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SUMMARYt Synthesis of a chiral A-ring model of la. 28, 25-trihydroqvlltamin D3 by the MrIle tide 

cycloaddition and its dia&ertosclcctMty based on MM2 transition state model arc described. 

la, 25-Dihydroxyvitamin D3 (calcitriol) (1) is well known as the hormonally active form 

of vitamin D3 whose physiological activitiesl) include regulation of cell differentiation and 

proliferation, intestinal calcium absorption, bone mobilization and bone formation. These 

properties have stimulated sign%cant efforts toward syntheses of various calcitriol analogues 

having modified side chains.21 However, only a relatively restricted number of examples of 

modified A-ring derivative have been reporteds). Recent in vivo studies4) on regulatory 

activities for calcium metabolism of la, 25-dihydroxy-2p-(3-hydroxypropoxy)vitamin D3 (ED- 

71) (2) showed better results than those of calcitriol 1, suggesting its promising profile as a 

drug for therapy of osteoporosis. We report here the stereoselective synthesis of chiral 

trihydroxylated A-ring 6 as a synthetic intermediate for la,2P,25+ihydroxyvitamin D3. 
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The initial approach to the synthesis of SZ-unsaturated ester 4 from the exocyclic enone 
8 by Horner-E&muons reaction proved unworkable due to an easy B-elimination of the alkoxy 

group at C-35). Peterson-type reaction of 8 with the lithium enolate of ethyl Q- 

trimethysilylacetate (18) gave the 1,4-addition product@. Based on the stereoselectivity of 

model reactione8), we anticipated, that the La-addition of 13 to 2-alkoxymethylcyclohexanone 
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6 followed by Peterson-type elimination7) should give the desired SZ-unsaturated ester with a 

high stereoselectivity. In our synthetic plan (scheme l), the ketone 6 is the key intermediate. 

Its Smembered ring is constructed by the intramolecular nitrile oxide cycloaddition GNOC)3) 

of 7. Moreover, MM2 transition state models based on ab-ircitio calculations9) (Pig.l) suggest 

that the (3+2)_cycloaddition of 7 should proceed with a high stereoselectivity to provide the C- 

6(R) chirality. 1.2,3.4,6.6ti-0-lsopropylidene-D-mannitol (8), having C2 symmetry, is selected 

as the starting material in which the C-O chiralities at C-3,4,6 are directly used as the 

hydroxy groups at C-1,-2,-3 in S. The terminal olefin in 7 is constructed by thermolysis of the 

N.N-dimethylformamide cyclic a&al derived from the terminal 1,2diols in 8. 

Molecular mechanics calculations 16) and MM2 transition state model&) have proven 

useful for molecular modelingsl2); e.g. stereochemical predictions (or analyses) and 

designing the synthetic key intermediate. Here, MM2 transition state model calculations 

(rigid reactant model)l3) for the (3+2)-cycloaddition of 7 (MOM replaced by Me) was 

performed. In these calculations, the partial geometry of the reactive dipole and dipolarophile 

was frozen in the 3-21G transition state model geometry9) of the HCNO-ethylene reaction. The 

forming cyclohexane ring has two possible conformations; chair and boat-like transition state 

structures A and B (Pig. 1). The methoxy group at C-3 was rotated with 120’ resolution and 

two C-O bonds of the dioxolane ring and the alkoxy group were placed in the equatorial and 

axial orientation, respectively. These 12 conformations were fully optimized by using extended 

MM2 parametersl4) for INOC reactions. Figure 1 shows the lowest energy transition state 

structure A leading to the C-6(R)-isomer 12 and the preferred transition state structure B 

providing the C-G(S)-isomer. These calculations and a Boltsmann distribution based on the 

energy difference between A and B, predict an exclusive formation of C-6(R)-isomer 12. 

(Figure 1) 

The epoxide 9 was prepared from a readily available tri-0-isopropylidene 8 by our 

previous procedure.3c) Epoxide opening of 9 (KCN, MgSOd in aq. MeOH, O’C; 91% yield) and 

protection of the alcohol (MeOCHsCI / i-PrcNEt) afforded the nitrile 10 iir 96% yield. Reduction 

of 10 with diisobutylaluminum hydride at -78°C and reaction of the resulting aldehyde with 

hydroxylamine hydrochloride gave the oxime 11 in 52% overall yield. Construction of the 

cyclohexanone ring from 11 was carried out by the Kosikowski method6). Oxidation of the 

oxime 11 to the nitrile oxide 7 with aq. NaOCl followed by spontaneous cycloaddition gave the 

isoxazoline 12 in 56% yield. None of the other stereoisomer of 12 was detected by HPLC 

analysis. This high diastereoselectivity can be explained by the transition state model A, in 
which x-orbit& of the alkene and nitrile oxide face each other on the same plane; parallel 
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plane approach of dipole and dipolarophile. The forming cyclohexane ring in the transition 

state exists in a chair-like conformation, which carries two equatorial C-O bonds, one 

equatorial C-C bond, one pseudo equatorial C=N bond, and one axial MOM group (see 

structure A, Fig 1 and structure 12, Scheme 2). Thus overlapping of the dipoWdipolarophile 

orbitala in the chair-like transition state A requires less distortions of the forming 

cyclohexene and dioxolane rings than in the boat-like transition state B. 
N&H 

Reductive hydrolysislg) of the isoxazoline ring in 12 with Raney Ni in the presence of 

B(OH)s under a hydrogen atmosphere in aq MeOH gave the 2-hydroxymethylcyclohexanone 6 

(R=H) in 61% yield. Protection of the alcohol (tert-butyldimethylsilyl VI’BS) chloride/NRt6, 

DMPAI and La-addition of the lithium enolate 13 (prepared from ethyl a-trimethylsilylacetate 

and lithium dicyclohexylamide at -78 “C in THF), to 6 (R=TBS) followed by Peterson 

elimination afforded the single stereoisomer 14 in 75% yield. This striking Z-selectivity may be 

explained as follows. Although the stereochemistry of the lithium enolate 13 was not clear, 

examination of molecular models revealed that the 1,2-addition of 13 can be achieved through 

gauche arrangements (C and C’ in scheme 2) of the ketone 6 and E-, Z-enolate 13E and 132. 

Reduction of the ester 14 with diisobutylaluminum hydride at -78°C and protection of the 

resulting alcohol with acetic anhydride gave the allylic acetate 16 in 47% yield. Deprotection of 

the TBS group (n-Bu@JF!l’HP) in 15, selenenylation of the resulting alcohol (o-NOzCsH&eCN, 

BIuPE’HF), and syn-elimination of the o-nitrophenyl selenoxide (H2020’HF) gave the diene 5 

in 36% overall yield. 

Thus an enantiospecific synthesis of a la,2~,25+ihydroxyvitamin D3 A-ring synthon 

(5) was accomplished from D-mannitol derivative 8 by using (3+2)-cycloaddition of a nitrile 

oxide and Peterson-type reaction of a 2-alkoxymethylcyclohexanone. While our MM2 
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transition state model does not incorporate stereoelectronic effects at the allylic position, the 

desicribed calculations are shown to have predicting value in organic synthesis. 

RdhSMEBandNotee 

1) a) Norman. A. W. ‘Vttamtn D. The Calcium Homeostattc Hormone”: Academic Press: New York, 1979. b) 

DeLuca. H. F.; S&noes. H. K. Annu Rev. Bfochena 1-S. 52.411. 

2) a) Pardo. R: StanteIII. M. BuII. Sot. Chtm. m. 1985, 98. b) Kametani, T.: Furuyama, H. Med. res. Rev. 

1987. 7. 147. C) Kutner. A.: Perlman. K. L.: Lago. A; Sicinski. RR; Schnos. H.K.; Deluca, H. F. J. org. 

Ch+em l9@&53.3459. d) Ando. K: Takayama. H. J. &/r&b Org Chem Jpn. lQ90,48.1082. 

3) A-Rinq Analogus: a) Kobayashi. Y.: Nakazawa. M.: Kumadaki, I.: TaguchI. T.: Ohshtma. E.: Ikegawa. N.; 

Tanaka. Y.: DeLuca. H. F. Chem Phann BuK. 1986 34. 1568. b) Posner, G. H.: Nelson, T. D. J. org. them 

1991.56.4339. c) Takahashi. T: Nakaaawa. M. Synlett 1993. 37. ArIng : d) Baggtohn, E. G.; Iacobelh. J. 

A.: Henneccy. B. M.; Batcho. A D.; Sereno. J. F.: UskokovIc. M. R J. Org. Chern. 1986. 51. 3998. e) 

Hatakeyama. S.: Numata, H.: Osanal. K.: T-akano. S. J. org. Chem. 19t39.54. 3515. I’) Kobayasht. s.; 

ShIbata. J.: ShImada. M.; Ohno. M. Tetmhedmn l&t. 1999.31. 1577. g) Nagasawa. K.: Eako. Y.: IshIhara. 

H.: Shtmiau. I. Tetmhedmn I&t 1991.52.4937. 

4) Okano. T.: Tsugawa. N.: Masuda, S.; Takeuchl, A.: Kobayashi. T.: Takita, Y.; Nishii. Y. Btochem. 

Bbphgs. Res. Common 1989,163.1444. 

5) Batty, D.: Crich, D. J. Chem Sot. &rh% Dnrts. I 1991.2894. 

6) 1 .%Addit.Ion of lS to 2-methoxymethylcycloIohexanone gave a 85: 15 mixture of Z and E-unsaturated 

esters. (see aLso I?f. 7c) 

7) a) Peterson. D. J. J. Org. Chem. 1968. 33, 780. b) Shimoji. K.: TaguchI. H.: Oshhna. K.; Yamamoto. H.: 

Nmakl. H. J. Am. Chem. SGC. 1974. 96. 1620. c) Lason. G. L.: PrIeto. J. A.; Hemandes. A Tefrahedron 

L&t. lW1.22.1575. d) Str&ow&i. L.: VIsnIck M.: Battfste. M. A Teiruhdmn LetL 1964.25,569%. 

8) HevIews: a) Annuziata. R.: CInqumt. M.: Cozzl. F.: Rahnondf, L. Gaza. Chum Ital. lsse. 119.253. b) 

Kozikowaki. AP. Act. Chem Res. 1984.17.410. 

9) Brown, F. K.: RaknondI L.; Wu,Y.: Houk K N. Tetmhedm L&t 1992.33.4495. 

19) AIhnger. N. L. J. Atn Chern Sot. 1977.99.8127. QCPE#395. 

11) Houk. KN.; Paddon-Ftow. M.N.; Ftoundan. N. G.; Wu. Y. -D.: Brown, F. K.: Spellmeyer. D.C.; Me&J. T.; Li, 

Y.; I.oncharkh. R J. Scinece 1986.231. 1108. 

12) a) TakahasN, T.; Nemoto. H.: Kanda. Y.; Tsuji, J.; Fujise. Y. J. Org. Chem. 1986. 51. 4316. b) TakahasM. 

T.: Kanda. Y.: Nemoto. H.: Kitamura. K.; Tsuji. J.; Fukazawa. Y.; J. Org. Chem. 1986, 51, 3394. C) 

Takahashi. T.: Shimtzu. K.; Dol. T.: Tsuji, J.: Fukazawa, Y. J. Am Chem. Sot. 1988. 110. 2674. d) 

Takahashi. T.: Yahita. Y.: Dol. T.: Tsuji. J. J. Org. Chem. 1989. 54.4273. e) Takahashi. T.: Yokoyama. 

H.: Haino, T.: Yamada. H.: J. Org. Cti 1992.57.3621. 

13) Annuziata. R; CInquinl. M.: Cozzi. F.; Gennari, C.; FUmondi. L. J. Org. C&m. 1987.52.4674. 

14) MM2 parameters can be obtatned from the author at UCLA. 

15) a) Kmikowskl. A. P.; Stein. P. D. J. Am. Chem. Sot. 1982. 104.4023. b) Curran. D. P. J. Am, C&m. Sot. 

1982.l04.4024. 

(Received in Japan 8 March 1993) 


