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Summary: (25l?)-25,26-Dihydroxy-23-oxovitamin D3 was synthesized efficiently and stereoselec- 
tively, and it was converted enzymatically to (25R_)-lcr,25,26-trihydroxy-23-oxovitamin D3, a 
putative metabolite of la,25_dihydroxyvitamin D3. The spectral and chemical properties of 
(25R&25,26-dihydroxy-23-oxovitamin D3 and its la-hydroxylated derivative disagree with those 
reported for the isolated metabolite. 

Hemiacetal form (2a) of la,25,26-trihydroxy-23-oxovitamin D3 (la)1 was assigned to the 
N 

new major metabolite of la,25_dihydroxyvitamin D32 p reduced in vitro by incubation of lcl,25- 

dihydroxyvitamin D3 with homogenate of small intestinal mucosa from vitamin D repleted 

chicks. The 4 configuration of 2 was suggested for the stereochemistry at C-25 of the 

metabolite on the basis of the biogenesis of the metabolite. 1*3 We successfully synthesized 

lo,25_R,26-trihydroxy-23-oxovitamin D3 (2, 255) using a combination of chemical synthesis and 

enzymatic transformation. Here we report the first and stereoselective synthesis of 25_R,26- 

dihydroxy-23-oxovitamin D3 (2, 25R) and lm,25l?,26-trihydroxy-23-oxovitamin D3 (2, 25E). 

We designed the stereoselective synthesis of la,25R,26-trihydroxy-23-oxo-vitamin D3 (_&) 

as follows; (i) the synthesis is divided into two parts, chemical synthesis of 252,26- 

dihydroxy-23-oxovitamin D3 (lb) and its enzymatic transformation to the corresponding la- 
N 

hydroxylated derivative (2) by using la-hydroxylase in the kidney from vitamin D-deficient 

chicks, ' (ii) the sk 1 e eton of the target molecule (s)of the chemical synthesis is con- 

structed from two segments, C(22) steroid synthon (A)3a*5 and C(5) chiral synthon (4)3ar5b*5c 
N 

possessing the desired functionality and stereochemistry, (iii) the 23-0x0 group is in- 

troduced by oxidative desulfonylation60f the phenylsulfonyl group, which serves to couple t'le 

two segments. The chiral C(5) sulfone (4)was synthesized from(&)-(-)-citramalic acid. 7 
N 

Coupling of the sulfone 4_with C(22) bromide 3 (LDA, THF-HMPA, -20 "C) gave the 23-phenyl- 
rV 
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sulfonyl derivative 2 in high yield (95%). Oxidative desulfonylation6 of 5a with 

Mo05'pyridine'HMPA(MoOPH)in the presence of LDA failed to give the corresponding 23-0~0 

derivative 2 but gave a compound oxidized at the phenyl group. However, the required 

oxidation proceeded in fairly good yield when oxygen was used instead of bulky MoOPH yielding 

6a. Removal of the acetonide protecting group of 6a was rather difficult because of acid 
N N 

sensitiveness of the resulting B,y-dihydroxyketone 6c. Thus, deprotection of 6a under 
N Iv 

acidic conditions (PPTS/EtOH, reflux) yielded the furanL(quantitative yield)8 as a result 

of the cyclization between the 23-ketone and the 26-hydroxyl groups of the B,y-dihydroxy 

ketone 2 formed and the subsequent dehydration. To avoid an exposure of 6c to acidic 
'v 

conditions, the protecting groups of the hydroxyl groups in 2 were exchanged to c-butyldi- 

methylsilyl (TBDMS) giving 5b, 
Cu 

and the same oxidation (LDA, 02, THF-HMPA, -2OOC) was carried 

out on the sulfone 2 affording the 23-ketone 2 [MS m/z 658 (M+); 1H NMR (CDc13) 6 2.45 (1 

H, d, J = 16 Hz, H-24), 2.79 (1 H, d, J = 16 Hz, .H-24); IR (CHC13) 1695 cm-'] (54%). 

Attempted removal of the TBDMS group with n-Bu4NF (THF), however, caused retro aldol 

reaction giving the methyl ketone L(quantitative yield).g The deprotection was achieved 

only when a combination of KF and 18-crown-6 (l:l, DMF, r.t.) was used as the reagent giving 

the desired provitamin D (6~) in 60% yield [MS m/z 430 (M+), 394, 356; 'H NMR (CDC13) 6 1.21 
rV 

(3 H, s, H-27), 2.52 (1 H, d, J = 17 Hz, H-24), 2.78 (1 H, d, J = 17 Hz, H-24), 3.42 (2 H, m, 

H-26); IR (CHC13) 1695 cm-']. I rradiation of the provitamin D (E) followed by thermal 

isomerization afforded 251,26-dihydroxy-23-oxovitamin D3 (2, 25_R) [high- resolution MS, 

C27H4204 requires m/z 430.3083; found m/z 430.3078; MS, m/z 430 (M+), 412 (M - H20), 394 (M - 

2H20), 361(M - 3H20 - CH3), 356 (M - C3H602 (McLafferty rearrangement)), 323 (356 - H20 - 

CH3), 298 (M - C6H1203 (McLafferty rearrangement)), 265 (298 - H20 - CH3), 253 (M - side 

chain - H20), 136 (M - side chain and CD-ring), 118 (136 - H20); IR (CHC13) 1695 cm-; 'H NMR 

(CDC13)61.20 (3 H, s, H-27), 2.56 (1 H, d, J = 17 Hz, H-24), 2.74 (1 H, d, J = 17 Hz, H-24), 

3.42 (2 H, br s, H-26); UV (95% EtOH) 265 nm (max), 228 nm(min)] in 27% overall yield. 

The vitamin D (lb, 25_R)thus obtained was subjected to enzymatic lo-hydroxylation by 
Cu 

using kidney homogenate from vitamin D deficient chicks. 4 Chloroform-methanol extracts of 

the incubation mixture of 2 and kidney homogenate were purified on Sephadex LH-20 column 

followed by two straight phase HPLC columns to give homogeneous metabolite (about 3.5% yield 

based on the UV spectrum). The structure of the isolated metabolite was determined to belor 

25,26-trihydroxy-23-oxovitamin D3 (&, 25_R) on the basis of the UV [20% 2-PrOH/hexane 264 

nm (max), 229 nm (min)] and the MS spectra [m/z 446 (M+), 410(M - 2H20), 392 (M - 3H20), 374 
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Br 

$_z R=OH 2: R = OH 
4 

2 R=H z:R=H 

5a. R’ = THp R2 R3 = k/C” -. , ’ YHj 

Sb: R' = R3 = TBDMS R2 = H 

%a: R' = THP R2,R3 = 'CHCH 
' YHj 

6J: R1,R3 = TBDMS R2 = H 

6~. R' R2 R3 = H _. , , 

7 8 

(M - 4H20), 354 (M - C3H6O2 (McLafferty rearrangement) - H20), 336 (354 - H20), 321 (336 - 

CH3), 278 {M - C6H1203 (McLafferty rearrangement) - 2H20), 263 (278 - CH3), 152 (M - side 

chain and CD-ring), 134 (152 - H20)], and the fact that the kidney of vitamin D-deficient 

chicks contains 25-hydroxyvitamin D3-la-hydroxylase. 10 

Ohnuma et. claimed in their reportla that the isolated metabolite exists as a single 

anomer of the hemiacetal form (2a)in a neutral medium and that the anomer isomerizes to a 
N 
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mixture of two anomers when it was warmed. The synthetic compound (s)with the same side 

chain structure does not form hemiacetal under neutral conditions, although the provitamin D 

9 does cyclizes between the 23-ketone and 26-hydroxyl groups under acidic conditions 

(PPTS/dichloromethane, r.t.) but the hemiacetal formed undergoes dehydration to yield the 

furan z(quantitative yield) under the conditions. The fragmentation pattern of the MS 

spectrum of 5 produced enzymatically from 2 (25B) is quite different from that reported for 

the metabolite;la the characteristic fragment ions (354, 336, 321, and 278) due to McLafferty 

rearrangement of the side chain part are negligible in the MS spectrum of the metabolite and 

characteristic peaks found in the MS spectrum of the metabolite (428, 415, 388, 370, 357, 

352, 334, 322, 251 etc.) are almost not detectable in our spectrum. As a conclusion, 

suggest that the structure proposed for the major metabolite of la,25-dihydroxyvitamin D3 

not la,25,26-trihydroxy-23-oxovitamin D3 as reported. 

In accord with our conclusion, revision of the proposed structure for the metabolite 

we 

is 

of 

lo,25-dihydroxyvitamin D3 was reported from the same laboratory after we completed this work; 

la,25,26-trihydroxy-23-oxovitamin D3 previously proposed being revised to la,23,25_trihydro- 

xy-24-oxovitamin D3. 11 
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