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A Practical Convergent Route to  (23S,25R)-Ia,25-Dihydroxyvitamin D3 26,23-Lactone 
Susumi Hatakeyama, Makiko Sugawara, Mitsuhiro Kawamura and Seiichi Takano" 
Pharmaceutical Institute, Tohoku University, Aoba yama, Sendai 980, Japan 

The Ireland-Claisen rearrangement of the lactate 8, prepared from the Inhoffen-Lythgoe diol 5, followed by 
iodolactonisation allowed easy access to the C-Dring fragment 4, from which a novel convergent synthesis of 
(23Sf25R)-1 cwf25-dihydroxyvitamin D3 26,234actone 1 has been accomplished via coupling with the A-ring fragment 3. 

Of the active vitamin D3 metabolites, (23S,2SR)-la,2S-di- 
hydroxyvitamin D3 26,23-lactone 1 (calcitriol lactone),l a 
major metabolite of la,25dihydroxyvitamin D3 2,2 has 
attracted considerable attention because of its unique bio- 
logical activities. For example, this compound is known to 
exhibit inhibitory action on  bone resorption induced by 23 as 
well as stimulatory action on bone formation,4 suggesting a 
potential utility for the treatment of bone disease such as 
osteoporosis. However, its biological function remains largely 
unclear mainly because access to sufficient amounts of 1 is not 
easy. Much effort,s therefore, has been devoted to developing 
an efficient method for the preparation of 1 to make biological 
evaluation possible. For the synthesis of 1,  we focused our 
attention on the C-D-ring fragment 4, since the preparation of 
the A-ring fragment 37 and the Lythgoe6 type Wittig-Horner 
coupling of both fragments are already well established.5~ We 
report here a new facile synthesis of the C-D-ring fragment 4 
which translates the Koche's convergent route50 to 1 into a 
more practical process. 

The known ally1 alcohol 6,s easily available from the 
Inhoffen-Lythgoe diol 5 ( 5  steps, SO% yield), was converted 
to the lactate 87 in 93% yield by reaction with racemic 
2-p-me thoxybcnzyloxypropionic acid 7$ using 1 -cyclohexyl-3- 

t All new isolated compounds exhibited satisfactory spectral ('H 
NMK, IK, MS) and analytical data. 

4: Prepared from racernic ethyl lactate by p-methoxybenzylation 
(Ag20, MPMCI, Et,O) followed by hydrolysis (NaOH, MeOH) and 
u w  d w it ho u t purification. 

(2-morpholinoethy1)carbodiimide metho-p-toluenesulfonatc 
(morpho CDI) as a dehydrating agent.9 Upon deprotonation 
of 8 with lithium diisopropylamide (LDA) followed by 
silylation, the Ireland-Claisen rearrangement 1 0 5 1  1 took place 
smoothly at room temperature to give the carboxylic acid 12 
almost quantitatively. This transformation was shown to 
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Scheme 1 Reagents and conditions: i ,  7,  morpho CDI, 4 8, molecular sieves, CH2CI2; ii, LDA, tetrahydrofuran (THF), -78"C, then add 
TMSCI, -78 "C + room temp., iii, I?, 2,4,6-collidine, MeCN, -30 "C; iv, Zn, MeOH, reflux (TBS = ButMe2Si: Bn = PhCH,; TMS = Me3Si) 
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proceed with 85% diastereoisomeric excess (d.e.) by 1H NMR 
(500 MHz) analysis of the (R)-  and (S)-a-methoxy-a-trifluo- 
romethylphenylacetic acid (MTPA) esters 15s derived from 
12. Interestingly, the rearrangement of the benzyl ether 9 was 
found to proceed with rather poorer diastereoselectivity (70% 
d.e.), although the yield was almost quantitative. It is assumed 
that increase in Lewis basicity of the alkoxy group would result 
in higher diastereoselection due to the increasing preference 
for forming the Z-silyl ketene acetal 11 via the chelated 
lithium enolate 10. For comparison with the results mentioned 
above, we also undertook the rearrangement of the lactates 16 
and 17. In both cases, the reaction turned out to be very 
sluggish at room temperature and the corresponding rear- 
ranged carboxylic acids were produced in less than 5% yield 
even after 2 days. These results suggest that the bulky 
hydrindan unit would cause a sufficiently close approach of the 
two double bonds for rearrangement to occur without heating 
for steric reasons. It is also interesting that the (22R)-lactate 18 
was found to undergo facile rearrangement with the same 
degree of diastereoselectivity as observed for 8 giving rise to 
the C-25 epimer of 12 preferentially. This means that the 

5 Prepared by the following four-step sequence: (i)  CH2N2, Et20,  (ii) 
LiAIH4, THF, (iii) (R)-  or (S)-MTPACI, 4-dimethylaminopyridine 
(DMAP), CH2C12, (iv) OsOl (catalyst)-NaIO+ aq. THF. then 
NaBH4. 
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Scheme 2 Reagents and conditions: i ,  Bun3SnH, azoisobutyronitrile 
(AIBN) (catalyst), THF, reflux; i i ,  46% HF, MeCN; iii, Pt (catalyst). 
0 2 ,  sodium lauryl sulfate (catalyst). 1 : 1 diglyme-H20, 55 "C; iv, 
N-(trimethylsilyl)imidazole, CHzC12 

chirality of the C-22 asymmetric centre including the hydrin- 
dan moiety exerts little influence o n  the diastereoselection. 

The carboxylic acid 12 thus obtained was then subjected to 
iodolactonisation without purification. According to the 
method developed by Yamada and coworkers,sd the carboxy- 
lic acid 12 was treated with iodine in the presence of 
2,4,6-collidine in acetonitrile at -30" Cy to give the (23s)- 
iodolactone 13, m.p. 167-168°C (EtOH), [aID*9 + 12.6 ( c  
0.980, CHC13), the (23R)-iodolactone 14, [aIDz9 + 47.5 ( c  
1.240, CHC13), and an unidentified iodolactone possibly 
derived from the (25S)-carboxylic acid, in a ratio of 23 : 70 : 7 
in 93% yield from the lactate 8.11 After separation of these 
isomeric iodolactones by silica gel column chromatography , 
treatment of the undesired (23s)-lactone 13 with zinc in 
boiling methanol followed by iodolactonisation gave a 1 : 3.5 
mixture of 13 and 14 in 78% yield, establishing a route for 
recycling 13. As a result, the desired (23R)-iodolactone 14 was 
obtained from 8 in 78% overall yield through the Ireland- 
Claisen rearrangement, iodolactonisation , and one recycle of 
13. 

Reduction of 14 with tri-n-butyltin hydride followed by 
simultaneous removal of both protecting groups of 19, [aID29 

T[ The diastereoselectivity turned out to be somewhat temperature 
dependent (e.g. 0°C. 13 : 14 1 : 2). 
11  The observed diastereoselectivity can be interpreted by the reaction 
mechanism postulated by Yamada and coworkers; see ref. S(d ) .  Note 
that iodolactonization of 12 under standard conditions (e.g. 12,  sat. 
NaHC0,-THF or MeCN) resulted in poor diastereoselection (13 : 14 
3 : 2).  
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+ 34.1 ( c  0.690, CHCl3), with aqueous hydrofluoric acid gave 
the diol20, m.p. 129-130 "C (benzene-hexane), [a]D29 + 28.7 
( c  0.085, CHC13), in 78% yield. The diol 20 was then 
converted to the ketone 4, -8.9 ( c  1.165, CHC13), in 
88% yield by oxidation5c- using platinum black as a catalyst 
under oxygen and then silylation. It is noteworthy that PCC 
oxidation of 20 was always accompanied by epimerisation of 
the C-14 asymmetric centre, while the platinum catalysed 
oxidation did not cause any epimerisation at all. 

From the C-D-ring fragment 4 thus obtained, the total 
synthesis of calcitriol lactone 1 was achieved by Wittig-Horner 
coupling with 3 followed by deprotection according to the 
Roche's procedure (00Y0 yield).'a The synthetic 1, [&ID3' + 
24.1 ( c  1.480, EtOH) [litsa +24.66 ( c  0.73, EtOH)], exhibited 
spectral properties (1H NMR, TR, MS, UV) in accord with 
those reported,SuJ 
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