected and the sol- sented inScheme 2The absolute configuration ap@emains
vent was removed by rotary evaporation under vacuum. Theo be determined. As postulated $theme 2the pre-Vitamin
residue was dissolved in acetonitrile and precipitated by th® type isomer_Imight be generated first from ecalcidene and
addition of water. The precipitate was collected by centrifugasubsequently converted to the tachysterol type isoméwckl
tion and dried over $O5 under vacuum to give a white pow- facilitates the dehydration on1®f 5 to yield the cation &o
der. HPLC-UV and HPLC-APCI-MS analyses using Methodwhich a nucleophilic addition of 0 may occur to produce
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Table 2
NMR resonances of 4
Assignment Type 8c? suP Relative intensit§
1 CH 125.9 5.58 (brs) 1
2 CH 36.1 2.09, 2.40 2
3 CH 68.1 3.82 1
4 CH 35.9 2.21,2.90 2
5 C 136.4 NA NA
6 CH 119.6 6.50 (d/=11.4Hz) 1
7 CH 120.4 6.08 (d/=11.4Hz) 1
8 C 144.5 NA NA
9 CH 65.4 4.87 (s) 1
10 C 135.4 NA NA
11 CH, 31.60r315 1.77 2
12 CH 36.3 1.77 2
13 C 47.0 NA NA
14 CH 51.8 2.65 1
15 CH 23.3 1.55 2
16 CH 28.5 1.39,1.94 2
17 CH 57.6 1.43 1
18 Chs 12.1 0.59 (s) 3
19 CHs 19.9 1.85 (s) 3
20 CH 36.8 1.54 1
21 CHs 19.0 0.92 (d/=6.6Hz) 3
22 ChH 32.7 1.40, 1.94 2
23 CH, 31.50r31.6 2.29,2.43 2
24 C 174.4 NA NA
25° CH, 48.3 3.48 2
26° CHy 27.9 1.58 2
27 CH 25.6 1.66 2
28° CHy 26.9 1.52 2
2% CHy 44.1 3.52 2

NA, not applicable.

a 13C NMR chemical shift data were obtained from a i experiment. Internal TMS was used to reference the chemical shift at 0.00 ppm. The error in chemical
shift is estimated to b&-0.3 ppm.

b 14 NMR chemical shift data was measured from the g-HSQC experiment. Internal TMS was used to reference the chemical shift at 0.00 ppm. The erro
chemical shift is estimated to h0.02 ppm.

¢ Relative integrated intensities of proton resonances.

d The carbon chemical shifts for these two carbon atoms could not be differentiated in the 2D experiments.

€ Assignments could be interchanged (25 with 29 and 28 with 26).

4 which has been isolated and structurally identified. The C suggesting that additional reactions afeturred in more acidic
hydroxylated tachysterol type structure ofsdggested that a solution. This observation is in agreement with the proposed
tachysterol type intermediate)(Bay exist in this acid induced mechanism that is an intermediate for the formation ofak
degradation reaction. Alternatively, the dehydration efabd  depicted inScheme 2

addition of HO to Gy may occur in a concerted manneig. 3 The acid induced degradation of Vitamin D is an impor-
shows that ecalcidene gives only the pre-Vitamin D type isotant aspect of Vitamin D chemistry. However, there are only
mer 1as the major product and its level remains the same iwery limited reports regarding this process. It was reported that
the solutions of pH 7 or higher. This indicated that only ther-Vitamin D, pre-Vitamin D and tachysterol can be converted to
mal isomerization of ecalcidene occurred under neutral or basisotachysterol in various acidic conditions such as HClz BF
conditions. This is a property of the general solution chem-and HPO; [22—25] It was reported that 25-hydroxyvitamin D
istry of ecalcidene and is independent of the specific solvenbr 24,25-dihydroxyvitamin D could also be transformed into
as demonstrated in Sectidl It is also consistent with the the corresponding isotachysterols by treatment with hydrochlo-
well-known characteristic reversible thermal isomerization ofric acid [26]. However, when 1-hydroxyvitamin D analogues
Vitamin D to pre-Vitamin 20,21] When the pH of the solution were treated with acidic reagents they were either completely
was decreased to below 5, the level ofldcreased and degra- destroyed or yielded a number of unknown prody2®. To
dation product 4vas observed, indicating thafdrther reacted the best of our knowledge, there have been no reports regard-
in acidic media and might serve as the precursor.ohtdpH ing the degradation products or the reaction mechanisms. It is
3, 4became the major degradation product. Further decreasirtge first time that in this report a degradation product has been
the pH to 1 resulted in the disappearance ahd_lalong with  isolated and structurally identified from the acid induced degra-
the formation of other products eluted between 17 and 19 mindation of a 1-hydroxlated Vitamin D analogue. The established
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Scheme 2. Proposed acid induced degradation mechanism of ecalcidene.

Co-hydroxylated tachysterol type structure diScheme 2, can  pre-Vitamin D type isomer Was studied using HPLC-UV and
be considered as a water trapped tachysterol type intermediatsPLC-APCI-MS.

generated during the acid induced degradataieme 2erves

as a new reaction model for Vitamin D and also suggests thaf. 3. 7. Cis/trans isomerization of ecalcidene

acid induced formation of isotachysterol from Vitamin D may  The iodine induced degradation of ecalcidene was performed
sequentially proceed through the intermediates of pre-Vitamiby addition of iodine (25.g/mL) into a solution of ecalcidene

D and tachysterol. (0.21 mg/mL) in DMSO. The reaction solution was incubated
at room temperature for more than 30min and then moni-
3.3. lodine induced degradation tored using HPLC Method I. The HPLC-UV chromatogram

(Fig. 4(a)) of the solution of ecalcidene without iodine exhibits

lodine is an important element in biological systems. lodineonly the peak of ecalcidene. The addition of iodine to the ecal-
plays a central role in thyroid physiology, being both a majorcidene solution resulted in the formation of the new product 7
constituent of thyroid hormones and a regulator of thyroid(Fig. 4(b)). The UV spectrumKig. 2(f)) of 7 shows absorp-
gland function[28]. lodine disorders induce biological and/or tion at Amax 275nm. The APCI mass spectrum ofgéve a
clinical expressions of thyroid dysfunction, and in some casepredominant ion ain/z 456 [M+ H]* indicating that_7is an
can disclose pre-existent thyroid abnormalities. Investigation ofsomer of ecalcidene. The HPL&H NMR spectrum of Avas
the interaction between iodine and ecalcidene may shed ligltbtained. Compound Was identified to be thepi-trans iso-
on the metabolism and toxicity of ecalcidene for its poten-mer of ecalcidene by comparing the HPLEHNMR data of 7
tial therapeutic application. Similar to VitamingDecalcidene with NMR data ofepi-trans Vitamin D3 [29]. The key chemical
has acis configuration in terms of its triene system. In this shifts of 7andepi-trans Vitamin D3 are summarized ifiable 3
report, the iodine induced degradation of ecalcidene and it¥he chemical shifts and coupling patterns_o&rd epi-trans
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Fig. 4. HPLC-UV chromatograms of (a) ecalcidene, (b) ecalcidene +iodine and (c) ecalcidene +iodine + maleic anhydride.

Vitamin D3 correlate very well, demonstrating their structural slow reaction rate80]. Accordingly, derivatization with maleic
similarity. anhydride can be used to distinguish #pé-trans Vitamin D

It has been reported thapi-trans Vitamin D and tachys- and tachysterol forms from thés-Vitamin D and pre-Vitamin
terol react rapidly with maleic anhydride to form Diels—Alder D forms. This strategy was used to confirm the structure of
adducts, whilecis-Vitamin D and pre-Vitamin D have very 7 as theepi-trans isomer of ecalcideneFig. 4(c) indicates

Table 3
The key chemical shifts of @ndepi-trans Vitamin D3

Protons
21

OH

epi-trans vitamin D3

H6 6.46 (d,J=11.4Hz) 6.5 (d/=11.1Hz)
H7 5.83 (dJ=11.4Hz) 5.8 (dJ=11.1Hz)
H18 0.49 (s) 0.5(s)

H19 4.86 (s), 4.99 (s) 46,49

H21 0.80 (d/=6.5Hz)
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that the formation of #vas eliminated on addition of maleic 518 (H* — 2H,0), which are consistent with a 1:1 adduct of
anhydride (1.37 mg/mL) to the reaction mixture of ecalcidene7 or 9with maleic anhydride. The postulated structures ahé
(0.21 mg/mL) with iodine (2fwg/mL) in DMSO followed by  10and formation pathway are presente®itheme 3Since the
incubation at room temperature for more than 30 min. TheDiels—Alder reaction requires that the conjugated diene system
expected Diels—Alder adduct }(®f 7 with maleic acid, was in the dienophile must be in an easily accessible cisoid confor-
not detected by UV at 267 nnFig. 4(c)), but was readily mation[31], maleic anhydride added to thg &d G g positions
detected by APCI-MS. The total ion chromatogram of this reacef 7 to form 8 but added to the £and G positions of %o form

tion solution is presented iffig. 5a). The adduct &luted  10. By similar reasoning, ecalcidene, Vitamin D, pre-Vitamin D
at ~5.8min. The HPLC-APCI-MS spectrunti§g. 5b)) of  andthe pre-Vitamin D type isomeihhve low reactivity towards

8 exhibits the expected ions at/z 594 [M+CH3sCN]*, 554  maleic anhydride. That ecalcidene, which hassaconfigura-
[M+H]" and 518 M +H — 2H,0]* for a 1:1 adduct of With  tion, and its corresponding pre-Vitamin D type isomeamah be
maleic anhydride. Comparison of the HPLC retention time andtonverted by iodine tepi-trans ecalcidene and the tachysterol
the HPLC-APCI-MS spectrum of With that of an authen- type isomer 9s consistent with the well-known fact that Vitamin
tic sample confirms that & epi-trans ecalcidene. Additional D, which also has ais configuration, and pre-Vitamin D can be
HPLC-UV and HPLC-MS experiments demonstrate that theonverted by iodine to the correspondigg-trans Vitamin D
reaction of authentiepi-rrans ecalcidene with maleic anhy- and tachysterdB2].

dride forms 8 The postulated reaction mechanism is presented

in Scheme 3 4. Conclusions
3.3.2. Cis/trans isomerization of pre-Vitamin D type isomer The thermal, acid induced and iodine induced degradation of
1 ecalcidene (1-[(@,3B,5Z,7E,205)-1,3-dihydroxy-24-0x0-9,10-

The pre-Vitamin D type isomer was generated by thermal gecochola-5,7,10(19)-trien-24-yl]-piperidine), a 1-hydroxylated
degradation of ecalcidene as described in Se@®inA solu-  gnaj0gue of Vitamin D, was studied. Like Vitamin D, ecalcidene
tion of ecalcidene (0.21 mg/mL)inDMSOwaskeptat 1&0or s 4 reversible isomerization to the corresponding pre-Vitamin
30min. The HPLC-UV chromatogram (Method 1) of this reac- p type isomer Which can be subsequently transformed into the
tion solution is presented Fig. &a) and confirms the formation vy and iso-pyro isomers at elevated temperatures via cycliza-
of 1. Fig. §b) shows that the addition of iodine (R®/mL)toa o of the B ring. However, this was accompanied by an unex-
solution of ecalcidene containing thermally generatéshiis to pected dehydration of the 3-hydroxyl group. The presence of the
the formation of thepi-trans isomer 7and a new compound 9 1_pydroxyl moiety may have been responsible for this since the
after incubation at room temperature for more than 30 min prio@—hydroxyl group in Vitamin D remains intact during a similar
to HPLC analysis. Compoundrust be produced fromsince  thermal transformatiof20,21] In aqueous acidic media, ecal-
ecalcidene only generatesri7presence of iodine as established jgene underwent a novehSCy hydroxyl migration. That this
in Section3.3.1 The UV spectrum of & presented iffig. 29).  occurred, possibly via a tachysterol type intermediate, would
The structure of 9s proposed to be a tachysterol type isomerpe the first observation of this new type of reaction so far for
of ecalcidene, i.e. aans-isomer of 1 The UV spectrum of 9 1 _pyqroxyvitamin D analogues. Ecalcidene and its correspond-
exhibits an absorption peak at 281 nm with shoulders at 270 aqqg pre-Vitamin D type isomer can underge/trans conversion
296 nm. This is similar to the UV of tachysterol, which is also py jnteraction with iodine, which is similar to the behavior of
a trans-isomer of pre-Vitamin D, with an absorption peak at vjitamin D [32]. A combination of various techniques including
281 nm and shoulders at 272 and 289[AM]. The mass spec- gn_line HPLC-UV, HPLC-MS, HPLC—NMR, chemical deriva-
trum of 9shows ions at/z 456 [M +H]", 438 M +H —H201"  tization and sample isolation followed by off-line spectrometric
and 420 M +H — 2H;0]" revealing that 9s an isomer of 1 5n4yses were successfully applied during these studies. These
and ecalcidene. The structure ofafid a proposed formation regyits may provide useful guidelines and a foundation for the
pathway are presented Bcheme 3De Vries et al. reported  potential pharmaceutical development of ecalcidene in terms of
that besidegpi-rrans Vitamin D, tachysterol also has a high gtapility, metabolism, toxicity, formulation improvement, pack-
reactivity towards maleic anhydrid@0]. The structure of 9  44ing selection, analytical procedure establishment, etc. The

was confirmed by using the derivatization with maleic anhy-egyjts may also enrich the knowledge of Vitamin D chemistry.
dride, as was used to confirm the structure ¢&ction3.3.1).

Fig. 6(c) indicates that addition of maleic anhydride to the mix-
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