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Abstract: To develop a fluorometric method for assaying vitamin D metabolites and synthetic analogs, the reaction
of major vitamin D3 metabolites and synthetic analogs with fluorescent dienophile (DMEQ-TAD) was studied, and the
stereochemical structures of the resulting fluorescent adducts were determined on the basis of the CD spectra.

Besides the active vitamin D3, 1o,25-dihydroxyvitamin D3 (1,25-(OH);D3, 1h), a number of vitamin D3
metabolites are known to be present in normal human plasma.! However biological importance of those
metabolites has not been clearly understood, even though the plasma concentrations of many of them are higher
than that of the active metabolite. It is important for clear understanding of the role of vitamin D3 to know
accurately the concentration of all major metabolites in human plasma in normal and various clinical situations.
However a general, accurate, and highly sensitive method which can quantify all major vitamin D metabolites
has not been known. 2

HPLC-fluorometry is a sensitive method; theoretically 10-15-10-18 mol of materials are detectable
depending on the fluorogenic chromophore. However the method has not been successfully applied to the
assay of plasma vitamin D metabolites.3 Limitation of this method arises from the difficulty with which a
minute amount (10-12-10-15 mol) of substrate must be efficiently fluorescence-labeled by a chemical reaction.
The need for a convenient, accurate, and highly sensitive assay method applicable to all vitamin D metabolites
has prompted us to develop a novel fluorescence-labeling reagent for the vitamin. Our idea is that if a reagent
targets the conjugated triene function of vitamin D the labeling reaction would be specific for vitamin D and
regardless of the structure of the vitamin D only one to one product is possible by the labeling. We designed
and synthesized dienophile bearing a highly fluorescent chromophore, 4-[2-(6,7-dimethoxy-4-methyl-3-oxo-
3,4-dihydroquinoxalinyl)ethyl]-1,2,4-triazoline-3,5-dione (DMEQ-TAD, 2),4 and the reagent was successfully
used to assay 25-OHD3 and 24,25-(OH);D3 inplasma .5 This paper reports the reaction of DMEQ-TAD with
all major vitamin D metabolites and some of synthetic analogs, and the determination of the stereochemistries of
the products.

The reaction of vitamin D3 (1a) and 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD, 2°) has been reported to
give two C(6)-epimeric cycloadducts (Scheme 1);6 major (6S)-adduct (3’a) and minor (6 R)-adduct (4°a), the
structures of which were determined by an X-ray analysis.” We examined the reaction of DMEQ-TAD (2) with
vitamin D3 (1a), its major metabolites, 25-OHD3 (1b); 24R,25-(OH);D3 (1d); 255,26-(0H);D3 (1e);8 25R-
OHD3 26,235-lactone (1f);% 1,25-(0OH),;D5 (1h); 1,25R{OH),D3 26,23S-lactone (1i),}0 and analogs, 25-
OHD; (1¢); 1a-OHD3 (1g). The reaction was conducted under a variety of conditions including extreme
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conditions in a supposition of labeling of plasma metabolites (Table I). The reaction of the vitamins with
DMEQ-TAD proceeded in high yields to give pairs of C(6) epimeric adducts (3 and 4) (Scheme 1).
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Scheme 1.

The stereochemistries at C(6) of the DMEQ-TAD adducts (3 and 4) were determined by the CD spectra.
A pair of D3-PTAD adducts (3’a and 4’a) shows distinct property in their CD spectra. (65)-D3-PTAD adduct
(3°a) shows strong positive cotton effect at 206 nm, while the 6R-isomer (4’a) exhibits negative one at 207
nm. This contrasting behavior in the CD spectra can be explained by the exiton chirality theory.1!l According
to a force field calculation,!2 the most stable conformations around the C(6) of the PTAD adducts (3’a and 4°a)
are as shown in Figure 1. In the adducts (3’.a and 4’a), the two homoconjugated vinyl chromophores are
arranged to produce a positive and negative chirality, respectively, and these are consistent with the sign of the
first cotton effect of the compounds. Similarly contrasting cotton effects have been observed in other vitamin D
6,19-cycloadducts such as vitamin D-singlet oxygen adducts!3 and vitamin D-sulfur dioxide adducts!4 and the
relationship between the sign of the cotton effect and the configuration at C(6) was identical with the present
examples. Thus it is evident that the configuration of a series of vitamin D 6,19-cycloadducts can be determined
by the CD spectra of the homoconjugated diene chromophore. In the DMEQ-TAD adducts (3 and 4), an
additional weaker cotton effect due to the DMEQ-TAD moiety was observed at longer wavelength region. But
the intense cotton effect of the diene part at the shorter wavelength region was little affected by that
chromophore. We assigned the stereochemistry of the DMEQ-TAD adducts on the basis of the sign of the
cotton effect around 205 nm: the isomer which showed a positive cotton effect was assigned as 6S-epimer and
that with a negative one as 6R- epimer. The assignments were further supported by their [H NMR spectra and
the behavior on HPLC (Table I1).
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Table I. Reaction of vitamin D with DMEQ-TAD#
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entry comp.  reagent conditions products
solv. conc. temp. 6S 6R ratio (S: R)P
1c 1a 2’ CH,Clp 101 M ¢ 3’a 4’a 31
2 la 2 CH,Cl; 104 M 1t 3a 4a 2.0:1
3 » » ” ? -78° ” ” 2.1:1
4 ? ” AcOEt ” 1t » ” 2.8:1
5 ” ? 7 ? -78° ? ” 2.8:1
6 1g ” CH,Clp ” 1t 3g 4g 1:1.1
7 » ” ” ” -78° ? ” 1:2.0
8 ” ” AcOEt ” it ” ” 1:1.4
9 » " » ” -78° ” ” 1:1.6
10 1b ” CH,Cl; 108 M it 3b 4b 2:1
11 » » AcOEt " ” ” ” 31
12 1d ” CH,Cl, ” ” 3d 4d 2:1
13 ” » AcOEt " » ” ” 31
14 1h ” CH,Cl, ” » 3h 4h 1:1.1
15 » ” AcOEt i ” ” » 1:2
16 1b ” CH,Cl;  prepd it 3b 4b 2:1
17 ” ” DMF ” ” ” ” 3:1
18 Ic ? CH,Cl, ? ” 3c 4c 2:1
19 1d ? ? » ? 3d 4d 2:1
20 » " DMF ” " ” ” 41
21 le ” CH,Cl; ” ” 3e 4e 2:1
22 1f ” " ” » 3f 4f 2:1
23 1h ” ” ” v 3h 4h 1:1.1
24 ” ” DMF ” " ” » 1:2.4
25 1li i CH,Cl, ”? v 3i 4i 1:1.1

2 A solution of vitamin D (1) and DMEQ-TAD (2) (1.2 equivalents at >10-4 M substrate concentration or 2000-
10000 equivalents at 10-8 M) in the indicated solvent was stirred at the indicated temperature for 60 min, MeOH
was added, the solvent was evaporated, and the residue was purified (SiO; column or HPLC) or analyzed

(HPLC). The total yields of the adducts are >90% except for entries 22 and 25 (60-70%).

b The ratio was

determined by HPLC. © See ref. 6. d Preparative scale experiments with 10-2-10-3 M substrate concentration.
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Fig. 1.

Table I1. Selected spectral data of vitamin D PTAD and DMEQ-TAD adducts

comp. CDha IH NMR (CDCl3) 8 (J = Hz) HPLCt
am (Ae) Me(18) H-da H-6 -CHp-C=N
3’a 206 (+46) 0.51 -¢ 4.78, d - slow
(9.9)
4a 207 (-55) 0.54 242,d  4.77,d . fast
(16.1) (9.6)
3a 206 (+46), 223 (-11)  0.52 < 4.69,d 3.20, m slow
(9.2)
4a 207 (-140), 247 0.51 2.37,d 4.67, d 3.22,t fast
(+10) (16.1) (9.9) (6.8)
3b 206 (+46), 224 (-10) 0.53 -€ 4.70, d 3.20, m slow
(9.9)
4b 206 (-82), 245 (+6) 0.51 2.37,d 4.67, d 3.22, t fast
(16.5) (10.2) (6.6)
3d 206 (+48), 223 (-12)  0.54 < 4.70, d 3.20, m slow
(9.9)
4d 205 (-58), 245 (+4) 0.52 2.38, d 4.67,d 3.22,t fast
(16.5) (9.9) (6.3)
3g 206 (+38), 227 (-9) 0.50 2.22,d 4.66, d 3.20, m slow
(14.5) (9.6)
4g 207 (-74), 243 (+4) 0.49 2.46, d 4.70, d 3.25, t fast
(12.9) (9.6) (6.6)
3h 206 (+44), 225 (-10)  0.52 2.25,d  4.67,d 3.20, m slow
(16.4) (9.6)
4h 205 (-80), 243 (+4) 0.51 2.47,d 4.71,d 3.22,t fast
(14.5) (9.6) (6.6)

a CD spectra were measured in MeOH (Ca. 10-5 M) with 1 or 0.5 cm cell. b TSK gel ODS-80TwM, MeOH-
H,O. ¢Superimposed with other methylene protons.
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The proportion of the two epimeric adducts (3 and 4) produced by the reaction of vitamin D with DMEQ-
TAD depends on the solvent used and the A-ring structure. In CH,Cl; at room temperature, the vitamin D
compounds bearing no 1a-hydroxyl group gave two adducts, 6S- and 6R-isomers (3 and 4), in 2:1 ratio. The
isomers which were produced by the upper (B) face attack of the reagent were predominant in accord with the
reaction with PTAD.6 The p-face selectivity was higher in more polar solvents like AcOEt ( 3:1) and DMF (3-
4:1). Introduction of an 1a-hydroxyl group hinders the §-face attack improving the production of the 6R-
isomer (4). In these cases, the increment of the solvent polarity favors the formation of the o-face adducts (4)

(entries 15 and 24).
It is rather surprising that the reaction of an extremely low concentration of vitamin D with large excess of

the reagent (entries 10-15) proceeded quite efficiently (>90%), since TADs also act as an enophile, a mild
oxidant, and a Michael acceptor.15 The fact that the fluorescence-labeling reaction produces two isomers seems
to be disadvantageous for the sensitivity of the assay. But it turns out to be rather advantageous in identifying
vitamin D metabolites among millions of compounds in biological fluid. DMEQ-TAD labeled vitamin D
metabolites can be detected as characteristic twin peaks. So they can be identified by the retention times and the
ratio of the two peaks. The reagent may also be useful in scrutinizing novel vitamin D compounds in biological
fluids.
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