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Chapter 1

1a,25-dihydroxy vitaminD;

steroid numbering
[10,25(0OH), VD3]

ERNZBZEO—FETHHEH IV DEEMK (Vitamin D Receptor (VDR) Y T F
LT, I97IEICR R INZESERIE # 2 0 Ds (1a,25-(OH),-VDs) i, B/ 7 MK
FHOTERLEL L LT, BIERBAAEL &L HITHIE DV w7 L OE MK
BOBERICEERERZRZ LTS, Mch, AAEDERE - 53U, FZEHR
', AN 7 TURE, S5, BIIRS A, KEEXA, LA, MIERIEEH
fa7z & D0 AR XT3 B HEFEMA], SEEEE, 7R P AFEERR EEZTT
TEBMIINTWAS, L LAERDL, ZNENAMIICH L TRENR A FET
LAZEBEETAL, LWTEWERAL LTEINLN YD AMENEREND Z EBEaLN
TR, BABBE~OISAIIREE SNTE7, ZORDIEILVT T LMER (HEFE
Wi« LB EER) OAEZREETIHFLVWE Y I UDFBEFRBIRAEET N TV A,

1

! (a) G. Jones, S. A. Strugnell and H. F. DeLuca, Physiol. Rev., 1998, 78, 1193-1231; (b) M. R. Haussler, G.
K. Whitfield, C. A. Haussler, J. C. Hsieh, P. D. Thompson, S. H. Selznick, C. E. Dominguez and P. W.
Jurutka, J. Bone Miner. Res., 1998, 13, 325-349; (c) D. L. Andress, Kidney Int., 2006, 69, 33-43; (d) A.
Levin, G. L. Bakris, M. Molitch, M. Smulders, J. Tian, L. A. Williams and D. L. Andress, Kidney Int., 2007,
71, 31-38. (e) V. Dormoy, C. Beraud, V. Lindner, C. Coquard, M. Barthelmebs, D. Brasse, D. Jacqmin, H.
Lang and T. Massfelder, Carcinogenesis, 2012, 33, 2084-2093; (f) M. Guzey, J. Luo and R. H. Getzenberg,
J. Cell. Biochem., 2004, 93, 271-285; (g) R. Salehi-Tabar, B. Memari, H. Wong, V. Dimitrov, N. Rochel and
J. H. White, Mol. Cancer Res., 2019, 17, 709-719; (h) S. A. Lamprecht and M. Lipkin, Nat. Rev. Cancer,
2003, 3, 601-614; (i) K. Dalhoff, J. Dancey, L. Astrup, T. Skovsgaard, K. Hamberg, F. J. Lofts, O.
Rosmorduc, S. Erlimger, J. B. Hansen, W. P. Steward, T. Skov, F. Burcharth and T. Evans, Br. J. Cancer,
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B X I UDOIAE VX, 19155 0 b0 AFIERIC 2T CLEF R s hizde =
— 1 y XRAET A U I THAT L2 < BRICKT T 21REEE L TOEREHTH
5, < BHILE IUDRETELD/NEOBEERRLARILDOER L L THLNT
W5,

1919$ ZA ¥ U A®Sir Edward Mellanby, 7 1 — ¥ KFEFE O HuldshinskyZ &

, SRIVRIBE CL BRBIERT 5 2 E A ERINTIEHA S, 1922617 AV A D
McCollumiZ & - T, ik 2HIEAZEOMEN L Z I vDemb ahiz, * DK,
FADORFRICEZ I VDREEL, AT a—1LH b\ dia L 2T o — /L8RS
MEBH TE X I UDICELT BRIBBEMERNEENTVDL I LRI TV E,
19314E121%, WindausH D 7V —7 L A XU ADAskew b D 7 V—T BT )L TR T

m—/L (previtamin Do) DHFITIZ X 0, Fi DA T L R DR E /. T DR
Windaus & 13 ¥ # I »D;, Askew b idcalciferol & #4 L7223, T BiGERITMER+
S THoT), BIHMERELZEREEZ I VD EmA LELTWD,

1930ERITITEDET v EZ I VDD LAERTHEX I VD, LEEE X I 2D
IAETEMEN R A Z LB S o 20H 0, 1936412, BrockmannsiZ X ¥ i
DHL BHERFN I/~ 777 40— XV EEESh, ZO/RREFERNL Y
ZIVDLIZRRAEETH D I EBNEHENE, ! I%, 1935412 Winsaus & 23
:VX?D“W%ﬁﬂ&bféﬁbtf&iym&ﬁ%®%mﬁﬁok@5%@%,
FIZE X I 0D D2 BE LI AWIEEFHME T, B4 I UDDOEERD;D1~3%
ThDHZENREHENT, ¢ FLT, EXIVDITEMENTEETEORARDY
ZIUDTHDH I LPIEHSNTND,

2003, 89, 252-257; (j) R. Zineb, B. Zhor, W. Odile and R. R. Marthe, Endo., 1998, 139, 1844-1852; (k) P. E.
Norman and J. T. Powell, Circ. Res. Rev., 2014, 114, 379-393; (1) R. J. Wu-Wong, Br. J. Pharmacol., 2009,
158, 395—412; (m) B. Gui, Q. Chen, C. Hu, C. Zhu and G. He, Virol. J., 2017, 14, 10; (n) K. S. M. Wong, R.
Delansorne, K. Y. R. Man and M. P. Vanhoutte, Am. J. Physiol. Heart. Circ. Physiol., 2008, 295, H289—
H296; (0) Z. Al-Jaderi and A. A. Maghazachi, Toxins, 2013, 5, 1932-1947.

2 (a) E. Mellanby, Lancet., 1919, 7, 407-412; (b) K. Huldshinsky., Deutsch Med. Wochschr., 1919, 45, 712
(c) E. V. McCollum, N. Simmonds, J. E. Becker, P. G. Shipley., J. Biol. Chem., 1992, 53, 293-312.

3 (a) A. Windaus, A. Luttringhaus, M. Deppe., Justus Liebig’s Ann. Chem., 1931, 489, 252-269; (b) T. C.
Angus, F. A. Askew, R. B. Bourdillon, H. M. Bruce, R. K. Callow, C. Fischmann, J. St. L. Philpot, T. A.
Webster, Proc. Roy. Soc., 1931, B108, 340.

* H. Brockmann, Z. Physiol., 1936, 241, 104.

> A. Windaus, H. Lettr, Fr. Schenck, Ann. Chem., 1935, 520, 98-106.

® W. Grab, Z. Physiol., 1936, 243, 63.
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ZDHIVEIZE, ©F I DICHET 2R EITIER T 523, 19664 IZDeLuca
SN FUF 7 LERKRLIZEH 22D ([1,2-°H-VD) 2 AR L, Zita&E L7z4to
RO ME6.8LD> 5, RETAMRD 1 3mg S EBES L, Zhudd, 250k S 7-25-t
Fexi 43 0D; 25-0H-VD) L RE STz, 7 £ LT, 19714 ZDeLuca b &
Kodicek 5 (2 & W {EMHRI €% I DD BB - RIENHE SN DHIZE D, DeLucab i,
[1,2-H]-VD: &2 % 5 L 721500F DD R Z DFED/Ngh 6 O KR A HEZEIZ L v
2uglE EEONTRBERYO T Y VFEEERNLCEESITIC L VEER X I v
Di& L COBERELRIT> TS, * (Figure 1-1,1-2)

Figure 1-1

7 (a) J. Lund, H. F. DeLuca, J. Lipid Res., 1966, 7, 739-744; (b) P. F. Neville, H. F. DeLuca, Biochemistry.,
1966, 5,2201-2207; (c) J. W. Blunt, H. F. DeLuca, H. K. Schnoes, Biochemistry., 1968, 7, 3317-3322.

8 (a) M. F. Holick, H. K. Schnoes, H. F. DeLuca, Proc. Nat. Acad. Sci. USA., 1971, 68, 803-804; (b) M. F.
Holick, H. K. Schnoes, H. F. DeLuca, T. Suda, R. J. Cousins., Biochemistry., 1971, 10, 2799-2804; (c) D. E.
M. Lawson, D. R. Fraser, E. Kodicek, R. H. Morris, D. H. Williams, Nature., 1971, 230, 228-230.
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Figure 1-2

ergosterol HO"

vitamin D
[previtamin D] 2

HO

HO"

7-dehydrocholesterol vitamin D; 25-hydroxy-vitamin D3
[provitamin D] [25-OH-VD;]

TDEHIREZIVDICETAFREDOESRND, BAETIL, ©F I UDOEKNR
TORBBRENEAINTE TS, BID, MHIZHFIET 5 7-dehydrocholesterol 73
BTRERRT CHARIZEY, TOBEREHMPERE L, previtamin D323 AR, HE<,
previtamin D3 DERN ST & U vitamin D323 4S5, vitamin Dsldvitamin D-binding
protein (DBP) |ZfEE L CHFIRIZEIT N D,

FFig CIIfFMaD I 7 v Y — AMCFEET S F 7 v — AP450EEZE (CYP2RDIZ
X o T25AL 8 K ER AL & U, 25-hydroxyvitamin Ds (25-(OH)-VD;) AR T 5,
25-(OH)-VD; I3 UDBPIZFE A L CRIgIZEIE, DBPOZ M (LRP2, Megalin) A’

WCEET A BIBOEMRME MR T KA F—3 R X > THEPNIZE
DIAEND, DBPHLAERE L 7225-(OH)-VD3iLX b=/ R IZELY IAE R, la-K
Bt BESE (CYP27TBD T X - TlafiL 23 K & {k & 1 1a,25-dihydroxyvitamin Dj;
(10,25-(OH),-VD3) & 72 5, 10,25-(OH),-VDs 23 it & 4t L C/Nig, B, 2ot
Z I UDOERBEICEIIND &, MEENE X I UDEREESZ /37 (vitamin D
receptor: VDR)! AT B, T W2, EXIVARREETHH VT /A VEBEREK
(retinoid X receptor: RXR)E ~T & A v —% KR L T, TOEEENR I/ n~F £



Chapter 1

DREEETALLFEE L, B F I U DOEAIEIRT Dvitamin D response element (VDRE)
%I U CHERE (transcription) % F8E1 L, /EAZRHES 5, ° (Figure 1-3-1, 1-3-2)

Figure 1-3-1

vitamin D;

l DBP

7-dehydrocholesterol
[provitamin D3]

10,24R, 25-(OH),VD; 24R, 25-(OH),VD; liver
23S, 25-(0OH),VD;

10,238, 25-(OH),VD;

DBP HO"

1a,25-dihydroxyvitamin D; 25-hydroxyvitamin D,
VDR [10,25(0OH)2-VD3] [25-OH-VD;]

9 (a) D. J. Mangelsdorf, C. Thummel, M. Beato, P. Herrlich, G. Schutz, K. Umesono, B. Blumberg, P.
Kastner, M. Mark, P. Chambon and R. M. Evans, Cell, 1995, 83, 835-839; (b) Y. Liu, C. Nguyen and S.
Peleg, Mol. Endocrinol., 2000, 14, 17761787, (c) N. Rochel, J. M. Wurtz, A. Mitschler, B. Klaholz and D.
Moras, Mol. Cell, 2000, 5, 173-179; (d) W.-V. Tee, A. M. Ripen and S. B. Mohamad, Sci. Rep., 2016, 6,
35937; (e) C. Carlberg, J. Cell. Biochem., 2003, 88, 274-281; (f) A. Kato, T. Itoh, Y. Anami, D. Egawa and
K. Yamamoto, Bioconjugate Chem., 2016, 27, 1750-1761; (g) Y. Anami, N. Shimizu, T. Ekimoto, D. Egawa,
T. Itoh, M. Ikeguchi and K. Yamamoto, J. Med. Chem., 2016, 59, 7888-7900; (h) A. Kato, M. Yamao, Y.
Hashihara, H. Ishida, T. Itoh and K. Yamamoto, J. Med. Chem., 2017, 60, 8394—-8406.
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Figure 1-3-2

VD,
VDR ‘/ —> wrS D wrS
mRNA @ °°"’°fiya,o,

transcription ‘(q
-
RXR VDRSS
“Protein Synthesis”
Target organs Vitamin D Response Element
(Intestine, Bone, Kidney, Parathyroid etc) (VDRE)

INETOFEEREE S I VD2 BB & T 5EFMRIL, FICRAYOBEELE
LEEDFETITRONTETCVEDR, TNHITEALEDBE, ARTHEEL &
M EARTH D, ' b LT 5 L, (bEMDOH LIS Birans-£ R
A E U EEDPDEE I N CDEHFEE OGS A-CIEMETEMITE b F 23D
72N, AU, CDIRESD BRI B R B S T\ \trans-& Fu A U U EETHY,
" RARFIOCDBERERILE S I DD D & AR S B LN 2 EREET
HbD, TNETIZHZEZ DCDRIFEMIENEFE INTE TV BN, LEERE « K%
RThY, EBEOEEMRRBTIIERIND Z LITE N -T2, TOOCDEIBOFE
BEGEBLZER L=ZFERIIED 2L, T2 0ORFEAEBIEESMAEEIIA S

' (a) G. T. Valentini, N. Rochel, J. M. Wurtz and D. Moras, J. Med. Chem., 2004, 47, 1956-1961; (b) M. J.
Pgerritsen, J. B. Mboezeman, I. M. J. J. Van. Vlijmen-willems and P. C. M. Van. De Kerkhof, British
Journal of Dermatology., 1994, 131, 57-63; (c) A. J. Brown, C. R. Ritter, J. L. Finch, J. Morrissey, K. J.
Martin, E. Murayama, Y. Nishii and E. Slatopoisky, J. Clin. Invest., 1989, 84, 728-732; (d) H. F. DeLuca, H.
K. Schnoes, K. L. Perlman, R. R. Sicinski and J. M. Prahl, Eur. Pat. Appl. EP., 387, 077; Chem. Abstr., 1991,
144, 185853u; (e) E. Slatoposky, J. Finch, C. Ritter, M. Denda, J. Morrissey, A. Brown and H. F. DeLuca,
American Jounal of Kidney Diseases., 1995, 26, 852-860. (f) T. Okana, N. Tsugawa, S. Masuda, A. Takeuchi,
T. Kobayashi, Y. Takita and Y. Nishii, Biochemical and biophysical research communicateon., 1989, 163,
1444-1449.

""" (a) P. M. Wovkulich, F. Barcelos, A. D. Batcho, J. F. Sereno, E. G. Baggiolini, B. M. Hennessy and M. R.
Uskokovic, Tetrahedron, 1984, 40, 2283.
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DT> TR, 12

i, MEROFBEEBERIL, RENDLHEDLNDLEHX I D, OER{L/#E TCDERER
ATEL, TNICABRT L AEAEA L TEX I UDEELBEEET H HIETITD
NT&, Z2) LEFT, BEEEEEERORBL BN E LEFEERNLEKS
N, EECB R, GREE, BRI TR E ORI L LT LR SR T
W5, BIETIE, RIBBSA, BERESADBERICHER IS TVDS,

— 5T, IV LERFLOL D E LT, 19-norik7s & —EH OBELED, A
Ny AMERAEMZ CRIRSEFEERZEZT I LICRIIL TV DR, /ERRE
RLVERASBED ETITELEER D TR, TN TH, FHRIAAEE U CHEE

(EfiE) DOIREENERISHICE S TV A HII/HET NEETHH, (Figure 1-4-1,
1-4-2)

Figure 1-4-1

Coupring with
A-ring

HO' ™~ "OH
O ~_OH
ED-71 (eldecalcitol) 19-nor-vitamin D5
(Chugai Pharmaceutical Co., Ltd.) (DelLuca)

12 (a) A. R. Daniewski and J. Kiegiel, J. Org. Chem., 1988, 53, 5534-5535; (b) R. K. Haynes, S. C.
Vonwiller and T. W. Hambley, J. Org. Chem., 1989, 54, 5162-5170; (c) W. S. Johnson, J. D. Elliott and G.
Hanson, J. Am. Chem. Soc., 1984, 106, 1138-1139.
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Figure 1-4-2

sidechain derivatives

HO™ HOY

MC903 (calcipotriol) TV-02 (tacalcitol) ) "
(Teikoku Seiyaku Co., Ltd.) (Teijin Limited) 22-oxacalcitriol

DX RERND, AR TIHMEMCDEHFHEROHARICE V%A, 16-oxa
e s I UDFER Ldes-DAEIY S I UDFEE AR L LEFEERREE LT T

7=, B (Figure 1-5-1)

Figure 1-5-1
o OH

HO" HO"

16-oxa type VD3 des-D type VD3

16-oxafl £ % 2 U DFEMKIT, B ¥ I UDERINLDORERF 2 MBEBRFICER
L7eHFERTH D, 16-oxaEF I UDIHERIT, T BEBERE RBEELRkITRW
HOD, 10,25-(OH),-VD; & HLE LT, 16 BER FICBEEXEbo72Z & T, 2
A E LT, FIABERmMAKBET DS ITNLHFEERLRDLZERT

BN E TOYEETOEBIZE; () 2008 FEE EiE BEAF B30 (E)IIRE); (b) 2010
ERE M EA BRI FERIIKRE); (c) 2011 FE ER/J HN BRI FE)IIKE); (d) 2011
EE AR BES BT (BER)IKE); (e)2018 FE T H FM ELHLER)IIKXKF).
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RTxD, ZOBETFTOBEEBERDOE Z I U DFEME L TR D AEBEMIER
EREOZLICHIG T ABERTHD,

Z LT, 16-oxall % I U DFERIC—EDOAEHEMIERAZ RV HEENIE, oh
ZEBE LEHERHOBELER LS, A1D, 16-0xafl % I UDFFER L LT,
PERDE X I U DFEEREFNH 5, IS F 72 IZARIEAEM L 7B E 2 M0
ATEL DIXETERBEMRE 20, TOABEBEEERICLIENE TS, 20k
REEMNS, 16-oxall B ¥ IV Dyt LW EA L L TARMIZ L ERIEAIIC B E
HT®h%, (Figure1-5-2)

Figure 1-5-2

10,,25(0H)2 VD3 16-oxa type VD3 overlapped with
10,25(0H)2-VD3

and
16-oxa type VD5

des-DELE % I VDFHEMRIL, C,D BEODERIAFEL, [IgEe L TESFBLEA
LEeBFEAERTHD, ZDdes-DEIEZ I L DFEMRIIDBIREZFE L-HEETH B0,
BEHRHE S I VD e S I UDRRE L KER/EEFEAMT D3 >DKEBEESRSS &7
BROEHEBELZF o -FEERADFETHY, FTREZ I U DFEMR L LTS
TE 5, ZODREABE LIZFHFEMEIT, TOARP BB \AITA DA 2R
b, CERENA FIVE L ISHER & OSLEEMER & HFEEHDICE AT DRSO E R
HEELEPEDETHEREOBELFREL T 5, 207D, ZOROFEMKIZ—
EDEENHIE, HBEERERT 1 75 UV —EEL2ITW, B, VERSEES#
FTEOHHAFTERERNFIEE L 725, (Figure 1-5-3)
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Figure 1-5-3

I I
3 1 3 1
HO™ OH HO™ OH

overlapped with
10,25(0OH)2 VD3 des-D type VD, 10,25(0OH)2 VD3

and
des-D type VD3

RFZE T, ZO2BEOFRE Y I U DFHEROBERE LA, T L TEE
SMIC L VB EEEELITY 2 2HE L, TNOHFEET A 7T ) —DBEEIC
DUNT i % E, %EE ni'f‘[ﬂ%fna ‘g‘é

FHFEESROERAMELZEETIICHY, TOBEREHIE Y I U DEER
BURIE EERBEROBEREMMEEZTFRT A Ny v Ialb—varz
B A7z,

DX D AEHEEEET, 208EIE ERIN G, BHY VX BEDOMFEEICES)
rERE(LAWERE DFVE (structure-based drug design, SBDD) & L TEIZEMIFEE
Y ANSNTEY, FO—DEHF U7 E L) T ROMLERZ2EEHE
BB MEE TREIT S Ky X 7 #HE (protein-ligand docking) 3 VN AL TV
B

KD Z — 4w %237 B Th 5 VDRIT10,25-(0H),-VD; & DIEE (FEsmT
— ZP2000EIBESINTREY, 2OEAFHAVELMPICER TS, * A,
10,25-(OH),-VD3 i VDR N ©, ISR E 0 DS KBEN A F UV UV EE
(HIS-305, HIS-397) & K EHEA L, ABRE, ML OKBEN T Y VFRE, THAF =K
B Fo o UEE (165 SER-237, ARG-274, 3/i: SER-278, TYR: 143) & KFEREE %
R A ZEMEBRZRARKBEHANTH D, (Figure 1-6-1)

14 N. Rochel, J. M. Wurtz, A. Mitschler, B. Klaholz, D. Moras, Mol. Cell., 2000, 5, 173-179.

10
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Figure 1-6
Structure of VDR-10,25(0OH),-VD3; complex

OH
10,25(0H)2-VDs3

Side-chain unit

HIS-303

] TYRY43%

S ARG-274 <
*PDB ID: 1DB1

INEEEVIC, BEE TITHI0EEIZE DY X I U DIFEMR L VDROBE AR
B EN AN TETRY, ZO/REBET %1, A—7 7 —4X—AT
& B protein data bank (PDB)ICEE SN TWA, ZOA—TF Y —R L NyF 77
0T LEHATAHZET, BHENZVDRNOFBEERE Ny XL 7 Ialb—Ts
VEITHZEMNHEETH B,

— I Ry F o 72— g VOFEET VII4EEIIR G EN5S, Blb, a)
ZURIBEV T RERIEE LTERYH 9%6%/\%7‘/1/ (lock-and-key model),
b) U RIBEV T RORAEBRKECHE L 2BR~AFEREST HETV
(induced-fit), ¢) V> ROBBEELFEIZZ VRV BEOREERLOT I BEED

11
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HHEZHVSHET /L (partially flexible protein model), d) % > /X7 EZMlEE LT
EEL, ARy Yy NATOY Ty REREEZEZELEZFHELZITH> 7 LI T
R %7 (flexible docking) Tdh %5, (Figure 1-7)

Figure 1-7

a) Lock and Key Model (Rigid Docking) b) Induced Fit Mode (Flexible Protein Docking)

> 2)=0)

: . Ligand-Protein
Ligand Protein complex

Ligand Protein ngigg,-;:;:em
+ I__.> Q\

c) Partially Flexible Protein Model d) Flexible Ligand Model (Flexible Docking)
(Flexible Side-Chains Docking)

> D8 0908

Ligand-Protein
complex

=

+

Ligand-Protein

Ligand Protein complex

Ligand Protein

Ryxorr7ra 7T A3, BIEE TICRS0FEEL ERLZRR T T v FAR—ALIZ
BEINTWS, REHRBDE LT, HEY 7 ML, Gold, Glid, Surflex, eHiTS,
ASEDock, &> 7 MZiX, DOCK, LigandFit, rDock, AutoDock VinaZg E23%H 5, A
W CITERE Y 7 FTh D AutoDock™ Vina 71 75 L& =, ° AutoDock™
Vina”' 1 7' F Aliflexible dockinglZffiET A Y 7 b =7 ThH VD, L, 2F77
B ESWTERF & A a7 EA%L (force-field-based scoring function) & L TR
TERIND,

15 Q. Trott and A. J. Olson, J. Comput. Chem., 2010, 31, 455-461.
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Chapter 1

A G= AEvdw + AEelectrostatic + AEH-boncl + A}—f:desolvaltion + ASconf

AG: Zo X7 E Y v REFEOMEAEER
ABvaw : 7 7 VTV T — LR J]

AFeiectrostatic : A B rH A1E

ABm.bond © /KB EIC X DFHAIEH

ABdesolvation : MPEHEZN T

ASeont : U H v RO o B —21k

Ry ZvIab—va ik UTOFIEICLY EH L7, (Figure 1-8)
1) E# 3 DFEEK L Vitamin D Receptor (VDR) & DE ARG REET —F 1 &
BEnr-, ANEOF — & X— 2T 5Protein Data Bank (PDB)) 5, {EED U AJ

v N-EEEEREET —F 2 AFT D,

2) UHv R-VDREEEHESET —Z DY H 2 K E&KEG-F % Discovery studiolZ &
DERVYBERLS Z & T, ZOVDRT —F L9 5,

3) ZEDVDRF—ZIZ, BRNUZChem3DD 3 FA1HFHE (MM2)IZ L Y &K E1L
EATo 7, IR I VDFEEEREZFLRI T FELTANAR,
AutoDockToollZ & ¥ VDR & FrfliFE Ak & OBfMMELHE T D,

4) NEREERZ, 7T 7725V A RO ANALZ & T, VAV FRILDER
¥ (overlap model) ZPyMOL % i TR 5,

13



Chapter 1

Figure 1-8

Molecular-Docking Study (AutoDock™ Vina program)

3) Calculated VDR affinity of Ligand (blank)
and Novel vitamin D derivatives

4) Overlapped with ligands

Ligand
(Novel vitamin D derivatives)

AutoDock™ Vinaz AWz FyF v /v I ab—3 g VOB ME LT,
10,25-(OH),-VD; & VDR & O & & K # & 7 — % (PDB ID: 1DBI) I
19-nor-10,25(0H),-VD3 % AV 23 2 2 L—3 3 > 24T 5 7=, 19-nor-1a,25(0H),-VDs
1310,25-(0H),-VD3 & B LTI =F Y A F L U EEZR LZEBETHY, DY
Ty RHEE & REREIT W20, 2 b Doverlap model TH KX 72 X L E7n
CIRELZY T RTHS, (Figure 1-9-1, 1-9-2, 1-9-3)

14



Chapter 1

Figure 1-9-1

s affinity dist from best mode
(kcal/mol) rmsd Lb. rmsd u.b.
1 -11.5 0.000 0.000
2 -10.0 1.366 9.033
3 9.1 1.788 9.218
4 -9.0 1.696 2,574
19-nor-10,,25(0H),VD3 5 -8.9 2.333 9.683
6 -8.6 2.064 9.008

Figure 1-9-2

mode 2 mode 3

affinity: -10.0 kcal/mol affinity: -9.1 kcal/mol
rmsd I.b.: 1.366 rmsd I.b.: 1.788
rmsd u.b.: 9.033 rmsd u.b.: 9.218

mode 4 mode 5 mode 6

affinity: -9.0 kcal/mol affinity: -8.9 kcal/mol affinity: -8.6 kcal/mol
rmsd l.b.: 1.696 rmsd l.b.: 2.333 rmsd L.b.: 2.064
rmsd u.b.: 2.574 rmsd u.b.: 9.683 rmsd u.b.: 9.008

15
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Figure 1-9-3

mode 1

affinity: -11.5 kcal/mol
mode 1 rmsd L.b.: 0.000
affinity: -11.4 kcal/mol rmsd u.b.: 0.000
rmsd l.b.: 0.000

mode 6

affinity: -8.6 kcal/mol
rmsd l.b.: 2.064
rmsd u.b.: 9.008

rmsd u.b.: 0.000

10,25(0OH),VD3; (blank) 19-nor-10,25(0OH),VD;
1) Overlapped with 10,25(0H),VD3 (green) and 2) Overlapped with 10,25(0OH),VD; (green) and

19-nor-10,25(0H),VD; (mode 1; light blue) 19-nor-10,25(0H),VD; (mode 6; white)
g s N30

AutoDock™ Vinalz L 52 2 L—y g VIERITEBORBRENLFERIND, SH
19-n0r-10,25(0H,VD: 58 & Lz 2 2 L— 3 VT, 60D EENFER L
LTE 57~ (Figure 1-9-1, mode 1~6), Z DWf, VDR & U A 2 K OIS affinity
(kcal/mol) & L THER&EN, FRIZ, 2O U T FEELEFHRI T FOXIET S
JEF B+ DT Hhrmsd (root mean square deviatuion, ¥ “FFE)E L TETFIN
B, LT, 2hH6BEDT —Z ODVDRAN THOZEREEBIXIE TR S (Figure
1-9-2).

757 THH10,25(0H),VDs & Doverlapp model & L T19-nor-10,25(0OH), VD3 D
mode 1, 6DFERZ AR5 &, 19-nor-10,25(0H),VD3;Dmode 1 TIE7T T > 7 DY T
NEEEE L BIFRER Y BELNTVAH, mode 6DFERTIE, 77 7 & HE
LT,C,DERHLEABRTOMNENFEBE LT MOBRLIEFELN TV D (Figure 1-9-3),

X - T, &BFZ TAutoDockTooliz L B EHERKRE L LTHAT LT — % D&MEFI,
rmsd Lb. (rmsd lower bound), rmsd u.b. (rmsd upper bound) 235 & HIZ0TH
W, 7527 LTANIAATEY Y RF—& & Doverlapp modeliZ & WT, B X
IUDEKRODL 3, S KBEOMEBERBR—HTHZLE L, AL, 5E

16
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19-nor-10,25(0OH), VD3 Z VW22 2 = L— g UFE R Tldmode 1D ERRE L
RA32az&ER5,

WIZ, KR TTA T TV —HEEEITH, 16-oxafllt % I Db des-DEIE # I
DO—HFEEDO Ry F L /v al—2a v 2HVWEETFOEERTo=, 3
ab—valUERELT, 16-oxal B % I U DFE(KRIL10,25(0H),VD; & (LR L T,
ZOBEDOEMBELBEIZIZEA E—FL TV D0, RISRIGES 250 D/KELEE DAL
BRETITNZALBEEZRS Z EBNRTEND, (Figure 1-10-1)

Figure 1-10-1

PDB ID: 1s19
10,25(0OH)2-VD3: green, 16-oxa-1c,25(0OH)2-VD3: white

17
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des-DEIE Z I VDFEERIL, DRHEZE LIEBETHHITOLNDLT,
19-n0r-1a,25(0H),VD; & LB L T4, VDR E DFESITHER, 1, 3, 250D /KERELER
SFONMEMER—ELTEY, VDRIZXT 5 —EDRERENEOLND Z LB HIFT
EHFHEEERTH S, (Figure 1-10-2)

Figure 1-10-2

alkgo AN\
PDB ID: 1DB1

10,25(0OH)2-VD3: green, des-D-typeVDs3: white

INHYIalb—va  ORERND, 16-oxafl i Wdes-DREI v % I DB EMRIT,
—EDOVDREFIMEE TR EEDEONIFEEERTHI Z LR REBEINDL, IND
BEEDO Ry F LTV Ialb—a VOFEMIIEREICTHRT 5, LT, FEIZEW
FHE S I U DFHEFOEEL E LT,

18
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BoBETE, FIRE Y I LDBERDTA T TV —EEICH T, LBARI
=y bOERKERRFBUCDERE L ARE L=y L DA-CDA v TV ¥ T IS DR
FHZDOWTE#T 5, (Figure 1-11)

Figure 1-11

X Suzuki-Miyaura Coupling

I ’
)
oP NS

OP v Vitamin D3 derivatives

o oP Horner-Wadsworth-Emmons Reaction

Julia - Lythgoe Olefination

FEZETIX, CDERIINLICHEER F2E A Lz16-oxal % I VDFEMERD S
FRAIZ DWW TERT 5, (Figure 1-12-1)

Figure 1-12-1

X R 2i-PrMgCl | R R
\—\>_( H Ti(O-i-Pr), [ 1) Ru-cat.
O ——» 0 — O
Me;Si—=—  cat. CuCN-2LiCI Z 2) Hp, Pd/C

A~Br SiMe; SiMe3

R R Ti(O-i-Pr), R
. H .'H TMSCI, Mg . H
O + @ JE T — o)
Y - v - ~——
[ y oH’ oH! °

16-oxa C,D-ring major minor

19
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pin

' R
Suzuki-Miyaura
|0 O ) Coupling
l Fl + N
P .
X o) oP \

B
l
. OoP
(X = Br, Bpin)

R l Y Horner-Wadsworth-
DO Emmons Reaction
- + /
oH PO" OP
OP

Julia - Lythgoe s
Olefination 16-oxa-VD; derivatives

(Y = P(O)Ph,, SO,Bt)

HIUETIt, DI LTodes DEL L ¥ I L DHEE O LRIV THT 5.
(Figure 1-13)

Figure 1-13

OP oP ‘
~ | Asymmetric g I PdfC 1 |
reduction . ) *
( modified Y T
(0] OH

CBS reduction ) OH

OoP
XX Wittig-olefination . 2) o-Methyl-
-

A% \ - - -
Q\ isomerization
B

Y
//I N/ "OH
NS

1) Suzuki-Miyaura Coupling

+ . L
M= | Bpin  3) deprotection
B )
TBSO" oTBS HOY OH

des-D type VD,
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BRETIE, FREH I UDBEERTHD, 16-oxall, des-DEI Y ¥ I U DEFEMAD
VDRIZ %9~ 2 B R OFE S REFHMIC DWW TimT %, (Figure 1-14)

Figure 1-14

1) Fluorescence Polarization VDR competitor assay

2) TR-FRET VDR co-activator assay

' %, Co.
5 . qcs,
p! &Vefor
ra 3 = : 2
VDR ligand |___> VDR § |:> VDR §

EBAETH, RIEEBAIZOWVWTHRARS,
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BLE FHHRCHXIUDBEERTATITY —BEIZHIT
FBART 2=y POBAREACDI TV VT RID
Rt

EH I UDFBEROEREMIEICIE, 1) I VAT a— VB LBERES, 7-diene
HERE LT, BEITEEMICRY BX I VDEREEET 5FIE 2) ACD
BHDD v TV v ISR A=Y=y MEIC LY B X VDB
KT DHFEE 3 v A=V MELKAI TV U T ROEE LT L EXZI LD
EORMAEZEE LT, E4 IVDEREBETIFEIMRES TN,
(Figure 2-1)

A TEAREZEHE L TCWAHREZ I U DFHERIL, EMCDRTFERTH
HIENbarN—Vxy MEZIOBFEEROBENLETHY, AREIIRRAE
% O 19-nor B % % B L § 5 7= ¥ , Suzuki-Miyaura Couplig £ 7= I
Honer-Wadsworth-Emmons Reaction AV 5 FHEEBENEEN 5,

Figure 2-1
1) R
hv orA
P = S
HO HO
cholesterol 5, 7-diene

'S (a) A. Windaus, H. Lettr and F. Schenck, Justus Liebig’s Ann. Chem., 1935, 520, 98-106; (b) G. D. Zhu
and W. H. Okamura, Chem. Rev., 1995, 95, 1877-1952; (c) E. G. Baggiolini, J. A. Iacobelli, B. M. Hennessy,
A. D. Batcho, J. F. Sereno and M. R. Uskokovic, J. Org. Chem., 1986, 51, 3098-3108; (d) L. Castedo, A.
Mourino and L. A. Sarandeses, Tetrahedron Leit., 1986, 27, 1523-1526; (e) B. M. Trost, J. Dumas and M
Villa, J. Am. Chem. Soc., 1992, 114,9836-9845; (f) T. Hanazawa, A. Koyama, K. Nakata, S. Okamoto and F.
Sato, J. Org. Chem., 2003, 68, 9767-9772; (g) T. Hanazawa, A. Koyama, T. Wada, E. Morishige, S.
Okamoto and F. Sato, Org. Lett., 2003, 5,523-525 and 3167.
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2) “Horner-Wadsworth-
Emmons Reaction”

P(O)Ph,

B g0 P L

3) % go R l l
+ l — || — go ___:_» VD; derivatives

P .
ot RO" OR 0 0

RO OR previtamin D type

“Suzuki-Miyaura Coupling” “Trost method”

HHREY I UDFERE D, 16-oxall B % I UDFFEMR 2-1Ldes-DEIE HZ I

DFER 220 a0 R"—Vx v MEIZ X AEEL, HBEDART 2=y  2-3L 3L

WDA-CDH v 7Y VRN ENELET 5,

Bie, ZO2BEOFHRE L I U DFERLERLTET714 7T ) —HBEOEH]
RERL LT, LBARH 2=y | 2308 EA-CDERETEON v 7 ) v 7 RIGSHMH
DEEILEREFTT A Z EDBMETHDH, (Figure 2-2)

Figure 2-2
Modified C,D ring vitamin D3 derivatives

g P

16-oxa C,D-ring C-ring

R

A-C,D coupling

, | - *
A A /
16-oxa type VD3 des-D type VD; , A “ )
(2-1) (2-2) .

Common A-ring unit (2-3)
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IDEHARETE, BABRLI= > b 24, 2508 & BIEAE LT RRE
C,DER2-6, 2-7L DA-CDH v 7V VIV RIGHET & £ LTz, H, KETITo1E
RO & A CIRBEFEOFECE S TED, FEGEROEZ TEERFEELLE
L L7EDT, ZFOESEERPIIFER T 5, (Figure 2-3)

Figure 2-3

Suzuki-Miyaura
Coupling

Y Horner-Wadsworth- HO

Emmons Reaction

(OH)

. Vitamin D3 derivatives
OP  Julia - Lythgoe

Olefination
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2-1. RRBCDEB2=vy FERKR

FHEZ I VDFEEBEICAITZ, A-CDY v 7V v 7RI DBEFHIIT KA
CDEHfz=y b 2-8, 294 MEHLT3, ZOAMI TROEHZ I DEUD;D
Y UEBBEIC X AC.DEBEOEIY H L &1T 5 FEa Az, 7 (Figure 2-4)

Figure 2-4
R
. R R R
Ozonolysis [O] Wittig olefination
R — -
then H- 7 - ¥
oH! o" A
HOY Vitamin D3 2.8 2.9
or
Vitamin D,

L, B I VD FEREX I DoAY VEE L ENaBHyZ VWS R RiE
TEITHZ &T, ST HCDERHFL=y N THDHE/ T/ —/VK 2-10 (85 %)
& UF— AR 2-14 (86 %) 2 48T, & ) T L — UK 2-1013IPCCE AV =28k 7 L =
~/w>@é%f ERUS (2-11: 91 %) & PhyP (CH,B)Br & KHMDS % A\ A Wittig-olefination

CXVERBREICT T AF LR 2-12 AL, rBuLiZ AWVWTT AF LU F
7 A& LIZCDERERIC, i-PrOBpinZk x5 Z & THRT UK 2-13% &R LTz,
(Scheme 2-1-1, 2-1-2)

Scheme 2-1

03, pyridine w PCC
- e

MeOH, -78°C Y = CH,Cl,

then NaBH, oH’

(85%) 2-10 (91%) 2-11

HO"
Vitamin D3

7 E. Mincione, P. Bovicelli, M. L. Forcellese, Synthetic Communications., 1989, 19,723-735.
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Ph3P+(CHzBr)Br'

KHMDS
2-11 >

toluene

Br

F—IVE 2-141F, — /T a— L ORBIRG bk, A= D
GrignarditZ & & %ﬁﬁﬁélﬁ‘:%ﬂ% W RIS DB A ZFT o 72 (2-15: 79%, 2-16: 82 %),
DL, OCDREL =y FOAREELFRKROFIEIZLY BHOCDRE L= v

FEER L, (2-17:93 %, 2-18: 61 %, 2-19: 57 %), (Scheme 2-2)

Scheme 2-2

0O,, pyridine d’:f -TsCI : { f
MeOH, -78°C pyrldlne

then NaBH,
HO™ Vitamin D, (86%) 214 (79%) 215
BrMg . .
OTES
Cul-Me,S PDC
> OTES —_—
THF g CH,CI
o|_|-l 2L1s
(82%) 2-16 (93%) 217
o}
PhP*(CH,Br)Br >"°'B-o
KHMDS t-BuLi
> > OTES
toluene Et,0, -78°C to 0°C | |:|
o)
(61%)

‘B
(57%) >§,6 219
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FKIRABICDEE 2 &R T 5 LT, 73—k 2-10, 2-11 DER{LSFED 14617
g hrox= e R Ui (2-200& &7 bR 2-11, 2-17 D Wittig-olefination (& & % Z{A

Q2DDERPBEENED, ZOERFIEICL D ZNLRIERYMOERITA LN
2o 7z, (Figure 2-5)

Figure 2-5
+ -
R . Ph3P*(CH,X)X R
055 PCC KHMDS
YL CH,Cl, Z toluene, 0°C A
o o H
X (E)
2-10 2-11 212
-16 2-17 2-18
AN XX
R R
epimerization
S e
H H
o X

14-epi isomer (2-20) Z isomer (2-21)

b, AR L= RRTICDEER 2-11, 2-12, 2-13, 2-17, 2-18, 2-191FATRE L DI v
7V TR OBRFHIER T 5,
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22 AR = v F AR

EHCDER Y Z X VDB EAOBEFEEMBEZ BRI L2 B L LEE,
FOABRE~= v MIKHKA 2228 LI, DeLucabiZ k> THRESNL TV D
19-norfl 2-23¥% VA Z ENEE L, TR HARM= = v b OGN 2 G
VETHD, AFETIL, EEOFERHEND DARE2 =y N DEMEFEM LT,
(Figure 2-6)

Figure 2-6

modifide C,D-ring VD, derivatives

., ., //o )n
H @HW o %
| I I

A Al Al

(19-nor)-10,25(0OH),VD3 Z = CH, : 2-22 (natural type)
H, H : 2-23 (19-nor type)

e S
g g Y
E TBSO" oTBS TBSO" oTBS TBSO" OTBS ;
TBSO' o TBSO' o
°F e

18 (2) H. F. DeLuca, H. K. Schnoes, K. L. Perlman, R. R. Sicinski and J. M. Prahl, Eur. Pat. Appl. EP., 387,
077; Chem. Abstr., 1991, 144, 185853u; (b) E. Slatoposky, J. Finch, C. Ritter, M. Denda, J. Morrissey, A.
Brown and H. F. DeLuca, American Jounal of Kidney Diseases., 1995, 26, 852-860.
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2-2-1. (R)-EpichlorohydrinZ JR ¥t L T 2 ABH 2= v AR

RIRFUABRER =~ b 2-321%, (R)-Epichlorohydrin% H3EFEE & U AMFZEE CH
FEINTVBAMFEICHREN, BREIT>72, " (Scheme 2-3)

Scheme 2-3
1) Me,Si—=—H " —
. Ve :
n-Buli, EtzAlCI = SiM93 Et3Si0 S|Me3
Oﬁ\,Cl Hexane, 0°C o H n-BuLi, BF;' Etzo‘ If o
2)NaOH, CH,Cl,  © 2) 3N HCI, THF Ho™ Il
(R)-Epichlorohydrin (82%, 2 steps) 2-24 {(70%, 2 stesp) 2-25
Ph-NMI* (5.0 mol%) SiMe, SiMe,
Et;N (1.5 eq.) I l I |
(PhCO),0 (1.1 eq.)
225 2 - [ ocoPh [ ocorh
CH.CI> (1.0 M) HO™ PhOCO"
2-26 (93 %) 2-27 (5 %)
TBSCI SiMe; SiMes
imidazole i Red-Al Il
2.26 = —— [ ocoPh  ———— (oH
DMF TBSO™ Et;0,0°C g0~
(92%) 2-28 (95%) 2-29
1) Ti(O-i-Pr),, L-(+)-DIPT , 1) i-PrMgCl
SIMe3 . . .
TBHP, CH,Cl, -20°C 2) Ti(0-i-Pr), Me;Si<_Brg,
2) MsCI, Et;N, CH,Cl, I _ 2i-PrMgCl L
. 3) NBS, THF .
3) Nal, NaHCO,, Acetone TBSO' OH ) 1BSO OH
4) Zn, cat. AcOH, MeOH
(68%, 4 steps) 2-30 (57%) 2-31
1) TBSCI, imidazole, DMF Br
2) DBU, toluene |
3) Cs,CO3, DMF TBSO' "YOTBS

(82%, 3 steps) 2-32

' (a) T. Hanazawa, A. Koyama, K. Nakata, S. Okamoto and F. Sato, J. Org. Chem., 2003, 68, 9767-9772.

(b) T. Hanazawa, A. Koyama, T. Wada, E. Morishige, S. Okamoto and F. Sato, Org. Lett., 2003, 5, 523-525
and 3167.
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TOAREOF ) DFNETIE, VA K 2250 1R T Vo — L OFRWKT
AV R, Poricine pancreas lipase (PPL) & vinyl acetate FVW72BER UL AV S
WTCNBDR, ZoREEL LT, EEBRERLET VAL Z A5 —#k7 /v =
— VDERIRE T N E T o 72, 2 BID, VA —/ViK 2250 CHCLEEHR (1.0 M)
|Z N-methy] 2-phenylimidazole (Ph-NMI, 5.0 mol%) & (PhCO),0 (1.1 eq.) &%, =R
TURFRBHE 1TV, BEOBRLEIZI VT /) T UMK 22651572 (93 %),

S DRIET, PEEIZURT LI — L ORRET £ FMAERET L, B, Bk
B Th D, DT VIVE 22TITEBEES % TELNE, ZHIHAEZITI Z &
TESHIZVE =K 2258 LTEINFIEETH o7z, (Scheme 2-4)

Scheme 2-4
SiMe; PPL SiMe; CHs
N
Ji Z 0A I E
Ph
l OH c, I I OAc . l N/>_-
HO" (96 %) HO"
2-25 (ref.19) e *k Ph-NMI : N-methyl-
____________ L 2-phenylimidazole _|
Ph-NMI* (5.0 mol%) SiMe, SiMe,
Et;N (1.5 eq.) I I
(PhCO)0 (11ea) [(ocoPn {ocoPn
Cchlz (1 .0 M) HO\" Phoco\"
2-26 (93%) 2-27 (5%)

BENT, T A UK 2-30DGrubbs M E AW A ¥V AKE (RCM) & 2
R4 Rk B RIGERE TS, 19-n0rB AR 2= v b 2-3808RHE1T>
oo ZOARIZOWTIE, % DScheme 2-1312 T L < i85, (Scheme 2-5)

Scheme 2-5

1) TBSCI, imidazole, DMF z 1) Ni(cod),, PCy; Y
2) K,CO3, MeOH H-Bpin, toluene I
2-30 > >
2nd . .
3) Grubbs<"?, ethylene TBSO' OTBS 2) H,0,, NaOH, THF TBSO'

OTBS
O
toluene, 80°C 2.33 2-34: Y =0OH
C 2-35: Y = P(O)Ph,

0 K. Ibe, Y. Hasegawa, M. Shibuno, T. Shishido, Y. Sakai, Y. Kosaki, K. Susa and S. Okamoto,
Tetrahedron Lett., 2014, 55, 7039-7042.
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2-2-2. (S)-Epichlorohydrin, D-(--quinic acid % FEt & 4 5 19-norARE . = v P EFR

DI, 19-norBIABRE = =~ ;% (S)-EpichlorohydrinZ F#t & LT, ABFEET
B STV B ERFEICRE, A ETT>72. *' (Scheme 2-6)

Scheme 2-6

1) Allyl magnesiumbromide {(O-i-P
cat. CuCN, THF Ti(O-FPrle o

o)
!_."0 2) KCN, MeOH ‘Me/ﬁ 2i-PrigCl E
IS 3) TMSCI, MeOH T A~

TBS ether, -45°C OTBS
4) TBSCI, imidazole, DMF

(S)-Epichlorohydrin

2-36 (73%) 2-37
(48%, 4 steps)
35% H,0, o (Ph;P*CH,Br)Br

1) FeCl3, pyridine, DMF 3N NaOH _3NNaOH_ . KHMDS
2) AcONa, MeOH i NOTBS MeOH, MeOH, 78°C OTBS toluene, 0°C

(85%, 2steps) 2-38 (73%) 2-39

Br Br

?I 1) DIBAL, Hexane ?I

o . _
OTBS 2) TBSCI, imidazole, DMF TBSO" OTBS
(E:Z=95:5)
2-40 (60%, 3 steps) 2-41

EHCDEBYZ I LDBFEKET AT T ) — %5 T 5 LT, BT, ZD19-norlA

EEf=v> b %ﬁ%%ﬁé@&:ﬁt%ﬁﬂ“é TEEMBEELLTWS, LrL2Rb, LEAE
RIETIIZBEAR L 2510, NI =y NERHET2Z LI3EELYVY,

Z T, VBRI 19-norBIARE I =y PEABRKGTHAZ L EZERNELT,
DeLuca b D#R4EEIZ 3 D D-(-)-quinic acid% JFEL & 35 19-nor ARG RE & 212
o=y FOBERBEETEIT ST,

21 T.Hanazawa, T. Wada, T. Masuda, S. Okamoto and F. Sato, Org. Lett., 2001, 3, 3975-3977.
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AIS, D-(-)-quiniq acidD A FILT 2T AL E PV D IZ I D BN D VA —L
K 2-200 A F VT 2T NVERDRITEG, NalOglZ K 5 E{bE (Malaprade Glycol
oxidative cleavage)iZ & 0, BAHIDOHEIK 2-43%2 EEMNICHETZ, ZDOEHRFEZ AL
HEH I VDFEFREGROBEFDOLIL, ZDF P MK 2430°V 7 = =LA
74 v A X VR EEALE 24520 T 5CDERE L O
Horner-Wadsworth-Emmons X i lZ iV A Z e RE L A ETH D,  (Scheme 2-7)

Scheme 2-7
HOOC, LOH MeOOC,, ,OH 9
P 1) AcCl, MeOH z 1) NaBH,, EtOH
HO OH 2) TBSCI, Et;N, DMF TBSO" OTBS 2) NalO4, MeOH TBSO" OTBS
OH OH OH
D-(-)-quiniq acid (80 %, 2 steps) 242 2-43
¥
1) Me;SiCH,CO,Me | OH | P(O)Ph,
—_—
243 LDA >
2) DIBAL-H TBSO" OTBS — > TBSO" OTBS
(or) (oP)
245

» Coupling with C,D-ring unit <—————J

—F, WHFZEE CIILAEIN B & kAR 2-43D Wittig-olefinationlZ L 5 7 & & A F
VAR 2-44~DEBEBRET LTS, L LR L, TBSEDOBBECZL 5=/ 1K
2477 0 F A F L U~ DTMS B I E2-45 R R AR T 5 Z L 2 HME LT
BY, ZORISEEORBE LML TN D, »

22 (a) M. Shimizu, Y. Iwasaki, Y. Shibamoto, M. Sato, H. F. DeLuca and S. Yamada., Bioorg. Med. Chem.
Lett., 2003, 13, 809-812; (b) N. Yoshimoto, Y. Inaba, S. Yamada, M. Makishima, M. Shimizu and K.
Yamamoto., Bioorg. Med. Chem. 2008, 16,457-473; (¢) S. Zhou, R. Zhu, J. Hu, L. Zhang, Q. Lu and X. Yu,,
Org. Process Res Dev., 2019, 23,1887-1891.

B 2019 FE KE Bl FERL FRR)IKRE)
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Bz, TMSEAT A 2-451%, HEL LTHERATIAFHRATFAL T T
(HMDS)HIRTH 5 EHEHI L T\ AT, HEE L TLDAZ HV 7 Wittig-olefination
DREGRREZEE L, 7 b 2-430EZEOEHNE (route A) &2k 7 Va2 —/V
DR L TR % FiE (route B)Z 5T L7z, (Scheme 2-8)

Scheme 2-8
Me3Si\N_,SiMe3 Ph3P*CH,BrBr- X I Br
i KHMDS
: > . + 2-27
/ THF TBSO' OTBS
(ow)
- X = H (2-44) 4 .
SiMe3 (2-45) !
route A :
Ph3P+CHzBrBr I Br [ 0 -
LDA
2-43 > ‘ ‘
THF TBSO' OTBS TBSO'
OH OTMS
TMSCI 2-44 2-47
route B | imidazole ?ﬁ?H
CH,Cl,
o Ph;P*CH,BrBr ‘ Br otes
LDA TBSO ?
o . TMSO
TBSO" OTBS THF TBSO' OTBS K-H
OTMS OTMS =~
base
2-47 2-48 [

route A : trace
route B : 30~50% yield (3 steps)

1) LIHMDS, CS,, Mel, THF |
2-44 -
2) (TMS),SiH, toluene, 60°C TBSO" OTBS

2-41
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WIOIZ, &7 bk 2-431ZE#E Wittig-olefination 2 1T 9 G RET 2 i L 7= (route
A). BI'H, PhsP"(CH,Br)Br (3.0 eq.) O THFIRR (1.0 M)%-78°CIZiAI L, BAFHE L
72LDA (1.0 M in THF, 2.8 eq.) & Il ., O°CIZFIRZ 1R RE# T & T A U

ERELE, 20V A4 RERE-18°CIomE%, 7 b /{zt 2-43DTHFRE (0.5
M)Z Mz, 0°CIZ FHE% | BER R L7z, HexaneZ M1 X, T8 & IBHE 2 BEIRE VR L
AR 5T, ZOFRMETIE, =/ V&K 2-47°1, 3LLTBS%0)2H7}< %/\@sﬁzs@
FIRZE Db 0RFEEAETHY, BEHIY 2-44DHEBEIIREETH -2,

WA, 28 T )V — )V OIREE R T 5 RERET 21T o7 (route B), Al L, 7
& 2-43 & imidazole (2.2 eq. )@CHZCME‘{& (0.5 M)IZTMSCI (1.5 eq.) &2 0°C TN %, 2HE
MBHE, BHEOBLEIZLY FY UK 247557, 2O MY UK 2-47
iR E]’F%0)Wltt1g-oleﬁnation5fﬁb v, BB HA Y % AcOH-THF-H,0 DR &
WIRICE W IAfE L, ZIECIR2EFMBHRELITY, BE OBRUEZIT 7o, BITORRER,
BRI CTH D7 aE AT L AR 2-44138930~50%FRE DR TH LD, 1T D
T )UK 2T EAEIE L TELNAER THoT, LLRns, WAL
LDA% H /= Z & TTMSEAHINME 2-4513 85 D4 (route A, route B) TARL L T
W2V, FLTT OEAF LR 2-441F, 2KEEE DA X 2 RISIZ L D 2-41~
DEHEFREL LTV D,
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2-2-3. D-(-)-LyxoseZ F Rt L T AR 2= v b DL

TIE TIT YIS E TEREMEE S T E 72D-(-)-Lyxose & 7B & L 7 ABRER
2=y FOARFEICLV2UMICKBEEZE T2 RABMART = b 2-50,
19-norBIABE L= F 2-52,2-53% &R L7z, ** (Figure 2-7)

Figure 2-7
_SiMe; IBr
0._OH Z .
. — e o
HO' OH TBSO" (o) TBSO" 0
OH 07L 07L—
D-(-)-Lyxose 2-49 2-50
(T oH | Y
—_— .
v TBSO'
TBSO 0 (o)
o)
0~ +
2-51 2-52:Y = P(O)Ph,

2-53: Y = SO,Bt

Bl%, D-(-)-Lyxose ®BnOHIEE (2.0 M)IZ, p-TsOH (5.0 mol %)% /il 2. 60°CIZANE.
L, 2B ## Lz, BB OEHEIZ L Y BnOHZBRZE L, Hexane & CH,CLIZ &Y
BfESEITo, 2NEER L, XU T ¥ Z—/ViKanomaeriE &4 % 15 72(84 %),
BHNTZRDNNT  Z— VK Dacetone?d#E (0.3 M)IZ, 2,2-dimethoxypropane (2.2
eq.)&p -TsOH (5.0 mol %)Z MM %x, BIRCIHBEHL, BFORLEICLY TE =
K %257 (83 %), i\ T, 7k b= FIEODMFEK (1.0 M){Zimidazole (2.2 eq.) &
TBSCI (1.5 eq) &M%, =R C2HEEHBE L, BEOBLAEIZL Y V) bz —F UK
2-54% SR L2 (99 %), »

Wiz, U vz —F LK 2-54DTHF (0.1 M) & ammonia (0.1 M)DIREEKR %
TI8CIZEBEIL, BV F 7 A 22 eq)2PET DM, TLCIZ X W RISH5ER LT

 (a) K. Ibe, H. Aoki, H. Takagi, K. Ken-mochi, Y. Hasegawa, N. Hayashi and S, Okamoto, Tetrahedron
Letters, 2015, 56, 2315-1318. (b) 2010 4 #k B3} B FRRJIKF). (o) 2011 F£E RIFF EFH
B R)IRF)

% G.E.Keck, T.T. Wager, J. Org. Chem.,1996,61, 8366-8367.
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T L BFER L, 28R T CTRIBICKE L2 HammoniaZ ZAFRE LTz, £ DI,
WBHEOBMIIZ L I T Z— /UK 2-55% &7 (10 %), ZDO~I T EZ—/LK
2-55DTHFIRIE (0.14 M)%0°C & L72#%, n-BuLi (1.0 eq.)®Hexanel&R % 1 %, =ik
TAVSBETHZ LTI axy RERE L, Z 2 THIE&IZ, MePPhsBr (3.0 eq.)
DOTHFEKR (0.4 M)Z0°CIZ T, n-BuLi (3.0 eq.)DHexane?AK % M1z, iR T4057
BT AL TAY FEFAS L, 204 ) RBRICT vaxy NERE M Z,
60°C T455 FAMME L, BE DBAFIZL Y T a—)UK 2-56%187- (95%) . TV
o — VR 2-56 Dpyridine?AHE (0.2 M)Z0°CIZmEI L, TsCl (3.0 eq) & M2, =R TI2
RER1B R 21T - 7-. AcOEtZ NN %, IN HCUZ X B B2 X Y pyridine & frE%, @F
DFBMIBIZ LY bR 2-5T%47-(98%), b Uik 2-57TOTHFERK (0.2 M)%
0°CIZEIL, TBAF (3.0 eq) &z, IR CIRHEBE L=, ZOHBBO0CIZHAIL,
NaH (3.0 eq) &M%, =R CI00MEH Lz, BFOBOIEIZL Y =RF 1K 2-58
157 (88 %),

#5217 T, trimethylsilylacetylacetylene hexane?&#2 (3.0 M)% 0°CIZ# I L, n-BuLi®
Hexane?®iE (3.0 eq)&M%, 0°CTLSKfEEEL, VF VLT EF U NEFRERIZ,
ELAICI 3.0 eq)Z Mz 72, & HIZ, 0°CTIRFBEL, TVI=U AT EF YU N3
LT, ZHICTRF UK 2-58% 0%, O°CTIRFEIBER L, @E OB EITH =
LTI NT T AR 2-59% 1572 (63 %), X HIZ, YU AT NAF AR 2-59DDMF
B (0.5 M)iZimidazole (2.2 eq.) & TBSCI (1.5 eq) & i1 %, EIR C2RFREEELE L, %L
BIC XY oA UTRIABRER T RIA 2-49%157- (94 %), (Scheme 2-9-1, 2-9-2)

Scheme 2-9-1

1) p-TsOH, BnOH
2) 2,2-dimetoxypropane

H " DMP, p-TsOH, acetone 0_ 0OBn Li O._OH
> —_——
HO"RIOH 3) TBSCI, DMAP, imidazole, DMF TBSO" o THF-NH; TBSO"L(\[Q
OH o] 074—
D-(-)-Lyxose (69%, 3 steps) 2-54 (70%) 2-55
o OLi*

o MePPh;Br HO

n-BuLi ((\E . 'uo . - BuLi z
—_— \ - .
THE TBSO (o) - TBSOMO ——> 1BSO' o

071_ 0_/_ THF 07L_

i 1 ©5%) 2-56
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Me,Si——=

Z TBAF n-BulLi
p-TsCI NaH 0 Z Et,AICI
258 d P THF . (6] hexane >
ridine
py oL 0

(98%) (88%) 2-58 (63%)

Sitte, TBSCI SiMeq

Z DMAP Z
7z Z
z imidazole Z
K —_— .-
HO (o) DMF TBSO

2-59 O7L— (94%) O7L_

ENT, A URIABE MR 2-4902MlF & v RKIEEE BV B RIRBIABRED
2=y b 250DEREIToT, BID, = A VBRIARE A 2-49 & Ti(0-i-Pr)s
(2.0 eq) DELOETE (0.1 M)Z-78°CIZHEI L, i-PrMgCl (4.0 eq.) DELOEIR Z T L,
R T304y, -50°C T3 B2 2 & C, T4 TV A 7 VR L2 FHE Lto D
#%, -78°C /Afﬂb NBS (5.5 eq)OTHFAEK (1.0 M)Z 1z, IR THEEE, BF O
BAFEEZITH 2 L T T oK 2-60%7572 (80 %), /BONTT T 2ER 2-600D
toluene?&#% (0.38 M)IZDBU (5.2 eq.)%& Mz, 70°C C0RFHI B, @H ORALE %
1T 577 52T, DMFIATR (0.36 M), CsCOs (5.1 eq) &Nz, ZEIR CI2BFRBHR ATV

H OB X ) RARBIARH 2= b 2-50%71572 (80 %),

ZDABE =y k 2-501XTBS, 7 & & —/VEOBRER, 1,30 OKEEE DR
B U AL EATW, 2RKBEDORA XV KIGEITH) Z & T, AREF=Z=>
2-32~DEHEFHEE LTV 5, (Scheme 2-10)
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Scheme 2-10

1) Ti(O-i-Pr)y4, 2i-PrMgCl

Et,0, -78°C to -50°C 1) DBU, toluene
TBSO Y 0 2)NBS, THF TBSO Vo 2 C52C0xDMF TBSO"Q‘O
/ 07L— 07L
2-49 (80 %) 2-60 (80 %, 2 steps) 2.50
Ti(0-i-Pr),
+ 2 i-PrMgCl NBS
\l‘ ---Ti(O-i-Pr),

—
TBSO"((LO TBSO" o
07L— 071__

Y

b |

w

n

°

£ 2
il

80.9817kcal/mol

S— (R

Br Br
1) 1N HCI, MeOH ' 1) LIHMDS, CS,, Mel, THF |
2-50 > =
2) TBSCI, imidazole TBSO' OTBS 2) (TMS);SiH, toluene, 60°C TBSO" OTBS
DMF, 0°C OH
2-61 2-32

wIZ, oA RIABREHRIE 2-49D i U L, Grubbs®™ic L BB A ¥ &
AR, Ni(OWZ L D1,4- BRI R R R ERICEREBT 519-nor AR =
v R 2-52,2-53D MR EIT o7, %

b, = A VRIABRE PRME 2-49DMeOHEIR (0.5 M)IZK,COs (3.0 eq) & %,
HE CREFEBEE, BE OBRLEEZITV, JETHT VX U EEEEMICET
(>99%), RIZ, GrubbsZ —HALARE (10 mol%)!iZtoluene?&i (0.01 M)%Z Nz CTH—
WikE Lz, TNETAXFUVEDASTZT7 T A2z, =F L HAEHEKT,
110°C TIOREREBHER L, =K 2-62% 1572 (88 %),

FNT, PR 2-621INi(0) 2 AV 1L4EIRA e ok vREz2iTo7- B, 7

% R.J.Ely,J. P. Morken, J. Am. Chem. Soc., 2010, 132, 2534-2535.
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n—7Ry 7 AH, T I UREK T Tbis(1,5-cyclooctadiene)nickel(0) (Ni(cod),, 5
mol%) % &Y &V, ZiZtoluene?&E#K L PCys (5 mol%) &Mz, HW—IEE L L, 0°CT
4,4,5 5-tetramethyl-1,3,2-dioxaborolane (HBpin, 1.5 eq.)Z /%, =il T5o M@ H: L7,
TV AR 2-62Dtoluene?FiE (033 M)Z 1%, IR TIEFEM@ERL, A L7
T RO RKIGEERRIZ, 0°C CTHFEK, 3N NaOHIRK, 32% H,0, (0.2 M)Z I %, 0°C
TIRM\RBE 2TV, BEOBRLEEZITI Z L TT UAT IV a—)UiK 25157
(92 %)

ZORIGIE, Ni(0)- = HEE )EZITHER=v 779 A 7 /LHEE b)%
Bl L, BFa—AR T v OmAKIE & RRHINIfREOETHIBLEE (c—d)Z2 R H
T 52 LT EEBRIRMICT UV T v a— VBN AERT 5 Rs% T D, Nifit 0 ig
TTHIMBEDBFE T, ZEEZ AR THRENH DL 0D, £l U T E—4RY
ELTHELNTWVWD W, EREROICEMNSIELNLTWS LHETLTW5,
(Scheme 2-11)

Scheme 2-11

SiM

P
//
TBSO"

e .
* 1) K,CO,, MeOH 1) Ni(cod),, PCy;

_ : H-Bpin, toluene ©
2) ethylene, Grubbs2"d TBSO"((LQ 2) H,0,, NaOH, THF TBSO"((LO

(o]
0—/— toluene, 80°C o 0
2-49 (88%, 2steps) 2-62 (92%, 2 steps) 2-51
LnNi(0) H,0,, NaOH
Bpin™ 7 ~-Bpin Bpin Bpin
. ::NILZ or NiL, —— (’Ni\L — |
TBSO' (o) N
O~ R R R @ R
(2)-isomer A3 (@) (b) (c)
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Wiz, 7 VLT )V a— UK 2-517) 5 Horner-Wadsworth- Emmons Reaction, Julia -
Lythgoe Olefination® 1 v 7"V ¥ FRUSIZxE IR L7 19-nor-ABRE - = v b 2-52,2-53
DEREIT- T,

#¥1Z, Horner-Wadsworth- Emmons Reaction(Z %53 5 19-nor-ABRE =~ = > b
252D B ToTr, T U AT A a— kK 2-51OTHFER (0.15 M)Z0°ClZim
#H L, n-BuLi (1.05 eq.)®Hexanel&¥K & p-TsCl (1.05 eq.) DTHFEH (1.0 M)Z N Z,
FHE TSR L, M VEOREEZIT -7z, T 2 THIIRIZ, HPPh, (2.0 eq.)DTHF
VIR (1.0 M)Z0°CIZEHI L, n-BuLi (2.1 eq.)PHexanel&K & M 2, FUSEEIRIFRE
PETAETEBBRLE, ABLE FUAKOBIKRIZ, V7 2 oIVRAT 4 VIR
0°CTHIZ, 3053 B#EE%, BE OBRNEEToTo, BONEZY T == VKRR T 4 /K
IZCH,Cl, (0.1 M) & 0°CT35% H,0, (1.9 M)Z N %, FiR ClREHE#R%E, BFE OR%RL
HIZL Y 19-nor-ATREH L= b 2-52Z172 (90 %),

W1z, Julia - Lythgoe OlefinationtZ 9™ 5 19-nor-ABRE = = > & 2-51DEFMRE &
4T-7-. BN, PPhy (1.5 eq.) & HS-Bt (2-mercaptobenzothiazole, 1.5 eq.)?>CH,CLIETK
(0.5 M)IZDIAD (1.5eq ). #0°C T %, |IR T30 H\H L1z, £ZIZT7 I AT va—
SV 2-51DCH,CLIEHE (033 M)Z0°C TN %, =R ClLRfBRE, @% ORLHE
FiToT. BNT, BoNIA_L Y FT Y — VEOEOHER (0.1 M)Z0°CizimAl
L, 35% H,0, (2.0 M) & (NH4)sMo70244H,0 (10 mol%)Z M %, [FHIR T 1 RFfEBEHERIER,
BHE DOBAFE AT 5 = & Tlulia-Lythgoe OlefinationlZ X% L 7219-nor-ABRER =~ = v
N 2-53% BAEKIRESH L L THEZ (25-3(S) : 25-3(N) = 71 : 29, total 76 %), il ®H,
RN AL ERBT AR Y F T — VOB ANEFRAT-N, WER OB DOFER
PEIZEIZR OGN h o7z, 27 (Scheme 2-12)

27 P, Chochrek, J. Wicha, Eur. J. Org. Chem.,2007. 2534-2542.
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Scheme 2-12
{OH 1) TsCl, n-BuLi, THF " P(O)Ph
2) PhyPH, n-BuLi, THF
TBSO" Y Yo 3) Hy0,, CHCl, T 1Bso o
071— 074__
(90%, 3 steps)
2-51 2-52
S
1) HS-Bt, PPh;, DIAD, CH,Cl, I 8:<‘N:© I '}_302
2-51 - + S
_ 2) Hy0,, (NHg)M0;0,44H,0  TBSO" 0 TBSO" (o)
- EtOH 071— 07L_
(total 76%, 2 steps) 2-53 () 2-53 (N)
v (2-53 (S) : 2-53 (N) = 71:29)
EtO,C_ EtO,C, ) /\
N=N — + N—N N (‘N N
\ / \ 7 = -
)} cos Phf  COEt HS— :@—» s—¢ :@ =~ s< :@
PhsP: * S \«'8 S
EtO,C,
(—\ /5% <10
Ph;HP CO,Et S
+ . )_s
OH OPPh
| | &8 TBSO Y Y0 TBSO"
—_— o
TBSO 9 7?_ TBSO ¢ 7?_ P(O)Ph3 H,0,
2- 53 (S) -53 N)

PLE, &Rk LIZABRE 2-32, 2-35, 2-41, 2-50, 2-52, 2-531IC.DEREH & DI >~ 7V
T RISBRENCERT 5, 2-32,2-413R T KL LTHH v 7 U U T RISIZAWZ,
(Scheme 2-13)

Scheme 2-13
I Br i-PrOBPin l Bpin
Y t-Buli Y
TBSO" OTBS Et,0, -78°C to 0°C TBSO" OTBS
2-32:Y =CH, 2-62:Y =CH,
2-41:Y=H,H 2-63:Y=H,H
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2-3.A-CDA v 7Y VIR DS

EREIToTEFEACDERE = = b % M\ T, Suzuki-Miyaura Coupling,
Horner-Wadsworth-Emmons Reaction, Julia-Lythgoe Olefination®D3f&E$ED A~ 7Y
7RIS DWET#1T > 72, (Figure 2-8)

Figure 2-8

Suzuki-Miyaura
) Coupling ‘.,

Y Horner-Wadsworth-
Emmons Reaction

Vitamin D3 derivatives

OP  Julia - Lythgoe
OoP Olefination

(Y = P(O)Ph,, SO,Bt)
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2-3-1. Suzuki-Miyaura CouplingiZ X 5A-CDH v 7V v 7 D&RE

DT, CDEEL=v b 2-19L AR 2= & 2-32, 2-41 D Suzuki-Miyaura
CouplingtZ X ¥ 10,25(0H), VD3 2-64 & 19-nor-10,25(0H), VD3 2-65D 8 FARFT 21T 2
7=, B, ABBE == v b 2-32F 721 2-41 % PdCly(dppf) (10 mol%)DTHFEEHE (1.0
MIZCDEH =y + 2-19DTHFEEK (1.0 M) & 3M KOHKE® 3 M)ZM =,
60°C C12REfEEIR%, BH DBRNBEEITO Z & T, Wy TV v 7 ROBERD ET+
7r. ZORARMOTHFER (1.0 M)IZTBAF (5.0 eq) &%, iR TIRFHHEHE,
BEORMLESITS 2 LT, BED10,25(0H),VD; 2-64 & 19-nor-10,25(0H), VD3
2-65% 1572, (Scheme 2-14)

Scheme 2-14

Br 1) PdCl,(dppf) (8 mol%)
?I 3NKOH, THF, 60°C
. TBAF, T
oTBS 2) TBAF, THF

HOY
2-19 2-32 10,,25(0H),-VD; (2-64)

(2-64 : isomer =178 : 22)

Br 1) PdCl,(dppf) (8 mol%)

l 3NKOH, THF, 60°C
2-19 + >
‘ 2) TBAF, THF
TBSO' *OTBS

HOY

2-41 19-nor-1c,25(0H),-VDj; (2-65)
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H o FY VI RIEOFREELE LT, 19-nor-1a,25(0H),VD; 2-6513 A TEHE LN D
DD, 10,25(0H),VDs 2-64115120 %IRE D Bk EDIREM ThoTc, TORR
e, BEEEMEIEZ B L LT, RABARHE2=y b 2-32LCDREF==> F
2-3EFEELTEH N T VI RIGKER 21T 272, (Scheme 2-15)

Scheme 2-15
X Pd° -
o | 3N KOH TBSC:>
il A + —_— isomer +
O-g ) THF
o TBSO' OTBS B TBSO
o previtamin type
213 2.32 TBSO OTBS
A C
Table 2-1
entry Pd-Catalyst (8 mol%) X temp (°C) time (h) A:B:C conversion (%)
1 PdCl;(dppf) Br 60 20 42:38:20 73
2 50 46:30:24 77
3 40 78: 9 : 13 64
4 30 - no reaction
5 r.t. - no reaction
Pd(PPh;), 30 \ 83:17:0 51
7 i \ rt. 72 100: 0 : 0 54
8 | 48 30:70:0 -

determined by 1H-NMR

Fismati, Pafi, RIGEEICOWTITWY, Bbhich v 7Y v 7 EO—HiL
BRI X 2 B OHERETo 7o, R LT, MBHMREOKHF T, AT
Ly EERETAN TV U IKEEE (A, B), Ay TV T ETREOH LB ATV
VER T IWAERY (C)D3FEE % 1H-NMRIZ X 0 #58 L7, (Table 1)
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RATIABE - F T 5 €8 I U DFEEOBREALRISITIZE O HEFI 2 H 0 %,
ABRIOH vy 7TV TR LY AR UTZEEEIL, 1y 7V U 7E (A)DOBE 72X
KIS XD &ML, BB, [1,7]-2 7~ ey VEBIZLHAERT AT L EH
VEL (O I ERBELT, BOEZ I U DERICERKIGNET L TERTHE
YRR (B-1,B-2,B-3)& L CHERI L T 5, (Scheme 2-16)

Scheme 2-16

previtamin type (C)

A Aor hv u

IORBMERIZ, —EHOH v Y U TIEOHARY ZTHFF, FIRE 721360°C,
Z U CTHEEMESBETICLVBHZITH Z LT, BM(LoBE 24T o72, (Table 2, 3)

% (a) A. E. Gaston and F. A. Pedro, Photochemistry and Photobiology., 2012, 88, 769-773; (b) T. Doi, M.
Yoshida, I. Hijikuro and T. Takahashi, Tetrahedron Lett., 2004, 45, 5727-5729; (¢) Q. T. Xiao and F. H.
Michael., The. Jounal of Biorogical. Chemistry., 1995, 15, 8706-8711; (d) T. Koskinen and P. Valtonen.,
Journal of Liquid Chromatography., 1985, 8, 463-472; (e) S. S. Forrest and A. A. Marc., J. Am. Chem. Soc.,
1998, 121, 4933-4940.
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Table 2-2 (Table 2-1 - entry 1) Table 2-3 (Table 2-1 - entry 6)
sélvent temp (°C) time(h) A:B:C solvent temp (°C) time(h) A:B:C
THF r.t. 48h 44:32:24 THF r.t. 48h 86:14:0
\ 60°C 44:32:24 Y 60°C 90:10:0
THF-KOH r.t. 44:39:17  THF-KOH rt. 88:12:0
* 60°C 43:35:22 * 60°C 86:14:0

BEORR, LOEEICRBOTHBECOEITIIHR SNRpoTled, Iy T
LU (A, B, OFD LD, SEIER L2 KIEEE T CIIBRRERLEY
THo &HWr Lz,

CLEDOFERNS, By 7Y v 7RO B iZSuzuki-Miyaura coupling iz % 1 T
EITLTWARREENBECTHS LW L, S ETRRTIXH S, ZTORIG
FZHRTRMEICESTAERE L LTE, AR =y MNIPAARESERLRITIN L2
A (A-PA"-X)DEMEL ()R, By 7 U U 7K (A) L PABEDOIEFET, 72T
PAfE DB FTEHIBIEER (CD-PA™-A — A)ITHEEBAIC, ABRESA T L ERALICPdfil
EARMTHZLE T, ThaE@ae Liz[,7)-v 7~ haty ZJEBEERIS, £
TR AEBRISOMEE SRR (2), BHEE B-1, O ER L& TH
L T\W5%, (Figure2-9)
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Figure 2-9
Br
A I
reductive oxidative PO op
R elimination addition
X
| H | A-P'X
C,D- -A
| PO' OoP KOH
transmetalation
X=Br
PO oP OH
R
KBr
+
K o ’OH . K+ z
&S:OH O‘Bl "1 T OBI s KO
>§(6 on >§(°
1) isomerization of A-ring unit
[~ X X ] X
X ] f -
I — (/{ or (/{ — I — B-1
PO" OP PO" oP PO" OoP PO" OoP
A-Pd'-X - -

2) isomerization of A-C.D coupling product

PO ~~"Yop PO"

C,D-Pd'-A
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FEWNT, 2{LICKBELZFE T HARE 2=y | 2-50LCDREH==>  2-19% F
WIZFERRD I > 7V v T RISHRET 21T 272, (Scheme 2-17)

Scheme 2-17
OTES Br pdciy(dppf) (8mol%) —/
I + 3NKOH o, | OTES
5. > O.
B o
%( s TBSO (o THF, 60°C oo
219 2-50 7 previtamin type
_ < .
I
|
TBSO" OTBS TBSO"

MRLLTHy TV 7 EBIELNDZLDOD, L EFI VRO ) T
EREERL TR LN, ZhiL, EORTLEARORFENERR THL LEZXLND
0, BIORFE LT, SEEA LZARBOBEICEE TS L, TO233UNT X
—NVETEEISNTEBETH Y, RIULITEBREZ B0\ O ABRE & s % s
THLBEEOUVTHIIENELD ZERFPRTE S, ZOARTOREESED
OT B DEDPEN OIS EITT D READO—>ThH 5 FIREHI R S 41D,
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2-3-2. Horner-Wadsworth-Emmons ReactioniZ X 2 A-CDY v 7V V7 OKRE

19-norBl % I VDB EEKRERK%E BB & L T, Horner-Wadsworth- Emmons
ReactiontZ £ 5A-C.DI v 7V VR DE 2#1T->72, (Scheme 2-18, Table 4)

Scheme 2-18
oH 2-11 base (1.0 eq.)
+ —_— -
THF, -78°C 2) 1N HCI, MeOH
{~P(O)Ph, ) ’
;/ TBSO' HO"
TBSO' 0 !
071— ! .
2-52 26% (3 steps, entry 1)
Table 24 !

entry base yield (%) C, D-ring recover (%) A-ring recover (%)

1 n-BulLi 52 46 33
2 LiHMDS 9 88 0

ENE, 19-nor-ABES 2-520THFEHR (0.1 M)%-78 °CITBmEIL, HE (1.0 eq) %
FL, FIE T8 L, Rk 2 LI-ABBORISERIC, CDREY bk
2-1IOTHFEIR (0.5 M)Z NNz, 2R, BEOBRLELITO> LT, Iv7
VUK 2-66% 57, BETORER, IR & FRIEINEDHE, Eich vy 7Y 7R
LCORMEEPER L2V EnD, n-Buliz ZORSRICERTHZ L ZREL
Teo BET T, By 7V v 7K 2-66 DTHFEHR (1.0 M)Z0 °CIiZimEl L, TBAF (2.5 eq.)
Nz, R CIREMER L, RNELRE, BEREZITV, MecOHEBE (0.1 M),
IN HCUKIER (2.0 M)Z N x, EIR CIRHBREE, BF OBRLEZITO 2L T,
2-alkoxy-19-nor-1a. (OH)vitamin D; 2-67% 1572 (3 steps, 26 %),
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2-3-3. Julia-Lythgoe OlefinationiZ X 5 A-C.DH v 7V v JF OKH

Horner-Wadsworth- Emmons Reaction (2 X2 0 v 70 U NG TIX, o7 v
JRELTONRENS) WEEICE T2, NEHRELHMWE LT,
Julia-Lythgoe Olefination!Z & AA-C.DH v 7'V T RIS ORRET 1T 72,

BN, 19-nor-ABRES 2-53 DTHFEIR (0.1 M)%-78 °CIZ##E1 L, LIHMDS (1.0 eq.) %
Mz, FHETIEER#B#EE, CDEEY b E 2-11OTHFER (0.5 M)ZIx, K
REZ-78°C5-20 °CETEF ISR G 12HBH L, BEOBRLEZITo T,
FISHRETORER, BRIDT v 7 U TR 2-6613EF 050, T aE & -3FEED
H Y U TRNRIRFIZAER LTz, & DERIE, A(=2-66):B:C=6:69:25Th
%, (Figure 2-10)

Figure 2-10
- 50,8t
LiHMDS
+ e + isomers
: . 200 _
A TBSO (6} THF, -78°C
(o)
2-11 2-53 TBSO" 0
07L— _
I (2-53(S) : 2-53(N) = 71:29) 2-66 (= A)
l mixture of N-substitute isomer total 42 % yield (A:B:C = 6:69:25)

TBSO"

_ 2

Ty TV U TIEORIAERE LTCIE, 7, NMZED T v T TR (T,
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8-(2)CCDEREIMIDO = A VL ERB L TERT DI v 7Y 7K (14-epi) 73
RSN, 2O, BOEZFIZ M= EEBBRER LRV L 2R LT
WA, TR EIFROBMEERBERL TSI ETFRILTND,

Z Z T, Horner-Wadsworth- Emmons Reaction CH 7= AZRHER 2-52 & Julia-Lythgoe
Olefination(Zf i L 72 ABRES 2-53 % HSABRIOB AN OHETH L, mAT 4 A
¥ REET HABRE2-52iThard R REFITH Y, ANVFF Y FEHT HARE
2-5313soft 72 REHI TH D LIETE D, Lo TCZDORFDARES, i DL
WX o TT =4 v B4R LTCIRRETIE, ABRES 2-5212HE L TABRER 2-53D 5 HR=R
IREL, ZORETOREPETT D LR TRITE S,

AL, ZOAREORMEIMIZE T, SR EES & 22 PRESEFEEL,
Z DES OFEEEER (bond rotation)NE L B 720, ZAUC L > THFRAT Yy v 7Y
VIORBERT A ENEZLND, T LT, THUCTMZIEE A G DR T T Y
TV T ERESEIOFRGETER LIy T T ETHD EHERILTWDEH, T
NHBEDORIEIZITE > T2V, (Figure 2-11-1)
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Figure 2-11-2

7, 8-(E) 7,8-(2) 7, 8-(
5, 6-(E) 5, 6-(E) 5, 6-(

Z O, CDRESE AR ET BB OB FLEMIT L 2 ILAEEE OER
P TEAERRE L XV T T Y VO E TR EUC L S MBEETRE (antifi BEEE
((A)-anti, (B)-anti)¥ 7=iZsynfiiff ((A)-anti, (B)-anti))?SZMEEDOERICEEL T
% EHERI LTV B, (Figure 2-11-2)
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Figure 2-11-2

A)
( ):, . , R (A)-syn (A)-anti
: )H

i = pos B e e [
/ "\ oP TS
4 =S4y
OP
i I I

(\b R R R
o % : %
‘ ) -
(5\ ‘ ll] o] [ 1,/S~0
) K
= = oP OP
- 50, /
(B)-syn - BtO" “a
®) X\%jR % -S0,
Lo* IV 8 -BtO'
)H ¥ ree  TRE -
OP__ i/ -
z \
Po«;K-;
PO SO,Bt
I G ¥ I I
R R
4 cos .
% S l { > | ’ >
| 5
- S0, (E) . @
- BtO" ‘
OP / op
~H |
= PO op
: oP
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234 U ABRETHBRIGIC LA X I UDFEKRT 475 ) —EEFEOILE

011 ICEHREREE L L TRASNZT s v—/L BED-THIZR LN D &
1T, BF I UDEEOARTUNIKBEICERELZEA LZFEERO—TITIT
I VDREERE VNI ENT, ZOFRICEAL-EREEEOBE FAA VU %
FOZENMONTEY, LICHT-RERELZEATLZ LITIIRERERLD
%, ¥

% Z T, Horner-Wadsworth-Emmons Reaction DRaf CE LN H v 7Y v 7K
2-67D Ty UMb Z R LT, 2 KBEOEBRKIEORFTZITV, B4 I UDFHE
BoAT7T Y —BEFIEL LTI LR25IEEZX -7z, (Figure 2-12)

Figure 2-12

HOY

PDB ID: 3WGP | Y = H (2-67) T
Y=TBS  disilylation

HIHIZ, 20-2-alkoxy-19-nor-vitamin D3EEK 2-67 £ imidazole (5.0 equiv.) (ODMF
B %0 CIZmAEI L, TBSCI (2.1 eq)& 1%, FHRCT—BBHE L, BE OHMLEE1T
HZETUV YK 2-68% 1572 (97 %),

DV VIR 2-68D 1,30 DIKEEEBIAIZ S U ML SN TWS Z & 2R T 5 /-
D, BHKBEDT EF U LEFTV, 1RT H-NMR, 2%t (‘H-"H COSY) NMR Z 2
7 NVOBIEEFT 512, 20-V 3 U VIR 2-68L 72 F /L 2-69 & D'H-NMRD & —
JEHEBL, BAOEKEY 7 LY —20 27 2 b FURBEARELD S0 M

¥ Y. Cao, S. Mori, T. Mashiba, Y. Kaji, T. Manabe, K. Iwata, K. Miyamoto, S. Komatsubara and T.
Yamamoto, Bone., 2007, 40, 132-139.
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CIRB LT, £ T, 2%kt ((H-'H COSY) NMRIZ LV, ABRER D4, 10207 U JUATL
D7a R 130T e L OMEBELZHERL, EEE ST L2 T e h
L4, IOPfEDT U NSO T b L OFBENRZ2WE L 2R Lz, UL EORERN DL,
ABRERDIIMITERANT D ¥ VLM T TV D LIl L7z,

(Scheme 2-19)

Scheme 2-19

TBSCI

imidazole
—.—-ﬁ

DMF, 0°C

OH (97%) TBSO

detarmined by 'H-"H COSY

FNT, PV U MR 2-68D2AL DKFEE DZEMEGIE, 1) Barton McCombiefii 4
F VRS, 2) REFIC L 5287 v ax T BE & I UDFHEEROERL, 3) 200K
BREA~DT NFNVEHOEAZBRE LT3, 1, 3L BRSSO TBSE DA
BEEICL O USENMENZ &0, — 8T PANVKEDOREZRHNTND Z L2
RIS ZB BT D EORMERD Y, RIREEORBEIZIZE > TR,
(Scheme 2-20)
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Scheme 2-20

1) Br”"~"0TBS
base

1) Mitsunobu Reaction .,

Y o

/4
2) desilylation 2) desilylation

i no reaction .

HO" ™ "OH 2p.2.alkoxy- HO" ™

OH 19-nor-1a(OH)VD3 O~ OH
trace

1) Barton-McCombie-
Deoxygenation

2) desilylation

1) Br”"™~"0TBS
base oo

R
2) desilylation

19-nor-10(OH)VD;
no reaction

OH Ho\‘
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2-4. ¥EHR

AETIE, ABRBHz=y FOARLA-CDHI v 7V v TRISOBRE 21T, LLT

DRERNE LT, (Figure 2-13)

1) (R)-Epichlorohydrin} U\D-(-)-Lyxose & J& £t & LT ARERG LTI, BT 1 v

2)

3)

4)

5)

RURRE A 2-30, 2-49% % H L T, Suzuki-Miyaura Coupling(Z%fit L 72 RIRTUALR
W= N 2-32, 2-62, 2-50 & Horner-Wadsworth- Emmons Reaction (Zxfi L7z
19-nor AR E L = v b 2-35,2-52, 2-53DEBENFRETH o 72,

(S)-Epichlorohydrin% U'D-(-)-quiniq acid% FUEl & L7ZAREE L TIX, T
T ) UK 2-38, 7 kAR 2-43% %M L C, Suzuki-Miyaura CouplinglZ )i L7z
19-norIABRE = = v b 2-41, 2-63DIBENFRETH > 72, D-(-)-quiniq acid % JR
BT AABEARICEL T, 7TuE AF L UAR~OEBKEDINERR B3
ZEND,

KRBICDEBEH = b 2-19L AR == b 2-32, 2-41 D Suzuki-Miyaura
Coupling CIZABRES % 19-nor%l 2-41& L7=5BTik, BHO T v 7Y & 7R3
HM—ARYE LTELNZLOO, AREEZ KRR 2-32L LESEITIE, B
EE0%BEEETLT v 7 )V ITEBME LN, By TV TRORIGREZ T
FBHZET, BREROERBMA LN DIERAZELN TN D,

UTICKEEEE AT 52, 3007 B ¥ — VIR L L TOARE=~=> } 2-50%H
V7= Suzuki-Miyaura Coupling CiZ 7 L v X I VEIO N v 7Y VERMESR L TR
bIDRER LRI,

19-norBIABE L =  2-52% AV %A Horner-Wadsworth- Emmons Reaction C %
BHIOH v ) U TIEBRE—AgE L TRELIL,
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6) 19-norIABRER = § 2-53% i\ 5 Julia-Lythgoe Olefination Cid, % I ' D'F
¥&5, 6F 72137, LM B EZ F 3D v 7Y V JTEBR/ LT,

7) 2T KEEE A E T H19-noM & I U DFFEMK 2-67D, 1, IMLBIRAT T U AL
FISIIEER L EBITTH5H00, oYy VR 2-68D2r/KEEE XK
EEDEENDMENELS L, TNEEE L LEFEROILRIZIIEL 2D

277,

U LRI, BE=58, FNETIE, AETENR LIEROILBARR L= v
FEBHW, ACDZ v 77U ¥ 7 K& I, Suzuki-Miyaura Coupling &
Horner-Wadsworth- Emmons Reaction F /MWD Z & THE X X DFEED
BEZITO Z L 2EE LT,
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Figure. 2-13

Synthesis of A-ring unit

X
|
2-32: R=H, X=Br
SiMe TBSO" OTBS 2-62: R=H, X=Bpin
3 - - = -
(R)-Epichlorohydrin Z, > X 2-50: R=0H, X=Br
D~(-)-L ’ Y
-(-)-Lyxose TBSO' OR’
~ ' 2-35: R=H, Y=P(O)Ph,
. 2-52 : R=OH, Y=P(O)Ph,
2-30: R, R’=H . " me -
2-49: R=OH, R’=TBS TBSO I OTBS 2-53: R—OH, Y-SOth
o)
X
(S)-Epichlorohydrin ——> |
2:38 otBs T
o .
TBSO OTBS
D-(-)-quiniq acid —— / 2-41: X=Br
TBSO" OTBS 2-63: X=Bpin
243 OH

A-C,D Coupling
Suzuki-Miyaura Coupling

219
1) Pd°, base

+ —_—

2) deprotection
2-32, 2-41

HO' previtamin type
Y=CH,: 10,,25(0OH),-VD; (dr 78:22)
Y=H, H: 19-nor-10,25(0H),-VD;

Horner-Wadsworth- Emmons Reaction

or disilylation
Julia-Lythgoe Olefination rind Barton-McCombie-
Deoxygenation
i (trace)
TBSCI
™M pase imidazole Mitsunobu Reaction 49_n0r.vD
+ —> 6 —_— o nor-VDy
2-67 DMF, 0°C (trace) derivatives
2-52
253 Lo TBSO" Br”"0TBS
OH base

{no reaction)
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Experimental Sections (Chapter 2)

General. NMR spectra were recorded in CDCl, at 600, 500 MHz for 'H and 150, 125 and

67.5 MHz for "°C, respectively, on JEOL JNM-ECA600 and 500, INM-EX270, and
HITACHI R-1900 spectrometers. Chemical shifts are reported in parts per million (ppm, 3)
relative to Me,Si (3 0.00), residual CHCL, (§ 7.26 for "H NMR), or CDCl; (3 77.0 for °C
NMR). IR spectra were recorded on an FT/IR 4100 (JASCO) and are reported in wave
numbers (cm™). All air and/or moisture sensitive reactions were performed under an argon
atmosphere. Dry solvents [THF (tetrahydrofuran), AcOEt, diethyl ether, and CHxCl,
EtOH, Toluene, CH;CN] were purchased from Kanto Chemicals. Ti(O-i-Pr), was distilled
under reduced pressure and was stored under argon. i-PrMgCl was prepared from
magnesium turnings and i-PrCl in Et,0, titrated, and stored under argon. Other chemicals

are commercially available and were used as received unless otherwise indicated.

O._OH

TBso‘L(\Eo

2-55 07L_

(3aS,7R,7aR)-7-((tert-Butyldimethylsilyl)oxy)-2,2-dimethyltetrahydro-3aH-[1,3]dioxol
o[4,5-c]pyran-4-ol (2-55)

To a stirred suspension of D-lyxose (5.00 g, 33.3 mmol) in benzyl alcohol (16.7 mL) was
added p-toluenesulfonic acid monohydrate (31.8 mg, 0.182 mmol), and this suspension
was heated to 60 °C. After 48 h, the clear colorless solution was cooled to room
temperature to precipitate a semi-solid white mass, which was suspended in 2:1
hexanes/CH,Cl, and filtered. The white solid was washed with ether and dried under
reduced pressure to yield colorless crystals as a anomeric mixture of
(3S.,4S,5R)-2-(benzyloxy)tetrahydro-2 H-pyran-3,4,5-triol (6.47 g) in 82% yield. To a
stirred suspension of the product (6.47 g, 26.5 mmol) in acetone (80.5 mL) were added
2,2-dimethoxypropane (10.2 g, 92.7 mmol) and p-toluenesulfonic acid monohydrate (0.101
g, 0.530 mmol). After 24 h at room temperature, a 1:1 mixture of hexanes/ether (185 mL)

was added. The solution was washed with saturated aqueous NaHCO3 (50 mL). The
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organic layer was dried over MgSQy, filtered through a pad of Celite and concentrated
under reduced pressure. Purification of this clear colorless oil was accomplished by flash
column chromatography on silica gel (hexane/AcOEt) to give
(3aS,7R,7aS)-4-(benzyloxy)-2,2-dimethyltetrahydro-3aH-[1,3]dioxolo[4,5-c]pyran-7-o0l
(5.65 g) in 76% yield. To a stirred solution of the product (5.49 g, 19.6 mmol) in DMF
(175 mL) were added imidazole (3.06 g, 43.1 mmol) and then fert-butyldimethylsilyl
chloride (5.07 g, 32.2 mmol) in one portion. After 2 h at room temperature, the reaction
mixture was diluted with 185 mL of ether and washed with saturated aqueous NaHCO; (50
mL) and 50 mL of water. The organic layer was dried over MgSQy, filtered through a pad
of Celite and concentrated under reduced pressure. Purification of this clear colorless oil
was accomplished by flash column chromatography on silica gel (hexane/AcOEt) to give
(((3aS,7R,7aR)-4-(benzyloxy)-2,2-dimethyltetrahydro-3aH-[1,3]dioxolo[4,5-c]pyran-7-yl)o
xy)(tert-butyl)dimethylsilane 2-54 (7.12 g) in 92 % yield. To a stirred solution of the
product (7.12 g, 18.0 mmol) in 200 mL of THF and 200 mL of liquid ammonia was added
portionwise freshly cleaned lithium metal (excess) at -78 °C. After 25 min at this
temperature, the reaction was quenched by careful addition of solid NH4Cl (10 g). After
the reaction mixture turned from a blue to a cloudy colorless, it was allowed to warm to
ambient temperature and stirred for 1 day before being diluted with 150 mL of ether. The
resulting mixture was washed with 100 mL of saturated aqueous NaHCO3, then dried over
MgSO,, filtered through a pad of Celite and concentrated under reduced pressure.
Purification of this clear colorless solid was accomplished by column chromatography on
silica gel (hexane/AcOEt) to give 2-55 (3.84 g) in 70% yield. "H NMR (600 M Hz, CDCl;)
85.12(dd, J= 2.1, 8.3 Hz, 1H, CHOH), 4.21 (dd, J=2.1, 6.2 Hz, 1H, CHOC), 4.17 (dd, J
= 4.8, 6.2 Hz, 1H, CHOC), 4.09 (d, J = 7.6 Hz, 1H, OH), 3.85-3.82 (m, 1H, CHOSI),
3.80-3.74 (m, 2H, OCH,), 1.51 (s, 3H, CCHs), 1.36 (s, 3H, CCHs), 0.91 (s, 9H, SiC(CHs)
3), 0.13 (s, 3H, OSi(CHs)>), 0.12 (s, 3H, OSi(CHs),); >C NMR (150 M Hz, CDCl;) &
109.2, 92.3, 75.8, 75.4, 68.5, 62.8, 27.3, 25.6, 25.4, 18.0, -4.9, -5.0; IR (KBr) 3393, 2928,
1462, 1249, 1120 cm’l; HR-MS m/z = caled. For C;4HsNaOs5Si [M+Na]+: 327.1604, found
327.1658.
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HO _
TBSOL((Q

2-56 O7L_

(R)-2-((tert-Butyldimethylsilyl)oxy)-2-((4R,SR)-2,2-dimethyl-5-vinyl-1,3-dioxolan-4-yl)
ethanol (2-56)

To a stirred solution of MePPh;Br (9.26 g, 25.9 mmol) in toluene (65 mL) at 0 °C was
added dropwise n-BuLi (1.6 M in hexane, 39.3 mL, 25.8 mmol). After 10 min at 0 °C the
solution was warmed to room temperature and stirred for 40 min. The resulting yellow
ylide solution was added dropwise to a solution of the lithium alkoxide of 2-55, which was
prepared by treatment of 2-55 (2.70 g, 8.87 mmol) with n-BuLi (1.6 M in hexane, 13.1 ml,
8.6 mmol) in THF (65 mL) for 10 min at 0 °C, and then for 40 min at room temperature.
The mixture was stirred for 15 min at 0 °C and then at 65 °C for 45 min. Upon cooling to
room temperature, saturated aqueous NH4Cl (40 mL) was added. The resulting mixture
was extracted with ether and washed with brine, then dried over MgSOy, filtered through a
pad of Celite and concentrated under reduced pressure. Purification of this clear colorless
oil was accomplished by column chromatography on silica gel (hexane/AcOEt) to give
2-56 (2.39 g) in 89% yield. "H NMR (600 M Hz, CDCl3) 8 6.05 (ddd, J= 7.5, 10.5, 17.6
Hz, 1H, CH=CH,), 5.36 (d, J=17.6 Hz, 1H, CH=CH,), 5.30 (d, J=10.5 Hz, 1H, CH=CH,),
4.60 (t, J =7.5 Hz, 1H, CHO), 4.24 (dd, J =3.8, 7.5 Hz, CHO), 3.65-3.58 (m, 3H,
HOCH,CHO), 2.36 (d, J = 5.5 Hz, 1H, CH,OH) 1.53 (s, 3H, CH3CO), 1.40 (s, 3H,
CH;CO), 0.90 (s, 9H, SiC(CHj3)3), 0.07 (s, 3H, Si(CHs),), 0.06 (s, 3H, Si(CHs),); BC NMR
(150 M Hz, CDCl;) 8 134.5, 119.3, 108.6, 79.1, 77.1, 69.9, 64.1, 27.2, 25.9, 24.9, 18.3,
-5.4; IR (KBr) 3499, 3083, 2930, 1644, 1255, 1116, 837, 778 cm™; HR-MS m/z = caled.
For C1sH30NaO4Si [M+Na]: 325.1811, found 325.1859; [a]p™ -18.4 (c 1.32, CHCL,).
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TsO Z
TBSOl((o
o7t—
2.57

tert-Butyl(((R)-1-((4R,5R)-2,2-dimethyl-5-vinyl-1,3-dioxolan-4-yl)-4-(trimethylsilyl)bu
t-3-yn-1-yl)oxy)dimethylsilane (2-57)

To a solution of 2-56 (647 mg, 2.14 mmol) in pyridine (11.1 mL) was added
p-toluenesulfonyl chloride (1.28 g, 6.30 mmol). The reaction mixture was stirred at room
temperature for 20 h and concentrated under reduced pressure. The residue was purified by
column chromatography on silica gel (hexanes/EtOAc) to give
(R)-2-((tert-butyldimethylsilyl)-oxy)-2-((4R,5R)-2,2-dimethyl-5-vinyl-1,3-dioxolan-4-yl)et
hyl 4-methylbenzenesulfonate 2-57 (958 mg) in 98% yield as a viscous colorless oil. 'H
NMR (600 MHz, CDCl3) 8 7.81 (d, J= 8.3 Hz, 2H, Ar-H), 7.30 (d, J = 8.3 Hz, 2H, Ar-H),
5.79 (ddd, J = 8.3, 10.3, 17.2, 1H, CH=CH,), 5.31 (d, /= 17.2 Hz, 1H, CH=CH.,), 5.26 (d,
J =10.3 Hz, 1H, CH=CH,), 4.55-4.51 (m, 2H, CHO), 4.41 (t, J = 6.5 Hz, 1H, CHO),
3.86-3.81 (m, 2H, SOCH,CH), 2.43 (s, 3H, Ar-CHs), 1.27 (s, 3H, CH3CO), 1.26 (s, 3H,
CH3CO), 0.87 (s, 9H, SiC(CHjs)3), 0.04 (s, 3H Si(CHs)s), 0.03 (s, 3H Si(CHs)2); BC NMR
(150 MHz, CDCl;) 8 144.3, 134.6, 133.5, 129.3, 128.0, 119.8, 108.8, 80.7, 78.3, 75.7, 61.9,
27.3,25.8, 25.3, 21.6, 18.2, -5.4, -5.6; IR (KBr) 2931, 1598, 1463, 1365, 1177, 839, 664
cm’'; HR-MS m/z = caled. For CpH3sNaOgSSi [M+Na]": 479.1900, found 479.1947,
[a]p> -31.7 (¢ 0.70, CHCL).)

z

O
2-58 O7L‘

(4R,5R)-2,2-dimethyl-4-((R)-oxiran-2-yl)-5-vinyl-1,3-dioxolane (2-58)

To a solution of the resulting tosylate (923 mg 2.02 mmol) in THF (10 mL) was added
n-BwuNF (3 mL, 1.0 M in THF, 3 mmol). After stirring for 1 h at room temperature, to this
was added NaH (72 mg, 50% in oil, 1.5 mmol). After stirring for 1 h at ambient
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temperature. The resulting mixture was diluted with H,O (10 mL) and then extracted with
ether (3 x 10 mL). The combined organic layers were dried over MgSOys, concentrated and
purified by column chromatography on silica gel (hexanes/AcOEt) to give 2-58 (193 mg)
in 56% yield. '"H NMR (600 MHz, CDCl3) 8 6.00 (ddd, J = 6.9, 10.7, 17.2 Hz, 1H,
CH=CH,), 5.49 (d, J=17.2 Hz, 1H CH=CH,), 5.36 (d, J=10.7 Hz, 1H, CH=CH>), 4.75 (4,
J=6.9 Hz, 1H, CHO), 3.77 (t, J= 6.9 Hz, 1H, CHO), 2.97 (ddd, ] = 2.7, 4.1, 6.9 Hz, 1H,
CH,CHO), 2.84 (dd, J = 4.1, 5.1 Hz, 1H, CH,CHO), 2.69 (dd, J = 5.1, 2.7 Hz, 1H,
CH,CHO), 1.53 (s, 3H, CCHs3), 1.39 (s, 3H, CCH3); >C NMR (150 MHz, CDCl3) 8 132.5,
118.8, 109.3, 79.0, 78.7, 49.8, 45.7, 27.7, 25.1; IR (neat) 2990, 1646, 1374, 1216, 1054,
873; [a]p™ -16.0 (¢ 1.03, CHCls).

// SlMeg
7

HO" 0

2-59 07L——

(R)-1-((4S,5R)-2,2-dimethyl-5-vinyl-1,3-dioxolan-4-yl)-4-(trimethylsilyl) but-3-yn-1-ol
(2-59)

To a stirred solution of ethynyltrimethylsilane (0.13 mL, 0.93 mmol) in hexane (0.3 mL)
was slowly added n-BuLi (0.6 mL, 1.57 M in hexane, 1.09 mmol) at 0 °C under argon and
the mixture was stirred for 30 min. To the mixture was added Et;AICI (1.0 mL, 0.93 M in
hexane, 1.09 mmol) at 0 °C and the mixture was stirred for 30 min. To this mixture was
added the epoxide obtained above (145 mg, 0.852 mmol) at 0 °C. The mixture was stirred
for 1.5h. After careful addition of aqueous 1M HCIl (5 mL) at 0 °C, the mixture was
extracted with ether (15 mL). The organic layers were dried over MgSOy, filtered through
a pad of Celite and concentrated under reduced pressure. Purification of this clear colorless
oil was performed by column chromatography on silica gel (hexanes/EtOAc) to give
2-59 (160 mg) in 70% yield as a viscous colorless oil. "H NMR (600 MHz, CDCl;) & 6.03
(ddd, J= 6.9, 10.3, 17.2 Hz, 1H, CH=CH,), 5.44 (d, J=17.2 Hz, 1H, CH=CHyp), 5.31 (d, J
= 10.3 Hz, CH=CH,), 4.70 (t, J= 6.9 Hz, 1H, CHO), 4.03 (dd, /= 6.9, 8.9 Hz, 1H, CHO),
3.74 (t, J= 7.6 Hz, 1H, CHO), 2.69 (dd, J = 4.1, 17.2 Hz, 1H, propargylic), 2.50 (dd, J =
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7.6, 17.2 Hz, 1H, propargylic), 2.11 (d, J = 2.1 Hz, 1H, CHOH), 1.46 (s, 3H, CCHs), 1.37
(s, 3H, CCHs), 0.17 (s, 9H, Si(CHs)3); *C NMR (150 MHz, CDCl3) & 133.9, 117.9, 108.7,
102.3, 88.0, 79.4, 78.6, 67.9, 27.7, 25.9, 25.2, 0.02; IR (neat) 3470, 2987, 2175, 1644, 1251,
1063, 846, 646 cm'l; HR-MS m/z = caled. For Ci4H4NaOsSi [M+Na]+: 291.1392, found
291.1417; [a]p™* -1.8 (¢ 1.05, CHCL).

SiMe3
z

TBSO" (6}

2-49 O7L_

F

tert-butyl(((R)-1-((4R,5R)-2,2-dimethyl-5-vinyl-1,3-dioxolan-4-yl)-4-(trimethylsilyl)but
-3-yn-1-yl)oxy)dimethylsilane (2-49)

To a stirred solution of the resulting alcohol 2-59 (2.68 g, 10.0 mmol) in DMF (20 mL)
were added imidazole (0.817 g, 12.0 mmol), DMAP (61.1 mg, 0.5 mmol), and
tert-butyldimethylsilyl chloride (1.81 g, 12.0 mmol). After being stirred overnight at room
temperature, the reaction mixture was diluted with 50 mL of ether and washed with
saturated aqueous NaHCO; (20 mL) and water (3 x 20 mL). The organic layers were dried
over Na,SOs, filtered through a pad of Celite and concentrated under reduced pressure.
Purification of this clear colorless oil was accomplished by flash column chromatography
on silica gel (hexane/AcOEt) to give 2-49 (3.56 g) in 93 % yield. '"H NMR (600 MHz,
CDCl3) & 5.94 (ddd, J = 6.9, 10.3, 17.2 Hz, 1H, CH=CH,), 5.35 (d, J = 17.2 Hz, 1H,
CH=CH,), 5.23 (d, J = 10.3 Hz, 1H, CH=CH,), 4.60 (t, J = 6.9 Hz, 1H, CHO), 4.24 (t,J =
6.9 Hz, 1H, CHO), 3.87 (dt, J = 4.1, 6.9 Hz, 1H, CHO), 2.55 (d, J = 4.1 Hz, 2H,
propargylic), 1.47 (s, 3H, CCHs), 1.38 (s, 3H, CCHs), 0.89 (s, 9H, SiC(CHs)3), 0.14 (s, 9H,
Si(CHs)3), 0.13 (s, 3H, Si(CHs),), 0.07 (s, 3H, Si(CHs)»); BC NMR (150 MHz, CDCl;) &
134.5, 118.0, 108.3, 103.5, 86.9, 79.2, 78.6, 69.3, 27.7, 26.0, 25.9, 25.3, 18.1, 0.04, -3.8,
-4.5; IR (KBr) 2957, 2178, 1472, 1249, 1112, 839 cm’; HR-MS m/z = calcd. For
C,0H3sNa03Si2 [M+Na]': 405.2257, found 405.2311; [a]p™ +43.21 (¢ 1.14, CHCL).
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2-60 07L_

((2)-bromo((3aR,4S,7R,7aR)-4-(bromomethyl)-7-((tert-butyldimethyisilyl)oxy)-
2,2-dimethyltetrahydrobenzo[d][1,3]dioxol-5(4H)-ylidene)methyl)trimethylsila
ne (2-60)

To a solution of 2-49 (120 mg, 0.224 mmol) and Ti(O-i-Pr)4 (0.134 mL, 0.45 mmol) in
ether (2.27 mL) was added dropwise i-PrMgCl (0.57 mL, 1.55 M in ether, 0.89 mmol) at
-78 °C. After stirring for 30 min at -78 °C, the resulting yellow mixture was warmed to at
-50 °C over 30 min and stirred for 3 h at this temperature. After cooling to at -78 °C, to this
was slowly added a solution of NBS (0.22 g, 1.23 mmol) in THF (1.36 mL) and the
mixture was allowed to warm to room temperature over 2 h. After stirring for 1 h at room
temperature, saturated aqueous NH4Cl was added. The mixture was extracted with ether,
washed with saturated aqueous NaHCO; and H,O, dried over MgSOy4, concentrated and
chromatographed on silica gel (hexane/ether) to give 2-60 (97 mg) in 80% yield. '"H NMR
(600 MHz, CDCl3) § 4.71 (d, J = 7.6 Hz, 1H, CHO), 4.03 (dd, J = 2.8, 7.6 Hz, 1H, CHO),
3.93 (ddd, J = 2.8, 4.8, 11.7 Hz, 1H, CHO), 3.57-3.53 (m, 2H, CH,Br), 3.07-3.03 (m, 1H,
CHCH,Br), 2.60 (dd, J = 11.7, 16.2 Hz, 1H, allylic CH,), 2.40 (dd, J = 4.8, 16.2, 1H,
allylic CH,), 1.44 (s, 3H, CCHs), 1.36 (s, 3H, CCHz3), 0.91 (s, 9H, SiC(CHs)3), 0.29 (s, 9H,
Si(CHa)3), 0.11 (s, 3H, Si(CHz),), 0.10 (s, 3H, Si(CHs),); *C NMR (150 M Hz, CDCls) &
146.8, 129.9, 108.6, 75.3, 74.4, 67.4, 48.1, 33.3, 31.6, 26.3, 26.0, 24.3, 18.4, 0.57, -4.4,
-4.5.
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2-50 07L—

(((3aR,4R,7aR,Z)-6-(Bromomethylene)-2,2-dimethyl-7-methylenehexahydrobenzo[d]|
1,3]dioxol-4-yl)oxy)(zert-butyl)dimethylsilane (2-50)

To a solution of 2-60 (70 mg, 0.179 mmol) in toluene (0.47 mL) was added DBU (0.14
mL, 0.924 mmol) at 0 °C. The reaction mixture was stirred at 70 °C for 20 h. After addition
of saturated aqueous NaHCOQ3, the mixture was extracted with hexane and the combined
organic layers were dried over MgSO, and concentrated to give the crude diene product as
a yellow oil. To a mixture of the crude residue thus obtained and DMF (0.50 mL) was
added CspCO; (0.31 g, 0.92 mmol). The reaction mixture was stirred at room temperature
for 12 h. After addition of saturated aqueous NaHCO;, the mixture was extracted with
hexane and the combined organic layers were dried over MgSOs, concentrated and
chromatographed on silica gel (hexane/Et,O) to give 2-59 (56 mg) in 80% yield. 'H NMR
(600 M Hz, CDCl;) 8 6.17 (s, 1H, C=CHBr), 5.69 (s, 1H, C=CHy,), 5.61 (s, 1H, C=CHL),
4.59 (d, J = 6.9 Hz, 1H, CHO), 4.33 (dd, J= 2.8, 6.9 Hz, 1H, CHO), 3.80 (ddd, J = 2.8, 4.1,
11.7 Hz, 1H, CHO), 2.72 (ddd, J = 2.8, 11.7, 14.4 Hz, 1H, allylic CH,), 2.31 (dd, J = 4.1,
14.4 Hz, 1H, allylic CHp), 1.49 (s, 3H, CCHs), 1.38 (s, 3H, CCH3), 0.90 (s, 9H, SiC(CHs)3),
0.10 (s, 3H, Si(CHs)), 0.09 (s, 3H, Si(CHz),); *C NMR (150 MHz, CDCl3) 8 139.7, 137.5,
120.3,109.8, 102.4, 78.1, 77.5, 68.9, 35.5, 26.7, 25.9, 25.0, 18.4, -4.5, -4.6; IR (neat) 2929,
2857, 1380, 1253, 1116, 873 cm'l; HR-MS m/z = caled. For C;7H,9BrNaOsSi [M+Na]+:
411.0967, found 411.1010; [at]p™ +60.2 (¢ 0.93, CHCls).
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2-49-H 0"7‘_

tert-Butyl(((R)-1-((4R,5R)-2,2-dimethyl-5-vinyl-1,3-dioxolan-4-yl)but-3-yn-1-yl)oxy)di
methylsilane (2-49-H)

To a stirred solution of 2-49 (1.93 g, 5.0 mmol) in 10 mL of MeOH was added K,COs
(2.07 g, 15.0 mmol). After stirring overnight at room temperature, the mixture was filtered
through a pad of Celite and concentrated under reduced pressure. The residue was purified
by flash column chromatography on silica gel (hexane/ether) to give 2-49-H (1.55 g) in
>99% yield. 'H NMR (600 MHz, CDCl;) & 5.95 (ddd, J = 6.9, 10.3, 17.2 Hz, 1H,
HC=CH,), 5.36 (d, J= 17.2 Hz, 1H, CH=CH,), 5.24 (d, J = 10.3 Hz, 1H, CH=CH,), 4.61 (t,
J=6.9 Hz, 1H, CHO), 4.27 (t, J= 6.9 Hz, 1H, CHO), 3.89 (dt, J=4.1, 7.6 Hz, 1H, CHO),
2.57-2.48 (m, 2H, propargylic), 2.00 (t, J = 2.8 Hz, 1H, CCH), 1.47 (s, 3H,CCHs), 1.38 (s,
3H, CCH3), 0.90 (s, 9H, SiC(CHs)3), 0.13 (s, 3H, Si(CHs),), 0.07 (s, 3H, Si(CHs)2); Bc
NMR (150 MHz, CDCls) & 134.4, 118.0, 108.2, 80.7, 79.1, 78.6, 70.5, 69.0, 27.7, 25.9,
25.4,24.5,18.1, -3.9, -4.5; IR (neat) 3313, 2930, 1472, 1255, 1112, 837, 643 cm™'; HR-MS
m/z = caled. For C17H30NaO3Si [M+Na]": 333.1862, found 333.1882; [a]p> +15.41 (¢ 1.27,
CHCly).

TBSO" (6}
o)
2-62

tert-Butyl(((3aR,4R,7aR)-2,2-dimethyl-6-vinyl-3a,4,5,7a-tetrahydrobenzo[d][1,3]dioxol
-4-yl)oxy)dimethylsilane (2-62)

To a solution of 2-49-H (0.47 g, 1.5 mmol) in dry toluene (15 mL) was added Grubbs 2nd
catalyst (0.13 g, 10 mol%). Under an ethylene atmosphere (ballon), the mixture was
stirred at 110 °C for 10 h. The mixture was filtered through a pad of SiO, and concentrated.
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The residue was purified by column chromatography on silica gel (hexane/AcOEt) to give
2-62 (0.41 g) in 88% yield. "H NMR (600 MHz, CDCl3) & 6.35 (dd, J=10.3, 17.2 Hz, 1H,
CH=CH,), 5.52 (s, 1H, C=CHCH,), 5.27 (d, J = 17.2 Hz, 1H, CH=CH)), 5.10 (d, J=10.3
Hz, 1H, CH=CH.,), 4.67-4.65 (m, 1H, CHO), 4.33-4.32 (m, 1H, CHO), 3.97-3.94 (m, 1H,
CHO), 2.41-2.31 (m, 2H, allylic CHy), 1.38 (s, 3H, CCHz), 1.35 (s, 3H, CCHz), 0.93 (s, 9H,
SiC(CHs)s), 0.13 (s, 6H, Si(CHs),); °C NMR (CDCl;, 150MHz) § 138.2, 135.6, 126.1,
113.9, 109.7, 76.9, 74.5, 69.0, 27.8, 27.5, 26.8, 26.0, 18.4, -4.4, -4.6; IR (neat) 3090, 2957,
1607, 1379, 1236, 837, 776 cm™; HR-MS m/z = caled. For Ci7H3NaO;Si [M+Na]":
333.1862, found 333.1878; [a]p>* +19.7 (¢ 1.09, CHCl;).

|OH

TBSO" 0o
2-51

(E)-2-((3aR,7R,7aR)-7-((tert-Butyldimethylsilyl)oxy)-2,2-dimethyltetrahydrobenzo[d] [
1,3]dioxol-5(6H)-ylidene)ethanol (2-51)

The solution of Ni(cod), (28 mg, 0.1 mmol) and PCy; (ca.15 % in toluene) was added
H-Bpin (4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 0.15 mL, 1.05 mmol) and the reaction
mixture was stirred for 5 min at room temperature. To the reaction mixture was added a
solution of 2-62 (0.311 g, 1.0 mmol) in toluene (3.0 mL) and this mixture was stirred for 3
h at room temperature. To the mixture was sequentially added THF (3.5 mL), aqueous 3M
NaOH (2.3 mL), H,O; (2 mL, ca. 35 % in H,O) at 0 °C. After being stirred for 12 h at
room temperature, aqueous Na,S,03; was added. The mixture was extracted with AcOEt,
and the combined extracts were dried over Na,SO4 and concentrated. The residue was
purified by column chromatography on silica gel (hexane/AcOEt) to afford 2-51 (0.30 g) in
92% yield. "H NMR (600 MHz, CDCL3) § 5.62 (t, J = 7.6 Hz, 1H, C=CH), 4.30 (dd, /= 5.5,
11.7 Hz, 1H, CHO), 4.25 (dd, J = 3.4, 6.9 Hz, 1H, CHO), 4.16 (dd, J = 7.6, 12.4 Hz, 1H,
CH,OH), 4.06 (dd, J = 7.6, 12.4 Hz, 1H, CH,OH), 3.93-3.90 (m, 1H, CHO), 2.53 (dd, J =
11.0, 14.4 Hz, 1H, allylic CH,), 2.43 (dd, J= 5.5, 14.4 Hz, 1H, allylic CHy), 2.40-2.31 (m,
2H, allylic CHy), 1.54 (bs, 1H, OH), 1.50 (s, 3H, CCH3), 1.34 (s, 3H, CCHs), 0.91 (s, 9H,
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SiC(CHs)s), 0.11 (s, 3H, Si(CHs),), 0.10 (s, 3H, Si(CHs),); *C NMR (150 MHz, CDCl3) 3
135.9, 125.6, 108.7, 76.6, 73.7, 69.0, 58.3, 36.4, 29.9, 26.9, 26.0, 24.8, 18.4, -4.5, -4.6; IR
(neat) 3416, 2930, 1668, 1472, 1380, 1253, 1116, 837, 776 cm™'; HR-MS m/z = caled. For
C17H3,Na0,Si [M+Na]": 351.1968, found 351.1975; [a]p™ +37.91 (¢ 0.55, CHCl;).

| P(O)Ph,

TBSO" 0

2-52 07L

((E)-2-((3aR,7R,7aR)-7-((tert-Butyldimethylsilyl)oxy)-2,2-dimethyltetrahydrobenzo[d]
[1,3]dioxol-5(6H)-ylidene)ethyl)diphenylphosphine oxide (2-52).

To a solution of 2-51 (1.0 mmol, 0.33 g) in THF (7.1 mL) was added »-BuLi (1.6 M in
hexane 0.7 mL, 1.1 mmol) at 0 °C. A solution of p-TsCl (0.21 g, 1.1 mmol) in THF (1.1
mL) was added. After being stirred for 5 min at 0 °C, the solution was added dropwise to a
solution of LiPPh,, which was prepared by treatment of HPPh, (0.35 mL, 2.0 mmol) with
n-BuLi (1.6 M in hexane, 1.3 mL, 2.1 mmol) in THF (2.0 mL) for 30 min at 0 °C. After
stirring for 30 min at this temperature, H,O (1 mL) was added and the mixture was
concentrated. To the residue were added CH,Cl, (10 mL) and H,O; (ca. 35 % in H>O, 0.53
mL) at 0 °C. After being stirred for 1 h at 0 °C, aqueous Na,S,0; was added and the
mixture was washed with H,O. The organic layer was separated, dried over MgSOs,,
filtered and concentrated. The residue was purified by column chromatography on silica
gel (hexane/AcOEt) to afford 2-52 (0.46 g) in 90% yield. 'H NMR (600 MHz, CDCl;) &
7.75-7.69 (m, 4H, Ar-H), 7.55-7.45 (m, 6H, Ar-H), 5.39 (q, J = 6.9 Hz, 1H, C=CH), 4.06
(dd, J=6.2, 3.4 Hz, 1H, CHO), 3.76 (q, J = 6.2 Hz, 1H, CHO), 3.69 (dt,J=10.3, 3.4 Hz,
1H, CHO), 3.15-3.03 (m, 2H, P(O)CHC), 2.49-2.44 (m, 1H, allylic CHy), 2.19 (dd, /= 4.1,
14.1 Hz, 2H, allylic CHy), 2.08-2.05 (m, 1H, allylic CH,), 1.45 (s, 3H, CCHs), 1,30 (s, 3H,
CCHs), 0.88 (s, 9H, SiC(CHa)s), 0.07 (s, 3H, Si(CHzs),), 0.06 (s, 3H, Si(CHas),); C NMR
(150 MHz, CDCl;3) 81374, 137.3, 131.9, 131.8, 131.2, 131.1, 128.7, 128.5, 114.2, 108.7,
76.7,73.7, 69.4, 37.3, 30.6, 30.4, 30.1, 27.5, 25.9, 25.3, 18.3, -4.57, -4.65; IR (neat) 3057,
2929, 2856, 1437, 1119, 836, 732 cm’'; HR-MS m/z = caled. For CpoHsNaO4PSi
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[M+Na]*: 535.2409, found 535.2436; [o]p>* +10.8 (¢ 1.39, CHCly).

S
S
| 0;<\N:©
TBSO" ()

07L— 2-53 (S)

2-(((E)-2-((3aR,7R,7aR)-7-((tert-Butyldimethylsilyl)oxy)-2,2-dimethyltetrahydrobenzo
[d][1,3]diox0l-5(6H)-ylidene)ethyl)sulfonyl)benzo|d]thiazole (2-53-(S)).

To a solution of PPh; (0.40 g, 1.5 mmol) and 2-mercaptobenzothiazole (0.25 g, 1.5 mmol)
in CH,Cl, (3.0 mL) was added Diisopropyl azodicarboxylate (DIAD, 1.9 M in toluene,
0.79 mL, 1.5 mmol) at 0°C. After stirring for 30min at room temperature, the mixture was
added a solution of 2-51 (0.33 g, 1.0 mmol) in CH,Cl, (3.0 mL) at 0 °C. After stirring for 1
h, the mixture was concentraded. To the residue were added EtOH (10 mL), H,O, (35 % in
H,0, 1.4 mL), and (NH;)sM070,4 4H,0 (0.12 g, 0.1 mmol) at 0 °C. After sterring for 1 h
at 0 °C, aqueous 2M Na,S,0; was added and the mixture was extracted with AcOEt. The
combined extracts were washed with brine, dried over MgSO,; and concentrated. The
residue was purified by column chromatography on silica gel (hexane/AcOEY) to afford a
71:29 mixture of 2-53 (S), 2-53 (R) (0.39 g) in total 76% yield. 2-53 (S): 'H NMR (600
MHz, CDCl;) 4 8.23 (d, J= 8.3 Hz, 1H, Ar), 8.01 (d, J= 8.3 Hz, 1H, Ar), 7.64 (t, /= 7.6
Hz, 1H, Ar) 7.60 (t,J= 7.6 Hz, 1H, Ar), 5.39 (t, J= 8.3 Hz, 1H, C=CH), 4.30 (dd, J = 14.4,
7.6 Hz, 1H, SCH; ), 4.19 (dd, J = 14.4, 7.6 Hz, 1H, SCH,), 4.08 (dd, J = 2.8, 6.2 Hz, 1H,
CHO), 4.04 (dd, J= 114, 6.2 Hz, 1H, CHO), 3.74-3.71 (m, 1H, CHO), 2.53 (dd, J = 14.4,
11.4 Hz, 1H, allylic CHy), 2.36-2.30 (m, 1H, allylic CH,), 2.28-2.23 (m, 2H, allylic CH,),
1.36 (s, 3H, CCH3), 1.25 (s, 3H, CCHj3), 0.86 (s, 9H, SiC(CHs)3), 0.06 (s, 3H, Si(CHs),),
0.05 (s, 3H, Si(CHs),); *C NMR (150 MHz, CDCl3) & 165.7, 152.7, 144.7, 128.0, 127.7,
125.3, 122.3, 110.2, 108.7, 76.3, 73.3, 68.8, 54.0, 36.9, 30.4, 27.0, 25.9, 24.9, 22.0, 18.3,
-4.6, -4.7; IR (neat) 2929, 2856, 1472, 1331, 1149, 837 ecm’'; HR-MS m/z = calcd. For
C,4H35NNaOsS,Si [M+Na]': 532.1634, found 532.1674.
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tert-butyl(((3aR,4R,7aR E)-2,2-dimethyl-6-(2-((1R,3aS,7aR,E)-7a-methyl-1-((R)-6-met
hylheptan-2-yl)octahydro-4 H-inden-4-ylidene)ethylidene)hexahydrobenzo[d][1,3]diox
ol-4-yl)oxy)dimethylsilane (2-66)

To a solution of 19-nor-Aring unit 2-52 (0.26 g, 0.51 mmol) in THF (4.3 mL) was added
n-BuLi (1.6 M in hexane, 0.32 mL, 0.51 mmol) at -78 °C. The mixture was stirred for
40min at the same temperature, added C,D-ring unit 2-11 (0.13 g, 0.50 mmol) in THF
(10.0 mL) at -78 °C. After the mixture was stirred for 3 h at the same temperature,
saturated aqueous NH4Cl aq was added. The mixture was extracted with AcOEt and the
combined extracts were washed with brine, dried over MgSO4 and concentrated with in
vacuo. The residue was purified by column chromatography on silica gel (hexane/AcOEt)
to afford 2-66 (0.14 g, 0.26 mmol) in 52% yiéld. 'H NMR (CDCl3, 600 MHz) § 6.23 (d, J
= 10.8, 1H, CH=CH), 5.74 (d, J = 12.0, 1H, CH=CH), 4.23-4.20 (m, 2H, CHCHCH),
3.88-3.85 (m, 1H, CHCHCH), 2.79 (d, J = 13.2, 1H, CCHCH,), 2.67-2.58 (m, 2H,
CH,C=C), 2.37 (dd, J = 7.2, 15.6, 1H, CH,C=C), 2.26 (dd, J = 4.2, 13.8, 1H, CH,C=C),
2.00-1.97 (m, 2H, CH,C=C), 1.91-1.85 (m, 1H, CH;CHCH), 1.69-1.64 (m, 2H,
CH,CH,CH,), 1.54-1.47 (m, 4H, CH,CH,CH,), 1.53 (s, 3H, CH;CO), 1.34-1.25 (m, 9H,
CH,CH,CH, and CH,CH,CH,), 1.35 (s, 3H, CH3;CO), 0.91 (S, 9H, Si(CH3),C(CHa3)3),
0.87 (d, J= 2.4, 3H, CH;CCHa), 0.86 (d, J = 3.6, CH;CCHj3), 0.53 (s, 3H, CH3CCH), 0.10
(d, J= 4.2, Si(CH3),C(CHs)3); *C-NMR (CDCls, 150 MHz) § 142.3, 131.3, 122.0, 115.5,
108.8, 74.4, 69.9, 56.6, 56.3, 45.8, 40.5, 39.5, 38.2, 36.1, 31.6, 30.6, 28.9, 28.0, 27.6, 26.0,
25.4,23.8,23.5,22.8,22.6,22.5,22.2, 18.8, 18.4, 14.1, 12.0, -4.50, -4.61; IR (neat): 2950,
2866, 1380, 1253, 1114, 1038, 836 cm’™.
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HOY

(1R,28,3R,E)-5-(2-((1R,3aS,7aR E)-Ta-methyl-1-((R)-6-methylheptan-2-yl)octahydro-4
H-inden-4-ylidene)ethylidene)cyclohexane-1,2,3-triol (2-67)

To a solution of 2-66 (0.34 g, 0.6 mmol) in THF (0.6 mL) was added TBAF (1.0 M in
THF, 0.72 mL, 0.72 mmol) at 0 °C. After the reaction mixture was stirred for 1 h at the
same temperature, saturated aqueous NH4Cl aq was added. The mixture was extracted with
AcOEt, dried over Na,SO,; and concentrated in vacuo. The residue was diluted with
MeOH (6.0 mL) and 1NHCI (3.0 mL) was added at 0 °C. After the reaction mixture was
stirred for 12 h at room temperature, saturated aqueous NaHCO3 was added. The mixture
was extracted with AcOFEt, and the combined extracts were washed with brine, dried over
Na,SO, and concentrated in vacuo. The residue was purified by column chromatography
on silica gel (hexane/AcOEt) to afford 28 (0.23 g, 0.56 mmol) in 93 % yield. "H NMR
(CDCl;, 600 MHz) 8 6.35 (d, J=12.0, 1H, CH=CH), 5.84 (d, J = 11.4, 1H, CH=CH), 3.87
(bs, 2H, CHCHCH), 3.81 (s, 1H, CHCHCH), 2.82-2.80 (m, 1H, CCHCH,), 2.71-2.68 (m,
2H,CH,C=C), 2.49 (dd, J = 6.6, 13.8, 1H, CH,C=C), 2.41 (dd, J = 3.6, 13.8, 2H,
CH,C=C), 2.36 (dd, J = 3.0, 12.6, 2H, CH,C=C), 2.02-1.87 (m, 2H, CH.CH,CH,),
1.92-1.87 (m, 1H, CH3CHCH), 1.67-1.65 (m, 2H, CH,CH,CH,), 1.55-1.50 (m, 4H,
CH,CH,CH,), 1.38-1.28 (m, 6H, CH,CH,CH,C), 1.02 (t, J = 9.6, 1H, ), 0.92 (d, J = 6.0,
3H, CH;CHCH,), 0.88 (d, J = 2.4, 3H, CH;CHCHs), 0.86 (d, J = 3.6, 3H, CH3;CHCH,),
0.55 (s, 3H, CH5CCH); *C-NMR (CDCl;, 150 MHz) § 128.0, 124.5, 115.4, 94.0, 72.0,
71.6, 71.3, 56.6, 56.3, 45.8, 40.7, 40.5, 40.0, 36.1, 32.5, 28.9, 28.0, 27.6, 23.8, 23.5, 22.8,
22.6,22.3, 18.8, 12.1, -0.01; IR (film): 3398, 2950, 1467, 1377, 1023 cm™’; HR-MS m/z =
calcd. For Cy6H44NaO; [M+Na]+: 427.3188, found 427.31928.
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(15,2R,6R E)-2,6-bis((tert-butyldimethylsilyl)oxy)-4-(2-((1R,3aS,7aR, E)-Ta-methyl-1-((
R)-6-methylheptan-2-yl)octahydro-4 H-inden-4-ylidene)ethylidene)cyclohexan-1-ol
(2-68)

To a solution of 2-67 (0.23 g, 0.56 mmol) and imidazole (0.19 g, 2.8 mmol) in DMF (5.6
mL) was added TBSCI (0.19 g, 1.2 mmol) at 0 °C. After the reaction mixture was stirredfor
12 h at the same temperature, Et;0 was added. The mixture was washed with saturated
aqueous NaHCO;, brine, dried over MgSOy4 and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (hexane/AcOEt) to afford 29 (0.34 g,
0.54 mmol) in 97 % yield. "H NMR (CDCl;, 600 MHz) § 6.22 (d, J= 11.4, 1H, CH=CH),
5.83 (d, J = 11.4, 1H, CH=CH), 3.86 (s, 1H, CHCHCH), 3.58-3.56 (m, 1H, CHCHCH),
3.55-3.51 (m, 1H, CHCHCH), 2.81 (d, J = 13.2, 1H, CCHCH,), 2.62 (dd, J= 4.8, 12.6, 1H,
C=CCH,), 2.51 (t,J = 11.4, C=CCHp), 2.27 (t, J = 12.0, C=CCHy), 2.08 (dd, J = 5.4, 13.2,
1H, C=CCH,), 2.02-1.98 (m, 1H, C=CCH,), CH,CH,CH, and CH,CH,CH,CH), 1.17-1.10
(m, 3H, CH,CH,CH,CH), 1.03 (t, 1.72-1.65 (m, 2H, CH,CH,CHy), 1.58-1.48 (m, 1H,
CH;CHCH), 1.38-1.26 (m, 9H, J = 7.8, 1H, CH;CCHCH3), 0.92 (s, 9H, Si(CH3),C(CHs)3),
0.91 (s, 9H, Si(CH,),C(CHs)3), 0.88 (d, J = 2.4, 3H, CH3CHCHz), 0.86 (d, J = 3.0, 3H,
CH3;CHCH,), 0.56 (s, 3H, CH3;CCH), 0.10 (d, J = 2.4, 6H, Si(CH;),C(CHs)3), 0.09 (s, 6H,
Si(CH;3),C(CHj3)3); PC-NMR (CDCls, 150 MHz) 5 142.6, 131.7, 121.5, 115.5, 74.3, 71.9,
71.4, 56.6, 56.3, 45.7, 40.5, 39.5, 39.4, 36.1, 31.0, 28.9, 28.0, 27.7, 25.9, 25.8, 25.7, 23.8,
23.5,22.8, 22.5, 22.1, 18.8, 18.3, 18.2, 12.0, -4.63, -4.70, -4.77; IR (neat): 3382, 2952,
2857, 1470, 1255, 1069, 836 cm’.
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(1S,2R,6R E)-2,6-bis((tert-butyldimethylsilyl)oxy)-4-(2-((1R,3aS,7aR,E)-7a-methyl-1-((
R)-6-methylheptan-2-yl)octahydro-4 H-inden-4-ylidene)ethylidene)cyclohexyl acetate
(2-69)

To a solution of 2-68 (63 mg, 0.1 mmol) and DMAP (6.3 mg, 0.01 mmol) in CH>Cl; (0.5
mL) was added Et;N (0.03 mL, 0.2 mmol) and Ac,O (0.01 mL, 0.12 mmol) at 0 °C. After
the reaction mixture was stirred for 12 h at room temperature, diluted with HyO. The
mixture was extracted with CH,Cl,, dried over MgSO4 and concentrated in vacuo. The
residue was purified by column chromatography on silica gel (hexane/AcOEt) to afford
2-69 (10.7 mg, 16 pmol) in 16 % yield. "H NMR (CDCls, 600 MHz) § 6.24 (d, J = 12.0,
1H, CH=CH), 5.83 (d, /= 11.4, 1H, CH=CH), 5.31 (s, 1H, CHC(O)OCCHpz), 3.62-3.58 (m,
1H, CHCHCH), 3.56-3.53 (m, 1H, CHCHCH), 2.83-2.81 (m, 1H, CCHCHy), 2.68 (dd, J =
4.2,12.0, 1H, CCH,CH), 2.46 (t, J = 12.6, 1H, CCH,CH), 2.81-2.12 (m, 2H, CCH,CH),
2.10 (s, 3H, CHC(O)OCCH3), 1.08-2.01 (m, 18H), 0.93 (d, J = 6.0, 3H,CH;CHCH,), 0.87
(d, J = 3.0, 3H, CH3CHCH;), 0.86 (d, J = 3.0, 3H, CH;CHCHz3), 0.86 (s, 9H,
Si(CH3),C(CHs)3), 0.85 (s, 9H, Si(CH3),C(CHs)3), 0.56 (s, 3H, CH3C), 0.07 (s, 3H,
Si(CH3),C(CHs)3), 0.06 (s, 3H, Si(CH3),C(CHj3)s3), 0.05 (s, 3H, Si(CHz)2C(CH3)3), 0.04 (s,
3H, Si(CH;3)C(CHs)s); PC-NMR (CDCl;, 150 MHz) & 170.3, 142.9, 131.4, 121.9, 115.4,
74.8, 70.1, 69.5, 56.6, 56.3, 45.7, 40.6, 40.5, 39.5, 36.1, 32.2, 28.9, 28.0, 27.7, 25.8, 25.7,
23.8, 23.5, 22.8, 22.6, 22.1, 21.0, 18.8, 18.2, 18.1, 12.0, -4.8, -4.9, -5.0; IR (neat): 2951,
2857, 1748, 1237, 1086, 835, 776.
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=% 16-Oxa vitamin D & & D S AR

4 I UDHEEERIL, FOMSEEABRBFEKRL L TOREFANEDEL &
15?95, INEHET D Lranst Ru A U X U ERERBLE LTZEMCDERIEF

SRR L U COREFIZAD N, OB E UTIH, trans-&8 KA X F
BTHHCDBEOERIIES TIIRWVWI L&, filOEH 2D, DsOAY 5y
R LW EBZ, TORBAECDRAZFETZHDOTH D,

EHC,DERIE# 2 U DFEERO—EHH & LTI, fiEHEIEREZF-Z L8
SN TV B16-ene® B I U DFER 3-10,  DRBEQCERE S D, BEA
v # I UDEAM (Vitamin D Receptor : VDR (R270L, W282R)IZxt3 2% EARELD
HE SN TVHHEERER33Y, cis-b FuAf v A UBKREREBE Uiz, 14-epiflt'# 3
VDIFER3-4 e ERRE ST 5, (Figure 3-1)

Figure 3-1

HO"

34

INHFHEMRIZALNE OIZ, REF DD MEC,DEREFEMRIZ S —EDRK
BERELNTREY, 2haEEL Lz ¥ I U DFEROEEIC is\%ﬁ&pé

Z 2 CARZETIL, BrEEMC DRI E ¥ I U DFEMR L LT, CDERE LDOKE
FF—2%~T T NOSIEEXHX-HRELF IV DFERSHEITI Z &

08, Jung, Y. Y. Lee, S. Pakkala, S. Vos, E. Elstner, A. W. Norman, J. Green, M. Uskokovic and H. P.
Koeffler, Leukemia Reserch., 1994, 18, 453-463.

M. Nakabayashi, Y. Tsukahara, Y. Iwasali, Y. Miyamoto, M. Mihori, M. Shimazaki, S. Yamada, S. Inaba,
M. Oda, M. Shimizu, M. Makishita, H. Tokiwa, T. Ikura and N Ito, J. Med. Chem., 2013, 56, 6745-6760.

2 D.F. Maynard, W. G. Trankle, A. W. Norman and W. H. Okamura, J. Med. Chem., 1994, 37, 2387-2393.
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RERLE, ZOL57, CDBHEORERFE~TRRFICBEXWZ -FEAE
DIEFNLI2S, T I AR A ADE(LIC LT, CDEHMEDLE L
EFOBESNRIDZENEZICTRITE D,

— B - OBERIL, RAWERK L HE L THRELBWVIIRWE S 7ED, 20
kO BBEFOEBEDE WL, 16eneflt ¥ 2 UDFEMICHLAONA L DT, £H
EMAEA A BET AB CHEERRFThHS, 2 LT, ~OROBEMKITIT—ED
VDRFEBRENHEONDAREMER R, TNEERE L F IV DRBEET A 7T
) — ORISR D, AR TIE, CDRILICEAT 5~T n i 2R
¥ & LI-FEAEELE L7, (Figure 3-2)

Figure 3-2

Overlapped with
10,25(0OH),VD; and
C.D modified VD3

e
’

OH v S
10,25(0H),VD; C.D modified VDs
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3-1. Fox v v Iab—yagrZAVnizléoxale ¥ I VDFEKXDORE

CDEBRE LICBHEIRT%EA L, EMCDERTH IR DMEERF 2 AutoDock
Vina™ programZ V2 Ky ¥ 7V ab—va Vi WiTok, ZOvIal
—3 3 V' TIL, VDREAFHEREET —21X1S19 ¥, 7707 L3 VY FiTi
10,25(0H),VDs% A\ /=, (Figure 3-3)

Figure 3-3

Molecular-Docking Study (AutoDock™ Vina program)
XQR-Ligand complex

S 2
;s' L 1) Removed calcipotriol and H,0
& Th, € i

Ba0a¢

|
J .

(PDB ID:1s19)
2) Calculated VDR affinity of 1c,25(0H),VD3

-

10,25(0H),VD3

EEEIT, OxalFHEE L L CEKREE:, CDIRERLL, 12, 15, 16\ 2 BARR FIZE
EWZ-HEMED LI L —Ta UEToT R E LT, 15, 16 2BRFFICE
L 7= FHEAEOVDRIZ K 2 B F0MES, -11.3 keal/mol, -11.5 kcal/mol DEfEZE 7R L,
ZE1a,25(0H), VD DEFIME (-11.3 kealmol) & F& Th -7, £ LT, ARFIE
DELEN D IALICEEERF L2 EA L7-16-0xa-10,25(0H),VD: # &K ¥ — 47 v h &

L, 2hziEfzl Lz16-oxall ¥ I VU DBERDOERICEFTTHZ L E2FHBEILTZ,
(Figure 3-4-1, 3-4-2)

33 G. Tocchini-Valentini, N. Rochel, J.-M. Wurtz and D. Moras, J. Med. Chem., 2004, 47, 1956-1961.
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Figure 3-4-1
Molecular-docking study based on a crystal structure of VDR in complex with calcipotriol
(PDB:1819, 1a,25(0H),VD3 : -11.3 kcal/mol)

10,25(0H),-VD5
16-oxaZl &" % 2 UDFFEA L RAZI X X DsDoverlap model # tLE 45 &, ##
EREORER A VIR L, BT, ABRESLINKEEREI 5% ST 57 I ) ik
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(SER-237, ARG-274, TYR-143, SER-278) & DKFEAMMBEIT—EL TWDH Z LA
TERh%, —F5T, RIS O KEEER 51, R EZ I VDD AF T
%%(m&wﬂkmmifAm CIIEBEFOILNAEL TS, ZHiXEWOBER
Y, CDERWINLZBIBERTFICERLEZZEPERTHY, 2OV Ialb—vs
VHER B IIVDRIZKT D —EDBRFMENHIFF TE 5, (Figure 3-4-2)

Figure 3-4-2

% 10,25(0OH)2-VD3: green, 16-oxa-10,25(0OH)2-VD3: white

16-oxafl ¥ % I VDFEMIL, ACDEHON v 7V IRISERA WS a3 —
Ty MEICLAEBELZHE LTS, T, AIEICTER LIZEEART~
= k& 16-0xaBiIC DRI & DREAEHEIC LY ARFTRELRFEMIZ OV T b [AER
DI ab—var&i{To7-, (Figure3-5)
Figure 3-5-1
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Molecular-docking study based on a crystal structure of VDR in complex with calcipotriol
(PDB:1S19, 10,,25(0OH),VD3 : -11.3 kcal/mol)

16-oxa-10,25(0H),-VD3

OH

HO" OH
14-epi-16-0xa-10,25(0H),-VD;

'’
0

HO"

2a-alkoxy-16-oxa-10,25(0OH),-VD5

OH

HOY OH

2a-alkoxy-14-epi-16-oxa-1c,25(0H),-VD;
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Figure 3-5-2
Molecular-docking study based on a crystal structure of VDR in complex with calcipotriol
(PDB:1S819, 10,25(0H),VD; : -11.3 kcal/mol)

HO"
16-oxa-19-nor-1a,25(0OH),-VD3

OH

HO" OH
14-epi-16-oxa-19-nor-10,25(0H),-VD3

HO"

OH

HO" OH

2o-alkoxy-14-epi-16-oxa-19-nor-1c,25(0OH),-VD;
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3-2. 16-0xa-C,DER =2 =y F DK

16-oxa®f &% X U DFFEEARDELRIZIL, 16-0xaIC DRI L=y FOERBHLET
B0, ZD16-0xa-C.DBREMITYUIFRET, TOAMELMSIL TS, * B1b, =
A VRIRRAR 3-5L PO F Z T vk KD2Y & DG Grignard G H D> B
HTHTMMTFF URISEIE ORISR L B, FH TV A 7 AREE 3-6x#H L72X
DORBEEZ L BT N =VFH 2 3T0ERE, CuCNEfEL L7277 Y7 e IR
EDFISIZE BT VILEISZ £ 5 b U = 1bEW 3-8DAMEITY, & HIZHAR
A B AR RCM) 12XV, C.DRICKHET A MERRILEY 3928/ L, €D
%, WAOEMKFEEBERFAMT Z B LD NERIRN R REF L ROT DD
JVIBTERIGIZ KV, transt Ka A V& B EH T 516-oxa-C,.DEREL 3-10 DIEEE
%479, (Scheme 3-1)

Scheme 3-1
X . .
R 2i-PrMgCl| X R |, R cat. CuCN-2LiCl | R
N_¢ .4 Ti(0-i-Pr), BT
7 —— Ti_| Z7> o Z| ————>
Me,;Si——/ 31INA =
Me;Si SiMes SiMe;
3-5 - 3-6 37 - 3-8
(d.r.=99:1)
R H R R Ti(O-i-Pr), R R
Ru-cat. Pd/C . H TMSCI, Mg L H L H
— zZ —> y4 > 7 — Z + V4
SiMe; SiMe; ‘ L ol
major minor
3-9 310

PLF, 16-0xa-C,DERE == v M DEKFELT T T, BlH, 1-chloro-3-methyl-2-butene
DCH;CNIEE (2.0 M)IZK,CO; (2.0 eq.), phenol (1.1 eq)Z 0%, EIRT2 HFER
Lz, APBIZEVKCO:ZBREL, BELT 7z A= —F VK 311245

3¢ (3) K. Ibe, T. Yamada and S. Okamoto, Org. Biomol. Chem., 2019, 17, 10188-10200; (b) 2011
EE ER/N WA LR FRE)IKRE); (o) 2008 FEE HEH BA T BLH FEIIKS)
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(77 %), FEWT, o7 == —TF LK 3-110)CH2C177§?17§ (0.3 M)z, TBHP
(2.5 eq.)£Se0; (02 eq) =Mz, BIRC2HMBHL-0D6, BEOEBLEIZLY T
v a— )UK 3-12%57- (70 %), Z DT /L2 — LK 3-120DMSOE#R (0.4 M)IZ
Et:N (3.0 eq) &M Z2 72, 0°CIZHHEI L, Py-SO; (2.0 eq) &N %, =R T30 #E,
WEOBMEIZL D T AT b MK 3-13%%572 (85 %),

%tV T, N-acyloxazolidinone 3-14 & MgBr,, (1.2 eq.)DAcOEHE# (0.5 M)IZ, Et;N
(2.0 eq.) & MesSiCl (1.5 eq.), 7V 7T & R{E 3-13 (1.2 eq) &Iz, FEIR T4RFHIREE
L7720 BUSERIR D A1EZ & W MgBn 22 L, 1BHE L TMeOH (0.2 M), TFA (0.77 eq.)
ZINZ, BB TIONBEHR L, TORBOREMEL, BFOBLBICLY, %0V
UMK 3-15% %72 (76 %), Z DEvans aldol S5 T TE b 7= EA Y DR
&L (Cram)-antA! Th 5 Z L X RBEREITIC L VA TWS, 20
fth, SEASEERMENL, (Cram)-anti: (Cram)-syn : (anti-Cram)-anti: (anti-Cram)-syn
=95:4:1: ~0TH D LHEL TS, * (Scheme 3-2)

Scheme 3-2
K5,CO4 TBHP Py-S0O;
(0]
(o] PhOH  ppo Se0;  pho Et;N
S o e S e e S OH — PhO\AHL
\/\r CH3CN \/\r CH.ClI, \/ﬁ/\ DMSO H
prenyl chloride (77%) 3-11 (70%) 312 (85%) 3-13
1) MgBrz, Et3N OH
313+ TMSCI, AcOEt PhO :
- - X
2) TFA, MeOH A
314 (76%) 3-15
OHpo O OH O 0
\/N JL PhO\/\h/“\ JL Pho\/\(k/lL JI§ Pho\/\(\/l
(Cram)—antl : (Cram) syn : (antl-Cram)-antl : (anti- Cram)-syn
1 : ~0

X-ray structure of Oxazoline
(3-15)

]

& .
c
€

¥ D.A. Evans, J. S. Tedrow, J. T. Shaw and C. Wade Downey, J. Am. Chem. Soc., 2002, 124, 392-393.
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ENT, BoNEAFH YU UK 3-15OTHF-MeOH (40:1 vv)ETR (0.6 M)IZ
LiBH, (1.2 eq) &%, iR CIRFREEH L, BEOBLEL Lctk, VA4 —/VE
3-16 %7572 (99 %), VA —/L{E 3-16 DDMFIEHR (0.4 M)lZimidazole (2.2 eq.) &
TIPSCl (1.2 eq) & M1 2 T, HiR CIRFIEHE, BE OBLEL L CE —HRKBED
BRI ULIZ X B, Y I AVZ=—T UK 3175257 (82 %), #ev T NaH (3.0
eq.) DTHFERETR (04 M)Z0°CIZBAIL, v UV x=—TF )V 3-17%2H T L T=IRTI
B8 #R1%, 0°C Cpropargyl bromide (3.0 eq.)& M1 %, IR CIRFHEIBEHRL, BE D&
WMFIZ LY Fa v Lo —T UE 3-18% 57 (7T1%), HFohiz7a ¥ =
—5 LK 3-18DTHF & (0.5 M)IZEtMgBrOTHFIE (1.5 eq)Z0°CTM X T,
TEFV KE L%, MesSiCl (1.5 eq) &1 T L7z, EIR C2RFMB#ERE, 85 ORL
ATV, =2 A URIBREE 3-19%472 (99 %), (Scheme 3-3)

Scheme 3-3
sC = B
TIPSCI r
. - Ph <
LiBH, PhO B imidazole - NaH
315 —  » N\ OH ————> \ oTiIPS — -
THF-H,0 OH DMF OH THF
(99%) 3-16 (82%) 317 (71%)
PhO MesSiCl b4
N/ EtMgBr \_/
OTIPS — > OTIPS
o THF . o)
H— Me,;Si——/
3-18 (99%) 3-19

W, =2 A RIFRE 3-19 & Ti(0-i-Pr)s (1.3 eq.)DELOER (0.2 M)IZ, -40 °C
Ti-PrMgCl (2.6 eq.)PELOWEIR %1 F L, FIRE T304®#H L7z, T D10 °CTL.5
BEREEHE L, CuCN -« 2LICIOTHFEHR (20 mol %) & allyl bromide (2.0 eq) &M% T, =
B C3RFRAEEE 2TV, OSBRI T4 R &7 vk MU T AZL1OEIETM
Z, 305MEE L, IBBLEEITH Z & T, BILRIBETHSD MU =K 320515
77 (95%), b VU TR 320D EEEDREIX, TF T A7 /VFEE A BELL
B U7, ADSAKELEN 3.5 kca/molBEERETH AL I LB+ NGFE
MM BELNNDZ L, B 7= /) XV D BRBEROT NV T = VF 2 %
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KCRIEIE LBk 3-210NOEDFEIEIZ L D, Ha-Huf1210 %EE DONOE
BEBIENTZ7-0D, FU T K 320D8RERO A FLE L AR T L LE R
IXsynflE TH D L HE L TV %, 36 (Scheme 3-4)

Scheme 3-4
1) Ti(0-i-Pr),
PhO . 2 j-PrMgCl
! Et,0, -40°C to 0°C OTIPS
OTIPS > o)
/—g—\ 2) ABr o~
Me;Si——— cat. CUuCN-2LiCl SiMes
319 (97%) 3-20 (d.r. = 99:1)
—  TO--Pr) { ) 81.9546 CuCN-2LiCI
{ 2 i-PrMgClI ¥ = kcalimol
- R
- Ti(0--Pr) A
PhO e P
R
N {iH 7
o)
— +
~.~\ 1 85.4002kcal/mol ~
‘ \/ V/-\
_» g
o]
4
3-21 SiMe;

#2UNT, Grubbsg —HAUAREE (5.0 mol %)IZCHCLIEHR (0.2 M)Z Il 2 TH—HR
LT, INE N R 3200 A7 7 T A2z, RIRCA4RFHEBEL, A
B, oA~k H Uz AR 322287 (99 %), O W\ T, 10 % Pd/C (5.0

36 (a) F. Sato, H. Urabe and S. Okamoto, Pure Appl. Chem., 1999, 71, 1511-1519; (b) F. Sato, H. Urabe and
S. Okamoto, Chem. Rev., 2000, 100, 2835-2886; (c) F. Sato, H. Urabe and S. Okamoto, Synlett, 2000, 753—
775; (d) F. Sato and S. Okamoto, Adv. Synth. Catal., 2001, 343, 759-784; (e) F. Sato and H. Urabe, in
Titanium and Zirconium in Organic Synthesis; (Ed.: 1. Marek), Wiley, Weinheim, 2002, pp. 319-354; (f) A.
Wolan and Y. Six, Tetrahedron, 2010, 66, 15-61 and 2010, 66, 3097—3183.

37 (a) A. Fiirstner, Angew. Chem., Int. Ed., 2000, 39, 3012-3043; (b) T. M. Trnka and R. H. Grubbs, Acc.
Chem. Res. 2001, 34, 18-29; (c) R. R. Schrock and A. H. Hoveyda, Angew. Chem., Int. Ed., 2003, 42, 4592~
4555; (d) S. J. Connon and S. Blechert, Angew. Chem., Int. Ed., 2003, 42, 1900-1923.
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wi%) & ¥ 7 A YU U ROMeOHBRETR (0.1 M)%Z, AKFEEEKT (1 atm), =
JECAREIBEE L, JBRAHER, BERELZITY, MoKFICLsV 7 At
KR 3-23%187 (99 %), 7 u~F iR 3-230CHCLIER (0.2 M)IZTFA (5.0
eq )&z, 50°C CIRFEMEHERE, MERME A 1T o7z, KT, THFEHE T T, TBAF (1.2
eq)M %, IR CTIRHEEEE, BEORLEIZLY, T/La—ViE 3242/
(59 %, 2 steps), 7 /b = — /LK 3-24Dpyridine¥FiE (0.2 M)IZp-TsCl (1.5 eq.) & 0°C TN
%, BIRTI2EFBER L, BHOBLEIZLY bk 3252157 (74 %).

2T, MR 3250 =R AL, EETFMTIRIGH Z AW 7 U VEER
K, 287 v a— L DOFE{l, Wittig-olefination, £72IXABREE DA v 7V T RIE
LV EBLNIEIAEY A~ENWEY I UDFEEROMEH L 2 D2=y FEEA
TAHZEMNFERETIED LN, TN TNBERRET LN, BIH, AlXTRFED
BIZL Bidfll#r = P E2YU B EMNEL T 54, CII4L7'm oz B A VAL,
DIZ7 B EEA~DREL= > FOFIN, BRI A F L EEREALE LR8O
T CTH D, ZNOOEHEND LK 325~ORIBEOE A Z B LT,

BB, Mg powder (5.0 eq) D THF & (1.0 M), il = b & 72D
1-bromo-3-methyl-3-triethylsilyloxybutane (3.0 eq)OTHF¥E (1.0 M)ZNx, =R T
SASFEHBER%, -10°C TCuBr-Me,S (1.1 eq )P THFEWE (0.65 M)Z N %, -10°CT305771%
g, b VR 32250 THFET (0.1 MyZ 1%, FIE C—BuiB#e, BE O%RLHE
WX VCDEBIICAEEZEA LY 7 et AR 3265157 (87 %). (Scheme
3-5)
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Scheme 3-5
H, (1atm)
3-20 B S o) - . o} —_—
CH,ClI, MeOH 2) TBAF, THF
SiMe; SiMe,;
(99%) 3-22 (99%) 3-23 (59%)

BrMg \/\Ko TES

-TsCI Cul-Me,S /
> o] OTES
pyndlne THF, -10°C

H
3-24 (74%) 3-25 (82%) 3-26
: Coupling with OTs
[rmmmemeemeseeenmeeeesssensnennnee e s wittig-olefination A-ring unit
Y , oTs OTs , OTs [/ oTs &

WIZ, v 7 a8 326 DTHF-H,0% R (THF:H,0=8:2, 0.27 M)IZ, NBS
(1.1 eq.)Z0°C TN %, 2BFREHR, 10°C CT1RFRIBHEZ, IBIBIZ & Y succinimide % R
%L’C?«%Bﬂf:fu% b KU AEDOMeOHIETR (0.09 M)IZK,CO; (2.8 eq) &M A,
IR C3RFEERRE ZEBKCODBREIZI D =R K UK 32751572 (55 %,
2steps), MV T, Ti(O—i-Pr)4/TMSC1/Mg LRDBENREZRA LR DT UH
EISIZ XD, BRIDOS K% H T H16-oxa-trans-& R A F L CDEBREL=> b
328DEREFT- T2, Blh, =R E 3-27% Mg powder (3.0 eq.) DME-CH,Cl,
W (0.2 M, 1:4 vA)IZTi(0-i-Pr)y (1.2 eq.) £ TMSCI (1.2 eq.) Z N 2 F|IR CT—BRBEHE L,
WEOBLEIZLY, & FaA X CDBRE==v b trans-3-28 (55 %), cis-3-28
(16 %) & 1577,

38 (a) S. Okamoto, Chem. Records, 2016, 16, 857-872; (b) T. Kawaji, N. Shohji, K. Miyashita and S.
Okamoto, Chem. Commun., 2011, 47, 7857-7859; {c) N. Takekoshi, K. Miyashita, N. Shohji and S.
Okamoto, Adv. Synth. Catal., 2013, 355,2151-2157.
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ZDOZRF AL EIRIRFMTIEGHIO T A NVHBRRKIGIZ LV EOND{LEYD
DILFEEIL, YFRBICTET MEEHZE AW RISHEFICZ VEEH S TW
%, Bib, g8 % i-Pri & L7z16-oxa BIC,DERF=L = N ADBH;-THFIZ X 5387
B B Om-CPBADBR L RIGIZ & W o= R F ¥ FE a-BEEHT 2 KR FMTiK S
FIOBITKIETIL, cisk RaA VXU BRTHD T /L a—)UE cis-CHELNDE
BNDZ L EHRALTND, ZOMKEEELEIL, BRI NME B-BOBEILKSG
W2 X Branst RaA & UBRROT )V a—) UK trans-COE BT THIVT,

F9, AONBSZ AW e7 etk N UAMERRIZE VBT RF T FE B-BZ B
L7z. T, A ENBS & Ot 3BH3-THF/m-CPBA & [RIfE Do H & GBS EI T3
HZETanihFy FRlOT e F4 o PEENRERT S, LT, ZHLOH0
EDORIGTHELND 7Tl FU U {EEZK,CO;-MeOH T T 5 Z LI kY, B
DB RF Y MK B-BRELND, ZORZRF Y NE B-BOIKREFlTiSEH
2 & ABITSITA A B OMEr (Table. )3T, % DME/CH,CLOES
WL+ 5Z LT, BMODtran-t Fa A VX U EEEET 57 /32— /UE trans-C
NMEEMIZEONTWD, ZOSMEEER, KSRFHZEIV o T va—E
DIH-NMRAZ RV DLEEE L, 723 — )UK trans-C, cis-C DOFFEE LT 2V
& trans-C (OAc), cis-C (OAc) DNOEDFH|EIZ L W RE L TV %, (Scheme 3-6)

Scheme 3-6

3-26

1) NBS, THF-H,0

2) K,CO3, MeOH )
(55%, 2steps) | 'PrO 4

Mg powder (3.0 eq)

Ti(0-i-Pr); (1.2 eq)
TMSCI (1.2 eq)
) OTES > 0 OTES + o OTES
A B DME'CHzClz v -

© (1:4 viv, 0.2M) OH OH
trans-3-28 (55%) cis-3-28 (16%)

3-27
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Table 3-1
@}/H fH solvent(s) trans-C:cis-C (yield)
0 o THF (0.2 M) 40:60 (55%)
A THF (0.5 M) 66:34 (66%)
Et,O (0.2 M) 61:39 (66%)
DME (0.2 M) 51:49 (62%)
DME/CH,CI, (4/1,0.2 M) 72:28 (72%)
Tl(O :-Pr)4
o +
: M SO “DME CH,Cl, CH2CI2 ,
HO Br (1:4viv, 02M) o
B-epoxyde (3-B) trans-C cis-C
[~ BH; N l
or R Ti(0--Pr),
mCPBA m-CPBA Me,SiCl N
R CHCI; [\H Mg powder ~H i
> O '+ H o)
THF. rt. i !
(75%) i H

a~epoxyde (c-B)
trans-C (OAc) cis-C (OAc)

( I’ )

- then aq. H,O,, 'OH (89%) -

#2U\T, PCC (1.5 eq.) DCH,CLIANTR (2.0 M)iZpyridine (1.5 eq.) & 1%, iR T30%5
B A 1T o7, Z DRISIEIK Z0°CIZHEI L, C DRI T /L3 — /U {Krans-3-28D
CH,CLIEHE (1.0 M)Z Nz, =B CIREREHR%, BiRIC L 2PCCOIRE LiBHE D&
WMERIZ LV &7 N AR trans-3-29% 1572 (93 %), TN DML ERIZH 5T /L —
JUAR cis-3-2812 DWW T RO RIS EITH Z & TRIGT 257 bR cis-3-29% 157
(93 %), ZhHELNT-7 b fRIE, Horner-Wadsworth- Emmons Reaction ) (Mulia -
Lythgoe Olefination® % » 7'V » VRS IR LTca =y FTH D,

WIZ, &7 R AR trans-3-29, cis-3-29 D Wittig-olefitation|Z & B /"1 2 F L AR~ D
B EREE{T-7-. E1H, PhsP"(CH,Br)Br % 72 1ZPhsP (CH,DI (3.0 eq.) Dtoluene ik
(0.5 M)Z0°CIZ#%EI L, KHMDS (2.5 eq) &1 %, E|IR CIREBEZ, 7 F AR
trans-3-29 DtoluenelAHE % 0°C THI %, TR T304318#1%, Hexanell X A¥E1E & BUE
BHEICXY, ficT b a2 A F AR rans-3-30 %1572,

REtofER, 7 1 AF L {Etrans-3-30-BriZE,Z = 79:21 (total 62 %), I — KA
F I//ﬁitrans-3 30-IZEZ=82:18L A F L UEDREYM E LTHEGNTZ, A F L
wIZV oA Y RIREEICHER LZEE KHMDS)B 71 b Tl 3 vRITE
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AL TAERTAETFREISNS, TaERAF UK trans-3-30-Brid LLE Y%
EMLEMTH AT, TN & EEESuzuki-Miyaura CouplinglZ AV 5 Z & & L7273,

SG— RAF L UK trans-3-30-1i%, REERT-D, mUFEE trans-3-31~DEH %
1To72,

AL, g— RAF L AR trans-3-30-IDELOEIR (0.1 M)%-78°CIZimEl L, £-Buli
(3.0 eq) D pentan & & Z# @ F L, MR T 1K M #& # % , i-PrOBpin
(2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, 2.0 eq.)Z Iz, #R4% (Z0°CET
SR U7 B3RERIEERE, ME OBRNEEITH 2 & T, X7 VK trans-3-31 (E:Z
=82:18)% &7 (20 %, 2 steps), = = T, AT L U {Ktrans-3-30-COEREIIFIRETH -
ER, avRIVLEBNE TR T U OSMEREEIC XD ERBIRM 2R T
KOERICIIE LD > 72, (Scheme 3-7)

Scheme 3-7
PCC Ph3P*(CH X)X
pylldlne KHMDS
OTES OTES OTES
CHzCIz B toluene, 0°C
trans 3-28 (93%) trans-3-29 trans-3 30-A : CHX (E)
- B: CHX (2
C: CH2
Table 3-2 i -
— o Base
entry X A:B:C yield(%) | (. \ee--e- - PhsP—C —> AB
1 Br 78:22: 0 62 l
2 i 58:15: 27 PhsP_C\\H H
: T Ph3P—C — c
H H
\ L i
(entry2)  iPrO-Bpin )
A:B:C t-Buli
58:15: 27 T = Z,% i 9 i:
S Et,0, -78°C B~o
Bpin trans-3-31
(22% vyield, E:Z=80:20, 2 steps) _

e LIEEEIZ, &7 N AR cis-3-29D Wittig-olefination % PhsP*(CHDI % AV TRIER D
BER T2, I8 L REBEEOARDERER L2, T TR UvHElE
TFotz, LLRRSFRTELAET LALEWIIIEEOATHY, RV 2EITR
KiEThoTm, TORRISHTD—FIEZAF VUK ¢is-3-30-CTHY, 5 —TF
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5, TMSEMHIN L7z cis-3-30-BTh 5 & HWr L7,

EORETELNTZILEWIE, B—
cis-3-31, U VK cis-3-30-BE XA F L UK cis-3-30-CTH 5,

BHEELELTORT VK
oY UK

cis-3-30-BiZwittig olefination SR T, I VFEAF L v fcis-3-30-AZiEH LT3
ELTEA LT A VRELOINANVEEAFTFATFATIFURRIGTH I L
THARLTZEBZHILS, (Scheme 3-8)

Scheme 3-8

o] OTES —— »

i-PrO-Bpin

A:B:C t-BuLi

——
34:49:17 Et,0, -78°C

'

B, C = No reaction

PCC
pylidine

CH,Cl,

(93%)

0
] H
cis-3-31
single-isomer

Bpin

o}

OTES

92

Ph;P*(CH,I)I
__KHMDS

toluene, 0°C

cis-3-30-A : CHI (single-isomer)
B : CHSiMe; (single-isomer)
C: CHZ

(A:B:C=34:49:17)

R R ]
0O - > o)

| H | H
A Me3Si H B

H
#, Megsl\ /SIMB;;

Me; SI
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3-3.16-0xaBl E ¥ I VDB EAED SR

16-0xaZiCDEBE L AT E DN v 7V VU I RISIT L B, 16-oxa-Hl % I VDFHE
K477V —DOHBELRE L, (Figure 3-6)

Figure 3-6

Suzuki-Miyaura
) Coupling ‘.,

Y Horner-Wadsworth-
Emmons Reaction

Vitamin D; derivatives

fo) PO" OP  Julia - Lythgoe
(o) Olefination

(Y = P(O)Ph,, SO,Bt)
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3-3-1. Suzuki-Miyaura CouplinglZ & 516-oxa®l % I V DFE KD B R FT

12, Suzuki-Miyaura Coupling i & 5 16-oxat™ ¥ I VDEEEK SRR OB Z
1T-o7,

AN, 16-oxa-C,DIRER trans-3-30 & PACly(dppf) (10 mol%)DTHFEEHR (0.1 M)IZA
B = v h2-62F 721 2-63DTHFIAIR & 3M KOH/KEAK (3.0 M)Zx, 60°CT
12858, BEOBRNEELITHI LT, Ay 7TV VT ROMERM ZET. Z
DR OTHFET (1.0 M)IZTBAF (5.0 eq.) &1 %, ZEiR CIREHIBHRE, BHE D
B EITH Z LT, BRD16-0xafl ¥ I U DFEEEET- (3-32 : 65 %, 3-33 :
42 %, 2 steps), (Scheme 3-9)

Scheme 3-9

”,
%

B 1) PdCl,(dppf) (8 mol %)

pin
OTES | 3N KOH, THF, 60°C
+ E f >
. 2) TBAF, THF
trans-3-30 TBSO OTBS

770 (65 %, 2 steps) .
(E:Z2=79:21) 2-62 ° PS) Lo

Bpin

| as above
trans-3-30 ——
(E:Z=79:21) TBSO" OTBS

(42 %, 2 steps)
2-63

B L T, 16-0xaBIC,DEBEE A AW Zh v 7Y U T RIS T, 20%FRE D BMAER
NAERT AN, Zitl6-oxa CDBREICEEINAZEERDO T v 7V TETH D
CHBIENATD, ZOLETOFREEEOARITIR ONRD 2T,

N, 16-0xa CDEEYS trans-3-31 L 2 TITKBEEE A2 B T HARE 2-50L DI v 7
Vv RIS ORE R T T, ZI2TC, B2ETON vy 7 ) VRIS ORMEN D,
ABBE2-50D T £ X — LVELIC K DARFOELEZMBETHZ L2 BNE LT, €
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DR R2-50-2% FIV T, 56 L RO RIGERFICTHRET 21T o7z, L LRV D,
BonEh 7Y v S ERIIREEZ EEEOERY TH Y, HAEE TIT 12
GEE A3 34 L MR LRITNITHY, By 7Y T RIGRICEME LD E
TLTNDZ LR END, (Scheme 3-10)

Scheme 3-10
Br
| 1) PdCly(dppf) (8 mol %)
3N KOH, THF, 60°C
Bpin HO" OH  2) TBAF, THF
OH
o (3-34 : isomer=1:1) .
el 2-50-2 HO
(E:Z=80:20)
1) TBAF
2) 1N HCI, MeOH 3-34 -
Br
|
TBSO' (o)
071-—
2.50 previtamin type
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3-3-2. Horner-Wadsworth- Emmons Reaction!Z L 5 16-oxa’i B % I L DFER DS ERIRET

Horner-Wadsworth- Emmons Reaction® 7 » 7'V > 7 KRIZ X H16-0xa-E % X D
FEEEGHEBRT LTz, ZORGFETIE, BBOD v 7Y v 7B LITRNS, 7,801
B AR E A VLI LV ART D 1M EESEERE U TAERKRT DR
BNRH DD, Filllcis-t Na A ¥ B TH 5 14(LepiffCDERERIZ OV T
FRED KGRI Z1TY Z & T, EZE 4L R e LTOHBIEITO Z & & L,
(Figure 3-7)

Figure 3-7
R
P(O)Ph 0
QEE 2 - BuLl
oP
trans-3-29
7,8-Z-isomer
R
Y R o)
O
;ng """" -
O 4
cis-3-29

OoP

14-epi-isomer 14-epi-7,8-Z-isomer

e, 19-nor-ABRER 2-35OTHFER (1.0 M)%-78 °CIZHEIL, n-Buli  (1.05 eq.)
T L, FHET400BE Lz, REEE LEZARSORISERIC, 16-oxa-C,DER
A N AR trans-3-29F 721% cis-3-29 D THFIATR (0.1 M)Z N %, 265fMBE%, &
HOBMEREZITH Z LT, Mind dH v 7Y 7 {K3-35 (trisilyl) 7 1572,

BETORER, WHFOEETEA22BEON v 7 )V I7IEBELNT, Hohih
v 7Y v RO TH-NMR % L L= 45 R, trans-3-29% kL L72&METIX, BAO
By TV TR L 14T epi B 1386:14 DB L TH S AL 72 (3-35 (trisilyl):3-35
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(14-epi-trisilyl)=86:14, 12% yield), cis-3-29% JFk} & L7=5e4Tld, 7,80LE ZEVERD
BEME UTAERL TS LHIET LT (3-35 (14-epi-trisilyl): 18% yield (E:2=89:11)),
INBEBHON Y RTINS, RAT 4 XY ROMIMED X 9 721k
A% subproduct (HEEHEZ)NE LN, ZHUTHOWTIE, THFE#H T, n-BuLiz
-78°C TNz, -40°C CIRFEIEERE, BEOHBRLHEICX Y, B vy 7Y V7K
33SRELI TV D,

IO, RRT 4 F XY FOMIMMEO AR E MG T2 BT, RIGREZ
40°CEZITCHHEE CHRIBLEZEHEEER L TV DH, ZHDLERHETIE, ZHER
1= EARO LR AT A EF 51TV 5, (Scheme 3-11)

Scheme 3-11

P(O)Ph, OTES
OTES
. I n-BulLi
of + TBSO" OTBS —_—> + subproduct
790
trans-3-29 2-35 THF, -78°C
TBSO" OoTBS
,L epimerization 3-35 (trisilyl) (12% yield, E:14-epi-E=86:14)
OTES
o) OTES
as above
o H + 2-35 —_— + subproduct (14-epi)
cis-3-29
TBSO" OTBS
3-35 (18% yield, 14-epi-trisilyl) (E:Z=89:11)
subproduct= _ n-BuLi N
subproduct —————  3-35 (trisilyl)
OTES THF (only E product)
HO -78°C to -40°C
P(O)Ph, as avobe
subproduct 3-35 (14-epi-trisilyl)
. (14-epi) (E:Z=60:40)
TBSO' OTBS
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BTV UK 3-351%, £ DOTHFATK (1.0 M)IZTBAF (5.0 eq) & A =R TI12
RRRTEERE, BHE OBAEEITH Z L T, BRD16-oxail ' ¥ I U DFHIE 3-35%
877 (3-3: 95 %, 3-35 (14-epi): 97 %), (Scheme 3-12)

Scheme 3-12
OH o} OH
TBAF 3.35 TBAF T
3-35 (trisilyl) ——> (14-epi-trisilyl) —>
THF

(E:Z=89:11)  THF fl
OH HO" OH

3-35 (95% yield) 3-35 (14-epi)
(97% yield, E:Z=89:11)

HO™

Bl & fr &, ULIT/AKBEELZETHART 2=y b 2-52% AW RO KGR &
Totz, FERE LT, trans-3-29% 5k LIRS TIE, BBIDT v 7V ¥ ZED &
NE LI (3-36-disilyl: 28% yield (2 steps)), cis-3-29% kL& L7 T, 7,80LE Z
BMARDOIRESMDERT ARERTH o2 (3-36-14-epi-disilyl: 25% yield (E:Z=91:9, 2
steps)).  (Scheme 3-13)

Scheme 3-13

I P(O)Ph,
1) n-BuLi, THF, -78°C
trans-3-29 + TBSO" o

L 2 TBAF THF
7 3) 1N HCI, MeOH

2.52 (28%, 2 steps) 1O
0] OH
as above I H
cis-3-29 &+ 2.52 ——

(25%, 2 steps) 3-36 (14-epi) (E:Z=91:9)

HOY OH
OH
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I 16-0xaICDBREE A= h v 7 VI RISIC XY, ZIREMEE AR LT
HHRELT, HeHEETHIRNZ A U FEED LIEAF I HRRAT7 =& [
& A, BOERSZHIZE (thermodynamic control) I[Z K AEREMEER AT 4 T F
RSB B BROEEFRAIZEL (kinetic control) (2 LB FE N, RAREICDERE %
RWEEEL TR 2> TVWD ETFHEITE B,

B2, XV FRRAT7 o4 UHEEOB N FHIXRICE2FENREVWETFHRIL
TN5, B, X%V FRAT7 =& o HEE BERETAZEOERIT, RAEDCD
R E AWV D& TIE, CDERERL EARHIRA L OMAEEEFERRE <, ZD/NL—F
FRETAORIGOEITIIREZ 65720, ZTWEIE_EORKRO L v 7Y VU ITRIEND
BONORERTH D,

L LR, CDEBRE Z16-oxall & L72BEICIE, 2OV HRAT =& o H
Bk BERBLED v 7V U TEPERLTWD, Tk, CDEREZIALIZEA
L7722 LT, REFRTOREALLULBRLT, EWEEAZ L IRF-BEFSHF
RENTZZ & T, DREHTORBEN SN L TNWDLZERTRITED, Th
WX ABEEDENICLEY, 16-0xa-C DRI Ry & ARHRADIEEE R +51275
LT, ZIROERIZER -7 L FRILTWA,

AL, ZIEOARKITINREREIZEE > TWNDH I e, Anda=y MILoT
%, EEOBBERTHIEEDELNTND Z b, RARTOC,DERE & 16-oxalil
CDEBHONAEEICZIEEREREVIIRVEE XD, ZORBRITILUFDOEH
WY, RBFAEZ I VDB L THRESBENED LRV 6-0xai L7 I D
FEENERTETCWHIEHATL H 5, (Figure 3-8)
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3-3-3. Julia-Lythgoe OlefinationiZ X % 16-oxal ¥ ¥ I ' DFHEE D ST

16-oxa-7i £ % I L DFE A DHELLIZHormer-Wadsworth- Emmons Reaction & VM2
fER, RARFCDBREZ AW D FREO RGBS & IXR72 0, 7.8-ZKBMEES AR
AREENB LN, ZD®, B _ETITEEOBMEAEI AR L7223, Julia-Lythgoe
OlefinationZ AW A 1 v 7 ) » T RISIZOW T HLBETE21T - 7,

AN, 19-nor-ABRES 2-53 (2-53(S) : 2-53(NV) = 71:29) O THFER (0.1 M)%-78 °CIZ
AH L, LIHMDS (1.0 eq) & %, FIRCT1ERER#E#H%, 16-0xa-CDERE 7 L E
trans-3-29 DTHFYAIR (0.5 M)Z Nz, RISIERE %-78°Ch>5H-20 °CE T EF S ER A
BB L, BE OBULEEIT o7,

BRSO R, ABEO D v 7Y U 7IEPRE LN (A:B:C:D=29:10:36:25), Z Z T
BonrmA v TV T EROBRBERIZONWTIE, AKOEEZHWE
Horner-Wadsworth- Emmons Reaction®# 5} (Scheme 3-13)C, ZiZxtInd DE,ZE
PEMR & Z D 14-epif KD IH-NMRT — Z 3 & LN TV 572, Zhvb D1IH-NMRT —
H L DB EIT T R E LU CEZRERE LTE—HTHE—IBRALNDLD
DD, 14-epifi & —HTHE— 7 IR BNRD T,

El'%, Julia - Lythgoe OlefinationlZ & % 7 v 7'V v 7 K is Tl, 7,8-E/ZBVEE & AR
HOBRMEZREB L TEHEONDS, 6-EIZBMEEREEAGDETAEEOT v 7Y v
TEBPELILTWS EHWT Lz, 2, EOE _EDORARECDEEZ MWV SF
ORISR RICODEAFRETHD L EZ HILD, (Scheme 3-14)
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Scheme 3-14

OH
7 s0,Bt
LiHMDS
—_— isomers
o THF, -78°C
trans-3-29 O7L TBSO" o
(0]
2-53 2-37 (= A)
B (2-53(S) : 2-53(N) = 71:29) total 71 % yield
ase (A':B':C':D'=29:10 : 36 : 25)

S0,Bt
OTBS

102



Chapter 3

3-4. 16-0xa-10.,25(0H), VD; D &2 TE 4 3Bk

—HAH v TV T RIEOBRRTHL RN LI, AT L EEFTLHR
R Z I UDEBEEIL, TOAF LU EERA L T5EELOETHARER S L
T 7, EEIZ, 16-0xa-10,25(0H), VD3 3-32DiifRiERTD b U 2 U )L{E3-32(trisilyl)
T, ThEHRBRBRE LTV, TORMEEREITL TWEMARSH S, €
LTCZDEMEBESITEITT 5D THIUE, B Din vitroTIT D IEMHEFMICEE
ZRIETZLIZABATH A,

Pl EOBEBEN D, 16-0xa-1a,25(0H), VD; 3-32& @D b U 2 U JLE3-32(trisilyl) D
BERERTIMEIT o7, T OREMEFTMIL, tolueneIEIR THR L
16-0xa-10,25(0H), VD3 (3-32) & =D U /UK 3-32 (trisilyl) 2 INE R L, —ERefH]
ZLIZIH-NMRAZBIET 5 Z & TEHfi L7z, (Scheme 3-15)

Scheme 3-15

toluene, 80°C
(2days)

TBSO

_._—’
toluene, 110°C
(t12=12h)

previtamin type

HO™ OH  3-32 (trisilyl)

SHOFER, MBEVEECCHOSEM, Eibh v 7Y v 7 KIS THWIRE TIIEM%E
ILDOETIZRN STz, L LD, v U R 3-32(trisilyl) | Z80°C TEMAL
DHEITL, 2B TETOREHMEI L Lz, 16-oxa-1a,25(0H), VD;3 3-32{3110°CD
SN TE DOFEBHED BMAL R 2 ZET L, HEMOMBREERIZ LV 2 TOREHE
DIHEE LT,
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VDR S, VU AR 3-32(trisilyl) £ ¥ H16-0xa-10,25(0H),-VDs 3-3272%, €
DEEMNE <, METOEEH (1p)lF110°COEMT, 2B Thoz®), =
IBSAEAETAT 9 in vitro COIEPEFMICEEI IRV L L7z, (Table 3, Figure
3-9)

Table 3-3 Figure 3-9
7
Compound temp. (°C) hour (h) conversion (%) umol
3-32 (trisilyl) 60 12 0 - 5%
] 80 48 100 - s | 3-32 (ty2= 12h)
3-32 60 12 0 5.73 ]
80 12 0 5.73 s
110 24 72 160 3 %1 *
48 85 089 £
= &
96 89 0.63 . o |
168 100 0 o, ¥
_ JO I S " -—
determined by 1H-NMR 0 50 100 150 200

Time {(hour)

Z 2T, 16-oxa-1a,25(0H), VD3 3-320INEEFE OREHE Z & D1H-NMRAANZT L
PHETAH L, BERB I LIZT AT VEGD4ODE =7, 496, 532, 5.84, 6.34
ppm & XD T A VEEOE = BEML TS ZEBRRARTENDS, ZTNE
previtamin® DOFFEAERL, Zh A RRH U TAERT D RIERA, B, CH*kOY—7Th
BHIERFBREND, EHITMBERERZICIE, TAT RO E— 7 ITHEEK
FTAHHLOD, BEFEHEHSOE—7 (6.71-7.11 ppm)BFZIZR LN TE Y, T
previtamin®l DFFEEA-CEE ORI LV BREEFOAT n A FIOFHER, =
X 2 O BAKERISIC L ADEOREERICE L L Z L BRSNS, W
AUZ LT h. 16-0xa-10,25(0H), VDs 3-3213110°C, —BRICZ D EHHED E— 2
IZEE LTS, (Figure 3-10)
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Chapter 3

1N-NMR specrum of 16-oxa-1c,25(0H),VD5 (3-32)

cDCl,

|
ol

1 -6.71 ppm

|5 R SR U N IR TR BPUPRNT D DAY,y N | |
:
; OH
1
1
1
' 5.32 ppm 4.96 ppm
; 6.34 ppm 5.84 ppm | ;
" HO' OH i i " I
N M Mo \ : V)
Wl
AL ‘ 110°C- 1day rl‘ ' ﬁ A
:t!l RN M JIUI‘ AL, , PN | COR Py /JL,, A UL | .
o
A 110°C-2days L |
E,\ ", 110°C-4days a ‘ .
JI b \‘J e A M___Ar A DY e ’\JLVAV\_,JL-‘V-JUL‘_,«_»MJLW
3 l ] 6‘4 6.!3 6!2 j: 6!0 5.9 5:8 517 516 STS S.‘4 Sf} SfZ 5.1 5:0 4.‘9 4:8 4.'7 4.
L AL Sl g L kil L
e vow 1" 50 “iAn W “ “w ] ‘w‘« <“
0°C-7days i1 }\ﬂ' | A

""'&J‘ Wen { L

h 7
| J_,AMMLM ded
6.4 643 6.2 6.0 5.9 5.8 i/ 5.6 5.5 S.4 5.3 5.2 5.1 ¥ 0 4. 9 4.8 4.7 4,
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3-5. fhEm

ARETIL, l16-oxafll ¥ I UDFEERORE 2TV, UTORRIFLNT,

(Figure 3-11)

1) = A LRIFEE G-5)OMHEDTF & > T 2%y RD2H & D Grignard SUSH

2)

3)

4)

NHIRAET D MEF X URIGHIE ORE L, i< CuCNE L Lz T VLT
03 ReEDT I MMERS, BREFMTF ¥ U REIC LA S EERR2 TR RO
S5O HIVEBTLRSERKIGE L T16-0xafiC,DEE—=2= v FOAEMRIBAIEETH
57, 16-0xa-C.DEBEH4 F A= } (3-19)Dwittig-olefination|Z X 5 7 =
AF L AR 330)DERTIE, EZEAYE LTELI, RARECDRHZ AV
AREORISE L IZR R DEENE SN, ZiE16-0xaiC DRI & 135 T
B bEETHAZ LEEMITLERTHoT,

16-0xa-CDEBE = = v b+ (trans-3-30) E ATRE =2 = v  (2-62, 2-63) & D
Suzuki-Miyaura Coupling & & & &£ ¥ 16-oxa-10,25(0H)2VD3  (3-32) &
16-0xa-19-nor-10,25(0H2 VD3 (3-33) & ARk LTz, DA v 7 VRIS THERY
% BPERIZ16-0xaBIC.DERERZIEH R D LR TH 5 LHWr L T D,

16-0xa-CDEBEH = = v b (trans-3-30) L AR =2 = v F (235, 2-52) &L D
Horner-Wadsworth- Emmons Reaction TiZ, Zi019-nor® D5 v 7V v TIRITHE
SNDHOD, 1ML B ERZIKORI LM BRI AR T DR TH oI, —
H, B—ERYE LTEONERERD D, ZONREIXI0%ERE & EVER
Thb, ZOZEMND, 16-0xa B F I U DFFEMK DS IXSuzuki-Miyaura
CouplingiI G AWA Z ENEELWEFE R D,

1T AF LV EEET HHERT, ZnEEaL 3221 EITT HAHE
PN B B 7= 8, 16-0xa-10.25(0H)2 VD3 (3-32) DEE EMEFIM 2 £ L7, R &
LT, tolueniABEH180°C T O EMALDOEITIZR 5T, 110°CT THEH (tip) 12
HRIDERENE DN, TDD, ZOBERITLENLE TH Y, % Dinvitro
TOTEMEFHE A~ A ICMEIT RV & DFREREHFT,
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Figure 3-11
Synthesis of 16-oxa-C,D-ring

X R 1)2-PrMgCl |, R
L\>_(.H Ti(O-i-Pr)y 1) Ru-cat. -H
o > O —

Me;Si—=— 2) ~~Br 2) Hy, PdIC

335  cat CuCN-2Licl  iMes SiMes
Ti(0-i-Pr), R R R PhsP*(CH.Br)Br R
TMSCI, Mg . H H [O] 'H  KHMDS . ‘H
— O + o —> . 0 > 0]
= ; z H
oH! ot o trans-3-30 gr
major minor 3-29 (E:Z=79:21)

A-C,D Coupling
Suzuki-Miyaura Coupling

(g_a;:;gfg?) 1) PdCly(dppf) (8 mol %)
:Z=79: 3N KOH, THF, 60°C
3

2-62
2-63

\i

2) deprotection

HO™

16-oxa-10,,25(0H)2VD3 (3-32): Y=CH,
16-oxa-19-nor-10,25(0OH)2vD3 (3-33): Y=H, H

Horner-Wadsworth- Emmons Reaction

trans-3-29 1) n-BuLi, THF
+
2-35 2) deprotection
2-52

16-oxa-19-nor-1a,25(0H)2VD3 (3-33): R=H, H
2a-hydroxy-16-oxa-19-nor-10,25(0H)2VDs3 (3-36): R=OH
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Experimental section (Chapter 3)

General Procedures. NMR spectra were recorded in CDCl; at 600 and 500 MHz
for 'H and 150 and 125 MHz for “C on JEOL JNM-ECA600 and -ECAS500
spectrometers, respectively. Chemical shifts are reported in parts per million (ppm,
d) relative to MesSi (d 0.00) or residual CHCI; (d 7.26 for "H NMR) and CDCl; (d
77.0 for *C NMR). IR spectra were recorded on a JASCO IR FT/IR 4100
spectrometer. High-resolution mass spectra (HR-MS) were measured on a JEOL
Accu TOF T-100 equipped with an ESI ionization unit. All reactions sensitive to
oxygen and/or moisture were performed under an argon atmosphere. Dry solvents
[tetrahydrofuran (THF), N,N-dimethylformamide (DMF), dichloromethane
(CH,Cl,), toluene, and diethyl ether (ether)] were purchased from Kanto Chemicals.
Ti(O-i-Pr)s was distilled and stored under Ar. A solution of CuCN-2LiCl in THF
was prepared by mixing CuCN (10 mmol) and LiCl (20 mmol) in THF (20 mL) and
stored under Ar. Grubbs’ catalyst 1st generation (PhCH=RuCl(PCys)) and
PdClLy(dppf) were purchased from Sigma-Aldrich and used as received.
BrMgCH,CH,CMe,OTES and EtMgBr were prepared from Mg turnings and the
corresponding bromide in THF. i-PrMgCl was prepared from i-PrCl and Mg

turnings in ether and stored under Ar.

0O

3-13

(E)-2-Methyl-4-phenoxybut-2-enal (3-13)

To a mixture of 1-chloro-3-methylbut-2-ene (112 mL, 1.0 mol) and K>COs; (277 g,
2.0 mol) in CH3CN (500 mL) was slowly added phenol (97 mL, 1.1 mol) at 0 °C.
The resulting mixture was stirred for 12 h at room temperature. After removal of the
solvent under reduced pressure, aqueous 1M NaOH (200 ‘mL) was added. The

mixture was extracted with hexane, washed with aqueous 1M NaOH, dried over
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MgSQ,, and filtered through a pad of Celite. The filtrate was concentrated and
chromatographed on silica gel to give ((3-methylbut-2-en-1-yl)oxy)benzene (3-11)
(130 g) in 80% yield. To a solution of 3-11 (32.4 g, 200 mmol) in CH>Cl, (650 mL)
was sequentially added an aqueous solution of ferz-butylhydroperoxide (68 wt% in
water, 72 mL, 576 mmol) and SeO; (4.44 g, 40 mmol) at 0 °C. The resulting
biphasic mixture was stirred for 48 h at ambient temperature. Then, methanol (400
mL) and NaBH; were added until foaming cease and the reaction was checked by
Kl/starch paper. After an addition of water (1.0 L), the mixture was extracted with
CHCls. The combined organic layers were washed with water and brine, dried over
MgSQO,, filtered, and concentrated under reduced pressure. The residue was
chromatographed on silica gel to give (£)-2-methyl-4-phenoxybut-2-en-1-ol (3-12)
(30.7 g) in 86% yield. To a mixture of 3-12 (28.5 g, 160 mmol) and Et;N (67 mL,
480 mmol) in DMSO (160 mL) was slowly added a pyridine-sulfur trioxide
complex (51.0 g, 320 mmol) at 0 °C. After stirring for 30 min at room temperature
and then cooling to 0 °C, saturated aqueous NaHCO; was added. The mixture was
extracted with ether, washed with saturated aqueous NaHCOs, aqueous 1M HCI,
and brine, dried over MgSOQy, filtered, and concentrated. The residue was purified
by column chromatography on silica gel, (hexane/AcOEt) to give 3-13 (26.5 g) in
94% yield. '"H NMR (600 MHz, CDCl;) 8 9.49 (s, 1H, CHO), 7.32 (t, J = 7.6 Hz,
2H, Ar), 7.00 (t, J= 7.6 Hz, 1H, Ar), 6.92 (d, J= 7.6 Hz, 2H, Ar), 6.70 (t, J= 5.5 Hz,
1H, olefinic), 4.88 (d, J = 5.5 Hz, 2H, allylic CH,), 1.84 (s, 3H, CCHz); 3C NMR
(150 MHz, CDCl;) 8 194.1, 158.0, 147.8, 139.8, 129.7, 121.5, 114.6, 64.6, 9.7; IR
(neat) 1686, 1597, 1493, 1237, 1016, 753, 690 cm'; HRMS m/z = caled. For
C11H12NaO, [M+Na]": 119.0735, found 199.0750.

OHo O
315 Bn

(R)-4-Benzyl-3-((2S,3R,E)-3-hydroxy-2,4-dimethyl-6-phenoxyhex-4-enoyl)oxazo
lidin-2-one (3-15)
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To a mixture of oxazolidinone 3-14 (28.5 g, 122 mmol), MgBr; (26.8 g, 122
mmol), EiN (34 mL, 244 mmol), Me;SiCl (23 mL, 183 mmol), and aldehyde 3-13
(25.8 g, 146 mmol) in AcOEt (300 mL) was stirred for 48 h at room temperature.
The slurry was passed through a plug of silica gel with ether. The solution was
concentrated in vacuo and MeOH (600 mL) was added along with CF3;COOH (7
mL). The solution was stirred for 30 min at room temperature and concentrated. The
residue was purified by column chromatography on silica gel (hexane/AcOEt) to
give 3-15 (38.0 g) in 76% yield. "H NMR (600 MHz, CDCl3) 8 7.33 (t, /= 7.2 Hz,
2H, Ar), 7.29-7.23 (m, 5H, Ar), 6.94 (t, J="7.2 Hz, 1H, Ar), 6.88 (d, /= 7.8 Hz, 2H,
Ar), 5.80 (t, J = 6.3 Hz, 1H, olefinic), 4.71-4.68 (m, 1H, NCH), 4.61 (d, /= 6.0 Hz,
2H, allylic CH,), 4.25 (d, J = 8.4 Hz, 1H, CHOH), 4.22-4.15 (m, 3H, C(O)OCH>
and CHOH), 3.32 (dd, J = 3.0, 13.8 Hz, 1H, benzyl), 2.88-2.73 (m, 1H,
NC(O)CHCHa»), 2.76 (dd, J = 9.6, 13.8 Hz, 1H, benzyl), 1.81 (s, 3H, allylic CH3),
1.12 (d, J = 7.2 Hz, 3H, CHCHz); 13C NMR (150 MHz, CDCl3) & 176.4, 158.5,
153.7, 139.1, 135.3, 129.4, 128.9, 127.3, 124.3, 120.8, 114.6, 80.3, 66.1, 64.2, 55.6,
40.3, 37.7, 14.8, 11.7; IR (KBr) 3493, 2977, 1778, 1697, 1598, 1494, 1385, 1215
cm™'; HR-MS m/z = calced. For C24H27NNaOs [M+Na]+: 432.1787, found 432.1766;
[a]p? —35.8 (¢ 0.55, CHCls).

PhO 3
\_\>—(_\0H
OH
3-16

(2R ,3R,E)-2,4-Dimethyl-6-phenoxyhex-4-ene-1,3-diol (3-16)

To a solution of 3-15 (30.6 g, 74.6 mmol) in THF-MeOH (40:1 v/v, 124 mL) was
added in small portions a solution of LiBH4 (1.9 g, 90 mmol) in THF (90 mL) at O
°C. After 5 h of stirring at room temperature, CH>Cl, (100 mL) was added. The
mixture was washed with 5% aqueous citric acid and brine. The combined organic
layers were dried over Na,;SOy, filtered, and concentrated. The residue was purified
by column chromatography on silica gel (hexane/AcOEt) to give 3-16 (17.5 g) in
99% yield. '"H NMR (600 MHz, CDCl3) 8 7.27 (t, J = 8.3 Hz, 2H, Ar), 6.95 (t, J =
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7.2 Hz, 1H, Ar), 6.90 (d, J= 7.8 Hz, 2H, Ar), 5.70 (t, J= 5.9 Hz, 1H, olefinic), 4.61
(dd, J = 6.6, 12.6 Hz, 1H, allylic CH,), 4.57 (dd, J = 6.0, 12.6 Hz, 1H, allylic CH>),
3.95 (d, J = 8.4 Hz, 1H, CHOH), 3.73-3.71 (m, 1H, CH,OH), 3.66-3.62 (m, 1H,
CH,OH), 3.21 (brs, 1H, OH), 3.15 (s, 1H, OH), 1.96-1.89 (m, 1H, CHCH3), 1.74 (s,
3H, allylic CHs), 0.74 (d, J = 7.2 Hz, 3H, CH;CH); >°C NMR (150 MHz, CDCls)
8 158.5, 140.5, 129.4, 123.4, 120.8, 114.7, 83.8, 67.9, 64.3, 37.1, 13.7, 11.5; IR
(KBr) 3367, 2941, 1751, 1596, 1496, 1240, 1012 cm™; HR-MS m/z = calcd. For
C14H2NaO; [M+Na]": 259.1310, found 259.1287; [o]p> —18.4 (¢ 0.80, CHCL).

PhO %
N omes
OH
317

(2R,3R,E)-2,4-Dimethyl-6-phenoxy-1-((triisopropylsilyl)oxy)hex-4-en-3-ol
(3-17)

To a mixture of diol 3-16 (13.2 g, 56.0 mmol) and imidazole (8.4 g, 123 mmol) in
DMF (140 mL) was added i-Pr3SiCl (11.8 mL, 56.0 mmol) at room temperature.
After stirring for 3 h, to this was added saturated aqueous NaHCOs at 0 °C. The
mixture was extracted with ether, dried over MgSQy,, filtered, and concentrated. The
residue was chromatographed on silica gel (hexane/AcOEt) to give 3-17 (18.9 g) in
86% yield. "H NMR (600 MHz, CDCl3) 8 7.27 (dd, J = 7.8, 9.0 Hz, 2H, Ar), 6.93 (t,
J=17.6 Hz, 1H, Ar), 6.90 (d, J = 7.6 Hz, 2H, Ar), 5.73 (t, J = 6.0 Hz, 1H, olefinic),
4.63 (dd, J = 6.0, 12.6 Hz, 1H, allylic CH»), 4.60 (dd, J = 6.0, 12.6 Hz, 1H, allylic
CH,), 432 (d, J= 2.4 Hz, 1H, OH), 3.96 (dd, J = 2.4, 8.4 Hz, 1H, CHOH), 3.90 (dd,
J=3.9, 10.2 Hz, 1H, CH,0Si), 3.69 (dd, J = 7.8, 10.2 Hz, 1H, CH,OS1), 1.95-1.88
(m, 1H, CHCH3), 1.72 (s, 3H, allylic CH3), 1.16-1.05 (m, 21H, i-Pr), 0.76 (d, /= 7.2
Hz, 3H, CH;CH); °C NMR (150 MHz, CDCl3) 8 158.7, 140.3, 129.4, 123.1, 120.6,
114.7, 83.4, 69.2, 64.4, 37.3, 17.9, 17.8, 13.6, 11.7; IR (neat) 3443, 2943, 1560,
1496, 1462, 1239 cm™; HR-MS m/z = calcd. For Cy3H4NaOSi [M+Na]": 415.2644,
found 415.2621.
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(((2R,3R,E)-2,4-Dimethyl—6-phenoxy-3-(prop—2-yn-1-yloxy)hex-4-en-1-yl)oxy)tri
isopropylsilane (3-18)

To a mixture of NaH (7.5 g, 60 wt% in oil, 186 mmol) and n-BusNI (TBAIL, 1.1 g,
3.1 mmol) in THF (150 mL) was added a solution of 3-17 (23.6 g, 60 mmol) in THF
(50 mL) at 0 °C. After stirring for 1 h at room temperature and then cooling to 0 °C,
propargyl bromide (14.0 mL, 186 mmol) was added dropwise. The mixture was
allowed to warm to room temperature and stirred for 3 h. Water (200 mL) was
slowly added and the mixture was extracted with ether. The organic layer was
washed with brine, dried over MgSQ,, filtered, and concentrated. The residue was
purified by column chromatography on silica gel (hexane/ether) to give 3-18 (19.9
g) in 77% yield. "H NMR (600 MHz, CDCls) 8 7.28 (dd, J = 7.8, 8.4 Hz, 2H, Ar),
6.95 (t, J = 7.8 Hz, 1H, Ar), 6.91 (d, J = 8.4 Hz, 2H, Ar), 5.69 (t, J = 6.0 Hz, 1H,
olefinic), 4.66 (dd, J = 6.0, 12.6 Hz, 1H, allylic CH), 4.61 (dd, J= 5.4, 12.6 Hz, 1H,
allylic CHy), 4.05 (dd, J = 2.4, 15.6 Hz, 1H, propargylic CH,), 3.87 (dd, J = 24,
15.6 Hz, 1H, propargylic CH,), 3.80 (dd, J = 5.4, 9.6 Hz, 1H, CH,OSi), 3.77 (dd, J
=3.0, 9.6 Hz, 1H, CH,0Si), 3.70 (d, J = 9.6, Hz, 1H, CH,OCH), 2.34 (t, J= 2.1 Hz,
1H, alkyne H), 1.85-1.80 (m, 1H, CH3CH), 1.65 (s, 3H, allylic CH3), 1.12-1.03 (m,
21H, i-Pr), 0.82 (d, J= 7.2 Hz, 3H, CH3CH); BC NMR (150 MHz, CDCls) 8 158.6,
136.8, 129.4, 126 .4, 120.8, 114.7, 85.4, 80.2, 73.6, 64.6, 64.4, 55.5, 37.9, 18.2, 13.8,
12.6, 11.2; IR (neat) 3309, 2942, 1600, 1496, 1462, 1239, 1070 cm™; HR-MS m/z =
calcd. For Co6H4,NaO5Si [M+Na]+: 453.2801, found 453.2801.
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PhO 2

N« omes
o

Me;Si——  3-19

(7R,8R)-11,11-Diisopropyl-2,2,8,12-tetramethyl-7-((£)-4-phenoxybut-2-en-2-yl)-
6,10-dioxa-2,11-disilatridec-3-yne (3-19)

To a solution of 3-18 (20.6 g, 47.7 mmol) in THF (95 mL) was added EtMgBr (48
mL, 1.48 M in THF, 71.5 mmol) at 0 °C. After being stirred for 1 h at room
temperature, MesSiCl (9.0 mL, 71.5 mmol) was added and the mixture was
gradually warmed to room temperature over 2 h. Water (200 mL) was added and the
organic layer was separated. The aqueous layer was extracted with ether. The
combined organic layers were washed with brine, dried over MgSOs, filtered, and
concentrated. The residue was chromatographed on silica gel (hexane/ether) to give
3-19 (23.7 g) in 99% yield. '"H NMR (600 MHz, CDCl3) 8 7.28 (t, J = 7.6 Hz, 2H,
Ar), 6.95 (t, J= 7.6 Hz, 1H, Ar), 6.91 (d, J= 7.6 Hz, 2H, Ar), 5.66 (t, /= 6.0 Hz, 1H
olefinic), 4.65 (dd, J = 6.0, 12.6 Hz, 1H, allylic CH>), 4.61 (dd, /= 5.4, 12.6 Hz, 1H,
allylic CH,), 4.04 (d, J = 15.8 Hz, 1H, propagylic CHy), 3.89 (d, J = 15.8 Hz, 1H,
propagylic CH,), 3.81 (dd, J = 3.0, 9.6 Hz, 1H, CH,0Si), 3.74 (dd, J = 6.0, 9.6 Hz,
1H, CH,0Si), 3.62 (d, J = 9.6 Hz, 1H, CH,OCH), 1.87-1.81 (m, 1H, CH3CH), 1.65
(s, 3H, allylic CH3), 1.13-1.03 (m, 21H, i-Pr), 0.82 (d, J= 6.6 Hz, 3H, CH5CH), 0.16
(s, 9H, SiCHs); >C NMR (150 MHz, CDCl3) & 158.7, 136.9, 129.6, 126.3, 120.9,
114.8, 102.3, 90.3, 86.0, 64.9, 64.5, 56.6, 38.0, 18.2, 13.9, 12.0, 11.3, -0.16; IR
(neat) 2959, 2336, 1560, 1495, 1250 cm’'; HR-MS m/z = calcd. For CagHsoNaO5Si,
[M-+Na]": 525.3196, found 525.3198.

3
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Triisopropyl((R)-2-((2R,3S,Z)-3-methyl-4-(1-(trimethylsilyl)but-3-en-1-ylidene)-
3-vinyltetrahydrofuran-2-yl)propoxy)silane (3-20)

To a mixture of 3-19 (6.8 g, 13.5 mmol) and Ti(O-i-Pr)s (5.2 mL, 17.6 mmol) in
ether (67 mL) was added dropwise i-PrMgCl (22.0 mL, 1.62 M in ether, 35.2 mmol)
at —40 °C. The reaction mixture was stirred for 30 min at this temperature and then
allowed to warm to 0 °C over 1.5 h. Allyl bromide (13.5 mL, 2.0 M in THF, 27.0
mmol) and CuCN-2LiCl (5.4 mL, 0.5 M in THF, 2.7 mmol) were added at 0 °C and
the mixture was stirred for 3 h. After an addition of water (0.5 mL), Celite (5 g), and
NaF (5 g), the mixture was stirred for 30 min at room temperature, and then filtered
through a pad of Celite with ether. The filtrate was concentrated and the residue was
purified by column chromatography on silica gel (hexane/ether) to give 3-20 (5.9 g)
in 97% yield. '"H NMR (600 MHz, CDCl3) 8 5.95 (dd, J = 10.8, 17.4 Hz, 1H,
CH,=CHC), 5.77-5.71 (m, 1H, CH,=CHCH,), 5.13 (d, J = 18.6 Hz, 1H,
CH,=CHCH,), 5.10 (d, J= 11.7 Hz, 1H, CH,=CHCH,), 4.98 (dd, J = 1.8, 10.2 Hz,
1H, CH,=CHC), 4.92 (dd, J= 1.8, 17.4 Hz, 1H, CH,=CHC), 4.50 (d, J = 13.2 Hz,
1H, CH,OCH), 4.17 (d, J = 12.6 Hz, 1H, CH,OCH), 3.81 (dd, J = 3.0, 9.0 Hz, 1H,
CH,O0Si), 3.69 (dd, J = 6.6, 9.6 Hz, 1H, CH»OSi), 3.37 (d, J = 9.6 Hz, 1H,
CH,0CH), 3.21 (dd, J = 3.0, 16.2 Hz, 1H, allylic CH,), 2.92 (dd, J = 5.4, 16.2 Hz,
1H, allylic CH>), 1.89-1.84 (m, 1H, CH;CHCH,), 1.24 (s, 3H, CH3C), 1.22-1.05 (m,
21H, i-Pr), 0.90 (d, J = 6.6 Hz, 3H, CH5CH), 0.08 (s, 9H, Si(CHs)s3); BC NMR (150
MHz, CDCIl3) 8 158.0, 144.5, 138.4, 1284, 115.2, 113.7, 88.5, 71.2, 66.1, 52.3, 37.1,
34.7, 18.0, 17.0, 14.2, 12.0, —0.06; IR (neat) 2942, 1635, 1463, 1249, 1071 cm™;
HR-MS m/z = calcd. For CyHsoNaO,Si, [M+Na]": 473.3247, found 473.3239;
[a]p® +14.8 (¢ 0.97, CHCI).
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SiMe;  3.22

Triisopropyl((R)-2-((1R,7aS)-7a-methyl-4-(trimethylsilyl)-1,3,5,7a-tetrahydrois
obenzofuran-1-yl)propoxy)silane (3-22)

A mixture of 3-21 (10.5 g, 23.3 mmol) and Grubbs’ Ist generation Ru-catalyst
[(benzylidene)bis(tricy clohexylphosphine)]ruthenium(IV) dichloride, (0.575 g, 0.70
mmol) in dry CH,Cl, (120 mL) was stirred for 12 h at room temperature. The
mixture was filtered through a pad of silica gel and concentrated. The residue was
purified by column chromatography on silica gel (hexane/ether) to give 3-22 (9.7 g)
in 98% yield. "H NMR (600 MHz, CDCl;) 8 6.00 (dd, J = 3.0, 9.6 Hz, 1H, olefinic),
5.86 (ddd, J = 1.8, 5.4, 9.6 Hz, 1H, olefinic), 4.50 (dd, J = 3.6, 13.8 Hz, 1H,
CH,OCH), 4.22 (dd, J = 3.0, 13.8 Hz, 1H, CH,OCH), 3.90 (dd, J= 3.0, 9.0 Hz, 1H,
CH,0S1), 3.67 (dd, J = 6.6, 9.0 Hz, 1H, CH,0Si), 3.31 (d, J = 10.2 Hz, 1H,
CH,0OCH), 2.72 (dd, J = 5.4, 21.0 Hz, 1H, allylic CH,), 2.62 (dquint, J = 21.0, 2.8
Hz, 1H, allylic CH,), 1.92-1.87 (m, 1H, CH5CHCH,), 1.10-1.05 (m, 24H, i-Pr and
CH5CH), 0.99 (s, 3H, CH;5C), 0.09 (s, 9H, Si(CHs)3); B3C NMR (150 MHz, CDCls)
8154.9, 132.0, 126.9, 123.2, 84.3, 68.2, 66.1, 44.6,37.7,29.2, 19.1, 18.0, 13.4, 12.0,
—1.3; IR (neat) 2960, 1731, 1627, 1463, 1249, 1012 cm'l; HR-MS m/z = calcd. For
C,4H4NaO,Si, [M+Na]': 445.2934, found 445.2945; [a]p> —26.3 (¢ 1.43, CHCl3).

OTIPS
o

SiMej; 3.23

Triisopropyl((R)-2-((1R,7aS)-7a-methyl-4-(trimethylsilyl)-1,3,5,6,7,7a-hexahydr
oisobenzofuran-1-yl)propoxy)silane (3-23)
To a solution of 3-22 (3.8 g, 9.0 mmol) in MeOH (90 mL) was added 5% Pd/C
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(383 mg). Under H, atmosphere (1atm) the suspension was stirred for 12 h at room
temperature and filtered through a pad of Celite. The filtrate was concentrated. The
residue was purified by column chromatography on silica gel (hexane/AcOEt) to
give 2-23 (3.79 g) in 99% yield. '"H NMR (600 MHz, CDCls) 8 4.37 (dt, J = 12.6,
3.3 Hz, IH, CH,OCH), 4.18 (dt, J= 12.6, 2.4 Hz, 1H, CH,OCH), 3.89 (dd, J = 3.6,
9.0 Hz, 1H, CH,0Si), 3.64 (dd, J = 7.2, 9.6 Hz, 1H, CH,0Si), 3.02 (d, J = 9.6 Hz,
1H, CH,OCH), 2.11 (app d, J = 17.4 Hz, 1H, CH,CSi), 1.99-1.92 (m, 1H, CH,CSi),
1.90-1.83 (m, 1H, CH3CHCH,), 1.79 (dt, J = 12.6, 3.6 Hz, 1H, CH,CCHs),
1.71-1.60 (m, 1H, CH,CH,C), 1.21 (dt, J= 5.4, 12.6 Hz, 1H, CH,CCHj3), 1.23-1.02
(m, 21H, i-Pr), 1.00 (s, 3H, CHsC), 0.98 (d, J = 7.2 Hz, 3H, CH5CH), 0.06 (s, 9H,
Si(CHs)3); >C NMR (150 MHz, CDCl;) 8 153.9, 125.3, 88.4, 68.4, 66.4, 42.7, 37.5,
32.7,27.1, 18.5, 18.1, 18.0, 13.1, 12.0, —1.0; IR (neat) 2942, 1463, 1384, 1259, 1052,
837 cm'; HR-MS m/z = caled. For C,sHusNaO,Sis [M+Na]: 447.3091, found
447.3099.

OH
o

H 3-24

(R)-2-((1R,7aS)-7a-Methyl-1,3,5,6,7,7a-hexahydroisobenzofuran-1-yl)propan-1-
ol (3-24)

A mixture of 3-23 (5.2 g, 12.2 mmol) and CF;COOH (4.7 mL, 61.0 mmol) in
CHCI; (61 mL) was stirred for 3 h at 50 °C, and then cooled to room temperature
and concentrated. To a solution of the residue in THF (12 mL) was added n-BusNF
(15.0 mL, 1.0 M in THF, 15.0 mmol). After stirring for 1 h at room temperature,
saturated aqueous NH4Cl (15 mL) was added, and then the mixture was extracted
with ether. The organic layer was dried over MgSQ,, filtered, concentrated and
chromatographed on silica gel (hexane/ether) to give 3-24 (1.41 g) in 59% yield. 'H
NMR (600 MHz, CDCls) & 5.45 (brs, 1H, olefinic), 4.32 (dq, J = 12.0, 3.0 Hz, 1H,
CH,OCH), 4.16 (dq, J= 12.0, 1.8 Hz, 1H, CH,OCH), 3.63 (dd, J=9.0, 10.8 Hz, 1H,
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CHCH,OH), 3.56 (dd, J= 3.0, 10.8 Hz, 1H, CHCH,OH), 3.23 (bs, 1H, OH), 3.17 (d,
J=19.6 Hz, 1H, CHOCHS>), 2.08-1.96 (m, 3H, allylic CH, and CH;CHCH>), 1.76 (dt,
J=12.6, 3.6 Hz, 1H, CH,CCHj), 1.72-1.64 (m, 2H, CH,CH,C), 1.24 (dt, J = 4.2,
12.6 Hz, 1H, CH>,CCHj), 1.04 (s, 3H, CH;C), 0.83 (d, J = 7.2 Hz, 3H, CH;CH); °C
NMR (150 MHz, CDCl3) & 143.5, 117.5, 94.5, 69.5, 68.7, 42.5, 36.2, 32.9, 24.3,
18.4, 17.7, 12.7; IR (neat) 3439, 2934, 1462, 1378, 1248, 1040 cm™'; HR-MS m/z =

calcd. For C;2HoNaO, [M+Na]+: 219.1361, found 219.1363; [a]p> +8.6 (¢ 1.01,
CHCl).

\J
8

OTs
@]

H 3-25

(R)-2-((1R,7aS)-7a-methyl-1,3,5,6,7,7a-hexahydroisobenzofuran-1-yl)propyl
4-methylbenzenesulfonate (3-25)

To a solution of 3-24 (0.84 g, 4.3 mmol) in pyridine (21 mL) was added p-TsCl
(1.2 g, 6.4 mmol) at 0 °C. The mixture was stirred for 24 h at room temperature and
then AcOEt (30 mL) was added. The resulting suspension was washed with aqueous
1M HCI, water, and saturated aqueous NaHCOs. The organic layer was dried over
MgSOy, filtered and concentrated. The residue was chromatographed on silica gel
(hexane/ether) to give 3-25 (1.17 g) in 78% yield. '"H NMR (600 MHz, CDCl;) &
7.79 (d, J=17.8 Hz, 2H, Ar), 7.33 (d, J= 7.8 Hz, 2H, Ar), 5.39 (s, 1H, olefinic), 4.28
(dg, J = 12.6, 3.0 Hz, 1H, CH,OCH), 4.20 (dd, J = 3.0, 9.0 Hz, 1H, CH,0S), 4.02
(dd, J = 6.6, 9.0 Hz, 1H, CH,0S), 3.70 (d, J = 12.0 Hz, CH,OCH), 2.97 (d, /= 9.6
Hz, 1H, CH,OCH), 2.44 (s, 3H, Ar-CHs), 2.06-1.94 (m, 3H, allylic CH> and
CH;CHCH,), 1.74-1.62 (m, 3H, CH,CH,CCHj3), 1.21 (dt, J = 3.6, 12.0 Hz, 1H,
CH,CH,CCHs), 0.96 (s, 3H, CH;C), 0.95 (d, J = 7.2 Hz, 3H, CH3;CH); B3C NMR
(125 MHz, CDCls) 8 144.4, 144.1, 133.1, 129.7, 128.0, 117.2, 88.0, 74.0, 68.3, 42.0,
34.8,32.9,24.2, 21.6, 18.4, 17.4, 12.9; IR (neat) 2937, 1598, 1359, 1189, 949, 847,
664 cm™'; HR-MS m/z = calcd. For CjoH26NaO4S [M+Na]": 373.1450, found
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373.1426; [a]p> +9.3 (¢ 1.36, CHCly).

\3
8

o OTES

H 3-26

Triethyl(((R)-2-methyl-6-((1R,7aS)-7a-methyl-1,3,5,6,7,7a-hexahydroisobenzofu
ran-1-y)heptan-2-yl)oxy)silane (3-26)

To a solution of 4-bromo-2-methyl-2-triethylsiloxybutane (1.4 g, 5.0 mmol) in
THF (5.0 mL) was added Mg turning (0.36 g, 15 mmol) at room temperature. After
stirring for 30 min at this temperature, a solution of Cul-SMe; (0.27 g, 1.3 mmol) in
THF (2.0 mL) was added. To this was added a solution of 3-25 (0.35 g, 1.0 mmol)
in THF (10 mL) at -10 °C. After being stirred for 1 h at this temperature, aqueous
NH,CI/NH4OH buffer (pH 7~8, 20 mL) was added. The mixture was extracted with
AcOEt, and the combined extracts were washed with saturated aqueous NaHCOs,
brine, dried over MgSO, and concentrated. The residue was purified by column
chromatography on silica gel (hexane/AcOEt) to give 3-26 (0.33 g) in 87 % yield.
"H NMR (600 MHz, CDCl;) & 5.39 (s, 1H, olefinic), 4.39 (dq, J = 12.0, 3.6 Hz, 1H,
CH,OCH), 4.11 (dq, J = 12.0, 1.8 Hz, 1H, CH,OCH), 2.92 (d, J = 9.6 Hz, 1H,
CH,OCH), 2.06-1.95 (m, 2H, allylic CHy), 1.80 (dt, J = 12.6, 3.6 Hz, 1H,
CH,CH>CCH3), 1.74-1.65 (m, 4H, CHCH,CH, and CH,C(CHj3),), 1.50-1.33 (m, 3H,
CH;CHCH, and CH;CHCH,CH»), 1.29-120 (m, 2H, CH,CH,CCH; and
CH;CHCH,), 1.18 (s, 3H, CH5COSi), 1.17 (s, 3H, CH3COSi), 1.13-1.05 (m, 1H,
CH;CHCH,), 1.02 (s, 3H, CH;C), 0.93 (t, J = 7.8 Hz, 9H, Si(CH,CHs)3), 0.86 (d,
J = 6.6 Hz, 3H, CH;CH), 0.55 (q, J = 7.8 Hz, 6H, Si(CH>CHz)3); B3C NMR (150
MHz, CDCl) § 145.3, 116.6, 92.6, 73.5, 68.2, 45.4, 42.1, 34.8, 34.6, 33.2, 30.0,
29.7,24.3,21.1, 18.5, 17.4, 14.8, 7.1, 6.8; IR (neat) 2950, 1460, 1235, 1044, 1016,
742, 723 cm™; HR-MS m/z = caled. For Cy3H14NaO,Si [M+Na]+: 403.3008, found
403.3029; [a]p> +20.9 (¢ 1.00, CHCls).
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Triethyl(((R)-2-methyl-6-((1aR,4aR,SR,7aR)-4a-methylhexahydro-1aH-oxireno|
2,3-d]isobenzofuran-5-yl)heptan-2-yl)oxy)silane (3-27)

To a solution of 3-26 (0.48 g, 1.25 mmol) in THF (3.8 mL) and water (0.8 mL)
was added NBS (0.49 g, 2.75 mmol) at 0 °C. The reaction mixture was slowly
warmed to 10 °C. After being stirred for 3 h, the mixture was cooled to 0 °C and
saturated aqueous NaHCO; was added. The mixture was extracted with AcOEt,
washed with brine, dried over MgSQ,, filtered, and concentrated under reduced
pressure. A mixture of the residue and K,CO3(0.48 g, 3.5 mmol) in MeOH (14 mL)
was stirred for 3 h at room temperature and extracted with AcOEt. The organic layer
was washed with brine, dried over MgSO,, filtered, and concentrated under reduced
pressure. The residue was purified by column chromatography on silica gel
(hexane/AcOEt) to give 3-27 (0.27 g) in 55 % yield. "H NMR (600 MHz, CDCls) &
4.16 (d, J=10.2 Hz, 1H, CH,OCH), 3.53 (d, J = 10.2 Hz, 1H, CH,OCH), 3.43 (t, J
= 1.8 Hz, 1H, CH,CHOC), 3.35 (d, J = 9.6 Hz, 1H, CH,OCH), 2.05-1.98 (m, 1H,
OCHCH;), 1.88-1.83 (m, 1H, OCHCH,), 1.76-1.69 (m, 3H, OCHCH,CH,, and
CH>CCH3), 1.60-1.36 (m, 6H, CH>,CCH3 and CH3;CHCH,CH,CH>), 1.32-1.10 (m,
2H, CH3CHCH,CH>), 1.19 (s, 3H, CH5COSi), 1.18 (s, 3H, CH3COSi), 1.06 (s, 3H,
CHsC), 0.94 (t, J = 7.8 Hz, 9H, OSi(CH»>CHs)3), 0.84 (d, J = 6.6 Hz, 3H, CH3CH)
0.56 (q, J = 7.8 Hz, 6H, OSi(CH,CHj3)3); °C NMR (150 MHz, CDCls) & 89.6, 73.5,
71.6, 68.1, 55.3,45.3,41.4, 34.8, 34.4,30.0, 29.8, 27.8, 21.1, 20.6, 15.2, 14.9, 14.8,
7.1, 6.8; IR (neat) 2954, 1459, 1380, 1235, 1042, 741 cm™; HR-MS m/z = calcd. For
C»3H44NaO;Si [M+Na]": 419.2957, found 419.2984; [a]p>> +29.4 (¢ 1.00, CHCls).
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OH'  yrans-3.28 ol cis3-28

(1R,3aS,4R,7aS)-7a-Methyl-1-((R)-6-methyl-6-((triethylsilyl)oxy)heptan-2-yl)oct
ahydroisobenzofuran-4-ol (frans-3-28) and Its epimer cis-3-28

To a mixture of epoxide 3-27 (376 mg, 0.95 mmol), Ti(O-i-Pr)4 (0.34 mL, 1.14
mmol), and Mg powder (69 mg, 2.85 mmol) in DME-CH,Cl, (1:4 v/v, 4.8 mL) was
added Me;SiCl (0.14 mL, 1.14 mmol) at room temperature. After being stirred for
24 h at room temperature, saturated aqueous NaHCO3; was added and the mixture
was stirred for 30 min. After addition of Celite and NaF, the mixture was stirred for
30 min and filtered through a pad of Celite. The filtrate was concentrated and
purified by column chromatography on silica gel (hexane/AcOEt) to provide
trans-3-28 (210 mg) in 56% yield and cis-3-28 (71 mg) in 19% yield. Compound
trans-3-28: '"H NMR (600 MHz, CDCl;) & 4.02 (t, J = 7.5 Hz, 1H, CH,OCH), 3.76
(dt, J=4.8, 10.8 Hz, 1H, CH,CHOH), 3.61 (dd, J = 7.2, 11.4 Hz, 1H, CH,OCH),
3.06 (d, J = 10.2 Hz, 1H, CH,OCH), 2.07-2.03 (m, 1H, CHCHOH), 1.78-1.60 (m,
7H, CHL,CH,CH,CCH; and CH,COSi), 1.52-1.34 (m, 3H, CH3;CHCH,CH)),
1.31-1.14 (m, 2H, CH;CHCH, and CH,COSi), 1.18 (s, 3H, CH3COS1), 1.17 (s, 3H,
CH;COSi), 1.08-1.02 (m, 1H, CH3CHCH>), 0.94 (t, J = 7.8 Hz, 9H, OSi(CH,CHxs)3),
0.84 (s, 3H, CH3CCH), 0.83 (d, J = 5.4 Hz, 3H, CHsCH), 0.55 (q, J = 7.8 Hz, 6H,
OSi(CH,CHs)3); °C NMR (150 MHz, CDCl3) & 92.5, 73.5, 68.7, 67.0, 56.4, 45.3,
44.2, 36.1, 35.1, 35.0, 34.5, 30.0, 29.7, 21.7, 21.1, 14.5, 11.7, 7.1, 6.8; IR (neat)
3381, 2935, 2874, 1462, 1038, 1016, 742, 723 cm’'; HR-MS m/z = calcd. For
C»3HigNaO;3Si [M+Na]': 421.3114, found 421.3112; [a]p™* -9.9 (¢ 1.01, CHCL).
Compound cis-3-28: '"H NMR (600 MHz, CDCl;) & 3.98 (quint, J = 4.8 Hz, 1H,
CH,CHOH), 3.95 (t, J= 8.9 Hz, 1H, CH,OCH), 3.92 (t, J= 8.9 Hz, 1H, CH,OCH),
343 (d, J= 6.0 Hz, 1H, CHOCH,), 2.32 (dt, J = 5.4, 8.4 Hz, 1H, CH,CHCHOH),
1.71-1.65 (m, 2H, CH(OH)CH,CH>), 1.64-1.34 (m, 8H, CH(OH)CH,CH,CH, and
CH;CHCH,CH,CH,), 1.30 (dt, J = 13.2, 3.6 Hz, 1H, CH,CH>,CCH3), 1.25-1.11 (m,
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2H, CH;CHCH,), 1.19 (s, 6H, C(CHs),), 1.07 (s, 3H, CH;CCH), 0.94 (t, J= 7.8 Hz,
9H, Si(CH,CHa)s), 0.92 (d, J = 6.6 Hz, 3H, CH;CHCH,), 0.56 (q, J = 7.8 Hz, 6H,
Si(CH,CHs)s); *C NMR (150 MHz, CDCl3) & 92.7, 73.4, 68.9, 67.3, 49.8, 45.4,
447, 34.8, 34.7, 33.0, 30.1, 29.9, 29.8, 21.8, 20.1, 19.6, 17.7, 7.1, 6.8; IR (neat)
3409, 2955, 2875, 1459, 1044, 742, 723 cm’'; HR-MS m/z = caled. For
C23H4sN20;Si [M+Na]™: 421.3114, found 421.3140; [o]p>* +32.4 (¢ 1.03, CHCl).

’,
"

OTES

(o) H trans-3-29

(1R,3aS,7a8)-7a-Methyl-1-((R)-6-methyl-6-((triethylsilyl)oxy)heptan-2-yl)hexah
ydroisobenzofuran-4(1H)-one (frans-3-29)

To a suspension of PCC (16 mg, 0.74 mmol) and Celite (16 mg) in CH,>Cl, (0.37
mL) was added pyridine (6.0 mL, 0.74 mmol) at room temperature. After being
stirred for 30 min, the mixture was cooled 0 °C and a solution of trans-3-28 (14.6
mg, 0.37 mmol) in CH,CH;, (0.37 mL) was added. After stirring for 3 h at room
temperature, the solid material was filtered off. The solvent was removed under
reduced pressure. The residue was purified by flash column chromatography on
silica gel (hexane/AcOEt) to give trans-3-29 (13.6 mg) in 93% yield. 'H NMR (600
MHz, CDCls) & 3.87 (dd, J = 8.4, 10.2 Hz, 1H, CHOCH,), 3.82 (t, /= 8.4 Hz, 1H,
CHOCH>), 3.24 (d, J = 10.2 Hz, 1H, CHOCH,), 2.93 (dd, J = 7.8, 10.8 Hz, 1H,
C(O)CHCHy), 2.37-2.25 (m, 2H, C(O)CH»), 2.14-2.09 (m, 1H, C(O)CH,CH»),
2.06-1.93 (m, 2H, C(O)CH,CH>CH>), 1.74-1.59 (m, 3H, CH,CCHj3 and CH,COSi),
1.52-1.34 (m, 3H, CH;CHCH,CH>), 1.31-1.22 (m, 1H, CH3;CHCH>), 1.19 (s, 3H,
CH3COSi), 1.18 (s, 3H, CH3COSi), 1.11-1.03 (m, 1H, CH3CHCH>), 0.94 (t, J= 7.8
Hz, 9H, Si(CH>CHs)3), 0.87 (d, J = 6.6 Hz, 3H, CH5CH), 0.82 (s, 3H, CH3CCH),
0.56 (q, J = 7.8 Hz, 6H, Si(CH,CH3)3); >°C NMR (CDCls, 150 MHz) & 208.4, 91.9,
73.4, 62.8, 60.8, 49.0, 45.3, 40.6, 35.1, 34.8, 34.6, 30.0, 29.7, 24.0, 21.0, 14.7, 12.2,
7.1, 6.8; IR (neat) 2953, 2876, 1720, 1382, 1038, 742, 724 cm™'; HR-MS m/z = calcd.
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For Cy3H44NaO3Si [M+Na]+: 419.2957, found 419.2975.

2,
e,
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OTES

Br trans-3-30-(2)

Triethyl(((R)-6-((1R,3aR,7aS)-4(bromomethylene)-7a-methyloctahydroisobenzo
furan-1-yl)-2-methylheptan-2-yl)oxy)silane (frans-3-30)

To a mixture of PhsP"(CH,Br)Br (74 mg, 0.17 mmol) and dry toluene (0.34 fnL)
was added KHMDS (1.9 M in toluene, 81 pL, 0.15 mmol) at room temperature and
the resulting mixture was stirred for 1 h at this temperature. After cooling to 0 °C, to
this was added a solution of trans-3-29 (13.5 mg, 34 umol) and the mixture was
stirred for 30 min at 0°C. The reaction mixture was quenched with saturated
aqueous NH4Cl. The mixture was filtered through a short pad of silica gel, washing
with hexane. After concentration in vacuo, the residue was purified by column
chromatography on silica gel (hexane/ether) to give a mixture of #rans-3-30 (E) and
trans-3-30 (Z) (10 mg, 21 umol, E:Z = 79:21) in total 62 % yield. trans-3-30 (E):
'"H NMR (600 MHz, CDCl3) 8 5.54 (s, 1H, olefinic), 3.84 (t, J = 7.2 Hz, 1H,
CHOCH,), 3.66 (dd, J = 7.2, 11.4 Hz, 1H, CHOCH.,), 3.12 (d, J = 9.6 Hz, 1H,
CHOCH,), 2.91-2.89 (m, 1H, allylic), 2.47 (dd, J = 7.8, 10.2 Hz, 1H, allylic),
1.86-1.84 (m, 1H, CHCH,O), 1.78-1.60 (m, 5H, CCH,CH,CH,, CH,CO), 1.50-1.33
(m, 5SH, CH;CHCH,CH,CH>), 1.18 (s, 3H, CH3COSi), 1.17 (s, 3H, CH3COSi),
1.09-1.02 (m, 1H, CH;CHCH)), 0.94 (t, J = 7.8 Hz, 9H, Si(CH>CHzs)3), 0.85 (d, J =
6.6 Hz, 3H, CH3CH), 0.73 (s, 3H, CH3CCH), 0.56 (q, J = 7.8 Hz, 6H,
Si(CH2CHs)3); °C NMR (150 MHz, CDCl3) 8 141.3, 97.9, 92.2, 73.4, 64.6, 55.0,
45.3,44.9,35.9, 35.1, 34.9, 30.5, 30.0, 29.7, 22.1, 21.1, 14.8, 11.5, 7.1, 6.8; IR (neat,
ATR) 2929, 2855, 1459, 1363, 1219, 1038, 772, 743 cm™'; HR-MS m/z = calcd. For
C24H4sBrNaO,Si [M+Na]": 495.2270, found 495.2251. trans-3-30 (Z): '"H NMR
(600 MHz, CDCl3) & 5.96 (brs, 1H, olefinic), 3.83 (t, J = 9.0 Hz, 1H, CHOCH.>),
3.72 (t, J=9.0 Hz, 1H, CHOCH>), 3.35 (d, J = 6.6 Hz, 1H, CHOCH), 2.68-2.61 (m,
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2H, allylic), 2.05-2.00 (m, 1H, CHCH,O), 1.74-1.22 (m, 11H, CCH,CH>CHo,
CH;CHCH,CH,CH,), 1.19 (s, 6H, (CHs),COSi), 1.16-1.11 (m, 1H, CH3;CHCH)),
1.02 (s, 3H, CH3CCH), 0.94 (t, J = 7.8 Hz, 9H, Si(CH,CH3)3), 0.91 (d, J = 6.6 Hz,
3H, CH;CH), 0.56 (q, J = 7.8 Hz, 6H, Si(CH,CH3)3); *C NMR (CDCls, 150 MHz) &
141.2, 101.4, 924, 73.4, 69.0, 54.0, 45.4, 35.5, 34.6, 33.2, 30.0, 29.8, 27.1, 21.6,
21.2,19.9,17.4, 7.1, 6.8; IR (neat, ATR) 2931, 2873, 1459, 1380, 1219, 1040, 772,
722 cm'l; HR-MS m/z = calcd. For Cy4HysBrNaO,Si [M+Na]+: 495.2270, found
495.2295.

>§'° trans-3-31-(E)

triethyl(((R)-2-methyl-6-((1R,3aS,7aS$,E)-7a-methyl-4-((4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)methylene)octahydroisobenzofuran-1-yl)heptan-2-yl)oxy)si
lane (frans-3-31)

To a mixture of PhsP"(CH,I)I™ (2.50 g, 4.80 mmol) and dry toluene (4.8 mL) was
added KHMDS (0.50 M in toluene, 5.40 mL, 2.70 mmol) at room temperature and
the resulting mixture was stirred for 1h at this temperature. After cooling to 0 °C, to
this was added a solution of #rans-3-29 (0.54 g, 1.35 mmol) and the mixture was
allowed to warm to room temperature over 30 min. The mixture was concentrated
by rotary evaporation. To the resulting residue was added hexane. The mixture was
filtered through a pad of Celite with hexane and the filtrate was concentrated. The
residue was purified by column chromatography on silica gel (hexane/ether) to
afford an iodo product mixture of frans-3-30 (FE), trans-3-30 (Z) and trans-3-30 (H)
(0.61 g, E:Z:H = 68:17:15).

To a mixture of frans-3-30 (E), trans-3-30 (Z£) and trans-3-30 (H) (0.39 g, E:Z:H =
68:17:15) in Et,O (7.5 mL) was added #Buli (1.34 M in pentane, 1.4 mL, 2.25
mmol) at —78 °C. After stirring for 1 h at -78 °C, to this was added

123



Chapter 3

2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.30 mL, 1.50 mmol) at —78
°C. The resulting mixture was allowed to warm to room temperature over 4 h, and
then saturated aqueous NH4Cl and AcOEt were added. The mixture was extracted
with AcOEt and the combined organic layers were dried over MgSQOy, concentrated
in vacuo and chromatographed on silica gel (hexane/ether) to give frans-3-31 (E)
and trans-3-31 (Z) (0.28 g, E:Z = 82:18) in 20% yield (2 steps). frans-3-31 (E): 'H
NMR (CDCl;, 600 MHz) & 4.76 (s, 1H, C=CH), 3.81 (t, /= 7.2 Hz, 1H, OCH,CH),
3.74 (dd, J=17.8, 11.4 Hz, 1H, OCH,CH), 3.18 (dd, J= 3.0, 13.2 Hz, 1H, CH,CCH),
3.15(d, J=9.6 Hz, 1H, CH3CHCH), 2.52 (dd, J=7.2, 10.8 Hz, 1H, CH,CCH), 1.27
(s, 12H, (OC(CHs3)2),), 1.18 (s, 3H, CH3CCHas), 1.17 (s, 3H, CH3CCH3), 0.93 (t, J =
8.4 Hz, 9H, Si(CH,CHs)s), 0.84 (d, J = 7.2 Hz, 3H, CH5CH), 0.73 (s, 3H, CH;C),
0.55 (q, J = 8.4 Hz, 6H, Si(CH,CH3)3); >°C NMR (CDCl;s, 150 MHz) & 161.4, 92.9,
82.8, 73.5, 65.3, 56.9, 45.5, 45.3, 36.4, 35.2, 34.9, 32.7, 30.1, 29.7, 24.9, 24.8, 23.8,
21.1,14.7,11.7, 7.1, 6.8; IR (neat) 2934, 1642, 1145, 1036, 722 cm™'; HR-MS m/z =
calcd. For C30Hs7BNaQO4Si [M+Na]+: 543.4017, found 543.4069.; trans-3-31 (Z): q
NMR (CDCls, 600 MHz) & 5.25 (s, 1H, C=CH), 4.02 (t, J= 7.8 Hz, 1H, OCH,CH),
3.83 (dd, J = 8.4, 11.4 Hz, 1H, OCH,CH), 3.11 (d, J = 9.6 Hz, 1H, CH3CHCH),
2.57 (dd, J=17.8, 10.8 Hz, 1H, CH,CCH), 2.29 (dt, /= 3.6, 13.8 Hz, 1H, CH,CCH),
2.14-2.09 (m, 1H), 1.26 (s, 6H, OC(CHs)), 1.25 (s, 6H, OC(CHs)2), 1.18 (s, 3H,
CH;CCHs;), 1.17 (s, 3H, CH3CCH3), 0.93 (t, J = 8.4 Hz, 9H, Si(CH>CHs)3), 0.84 (d,
J = 7.2 Hz, 3H, CH3CH), 0.75 (s, 3H, CH3C), 0.55 (q, J = 84 Hz, 6H,
Si(CH>CHs)3); °C NMR (CDCls, 150 MHz) 8 156.5, 91.7, 83.4, 67.0, 55.7, 45.6,
40.2, 36.2, 35.2,35.0,31.6, 30.1, 29.7, 25.3,24.9,24.8,23.4,149,11.8, 7.1, 6.8

“‘

o OTES

H
0 cis-3-29

(1R,3aR,7aS)-7a-methyl-1-((R)-6-methyl-6-((triethylsilyl)oxy)heptan-2-yl)hexahydrois
obenzofuran-4(1H)-one (cis-3-29)
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To a suspension of PDC (105 mg, 0.28 mmol) and 44 molecular sieve (105 mg) in
CH,Cl, (0.37 mL) was added a solution of c¢is-3-28 (56.7 mg, 0.14 mmol) in CH,Cl,
(0.42 mL) at 0 °C. After stirring for 3 h at room temperature, the solid material was filtered
off. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography on silica gel (hexane/AcOEt) to afford cis-3-29 (51.4 mg) 93 %
yield. '"H NMR (CDCl;, 600 MHz) 8 4.00-3.95 (m, 1H, CCHCH,), 3.95-3.90 (m, 2H,
CHOCH,), 3.43 (d, J = 6.0 Hz, 1H, CHOCH,), 2.35-2.31 (m, 1H, CH;CHCH), 1.71-1.16
(m, 12H, CH,CH,CH,C=0, and CHCH,CH,CH>), 1.19 (s, 6H, C(CHs),), 1.07 (s, 3H,
CH5CCH), 0.94 (t, J = 8.4 Hz, 9H, Si(CH,CHs)3), 0.92 (d, J = 6.6 Hz, 3H, CH;CHCH,),
055 (q J = 7.8 Hz, 6H, Si(CHCH;)); “C NMR (CDCl;, 150
MHz) 8 92.7,73.4,68.9, 67.3,49.8,45.4,44.7, 34.8, 34.8, 33.1, 30.2, 29.9, 29.8, 21.8, 20.
1,19.6,17.7, 7.1, 6.8; IR (neat) 2956, 2875, 1714, 1462, 1381, 1043, 743 cm™'; HR-MS
m/z = calcd. For C,;H,Na;Si [M+Na]": 419.2957, found 419.2994.

e,
e,
e,

3-32-trisilyl

TBSO™ OTBS

Bis-fert-butyldimethylsilyl ether of 16-oxa-1a,25-(OH),VD; (3-32-trisilyl)

To a mixture of bromide C,D-ring (frans-3-30) (10 mg, 21 pmol), aqueous 3M
KOH (7 pL) and THF (0.2 mL) was added dropwise a mixture of boronate A-ring
(2-62) (13 mg, 25 pumol), PdCly(dppf) (1.2 mg, 1.7 pmol) at room temperature. The
resulting mixture was stirred for 37 h at 60 °C. After addition of ether, the mixture
was washed with aqueous 1M HCI and brine, dried over MgSO4, concentrated in
vacuo. The residue was purified by column chromatography on silica gel
(hexane/AcOEt) to give 3-32-trisilyl (9.6 mg) in 60% yield. "H NMR (CDCl;, 600
MHz) & 6.20 (d, J= 10.8 Hz, 1H, olefinic), 5.83 (d, J = 10.8 Hz, 1H, olefinic), 5.17
(s, 1H, CH>=C), 4.82 (s, 1H, CH»,=C), 4.37-4.35 (m, 1H, CH,CH), 4.21-4.16 (m, 1H,
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CH,CH), 3.80 (t, J = 7.5 Hz, 1H, CHOCH,), 3.69 (dd, J = 7.2, 11.4 Hz, 1H,
CHOCH,), 3.13 (d, J = 9.6 Hz, 1H, CHOCH,), 2.83 (dd, J = 4.2, 12.6 Hz, 1H,
allylic), 2.47-2.42 (m, 2H, allylic), 2.22 (dd, J=7.2, 13.2 Hz, 1H, allylic), 1.89-1.60
(m, 8H, CH,CH,CH,CCHCH,0, CH,CO, and CHCH,CH), 1.50-1.20 (m, 5H,
CH;CHCH,CH,CH,), 1.18 (s, 3H, C(CHs)s), 1.17 (s, 3H, C(CHs);), 1.08-1.03 (m,
1H, CH;CHCH,), 0.94 (t, J = 7.8, 9H, Si(CH,CHs)s), 0.873 (s, 9H, SiC(CH)s),
0.870 (s, 9H, SiC(CHs)s), 0.84 (d, J = 6.6 Hz, 3H, CH;CHCH,), 0.71 (s, 3H,
CH;CCH), 0.56 (q, J = 7.8 Hz, 6H, Si(CH,CHs)3), 0.07 (s, 3H, Si(CHs),), 0.06 (s,
3H, Si(CHs)), 0.05 (s, 3H, Si(CHs),), 0.04 (s, 3H, Si(CHs),); °C NMR (CDCls, 150
MHz) § 148.3, 136.5, 133.1, 122.4, 118.9, 111.3, 107.0, 102.8, 92.8, 73.5, 71.8, 67.5,
65.2, 55.2, 45.9, 45.3, 45.2, 44.8, 36.6, 35.3, 35.0, 30.1, 29.7, 28.3, 25.8, 25.7, 22.9,
21.2, 182, 18.1, 14.8, 11.6, 7.1, 6.8, -4.7, -4.8, -5.1; IR (neat, ATR) 2954, 2875,
1471, 1380, 1256, 1085, 835, 775 cm™; HR-MS m/z = calcd. For CqsHgsNaO4Sis
[M+Na]": 783.5575, found 783.5595.

HOY OH
16-oxa-1a,25-(OH),VD; (3-32)

To a solution of 3-32-trisilyl (13.7 mg, 18 umol,) in THF (0.18 mL) was added
n-BuyNF (1.0 M in THF, 63 puL, 63 umol). After stirring for 24 h at room
temperature, the solvents were removed under reduced pressure. The residue was
diluted with H>O (1 mL) and then extracted with AcOEt (4 x 1 mL). The combined
organic layers were dried over MgSO,, concentrated and purified by column
chromatography on silica gel (hexane/AcOEt) to give 3-32 (6.7 mg) in total 92%
yield. "H NMR (CDCls, 600 MHz) & 6.34 (d, J= 11.4 Hz, 1H, olefinic), 5.84 (d, J =
10.8 Hz, 1H, olefinic), 5.32 (s, 1H, CH,=C), 4.96 (s, 1H, CH,=C), 4.43 (dd, J=4.2,
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7.8 Hz, 1H, CH,CH), 4.26-4.22 (m, 1H, CH,CH), 3.79 (t, J = 7.5 Hz, 1H, CHOCHb>),
3.68 (dd, J= 7.8, 11.4 Hz, 1H, CHOCHa), 3.15 (d, J= 9.6 Hz, 11, CHOCH,), 2.84
(dd, J=4.2, 12.6 Hz, 1H, allylic), 2.58 (dd, J= 3.0, 13.8 Hz, 1H, allylic), 2.46 (dd, J
= 7.2, 10.8 Hz, 1H, allylic), 2.32 (dd, J = 6.0, 13.2 Hz, 1H, allylic), 2.07-2.03 (m,
1H, allylic), 1.91-1.82 (m, 2H, allylic, CCHCH,), 1.77-1.61 (m, 6H, CCH,CH,CH,
CH,CO), 1.51-1.25 (m, 5H, CH;CHCH,CH,), 1.21 (s, 3H, C(CHs),), 1.20 (s, 3H,
C(CHs),), 1.15-1.06 (m, 1H, CH;CHCH,), 0.85 (d, J = 6.6 Hz, 3H, CHCHs), 0.72 (s,
3H, CCHs); >C NMR (CDCls, 150 MHz) 5 147.7, 138.4, 134.5, 124.1, 118.1, 111.6,
92.6, 71.1, 70.4, 66.8, 65.1, 55.2, 45.2, 45.1, 44.1, 42.8, 36.4, 35.0, 34.9, 29.4, 29.0,
28.5, 23.0, 21.0, 14.9, 11.7; IR (neat, ATR) 3366, 2927, 2854, 1746, 1648, 1457,
1376, 1065, 1026, 911, 740 cm™'; HR-MS m/z = caled. For CasHy,NaO,Si [M+Na]':
4412981, found 441.2984.

o,
,
“,

OTES

3-33-trisilyl

TBSO" oTBS
Bis-tert-butyldimethylsilyl ether of 16-0xa-19-nor-10.,,25-(OH), VD3
(3-33-trisilyl)

To a mixture of bromide C,D-ring (frans-3-30) (10 mg, 21 pmol), aqueous 3M
KOH (7 puL) and THF (0.2 mL) was added dropwise a mixture of boronate A-ring
(2-63) (13 mg, 25 umol), PdClx(dppf) (1.2 mg, 1.7 pmol) at room temperature. The
resulting mixture was stirred for 37 h at 60 °C. After addition of ether, the mixture
was washed with aqueous 1M HCI and brine, dried over MgSO,, concentrated in
vacuo. The residue was purified by column chromatography on silica gel
(hexane/AcOEY) to give 3-33-trisilyl (8.1 mg) in 52% yield. '"H NMR (CDCls, 600
MHz) 6 6.14 (d, J = 11.4 Hz, 1H, olefinic), 5.63 (d, J = 11.4 Hz, 1H, olefinic),
4.10-4.02 (m, 2H, CHO), 3.85 (t, /= 7.5 Hz, 1H, CHOCH,), 3.74 (dd, J= 7.2, 11.4
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Hz, 1H, CHOCH,), 3.14 (d, J = 9.6 Hz, 1H, CHCHO), 2.83 (dd, J = 3.6, 12.0 Hz,
1H, allylic), 2.47 (dd, J = 7.8, 11.4 Hz, 1H, allylic), 2.39-2.33 (m, 2H, allylic), 2.20
(dd, J= 1.8, 13.2 Hz, 1H, allylic), 2.10 (dd, J = 8.4, 13.2 Hz, 1H, allylic), 1.86-1.36
(m, 15H, CHCH,CH, C=CCH, CH,CH,CH,C=C and CHCH,CH,CH>), 1.19 (s, 3H,
C(CHs),), 1.18 (s, 3H, C(CH3)y), 1.09-1.03 (m, 1H, CH3CHCH,), 0.94 (t, /= 7.8 Hz,
9H, Si(CH,CHs)3), 0.88 (s, 9H, Si(CHs)3), 0.85 (s, 9H, Si(CHs)3), 0.84 (d, J = 7.2
Hz, 1H, CHCHas), 0.72 (s, 3H, CH;C), 0.56 (q, J = 8.4 Hz, 6H, Si(CH,CHz)3), 0.06
(s, 3H, Si(CHs),), 0.05 (s, 3H, Si(CHs)>), 0.03 (s, 6H, Si(CHs)»); 3C NMR (CDCls,
150 MHz) § 136.2, 135.0, 121.1, 117.2, 92.8, 73.5, 68.1, 67.9, 65.2, 55.2, 46.1, 45.3,
45.0, 43.6, 36.8, 36.6, 35.3, 35.0, 30.1, 29.7, 28.1, 25.9, 25.8, 22.8, 21.2, 18.13,
18.07, 14.7, 11.7, 7.1, 6.8, 4.7, —4.8, —4.9, —4.9; IR (neat, ATR) 2954, 2856, 1462,
1252, 1085, 1028, 836 cm’; HR-MS m/z = calcd. For Cs3HgsNaO4Sis[M+Na]":
771.5575, found 771.5546.

16-oxa-19-nor-1a.,25-(OH), VD3 (3-33)

To a solution of 3-33-trisilyl (10.3 mg, 14.0 umol) in THF (0.14 mL) was added
n-BugNF (1.0 M in THF, 70.0 pL, 70.0 umol) at 0 °C. After stirring for 48 h at room
temperature, the solvent was removed under reduced pressure. The residue was
diluted with H,O (1 mL) and then extracted with AcOEt (4 x 1 mL). The combined
organic layers were dried over MgSOs, concentrated and chromatographed on silica
gel (hexane/AcOEt) to give 3-33 (5.4 mg) in 95 % yield. '"H NMR (CDCl;, 600
MHz) & 6.28 (d, J = 11.1 Hz, 1H, olefinic), 5.67 (d, J = 11.1 Hz, 1H, olefinic),
4.16-4.12 (m, 1H, CHOH), 4.05 (sep, J = 4.1 Hz, 1H, CHOH), 3.86 (t, J = 7.2 Hz,
1H, CH,OCH), 3.75 (dd, J = 7.8, 11.4 Hz, 1H, CH,OCH), 3.16 (d, J = 9.6 Hz, 1H,
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CH,OCH), 2.82 (dd, J = 4.2, 12.6 Hz, 1H, allylic), 2.71 (dd, J = 3.6, 13.2 Hz, 1H,
allylic), 2.51-2.45 (m, 2H, allylic), 2.23-2.15 (m, 2H, allylic), 1.99-1.94 (m, 1H),
1.86-1.70 (m, 4H), 1.67-1.40 (m, 10H), 1.30-1.25 (m, 1H), 1.22 (s, 3H, CH:COH),
1.21 (s, 3H, CH5COH), 1.16-1.09 (m, 1H, CH;CHCH,), 0.86 (d, J = 6.6 Hz, 3H,
CH3CHCH,), 0.72 (s, 3H, CH3C); °C NMR (CDCl;, 150 MHz) & 138.3, 132.6,
123.0, 116.4, 92.65, 71.1, 67.3, 67.1, 65.2, 55.2, 45.1, 445, 44.1, 42.1, 37.2, 36.4,
35.1,34.9,29.5,29.1, 28.3,22.9, 21.1, 14.9, 11.7; IR (neat, ATR) 3365, 2928, 2872,
1456, 1377, 1214, 1041, 938, 754 cm™; HR-MS m/z = caled. For CysHsNaOy
[M-+Na]": 429.2981, found 429.30009.

3-35 (trisilyl-14-epi)

TBSO" oTBS
Bis-tert-butyldimethylsilyl ether of 14-e¢pi-16-oxa-19-nor-1a.,25-(OH),VDs (3-35
(trisilyl-14-epi))

To a solution of A-ring phosphinoxide (2-35) (106 mg, 0.19 mmol) in THF (1 mL) was
added n-BuLi (1.57 M in hexane, 0.12 mL, 0.19 mmol) at -78 °C. The mixture was stirred
for 40 min at the same temperature, added C,D-ring ketone (cis-3-29) (51.4 mg, 0.13
mmol) in THF (2 mL) at -78 °C. After the mixture was stirred for 2 h at the same
temperature, saturated aqueous NH4Cl was added. The mixture was extracted with AcOEt
and the combined extracts were washed with brine, dried over MgSO4 and concentrated
with in vacuo. The residue was purified by column chromatography on silica gel
(hexane/AcOEt) to afford mixture of 3-35 (trisilyl-14-epi) (14.4 mg, E:Z =189 :11) in
total 18 % yield.; "H NMR (CDCls, 600 MHz) § 6.11 (d, J = 12.0 Hz, 1H, C=CH), 6.03 (d
J=10.8 Hz, 1H, C=CH), 4.12-4.10 (m, 1H, CHCH,CH), 4.06-4.03 (m, 1H, CHCH,CH),
3.82 (t,J= 8.4 Hz, 1H, CH,OCH), 3.76 (t, J = 8.4 Hz, 1H, CH,OCH), 3.34 (d, /= 7.2 Hz,
1H, CHOCH,), 2.63-2.56 (m, 1H, allylic), 2.52 (t, J = 9.6 Hz, 1H, allylic), 2.43 (dd, J =
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13.8, 5.4 Hz, 1H, allylic), 2.38 (dd, J = 12.6, 3.6 Hz, 1H, allylic), 2.22 (d, J = 12.0 Hz, 1H,
allylic), 2.10 (dd, J = 12.0, 7.8 Hz, 1H, allylic), 2.02-1.97 (m, 1H, allylic), 1.82-1.79 (m,
1H, C=CCH), 1.75-1.37 (m, 14H, CHCH,CH, CH,CH,CH>C=C and CHCH,CH,CH,),
1.19 (s, 6H, C(CH3),), 1.17-1.12 (m, 1H, CH;CHCH,), 1.00 (s, 3H, CH3;CCH), 0.95 (t, J =
8.4 Hz, 9H, Si(CH,CHj3)3), 0.92 (d, J = 7.2 Hz, 3H, CH3CHCH,), 0.88 (s, 9H, SiC(CHs)3),
0.87 (s, 9H, SiC(CHs)3), 0.56 (q, J = 8.4 Hz, 6H, Si(CH,CHs)3), 0.06 (s, 6H, Si(CHs),),
0.05 (s, 6H, Si(CHs),); “C NMR (CDCls, 150 MHz) § 135.6, 135.3, 122.2, 121.5, 93.1,
73.5,69.9, 68.2, 67.9, 56.0, 46.1, 45.7, 45.5, 43.6, 36.8, 36.0, 34.8, 33.2, 29.9, 29.8, 25.9,
25.8,24.4,222,21.8,19.8, 18.14, 18.07, 17.7, 7.1, 6.8, -4.7, -4.76, -4.84, 4.87-; IR (neat)
2953, 2876, 1462, 1253, 1083, 1051, 835 cm’; HR-MS m/z = caled. For
C43HssNaO4Sis [M+Nal*: 771.5575, found 771.5553.

3-35 (14-epi)
HO" OH
14-epi-16-0xa-19-nor-1a,25-(OH), VD3 (3-35 (14-epi))

To a mixture of 3-35 (trisilyl-14-epi) (13.5 mg, 18.0 umol, E:Z = 89 : 11) in THF (0.18
mL) was added »n-BuNF (TBAF, 1.0 M in THF, 90.0 pL, 90.0 umol) at 0 °C. After stirring
for 3 h at room temperature, the solvents were removed under reduced pressure. The
residue was diluted with H,O (1 mL) and then extracted with AcOEt (4 x 1 mL). The
combined organic layers were dried over MgSOs, concentrated and chromatographed on

silica gel (hexane/AcOEt) to give 3-35 (14-epi) (7.10 mg, E:Z =89 : 11) in 97 % yield.
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tert-butyldimethylsilyl ether of 2-alkoxy-16-oxa-19-nor-1a,,25-(OH), VD3 (3-36
(disilyl))

To a solution of phosphin oxide A-ring (2-52) (42.6 mg, 83.0 umol) in THF (0.7 mL) was
added »-BuLi (1.57 M in hexane, 53.0 uL, 83.0 umol) at -78 °C. The mixture was stirred
for 40 min at the same temperature, added ketone C,D-ring (¢rans-3-29) (9.50 mg, 25.0
umol) in THF (0.52 mL) at -78 °C. After the mixture was stirred for 3 h at the same
temperature, saturated aqueous NH4Cl was added. The mixture was extracted with AcOEt
and the combined extracts were washed with brine, dried over MgSO, and concentrated
with in vacuo. The residue was purified by column chromatography on silica gel
(hexane/AcOEt) to afford 3-36 (disilyl) (4.80 mg) in 28% yield. 'H NMR (CDCls;, 600
MHz) 4 6.20 (d, J= 10.8 Hz, 1H, C=CH), 5.60 (d, /= 10.8 Hz, 1H, C=CH), 4.23-4.19 (m,
2H, CH,CHCH), 3.88-3.84 (m, 1H, C=CCH,CH), 3.83 (t, /= 7.2 Hz, 1H, CHOCH,), 3.73
(dd, J=11.4, 7.8 Hz, 1H, CHOCH,), 3.14 (d, J = 9.6 Hz, 1H, CHOCH,), 2.81 (dd, J =
12.6, 4.2 Hz, 1H, allylic), 2.64-2.56 (m, 1H, allylic), 2.47 (dd, J=10.2, 8.4 Hz, 1H, allylic),
2.38 (dd, J = 14.4, 6.0 Hz, 1H, allylic), 2.25 (dd, J = 14.4, 4.2 Hz, 1H, allylic), 1.84-1.37
(m, 11H, , CCH,CH,, C=CHCH, and CCH,CH,CH>), 1.35 (s, 3H, OC(CH3),) , 1.26 (s, 3H,
OC(CHs)), 1.19 (s, 3H, C(CHs),), 1.18 (s, 3H, C(CH3)), 0.34 (t, J = 8.4 Hz, 9H,
Si(CH,CHs;)3), 0.91 (s, 9H, SiC(CHs)3), 0.84 (d, J = 6.6 Hz, 3H, CH;CH), 0.71 (s, 3H,
CH;CCH), 0.56 (q, J = 8.4 Hz, 6H, Si(CH,CHs)3), 0.11 (s, 3H, Si(CHs)y), 0.10 (s, 3H,
Si(CHs),); °C NMR (CDCls, 150 MHz) & 137.4, 132.7, 121.5, 116.7, 108.8, 92.8, 74.1,
73.5, 69.7, 65.1, 55.2, 45.3, 45.1, 38.0, 36.5, 35.2, 35.0, 30.5, 30.0, 29.8, 29.7, 28.3, 27.5,
26.0, 25.3, 22.9, 21.2, 184, 14.8, 11.7, 7.1, 6.8, -4.5, -4.6; IR (neat) 2928, 2874, 1462,
1379, 1252, 1212, 1038, 835 cm™; HR-MS m/z = caled. For C4H74NaOsSi, [M+Na]":
713.4972, found 713.4927.
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2-alkoxy-16-0xa-19-nor-10.,25-(OH),VD; (3-36)

To a solution of 3-36 (disilyl) (3.70 mg, 5.30 pumol) in THF (0.53 mL) was added
n-BuNF (TBAF, 1.0 M in THF, 13.0 pL, 13.0 umol) at 0 °C. After the reaction mixture
was stirred for 18 h at the same temperature, saturated aqueous NH4Cl was added. The
mixture was extracted with AcOEt, dried over Na;SOy4 and concentrated in vacuo. The
residue was diluted with MeOH (0.53 mL) and 1M HCI (1drop) was added at 0 °C. After
the reaction mixture was stirred for 2 h at room temperature, saturated aqueous NaHCO3

was added. The mixture was extracted with AcOEt, and the combined extracts were
| washed with brine, dried over Na,SOy4 and concentrated in vacuo. The residue was purified
by column chromatography on silica gel (hexane/AcOEt) to afford 3-36 (1.20 mg) in 52%
yield (2 steps). 'H NMR (CDCls, 600 MHz) § 6.33 (d, J = 11.0 Hz, 1H, C=CH), 5.66 (d, J
=11.0 Hz, 1H, C=CH), 3.87-3.82 (m, 4H), 3.75 (dd, J=11.7, 7.6 Hz, 1H, CHOCH>), 3.16
(d, J=9.6 Hz, 1H, CHOCH,), 2.84 (dd, J = 12.4, 4.1 Hz, 1H, allylic), 2.65 (dd, J = 13.8,
6.9 Hz, 1H, allylic), 2.51-2.47 (m, 2H, allylic), 2.39-2.35 (m, 2H, allylic), 1.86-1.83 (m,
1H), 1.78-1.70 (m, 3H), 1.68-1.40 (m, 6H), 1.15-1.09 (m, 1H), 1.26 (s, 1H, OH), 1.22 (s,
3H, OC(CHs),) , 1.21 (s, 3H, OC(CHjs)y), 1.15-1.09 (m, 1H), 0.86 (d, J = 6.9 Hz, 3H,
CH;CH), 0.73 (s, 3H, CH;CCH); °C NMR (CDCls, 150 MHz) & 138.4, 129.8, 123.9,
116.7,92.7, 72.0, 71.6, 71.2, 70.7, 65.3, 55.3, 45.2, 44.3, 40.8, 36.5, 35.2, 32.6, 29.8, 29.6,
29.2, 28.4, 23.0, 21.2, 15.0, 11.8; IR (neat) 3362, 2923, 2852, 1716, 1457, 1375, 1259,
1089, 1021, 798 cm’; HR-MS m/z = caled. For Cy5HyNaOs [M+Na]+: 445.2930, found
445.2937.
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tert-butyldimethylsilyl ether of 2-alkoxy-16-oxa-19-nor-10.,25-(OH), VD3 (3-36
(disilyl-14-epi))

To a solution of phosphine oxide A-ring (2-52) (21.0mg, 41.0 umol) in THF (0.1 mL)
was added #-BuLi (1.57 M in hexane, 26.0 pL, 41.0 pmol) at -78 °C. The mixture was
stirred for 40 min at the same temperature, added ketone C,D-ring (cis-3-29) (12.0 mg,
30.0 pumol) in THF (0.63 mL) at -78 °C. After the mixture was stirred for 3 h at the same
temperature, saturated aqueous NH4C1 was added. The mixture was extracted with AcOEt
and the combined extracts were washed with brine, dried over MgSO4 and concentrated
with in vacuo. The residue was purified by column chromatography on silica gel
(hexane/AcOEY) to afford 3-36 (disilyl-14-epi) (5.20 mg, E:Z = 91 : 9) in total 25% yield.
"H NMR (CDCls, 600 MHz) & 6.17 (d, J= 11.4 Hz, 1H, C=CH), 6.02 (d, /= 10.8 Hz, 1H,
C=CH), 4.26-4.22 (m, 2H, CH,CHCH), 3.89-3.84 (m, 1H, C=CCH,CH), 3.82 (t, J = 7.8
Hz, 1H, CHOCH,) , 3.76 (t, J = 9.0 Hz, 1H, CHOCHo), , 3.35 (d, J = 7.2 Hz, 1H,
CHOCH,), 2.64-2.53 (m, 4H, allylic), 2.45 (dd, J = 14.4, 5.4 Hz, 1H, allylic), 2.27 (dd, J =
14.4, 48 Hz, 1H, allylic), 2.03-1.98 (m, 1H, C=CCHCH,), 1.74-1.35 (m, 10H,
CCH,CHsand CHCH,CH,CH)), 1.51 (s, 3H, OC(CHjs)y), 1.35 (s, 3H, OC(CHzs)y), 1.20 (s,
6H, C(CHs),), 1.00 (s, 3H, CH;CCH), 0.95 (t, J = 8.4 Hz, 9H, Si(CH,CHs)3), 0.91 (d, J =
6.6 Hz, 3H, CH3CHCH,), 0.90 (s, 9H, SiC(CHs)3), 0.57 (q, J = 8.4 Hz, 6H, C(CHj3)y), 0.10
(s, 3H, Si(CHs)2), 0.09 (s, 3H, Si(CHs),); BC NMR (CDCls, 150 MHz) § 136.9, 133.0,
121.9, 121.6, 108.8, 93.2, 74.1, 73.5, 69.9, 69.6, 55.9, 45.8, 45.4, 37.7, 36.0, 34.8, 33.1,
30.4, 30.0, 29.9, 27.4, 26.0, 25.3, 24.5, 22.3, 21.8, 19.7, 18.4, 17.7, 7.1, 6.8, -4.5, -4.6; IR
(neat) 2930, 2874, 1462, 1379, 1252, 1213, 1039, 836 em™; HR-MS m/z = caled. For
C1oH74NaO5Siz [M+Nal*: 713.4972, found 713.4974.
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e,
‘0

3-36 (14epi)

HO" OH

OH

14-¢pi-2-alkoxy-16-o0xa-19-nor-1a.,25-(OH), VD3 (3-36 (14-¢pi))

To a mixture of 3-36 (disilyl-14-epi) (5.10 mg, 7.30 pmol, £:Z = 91 : 9) in THF (0.73
mL) was added n-BuNF (TBAF, 1.0 M in THF, 18.0 uL, 18.0 pumol) at 0 °C. After the
reaction mixture was stirred for 18h at the same temperature, saturated aqueous NH,CI was
added. The mixture was extracted with AcOEt, dried over Na,SO4 and concentrated in
vacuo. The residue was diluted with MeOH (0.73 mL) and 1M HCI (1drop) was added at
0 °C. After the reaction mixture was stirred for 2 h at room temperature, saturated aqueous
NaHCO; was added. The mixture was extracted with AcOEt, and the combined extracts
were washed with brine, dried over Na,SO4 and concentrated in vacuo. The residue was
purified by column chromatography on silica gel (hexane/AcOEY) to afford 3-36 (14-epi)
(1.90 mg, E:Z =91 :9) in 60% yield (2 steps). "H NMR (CDCls, 600 MHz) § 6.30 (d, J =
11.4, 1H, CH=CH), 6.10 (d, J = 10.8, 1H, CH=CH), 3.92 (bs, 2H, CHCHCH), 3.83 (t, /=
8.4, 1H, CHCH,0), 3.79 (bs, 1H, CHCHCH), 3.77, (t, J= 9.0, 1H, CHCH0), 3.36 (d, /=
6.0, 1H, CHCHCH3;), 2.78 (dd, J = 7.2, 13.8, 1H, CCH,CH), 2.73 (bs, 3H, OH), 2.62-2.35
(m, 5H, C(CH,CH),), 2.07-2.02 (m, 1H, CHCH,0), 1.23 (s, 6H, CHsCCHzs), 1.02 (s, 3H,
CH5CCH), 0.93 (d, J = 6.0, 3H, CH;CHCH,); °C NMR (CDCls, 150 MHz) § 154.8, 124.4,
121.4,92.9,71.8,71.6, 71.4, 70.0, 56.7, 55.6, 55.3, 45.8, 44.3, 40.9, 35.8, 34.6, 33.1, 29.4,
29.2,24.6,22.1,21.5,19.9, 17.6, 14.1,7.7, -0.01.
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HIE des-DE Y HZ IV DHEEOARK

v 2 UDFBERERIL, 1990FEMEE0 0, BT LbE Rad U X UK R
TERWEBETHLEX I UDIEEIER L L CEREET A2 Z EAERA SN TE TV D, Aih,
BRI % FE L 7= Retiferol’®=°, CRE £ /- 1IDEMEE LI X 2 UDBHEKEEZ 1T T
&54‘) CD4720°LG190178D X 512, A-CDBREMETEHFFREHE TRE L, RR
DAT A REREZEZZ2VWEOTHLEZ I UDIEEIERE U CHRET 5 Z & 238
EIXNTVD, 1 I BERTIE, CBEBEZEL, DREEZVEVRE LEH
BARN VYT AMEAZIZ, MIROSEEE - EEMEERZ T T Z LRMES
NTW5, * (Figure. 4-1)

Figure 4-1

des-D type

HOY OH HOY

39 (a) H. Hilpert and B. Wirz, Tetrahedron., 2001, 57, 681-694; (b) A. Kutner, H. Zhao, H. Fitak
and S. R. Wilson, Bioorganic Chemistry., 1995, 23, 22-32.

40 (a) G. D. Zhu, Y. Chen, X. Zhou, M. Vandewalle, P. J. De Clercq, R. Bouillon and A. Verstuyf,
Bioorganic & Medical Chemistry Letters., 1996, 6, 1703-1708; (b) X. Zhou, G. D. Zhu, D. V.
Haver, M. Vandewalle, P. J. De Clercq, A. Verstuyf and R. Bouillon, J. Med. Chem., 1999, 42,
3539-3556; (c) W. Yong, S, Ling, C. D’Halleweyn, D. V. Haver, P. D. Clercq, M. Vandewalle, R.
Bouillon and A. Verstuyf., Bioorganic & Medical Chemistry Letters., 1997, 7, 923-928.

41 (a) M. F. Bohem, P. Fizgerald, A. Zou, M. G. Elogort, E. D. Bischoff, L. Mere, D. E. Mais, R. P.
Bissonnette, R. A. Heyman, A. M. Nadzan, M. Reichman and E. A. Allegretto, Chemistry &
"Biology., 1999, 6, 265-275; (b) F. Ciesielsk, Y. Sato, Y. Chebaro, D. Moras, A. Dejaegere and N.
Rochel, J. Med. Chem., 2012, 55, 8440-8449; (c) H. Kashiwagi, Y. Ono, M. Ohta, S. Itho, F.
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OH OH OH

N L™K
X ¢ "

CD4849 (X = C) )
CD4720 (X = O) . LG190178 |

HO "
Ho- ©°H HO OH

IO DHEFNRT I LT, 47 LHRBBICDIERERL 9 Ztrans-& N A v
HFUREEITMNERL, RbEZE/R Z £1E, VDR (Vitamin D Receptor) & DfEH N A A
VThD, BXIUDERKDL325 L (steroidnumbering) |2 AL E T B /KA RS D ZE[H
7 rER L OUEr L7-BEEEE2 Y L WHI 2 e ThHD, T LT, Zh bk
a2, CDEHZH5BEMKILL-FHFEERTHEZ I UDIFEIFE L L T
+55HkRe T B FIREME % 5>, (Figure 4-2)

Figure 4-2
25
OH
des-C,D type
= yp
- ; OH
:> .......... = des-C type
’f ) 3 1 ) 1
HO" ™~ OH HO' - “OH
1a,25(0H),VD5 =
\\ OH
des-D type

136



Chapter 4

DX I BRCDEMBEERAL L2 ERTHNL, LVEEMICHRE S I L 5HE
KL LTDIAT T ) —BEETH> ZLIZHENTEX S, FIZEICTHEEITo 77,
16-oxal &' % I U DFERD L 512, trans-& KA & B E2E T AECDE
HE S I UDBEEEERT DI EIEIBES TIERL, TDTAT T Y —HEEITH
ZEEELY, ZoRRE»b b, CDERE A BIEL LZ B AT RS 8
Th s,

UEDEENG, RETIIMROE X I LDEEL2 HHBER LoD, S
A BEZZCDETFERE LT, DEEMEZREL, “VEUVRBE2H-ICEALE
des-DEIE 7 I VDFEEME AR L1, ©

des-DFIE" % I U DFERIL, TOCEERD A FILVE L RISHER & O RRMERE L F
BEHEEDICEAT HAEONEREREHABS DR HEREEL AL T, #
DIz, ZDFEOFHFEMRIC—EDIEEN HIUE, LERREFER T A 75 U —HE%
ATV, Bo, (ERSBEZ B CX 2B EARIER N TIREL 72 5, (Figure 4-3)

Figure 4-3

ortho % | meta % para

C-ring unit (sterecisomer)

WAr
| 4
EE

8 2018 - TH B BT WRIIKE)
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4-1. FoxFvr7vIalb—varEZiAWdesDE Y & I U DFEEDOHE

des-DB "% X U DFHEARDOFHEHZL, AutoDock Vina™program# V% K v % 27
Vialb—ya il Tok, TORyF 7Y Iab— 3 T, VDRES
BfEmEET —ZIXIDBl, 757 L7225 U B> FiZiZ19-nor-1a,25(0H),VD; %
N7z, (Figure 4-4)

Figure 4-4
Molecular-Docking Study (AutoDock™ Vina program)

. VDR-Ligand complex

1) Removed
10,25(0H)2VD3 and H,0

HO" OH
19-nor-1¢,25(0H)2VD3

RyFrZvIal—ravild, des-DEE X I UDBERCRIAFNLELFE
TEES 53 Dcis-trans BAMER & Z 6 OB BMEAROAELE, 7 L CTHRIBEEN S OB R
PR, orthofiZ, metafif, parafiZ Z3FE3EH , S HIZiE, AIERE & L TOREBELLAEIE (n=

1~4) Z BGRB8 2 EM L7, (Figure 4-5)
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Figure 4-5

Sidechain unit (ortho, meta, para)

OH o) O HO O
= = = = 2
% % % % %
phenoltype n=1 n=2 n=3 n=4
C-ring unit
H
WAr _ Ar Ar B Me
| K / H | FQ"Ar
% Me 3 H
% cis-A %" cis-B H
Ar H
ﬁ‘ - Ar
| Me 3 4 Me
"77 trans-A % H trans-B H

T, CBEOTHEINSENE (chair, boat, twist)|Z- DU TIE, chairl 28 SERIZ
WD ERARE LIV Iab—a & fToT0%S, ZhiE, BITFT FyF v
JvIalb—va MERIZEBWT, VDRY VXV EBRNICHEIET HCERET DS, chair
L LTERINDIEEEZERBLELOTHSD, £ LT, CREfcis-A (F 7=1Xcis-B)
IZABIERER D (= Ar)DSequatrial(if 2 1B 5E & 5 D ELEE, trans-A (£ 72 13trans-B) 1%, A F
JVE ERIEEE D (= Ar)didi-equatrial{if & Bt & T HELE A AV 2, (Figure 4-6)

Figure 4-6

cis-A (or cis-B)

ax
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trans-A (or trans-B)

eq ax
CH,
Ar —
CH B
/ ’ / ax
% eq % Ar

di-equatorial di-axial

VIalb—va VERE, FRAIETOMEREMRICT L CRELRIBEOMISEE
PHELN D MEREMERICK > TEEE T 5, (Table 4-1)

Table 4-1
Side chain ortho meta para
n 2 3 4 12 3 (Pl g 2
cis-A i -11.3 -11.3 1 1.3 s -10.9 -10.7 -10.6
trans-A o 11.3 -11.1 i . u-fa’}"-10.9 -10.4
cis-B -10.3 -10.7 -10.8 | -10.1 -10.3 -10.5| -10.7 -10.3 -9.5
CtansB | 100 99 92 |-101 102 06| 05 04 -85

*PDBID : 1DB1
* VDR affinity of 19-nor-10,25(0OH),-VD3 : -11.5 kcal/mol

VIialb—Ta VORER, CREDONEEMEME L L Crrans-A, cis- AR DFHE(KEE
IZ—EDVDREFED, TOHEME LTE LN, B2, BISEIOMERMEME
metafiZ, orthof DFFEMRFIITHIG N/ TD, ZORREEICAREFHE L-HR
des-DEI % I U DFFE( & 19-n0or-10,25(0H, VD D A —"—F v FEF )L % T
\Z7R9, (Figure 4-7-1,4-7-2, 4-7-3, 4-7-4)
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Figure 4-7-1
Molecular-docking study based on a crystal structure of VDR in complex with 10,25(OH),VD3
(PDB:1DB1, 19-nor-10,25(0H),VD3 : -11.3 kcal/mol)

0/\)§0H

meta-cis-A-C2
| -11.3 kcal/mol
|
HO" H

/\JQOH
(0]
H

(0}
meta-cis-B-C2
| -10.3 kcal/mol
|
HOY (o]

0/\)<)H

Q

meta-trans-A-C2
-11.7 kcal/mol

HO" OH

meta-trans-B-C2
-10.2 kcal/mol

HO"
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Figure 4-7-2

Molecular-docking study based on a crystal structure of VDR in complex with 10,25(0H),VD3
(PDB:1DB1, 19-nor-10,25(0H),VD3 : -11.3 kcal/mol)

ortho-trans-A-C2
-11.1 kcal/mol

ortho-trans-A-C3
-11.3 kcal/mol

ortho-trans-A-C4
-11.1 kcal/mol

HOY
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Figure 4-7-3

Molecular-docking study based on a crystal structure of VDR in complex with 10,25(0OH),VD3
(PDB:1DB1, 19-nor-1c,,25(0H),VD3 : -11.3 kcal/mol)

o/\ﬁ)H
Q

meta-frans-A-C1
-11.7 kcal/mol

HOY

meta-trans-A-C2
-11.7 kcal/mol

meta-frans-A-C3
-11.7 kcal/mol
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Figure 4-7-4

Molecular-docking study based on a crystal structure of VDR in complex with 10,25(0OH),VD3
(PDB:1DB1, 19-nor-10,25(0H),VD; : -11.3 kcal/mol)

para-trans-A-C0
-11.0 kcal/mol

HOY

para-frans-A-C1

-10.9 kcal/mol
HO"
mH
para-trans-A-C2
-10.4 kcal/mol
HO"
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des-T v % I U DEFE AL (meta-trans-A-C2) & 19-nor-10,25(0H),VDs ® overlap
model & [LE: 9% &, ABRFRLIALKEEE I 50 B RST5 7 2/ BeFEH (SER-237,
ARG-274, TYR-143, SER-278) & {AI$HER 5 D25 KEEEEE 1 & b A F ¥ R E
(HIS-305, HIS-397) & DARFREAMEIXIZIE T HEMEBNELNLTEY, =
Ddes-DREZ I VDFEERERT A 75V —IZIZ—EDVDRIEAENIABZTTX 5,
(Figure 4-8)

Figure 4-8

*19-nor-10,25(0H)2-VD3: green, des-D-typeVDs3: white
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4-2. des-DEICEBH 2= b DE B

des-DE B % I U DIFERITICERES & ATRES D Suzuki-Miyaura CouplingZ V25 7
A 77U —HEEZEE L7, (Scheme 4-1)

Scheme 4-1
Y
Y<F>)<r_|' // 1L?ﬂ(OH
2},
S L o

1) Suzuki-Miyaura Coupling

* + v o
| Bpin  2) deprotection
X | ) ) dep des-D type VD3
TBSO" oTBS HOY OH

CREl2=v MX, =/ UK ¢1ORFETIZEI VTV a— K 4228/ L 5
K BILIUE, 287 /v 2 — L DEALRIE, o-methylZ D 244:Al, Wittig-olefinationiZ
X0, "aXF LUK 4305 EEHE L72, (Scheme 4-2)

Scheme 4-2
oP OP
Ar-MgX 2/ . 2/
(o] or ] Asymmetric | .
(;/( Ar-Li X reduction X Hydrogenation
then H modified Y
O-iBu o) CBS reduction OH
OoP 4-1 oP 4-2 OP
//I //I A
- 1)[0] RS Wittig-olefination
® - -
ey 2) a-Methyl-
OH isomerization g

BREHEIZIEVCREEL =y NOEKEZFEM L7-, BlH, Dean-StarkiZBJiE & AV
T, ™ X ?2-methyl-1,3-cyclohexanedione ® h /L= (0.8 M)EWIZ, p-TsOH (10
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mol%), i-BuOH (3.5 equive.)Z Mz, 12BFFEIINBGETIE, BE OBOE LTV, =/
—NVT—T UK 44 BB, WIZ, =) =T —TLE 4-4DOTHFEKE (0.5 M)
IZMOM . — 7 /LR D Grignard S A] (1.5 eq)Z0°C T T L, EE CIRFMEARL
2o IN HEFEIC X DHBAEIZ LV, metafiZ, paralif~DRIEE A I ST HB-7 U —
N7 ma~Ft ) 4-5%%57- (meta: 76 %, para: 76 %), Orthofif DAL E BRI
DWTIE, MOMT—7 JLEDTHFER (0.5 M)iZn-BuLi (1.05eq)%-78°C T F L, 1
R Z 1T o7, ABLET ALY FULAIL, =/ — )T —F )UK 4-4DTHF
WA (0.5 M)Zi T L, 0°CIZHiR%, IRREIHERZITV, RROBLAEIZ LY, XS
TER-T UV —nvrua~tt ) MK 4557 (58 %), (Scheme 4-3)

Scheme 4-3
OMOM
0
X Z OMOM
Z
n-BuLior M
0] i-BuOH 0 THF 9 NS l
toluene then H*
(0] O-iBu K (o)
Table 4-2 44 45
ortho : 58 % yield
entry substituent temp.

meta : 76 % yield
1 ortho (Ar-Li) -78°C to r.t. para : 76 % yield
2 meta (Ar-MgBr) 0°C to r.t.
3 para (Ar-MgBr) 0°Ctor.t.

MWNT, B-7 U — 7 ua~F%F¥&/J {K 4-5® Corey-Bakshi-Shibata
(CBS)Reduction D&t 21T > 72, AT LA IH IR DO Proline/» b AR L7=7T X/
TV a— K% H =, (Scheme 4-4)
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Scheme 4-4
OP OP
Y Asymmetri <
~ symm?tnc ~
reduction
-
( modified
o) CBS reduction OH
4-1 4-2
Ph
B(OMe); C‘S‘kPh
o)
in situ N-g
1) EtOC(O)CI, K,CO;, MeOH OMe
2) PhMgBr, THF Ph (S)-MeO-CBS

* COOH 3) KOH, MeOH C')(Ph
Cl\ll/H > nNH ©

H
(R)CPh
(L)-Proline (SorR) aminoalcho\\ -"%

(D)-Proline N-g
OMe

(R)-MeO-CBS

DI, AR LT 2 Tva— ko T 2 a2 sl 3 5720, Tk

? Acetophenone D CBS3E LR 21T - 72, ** (S)-aminoalchol & B(OMe);1Z & 0 FH%& L

72 (S)-MeO-CBS filt fi % 3\ 72 3B 5T I 12 & W £ © 4172 Phenyl Alchol & Tk

(R)-1-Pheny! Alchol, = L TZ & 2 {KDPhenyl AlcholZHPLCIZ & Y LB ATV, %

DAFIWNEZ RO T, WIEDOFEE, BHIDRIEDIS %ee THOLNIZTZD, AL

CBSHE I\ CFIER W EHBT L, B-T U —A v 7 a~F® /) K 45O RFRTICHE
A L7z, (Scheme 4-5)

Scheme 4-5
o (S)-MeO-CBS (10 mol%) (R) OH
BH;-SMe, A
- ©/\
THF, 0°C
Acetophenone (R)-1-Phenyl Alchol

93 % ee (conversion 100 %)

44 G. Alagona, C. Ghio, M. Persico and S. Tomas., J. Am. Chem. Soc., 2003, 125, 10027-10039.

148



Chapter 4

Blt, Ar EBA T, L-Prolinek W &% L72(S)-7 X/ 7/L2—/L (15 mol %) @
THF R (0.01 M)IZB(OMe); (1.05 eq) & MMz ZR CIRHEHE®R L=, 221
N,N-Diethylaniline Borate (1.1 eq.) &B-7 UV —/Lv 7 u~Ft /) UK 4-500 THFE
(0.5 M)Z-10°CT45 3N TR T L, -5°CTI2EFEHREE L7z, BHE O%BAEIC
KV T NVa— K (R)4-6%1ET- (93 %), FIEROBIETR)-7I /T /Vva—LiH
WAHCBSIETTIZ LV, (S) 4-657537= (92%). * (Scheme 4-6-1)

Scheme 4-6-1
OoMOM OMOM
‘ (S)-MeO-CBS (15 mol%) O
‘ N, N-diethylanilineborane
>
THF, -10°C to -5°C
° (R}
o) OH
4-5 (R) 4-6: 93 % yield
OMOM
(R)-MeO-CBS (15 mol%) O
N, N-diethylanilineborane
4-5 >

THF, -10°C to -5°C
) oK

(S) 4-6: 92 % yield

ZORISTEHEGND T Vv a— RO SARERMEL, #iw E(S)-MeO-CBSZ RNz
L TIX(R) 4-63MBEMICE B, (R)-MeO-CBSTIL(S) 4-6MBELEMICELN S,
(Scheme 4-6-2)

45 (a) N. Holub, J. Neidhofer and S. Blechert., Org. Lett., 2005, 7, 1227-1229; (b) J. Xu, X. Su
and Q. Zhang, Tetrahedron: Asymmetry., 2003, 14, 1781-1786; (c) C. E. Garrett, K. Prasad, O.
Repic and T. J. Blacklock, Tetrahedron: Asymmetry., 2002, 13, 1347-1349.
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Scheme 4-6-2
OMOM .
h
< (2
Rs RL e} = o
(] = Y N-g N<g™
(o] OMe Me(l) @
O 45 (S)-MeO-CBS
Rs R
g HyB- - N go0
o l ~— 7 .
'N‘B/o > H (\
HeB . ] G OMe
3 MeO Rs~¢
R,
OMOM /
H* R R,
> -y
OBH, BH, HB. /
(R) * 0
OH (R4 L ome
R~ Rs
H /—\
H3B‘ \ RL RS
R R ol Y
HY Ph ‘\ RS L \\ 0
. % _ \:N \"/ . ':
N'B' - \Bro le} \N\,'
A3 / . o
OMe MeO > /B'
(R)-MeO-CBS MeO
R, /
—R
OMOM " B“ T s
2B----
+
O Rs Rp \”‘\(@
- N
‘ OBH BH ~ =0
(S) OH 2 : MeO/
(S) 4-6
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THOFERADZD, BENEZT L a—UK 4-6DSERBAHE v ¥ —1E% A
WTHRE LTz, BIE, 73—/ (R) 4-6F 7213 (S) 4-6DCH,CLIATR (1.0 M)IZ,
DCC (2.0 eq.), DMAP (10 mol%), (S)-MTPA (1.5 eq.)%& 1%, 3 A [EiE#E%, BE 7 o
~ T T 40— KO EBMEEER L2 L 2R L, etherz %, 74 M2k
5 A8 E BRI L D EBNIZ(S)-MTPAT 2 T )LIEDH AR % 1TH-NMRIZ L ¥ b
B L7, (Scheme 4-7)

Scheme 4-7

OMOM (S)-MTPA OMOM

O DCC ‘ T OMe
DMAP HOJ\{&
0 - O o
CH,C, ;

OH O-(S)-MTPA i (S)-MTPA ]
(R) 4-6 (R) 4-6-(S)-MTPA
(S) 4-6 (S) 4-6-(S)-MTPA
S ' L S ! L +A S I L A8
! OMOM ?
*'rl : (s) MTPA
@-c"@ I
(R)é-(S)-MTPA (L) MTPA (S) -(S)-MTPA H

* S:8mall, L: Large

IH-NMRD A7 MV eBE U7z fE R, B0 7 I 00y 7 b O)DHER I e
BTET2D, ZTOCBSERFHICLY, BHOSMAEE TT LV a—ERELN
TUW5 Ll LTz,

HIS, (R) 4-6-(S)-MTPA, (S) 4-6-(S)-MTPADFE A& DO & tLEk T 5 FRIZ
(S)-MTPADCF:E: & WVAR = VEBENT 7 U XA TEICMEBTHZ &, PREELFE U
BNCAIET A EBRENEHSE Y 7 T2 L 2EET S L, (R) 4-6-(S)-MTPA T3,
CIRERA FIVE & %*b‘%{ﬁl RO I N7 MEERERSE Y 7 L, 01
WALE T AREMIES 7 ()-MTPATIE A b v EANIERE S 7 T3, (5
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4-6-(S-MTPADALEDHIE, ZhOHTH D, TNEFEEZT, MIEFBRE RS
&, (R) 4-6-(S)-MTPA CIICERI A F/VE L HFEKRMSEBILERSE S 7 b ((AS) L,
ZOWRIZMNBET ABHEBESSITIEES 7 b AL TWE, LT,
4-6-(S)-MTPA TIZZDH D/ I a7 MEPESLN TV D, (Figure 4-9)

Figure 4-9
8 (ppm) (* A9)

2.016 (+0.097)
2.009 (+0.098) } :
1.985 (+0.095) ! :
1.978 (+0.095) ! H H ; H H  (+0.010)
:
]

1.971 (+0.095) >< CH, P X CH
1.964 (+0.099) ! o o~ i 6.790 ~hs

1.955 (+0.097) !
1.948 (+0.096) !

3 (+0.022)
0 (+ O &)22,

7.249 (+0.019)
7.237 (+0.021)

5 H» H H 7.223 (+0.020)
;: H 935 (+0.017)
\ (+0.017)
v : (+0.016)
H : O :;“s« (+0.018)
572 O= =0
(+0.01 : ‘OMe Phu(!
Fi¢ Ph MeO CF;
09 : (S) (S):
+0.019) % :

PLEDKER G, FIRRO RIS LV, AIEEAE B (Kortho, paralif D(R)-7 /v
a— )UK 4-6%AF L7T= ((R) 4-6-para: 91 %, (R) 4-6-ortho: 97 %), UL EARK L7=7T
v — )UK 4-6DARFULRIT85~90%ee DEIFH TH 5, (Scheme 4-8)

Scheme 4-8
OMOM OMOM
//I (S)-MeO-CBS (15 mol%) 24
\ N, N-diethylanilineborane N I
THF, -10°C to -5°C '(R) _
o] OH
4-5 (ortho, para) (R) 4-6

ortho : 91 % yield
para : 97 % yield
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FEWNT, CBSETICL VELNTET Va3 — A 4-6DEEMKZENFISIZ L 58T
E4-T1DE B 1T 272, BB, PA/C (10 mol%)D A & 7 — V¥R (0.5 M)IZ T /L
a—/UE 5%z, KREFEKT CI2EFEHEEE, 510 Mok 3 A8 & BRI
L0 IS 2B ILAEEBT,

BT ORER, 2BEOAFMEERE 7 n~ 875 7 4 — K OTH-NMR D S FER L
7o T DEHEDERM % B L ERY DR T IV 2 — L OEAVK % PCCIZ L W 4T
2Tl A, MR 48DE—~LEME L TDIH-NMRALZ MRES T,
LIEDFERNG, B KFIISIC LY, BRDETE 47 AL FDOTT AT L
I —K 47 B)BSRIFFICAER L TWA EHERI L7z,

WIZ, BMKRILIZ L VB ONT2BEOBTEE2 IS L0 N T5 7 4 —|Z
LV EEEL, £ 4% DIH-NMR & NOEDIFHIE 21T > 7=, HIEDRKEER, 47 (A)TII,
Ha-HclZT6 %DNOEA BRI S 4172 DIZxt L, 4-7 (B) TidHa-HelZNOEI XAl < 1177
nolz, Bib, ZORETIIT NV a— VEZBE T T, pEN O KBILENTER L=
4-7 (A) Lo bIKFIL SN T2 TER LT24-7 (B)D354:46 TAERL LTV 5 L L
72. (Scheme 4-9) '

Scheme 4-9
OMOM OMOM OMOM OMOM
O rac O
Pd/C (10 wt%) PCC *

(7 =i O — (1},
Y e 5 oy 5 CHZC'Z * ciIs
OH OH OH o

4-6 4-7 (A) 4-7 (B) 4-8
i (A:B=54:46)
P
4-7 (A) » \
, 2.80ppm
;{ 1 ( F
3.92ppm Ha “ Ha-Hb : 6% noe

2.25ppm

Me Ha-Hb : J= 3.6Hz
Hb-Hc : J=3.6Hz

3.24ppm
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LLEDFERNG, VT AT LA~ —K4-7T BYDLERZIHIT 5 BHHOT, BEfitkE
(LIS OV ST (route A) & 28k 7 /L 20— )L DARHE A& B L 7= 8Btk AL RS D
3t (route B)Z 1T -7, (Scheme 4-10)

Scheme 4-10

route A

Ar H, JAr Ar
Pd/C
e ‘o, + oTBS
- solvent H :
OH OH OH ’z,/©/

route B l protection T deprotection

Ar = para-OTBS

Ar = meta-ONMOM

H,
Ar PdiC JAr Ar OMOM
— ., F f

op MeOH  5p op «

BETOREER, 2B T NV a— )V ERE L EEOBEMKRISIC LD VT ATV
F BMERARROMFE 2N FIEETH - 7= (Table 4-4 (route B)),

VU NVRIEEE THDHTMS, TES, TBSHRHEZEIZ LV T X7 LA BEEOIH
(X TE D, TMSIREZ T - EE TlX, Btk VR RS RS ASEAT L7 B
NELEFWE LTELNTEBY, V7 AT LARMEKNERTHBENED, TBS
REEITOEMETIE, VT AT VABREEORMESIHI TE Db 0D, BOFIR
SRR S TIIEIT LR Do 72720, TESIREZ AWV D&M 28 A L,

B, TR FAAGZRRE U2 TlE, PAOYEMRENEE & OBRLBIMKIRIC
Ko, -7 UNPUEEERE L, KBIZXDZBERNKGETHOMBELR TR 5
MERHET LT CREEFEME L TELNIBRELHE LTS, * (Table 4-3,
4-4)

46 2019 FE FAR EIF  ZEERL FRRIIRF)
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Table 4-3 (route A)
entry solvent dr* conversion (%) Ar
1 AcOEt - no reaction para-OTBS
2 EtOH 53:47 100 para-OTBS
3 MeOH 58:42 100 para-OTBS

Table 4-4 (route B)

entry Protecting group major pruduct* conversion (%) Ar
1 TBS A (dr >95:5) 100 para-OTBS
2 TES A (dr >95:5) 100 meta-OMOM
3 TMS B 100 meta-OMOM
4 Ac (acetyl) C 100 para-OTBS

% dr : determined by 1H-NMR _ _

* majorpruduct : O“Ar O“Ar O“A" Ho C\r\"\r
OP OH

Pd(0) CPd(II)—OAc

A B c L e Pd(ll)-H

UEDOEERNG, TV a— iR 4-6DHEMKFEIISIT2HKT Va2 — /L DTESHR
EAREB L TTo7, BB, 73 —/L{K 4-6 & imidazole (2.2 eq.)>DMFEK (0.4
M)IZTESCI (1.5 eq)%#0°C TN %, =R CIRFRIEER%L, BFOBMBIZLY UL
H %157z, WIZ, PA/C (10 mol%)DMeOHEEE (0.5 M)IZ, U WARDHARKY) % N
%, KEZEFEHEKT, BECREFEEREE, £74 MCX2EREBMECEY, Ex
KEMHARY & LTER, &5, ZOBTEOTHF (1.OMEBEHIZ, TBAF (1.0 M in
THF, 1.5 eq) &1z, ZiR ClURKHEBERE, BEOBRLEIZLY, BHOT V= —)b
1K 4-7%1587-, BAKFRIGEO DT 257 LA BMEEDERKIL, KA —V5%
TR, SEUER L& TIE, V7 2T VARMEERKIS %ilBAERT D
EERTHoT,

{AI8E Z orthofiZ. & L7~ F'E 4-6 (ortho) TlL, #fl/KF(LKILNEIR CTIRETET,
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MRS (40°C) THEHREZITO Z & T, ZORIGHEIT LD, TNOEELH Y,
DT AT VA RN NREARTABR TH o, TNITOWTIE, KR
LDV ET & HCOOH/EGN (70°C) TOE LIS DRET 21T o723, EDFRMHITE
WTHBTLNMNIETLRWERTH -T2, (Scheme 4-11)

Scheme 4-11

OH

OH

OMOM

Z

N

(R) 4-6

OMOM

J

(S) 4-6

OMOM
1) TESCI, imidazole, DMF //|
2) Hy, Pd/C (10 wt%), MeOH RN
B
3) TBAF, THF
OH 47

ortho : 80 yield (dr 92:8, 3 steps)
meta : 91% yield (dr 96:4, 3 steps)
para : 85% yield (dr 94:6, 3 steps)

OMOM

1) TESCI, imidazole, DMF
2) H,, Pd/C (10 wt%), MeOH
>

3) TBAF, THF
OH

4-7 (meta-meso)
83% yield (dr 96:4, 3 steps)

* dr: determined by 1H-NMR

WIZ, TIva— ik 471028k 7 v a— LV OBLIGDORET 21T > 72, £7, Fi
AT TR 3T 2 5, Parik-DouerinB2{l & SwernFR{L 2RI L7223, EHH D
SHIZBNT S, F ) AFLT—T VEARHERL Sz & 9 2t BB EARK
WmELTBELNT, IFDRGRICEGNZBRIERMNT2Z Licky, BRO T b
URIZDEB OIS S Dcisth 4-8 & a-methylZ O BIE(L B ETT L Tz ransth 4-8DIE
EMTHY, TORIGEHIZE B 2 EoFHIFIE L,

Z D, PCCE AW IEESRETORLK G E Mt Lz, Rke LT, B&
A7 MOMZE: D Jiif%# & o-methylZ: D BAE(LIZHEITE T, BB Dcis-7 b U E 4-87°
B 57z, (Scheme 4-12)
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Scheme 4-12

OMOM OMOM OMOM

. @ K2CO3 @
@ - s
- ; o MeOH
0

OH K (0]
4-7 (meta) cis-4-8 (quant.) trans-4-8
Table 4-5
entry condition temp product OMOM OMOM
1 PCC, CH,Cl, r.t. cis-4-8 (97 %) ‘© ]
(COCI),, Et3N O O
2 DMSO, CHZCIZ '78°C tO I'.t. A ¥ "l, ¥ ‘e,
Py-SO; Et;N o S< 0*30 R
3 , r.t. B 2
DMSO A B

BT T, 2D FAEZK,CO3 & MeOH T T 5 Z & 12 LV, a-methylE: D F44:
{LEOSE DBES EAT 272, &7 b AR 4-8Do-methylZE BV AT O TH-NMR % FLfz L
7o & Z A, o-methyl D ' — 7 D3FHFHEER S OBERIERRIZ LV, £90.1 ppmfREE
BRGEY 7 P LTWAZ L L, Ha-HbE DJED, EM:A{LETTlLequatorial-axial® 8
R QEA=60C)ICFHY T AME (J=4.5 Hz) & B Tiddiaxial DR QEA =
180°C)IZAHY 92 JE (J=12.0 Hz)& L TELRI L7272 8, o-methyl £ D B AL 25 1#4T
LTWaD EHWr L7z, (Scheme 4-13)

Scheme 4-13

2.0 Hz

)

7

0\\ K2C03 (o) 52

"~ Hb (2.52 ppm)
N
H MeOH (0.83ppm) Me- H
J=6.0 Hz Ha H

J=6.6 Hz ‘\ Me H
(0.94 ppm) 2.47 ppm)

cis-4-8 trans-4-8
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INOOBFHFERND, £T7 Va3 — UK 4TOBLKIE & a-methylF D BAE(L %
o=, B, 72— K4-TOCH,CLIATR (0.2 M)IZPCC (1.5 eq) & RIEED®
T4 MR, 3EEEBEE, IBREEHREICIED 7 b AR cis-4-8%157-, Z DHAER
¥ DMeOHYATRIZK,COs (3.0 eq )N %, —HefE#%, BEORAEIC LY, BT
MK trans-4-8% 1572, (Scheme 4-14)

Scheme 4-14
OMOM OMOM OMOM

@ PCC @ K2CO; - @

R\ . (S\S
O —_— s
o CH,Cl, MeOH

OH (0] o
4-7 (ortho, para) cis-4-8 trans-4-8
ortho : 91% yield ortho : quant.
para : 94% yield para: 97% yield
OMOM OMOM OMOM
K,CO3
(;|-|2(;|2 MeOH
(99 %) (quant.) o
4-7 (meta-meso) cis-4-8 (meta-meso) trans-4-8

(meta-diastereomer)

T, &7 h R 4-8DWittig-olefinationiZ K A/ N8 A F L UK 49D H AL E TR
FL7ce ZORIRIZOWTIE, F8E, ZETHOR/X 51, Bx o hARTTT
STWVWAEN, BELELTHWTWAATHAF LT T U HEDOTMSHHINE
4-9-TMSX°, 7' b Ak EINTz 4-9-HB AT 5 Z EBER SN TE 7, Zhb
DH RN OBEDHEF 21T o7, (Scheme 4-15)
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Scheme 4-15

AorC R Ph3P*CHoXX"

\“ 1 —4'
(o) g:r
o]
©/°M°M PhsP*CH,XX" (2.0eq) ©/°M°M
w base (1.8eq) W
Q\ THF, -78°C to rt ; ~

o] 4-8 Y Y=CHX:49(E 2
CHSiMe; : 4-9-TMS
Table 4-6 Ghiz 5 4-9H

entry X base 4-9-(E) : 4-9-(2) :4-9-TMS: 4-9-H conversion (%)

1 Br KHMDS 94 : 0 : O : 6 100
2 n-BuLi 0 : o : 0 : 100 100
3 LTMP 100 : 0 : 0 : O 28

4 LDA 100 : 0 : 0 : O 100
5 | LDA 74 : 0 : 0 : 26 100

3NHCI, MeOH i
i “me 0.83 ppm
C

5.93 ppm o

ElS, PhsP (CHLIX)X (3.0 eq., X = Br, DO THFAER (0.5 M)%-78°CIZimAEIL, Bili&
FHE L7~LDA (1.0 M in THF, 2.8 eq.)%::bu%_ O°CIZHIRZIRHEBELY V1 Fx
L=, 20U A FEKRE-T8CITHEE, 7 b AR 4-8OTHFER (0.5 M)
0%, 3BT TOCIZHIB %, 1RE[EEBHE L, HexaneZ M1 %, VBB & IEAHEIC
HE O o A F LR EE, KIGHRE0ER, EEl :LDA%)EH\/\T:%#F’C“, E E‘J
DA AF L AREINE LN T2, ZOFEEEERA Lz,

XHIZ, Zoa AF LUK 4-9DOMeOHER (0.1 M)IZ3N HC1 (1.0 M)yZ I .,
=R T30 MEHE, BEOBLELITO 2L T, BEERLEZ, ZOlEEEXD
NOEDIFHIEIWZ XV, THr e AFLEDT 1 N EIZ3%DNOEZEREI L 7=
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7o), EREIRANZ T B EAF L UERE LTV D LI L7z, (Table 4-6, entry

4)

TOMEEREZEIC, BV DO AR 48120V T H RIERD RSB ET 21T o 72,

(Scheme 4-16)

Scheme 4-16
OMOM
]
RN K2CO;
Q."’ MeOH
(o]
cis-4-8

1) PhsP*CH,BrBr-, LDA
THF, -78°C to 0°C

2) 3N HCI, MeOH

OMOM

Z.

Q:\

o

trans-4-8

1) Ph;P*CH,BrBr-, LDA |
THF, -78°C to 0°C *

2) 1NHCI-MeOH

Br

trans-4-9
ortho, meta, para:
70~85% yield (2 steps)

o)

cis-4-8 (meta-meso)

(meta-diastereomer)

1) PhyP*CH,BrBr-, LDA
THF, -78°C to 0°C

2) 3N HCI, MeOH

Br

trans-4-8

160
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cis-4-9: E/Z mixture

OH
1) Ph;P*CH,BrBr-, LDA
THF, -78°C to 0°C
2) INHCI-MeOH -
Br
trans-4-9

(meta-diastereomer)
70~85% yield (2 steps)
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FERE LT, 7 FAR trans-4-80> 6 OEFITRIE: < IGBEIT L7223, cis-4-8
T, JET B2 AT RAF LK cis-4-9DE/ZIREMPE LN DR TH - 7=,

IHHAMLECERE L=y FOKKNRY T AT LA~ —t (dr)i£90:10 ~
85:15TH Y, ZOVT AT VA RMEDARKIL, =/ 1K 4-50OCBSETLGTD
RFUER L T/ a— K 4-6D2F% T /L = — L OIEE A R+ 5 ik ELRET
T HYT AT VEREERRBRINTCHRTH D,

T, ARLIECEH T NV a—VENARKELE LTELNTWA YD, Bl
RIEIL R D VT AT VA —OWBEBLZ KRR LTV D23, BR, BEEITAETH
HHDDTT AT VA —HOHEIZITE - TR0,
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4-3. des-DEIE 2 X LV DFEE DGR

AR LECRE 2=y NEART 2=y N DA v 7Y RIS & DHdes-DRLE
AIVDHEERTAT TV —OBEEER LT, FEEKT AT TV —DHEEIT, AC
BRI = v b DSuzuki-Miyaura CouplingZit~, BISHDOE A, BREIC LV FHEKEL
HEEET D FIE (route A) &, AIEHZEALLCRE2=y FEARB2=y FD
Suzuki-Miyauras > 7° U ¥ 7 UG, BiAR#E L REHE L CTHEEZELT 5 F15 (route
B)ZtR&f L72, (Scheme 4-17)

Scheme 4-17
OH
route A 75
Bpin Pd(0)
base
TBSOY OTBS
4-9 2-63 TBSO" oTBs 4-11

1) deprotection

rOUte \/\KOI TeEmmT Williamson'etheration mEsEETT ) X\/\K
OF

1) Pd(0), base
+ 2-63 ——————

2) deprotection
des-D type VD;

derivatives

410
OH

HO"

MOIZ, CEBERT /Va—MEka=y h 49LARH2=v b 2-63 DI v TV
RGOSR 21T o 77, Bl D, At T, CEREH T /L 2 —/Vik 4-9 L PACL(dppf) (10
mol%) DTHFIER (1.0 M)IZ, ABRE == b 2-63DTHF&# (0.5 M) & 3NKOH (5.0
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M)Z %, 60°C CRARERIHEEL, ether M %, £T 4 ML DB & BHER,
BN T hra<w T T 7 4=y 7Y T 4-11%7% 72, (Scheme
4-18)

Scheme 4-18
OH
7
OH AN
2/, B0
& pin PdCl,(dppf)
. . f‘ 3NKOH
—_—
| TBSO" ~~votBs 10 0°C 411
Br
4-9 2-63 TBSO" oTBS
(ortho, meta, para)
ortho: trace
meta: 90% yield
para: 86% yield
OH
PdCl,(dppf)
3NKOH
+ 2-63 e
THF, 60°C
4-9 TBSO" OoTBS
(meta-diastereomer) 4-11 (meta-diastereomer)
86% yield

v T v T RISHRE ORE R, RISHAIE RIEE, metall, paraliLOA v 7Y T HE
DULEEIT86~90% DI R THE BN T=28, ortho MOFEMEGH A BB E LI2RMHTIE,
FEEHEIZATHET SO0, BROD v 7V v 7EBIEEAEELNT, SHK
DEHENTHRER TH o7

BENT, Bon= by TV U7 4N RIBEOE AR 21To 7, b, Iy
U v 7K 4-11ODMFEE (0.5 M)IZBIBEL = | (3.0 eq) £K2CO;3 (5.0 eq) &N X,
50°C C4RFRMEEES, BEOBNBIC LY, ST 5 M) U EOHARY =15
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T2 T ORAEMRMDOTHFREE (1.0 M)IZTBAF (10.0 eq) DTHFER (1.0 MyZ %, 3
REFBER, BHE ORI X Vdes-DREIE ¥ I DB EE4- 125157,

UL, ZOAMFEE (route A)TIX, Iy 7V v 7KL EAT B
=y MR EBIEBETH Y, RGERBOHECEBEEZ 35 Z L BNES TIERW
TR, =y FEBREFERT A0, BR#E CEATSTBAFH Z D43
RELELRY, FEERE L TOHENICHBET O LPRETHY, 2 TOLRET
RINERTH o7,

BTV TR 4INTREZEA LRV EESREZAME LT, Ay T v
TR 4-11OTHFEHR (1.0 M)IZTBAF (3.0 eq)DTHFRAR (1.0 M)& Nz, 1268FR 18
BB, BEOBRLIICLY, des-DREIE X 2 U DFHEE 4-12-para-CO0Z 572 (56%, 2
steps), (Scheme 4-19)

Scheme 4-19

1) l\/\KC,TES @ " '\%TES

K,CO,, DMF, 50°C 4qq  K:COs DMF, 50°C

(meta) 3) TBAF, THF
(diastereomer)

4-11
(meta) 2) TBAF, THF

HOY OH HO"
4-12-meta-C2 4-12-meta-C2
trace (diastereomer)
trace
OH _
@’ Bpin 1) PdCl,(dppf), 3NKOH
' THF, 60°C
+ >
E l TBAF, THF
| TBSO' otes 2 TBA
Br
4-9 (para) 2-63 HO'
4-12-para-C0
56% yield (2 steps)
(dr=85:15)

164



Chapter 4

U EDORERND, BICCRE TV a— URIZAIEEZEAT 2 FE (route B)IZ &

LHBEETA T T ) —OEEERF L, £, CREIZ
Williumson etherationiZ & D A L7z, (Scheme 4-20)

Scheme 4-20
I\)OL MeO\n/\O
4-9 OMe o \, I
(meta) K2CO; RS
——————
49  pMF, 50°C
(para) |
Br
4-10-C1-OMe (meta): 80% yield
4-10-C1-OMe (para): quant.
| TESO)k/\
\/\ﬁDTES
49 K,CO;
(meta) EE——

(diastereomer) DMF, 50°C

(97%,) Br
4-10-C2 (meta)
(diastereomer)

OTES
I _~_OTES o
K,CO;
4-9 _
(meta)  pmE, s00¢ v
Br

4-10-C2-C1 (meta)

o)
/\/lLOEt

cho3

g o=y b &

»"\/\

DMF, 50°C

4-10-C2-OEt (meta)

——
DMF, 50°C |

4-10-C1, C2 Br

4-10-ortho (n=1): 80% yield
4-10-ortho (n=2): 89% yield
4-10-meta (n=1): 88% yield
4-10-meta (n=2): 90% yield
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CERE L=y F~DEISEAN L HEEIIRER ATAT72, CRHB= v K L AR
o=y DAy 7V TR EAREIZ K Ddes-DELEF I U DFEERDE AL
ZE L7, (Scheme 4-21)

Scheme 4-21

"Sln
(0)

n

o 1) PdCl,(dppf)
SR 4-10-C2 3N KOH

(meta)  THF, 60°C
+ ———

2.63  2) TBAF, THF

4-10-C2 1) PdCl,(dppf)
ortho (n=1,2) 3\ KoH
meta (n=1,2)  +ur gooc
+ >
263  2) TBAF, THF

HO" OH HOY

4-12-ortho (n=1): 59% yield (2 steps) 4-12-C2 (meta-diastereomer)
(dr=86:14) (dr=94:6)

4-12-ortho (n=2): 63% yield (2 steps)
(dr=85:15)

4-12-meta (n=1): 41% yield (2 steps)
(dr=86:14)

4-12-meta (n=2): 50% yield (2 steps)
(dr=82:18)

BETORER, ZOAKRFEIZL D INERS0~60% (2 steps) DELFH THEMR SR Z1T
DT ENFBETHY, des-DEE X I UDFEEEDTA T 7V —& L TCOREENFIEE
ThoTr, TNOFERDOKFMEIICERMOLEZMEIZKGFET D128, dr
82:18~94:6 DEFHTH 5,

IO, BERLTVWACRERIBL=y NEARH2=y bOI v 7Y VI RISIT X
D, TR EREREITADEME TH S, (Scheme 4-22)
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Scheme 4-22

HO "0

1) PdCl(dppf)
4-10-C2 3N KOH

(meta)  THF, 60°C
+ —_—

2.62  2) TBAF, THF

1) PdCl,(dppf)
3N KOH
4-10-C2-C1 THF, 60°C
+ ———
2-63 2) TBAF, THF

HO" HO"

4-10-C2-OEt  pycl,(dppf)
(meta)

3NKOH 1) RMgX, Et,0
+ 3>
2.63 THF, 60°C 2) TBAF, THF
HO"Y
MeO\n/\
PdCl,(dppf) °
1) MeMgl, Et,
4-10-C1-OMe 3NKOH >
+ 263 ——> g
(meta, para) THF, 60°C 2) TBAF, THF
TBSO" HO"
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4-4. FEEw

ARETI, des-BE#IUDFEEORFEZITV, LTORRLELNT,

(Figure 4-11)

1

2)

CEBE 2=y MNE, =/ LK 4-1DCorey-Bakshi-Shibata Reduction|Z & % 7 &
FE &, 2R T N T — L DR R R B KR, 28T V3 — NV ORRIERIER
D a-methyl D B AL, < Wittig-olefinationiZ K ¥, ~E XA F LK 4305
RN FRETH > 7=, BELICRE= =y F DX FHEL, CBSETT & kR
CRISDEEBZ LY, YT AT LA = (d) 82:18~94:6DFHTH D,

des-DELE % I U DFBEMEIL, RICAIEEZEALLCRIM-=y h AR =
| ®Suzuki-Miyaura Coupling & iiZ £ VBT 5 Z L RFRETH -7, T b
FEEOVT AT LA—tE, HFALECRE2=y FERFOLDOTH D,
SRR HER L L TONFEMEOWBICHREIIES OO, ZOEOFHFEMR
BRI BRSNS — P THEET LI ENARETH Y, ZEEOHERT
A7 7Y —HEENAETH D,

Figure 4-11

Synthesis of C-ring

P op oP

O
//I modified //! 1) silylation //I
X~ CBS reduction S 2) Hydrogenation O\“\
3) deprotection v
o)

4-5 OH 85~90%ee OH dr=82:18~94:6
]
1) [O]
2) a-Methyl-isomerization A-C,D Coupling 0(,9\{
3) Wittig-olefination Suzuki-Miyaura Coupling n| OP
O’H‘Kop 1) PdCly(dppf)
& n IBP'" 3N KOH
* N O,
+ M des-D type VD3
i TBSO" oTBS 2) TBAF, THF derivatives
B dr=82:18~94:6
T 410 2-63 HO" OH
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Experimental Section (chapter 4)

General Procedures. NMR spectra were recorded in CDCl;3 at 600 and 500 MHz for 'H
and 150 and 125 MHz for *C on JEOL JNM-ECA600 and -ECAS500 spectrometers,
respectively. Chemical shifts are reported in parts per million (ppm, 8) relative to Me4Si (8
0.00) or residual CHCl; (8 7.26 for 'H NMR) and CDCl; (8 77.0 for °C NMR). IR spectra
were recorded on a JASCO IR FT/IR 4100 spectrometer. High-resolution mass spectra
(HR-MS) were measured on a JEOL Accu TOF T-100 equipped with an ESI ionization
unit. All reactions sensitive to oxygen and/or moisture were performed under an argon
atmosphere. Dry solvents [tetrahydrofuran (THF), N,N-dimethylformamide (DMF),
dichloromethane (CH,Cl,), toluene, and diethyl ether (ether)] were purchased from Kanto
Chemicals. PdCly(dppf) was purchased from Sigma-Aldrich and used as received.

Grignard reagent was prepared from Mg turnings and the corresponding bromide in THF.

‘O

(o) 4-5 (ortho)

2'-(methoxymethoxy)-2-methyl-5,6-dihydro-[1,1'-biphenyl]-3(4H)-one (4-5 (ortho)).
Under Ar atmosphere, to a solution of 1-iodo-2-(methoxymethoxy)benzene (1.5 eq) in
THF was added n-BuLi (1.5 eq) at -78°C. After being stirred for 30min at 0oC and then
cooling to -78°C, to the lithiated reagent was added
3-isobutoxy-2-methylcyclohex-2-en-1-one (4-4) at -78 °C and stirred for 1.5 h. The
reaction mixture was quenched with aqueous HCl and extracted with AcOEt. The
combined organic layers were washed with saturated aqueous NaHCO; and brine, dried
over MgSOy, filtered through a pad of Celite and concentrated under reduced pressure. The
resulting residue was purified by colufnn chromatography on silica gel (hexane/AcOEt) to
give 4-5 (ortho) in 58% yield. 4-5 (ortho): "H NMR (600 MHz, CDCl3) 8 7.28 (ddd, J =
3.6, 6.0, 8.4 Hz, 1H, Ar), 7.16 (d, J = 8.4 Hz, 1H, Ar), 7.03-7.02 (m, 2H, Ar), 5.16 (s, 2H,
CH;OCHo,), 3.44 (s, 3H, CH;0CH,), 2.68 (brs, 1H, CHy), 2.54 (q, J = 6.0 Hz, 2H, CH),
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2.47 (brs, 1H, CHy), 2.09 (brs, 2H, Allylic CH), 1.61 (s, 3H, CHs); °C NMR (150 MHz,
CDCl3)  200.0, 155.1, 153.0, 132.8, 131.1, 129.1, 128.3, 121.8, 114.8, 94.5, 56.1, 38.0,
32.2,22.9, 12.7.

OMOM

‘O

o) 4-5 (meta)

3'-(methoxymethoxy)-2-methyl-5,6-dihydro-[1,1'-biphenyl]-3(4H)-one (4-5 (meta)).

Under Ar atmosphere, to a mixture of Mg turnings (3.0 eq) and THF was added dropwise
1-bromo-3-(methoxymethoxy)benzene (1.5 eq). After stirring for 30 min, to the solution of
the Grignard reagent was added 3-isobutoxy-2-methylcyclohex-2-en-1-one (4-4) at 0 °C
and stirred for 1.5 h. The reaction mixture was quenched with 1M HCI and extracted with
ethyl acetate. The combined organic layers were washed with saturated aqueous NaHCO;
and brine, dried over MgSO,, filtered through a pad of Celite and concentrated under
reduced pressure. The resulting residue was purified by column chromatography on silica
gel (hexane/AcOEt) to give 4-5 (meta) in 76% yield. 4-5 (meta): '"H NMR (600 MHz,
CDCls) 8 7.31 (dd, J = 7.8 Hz, 1H, Ar), 7.01 (d, J=7.8 Hz, 1H, Ar), 6.88 (s, 1H, Ar), 6.84
(d, J=17.8 Hz, 1H, Ar), 5.19 (s, 2H, CH;0CHy), 3.50 (s, 3H, CH;0CHy), 2.63-2.61 (m, 2H,
CH,), 2.52 (t, J= 6.5 Hz, 2H, CHy), 2.09 (quint, J = 6.5 Hz, 2H, Allylic CH,), 1.73 (s, 3H,
CHs); “C NMR (150 MHz, CDCl3) 8200.0, 157.2, 156.2, 142.8, 131.9, 130.0, 120.6,
115.5,115.1,94.5,56.1,37.8,32.8,22.8, 12.9.

‘O

0] 4-5 (para)
4'-(methoxymethoxy)-2-methyl-5,6-dihydro-[1,1'-biphenyl]|-3(4H)-one (4-5 (para)).
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In a similar manner to that for the synthesis of
3-isobutoxy-2-methylcyclohex-2-en-1-one (4-4) from 4-5 (meta), target compound 4-5
(para) was obtained from 4-4 in 76% yield. 4-5 (para): 'H NMR (600 MHz, CDCl3) &
7.16 (d, J= 8.9 Hz, 2H, Ar), 7.06 (d, J = 8.9 Hz, 2H, Ar), 5.20 (s, 2H, CH3;0CH>), 3.50 (s,
3H, CH;0CH,), 2.63-2.61 (m, 2H, CH,), 2.51 (t, J = 6.6 Hz, 2H, CH)), 2.08 (quint, J = 6.3
Hz, 2H, Allylic CHy), 1.75 (s, 3H, CHs); 3C NMR (150 MHz, CDCl3) 8 200.1, 156.9,
156.1,134.8,131.7, 128.7, 115.9, 94.4, 56.1, 37.8, 32.9, 22.7, 13.0.

O

OH (R) 4-6 (ortho)

(R)-2'-(methoxymethoxy)-2-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-0ol ((R) 4-6
(ortho)).

Under Ar-atmosphere (S)-a,a-diphenylprolinol (15 mol%) and B(OMe); (0.16 eq) were
dissolved in THF. The mixture was stirred for 1 h at room temperture, before
BHj;N, N-diethylaniline (1.5 eq) was added and the resulting solution cooled to -10 °C. A
solution of 4-5 (orthe) in THF was added over 45 min. Then the solution was stirred at
-5 °C for 12 h. The reaction mixture was quenched with 1M HCI and extracted with Et,0.
The combined organic layers were washed with brine, dried over NaySOs, filtered, and
concentrated. The residue was purified by column chromatography on silicagel
(hexane/AcOEt) to give (R) 4-6 (ortho) in 91 % yield. (R) 4-6 (ortho): 'H NMR (600
MHz, CDCl;) 8 7.20 (dd, J = 8.4 Hz, 1H, Ar), 7.09 (d, J=7.8 Hz, 1H, Ar), 7.03 (brs, 1H,
Ar), 6.98 (brs, 1H, Ar), 5.13 (s, 2H, CH,OCH3), 4.13 (brd, 1H, CHOH), 3.46 (s, 3H,
CH,OCHa), 2.33 (brd, 1H, CH,), 2.12-2.04 (m, 1H, CHy), 1.89-1.77 (m, 3H, CH,, Allylic
CH,), 1.70 (brs, 1H, Allylic CH>), 1.59 (s, 3H, CH3).
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OMOM

‘O

6H (R)4-6 (meta)

(R)-3'-(methoxymethoxy)-2-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-0l ((R) 4-6
(meta)).

In a similar manner to that for the synthesis of (R) 4-6 (ortho) from 4-5 (ortho), target
compound (R) 4-6 (meta) was obtained from 4-5 (meta) in 93% yield. (R) 4-6 (meta): 'H
NMR (600 MHz, CDCl3) 8 7.24 (t, 1H, J = 7.8 Hz, Ar), 6.91 (d, 1H, J= 7.8 Hz, Ar), 6.82
(s, 1H, Ar), 6.78 (d, 1H, J = 7.8 Hz, Ar), 5.17 (s, 2H, CH,OCH3), 4.12 (brs, 1H, CHOH),
3.49 (s, 3H, CH,0OCH3), 2.28-2.20 (m, 2H, CH,), 1.86-1.77 (m, 3H, Allylic CH,, CH,),
1.72-1.67 (m, 1H, CH,), 1.70 (s, 3H, CHs); >C NMR (150 MHz, CDCl3) 8 157.1, 144.8,
136.5, 130.5, 129.1, 121.8, 116.1, 114.2, 94.5, 69.4, 56.0, 32.2, 32.0, 18.6, 17.7.

‘O

OH  (R)4-6 (para)

(R)-4'-(methoxymethoxy)-2-methyl-3,4,5,6-tetrahydro-[1,1'-biphenyl]-3-01 ((R) 4-6
(para)).

In a similar manner to that for the synthesis of (R) 4-6 (ortho) from 4-5 (ortho), target
compound (R) 4-6 (para) was obtained from 4-5 (para) in 93% yield. (R) 4-6 (para): 'H
NMR (600 MHz, CDCl3) 8 7.06 (d, 2H, J = 9.0 Hz, Ar), 6.99 (d, 2H, J = 9.0 Hz, Ar), 5.18
(s, 2H, CH,OCH3), 4.11 (brs, 1H, CHOH), 3.50 (s, 3H, CH,OCHs), 2.27-2.18 (m, 2H,
CH,), 1.85-1.77 (m, 3H, Allylic CH,, CH»), 1.70 (s, 3H, CHs); 13C NMR (150 MHz,
CDCls) 8 155.8, 136.9, 136.2, 130.3, 129.2, 115.8, 94.5, 69.5, 56.0, 32.3, 32.0, 18.7, 17.7.
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OH 4-7 (ortho)

(1R,25,3S)-3-(2-(methoxymethoxy)phenyl)-2-methylcyclohexan-1-ol (4-7 (ortho)).

To a mixture of alchol (R) 4-6 (ortho) and imidazole (2.0 eq) in DMF was added Et;SiCl
(1.5 eq) at 0°C. After stirring for 3 h at room temperture, to this was added saturated
aqueous NaHCO; at 0°C. The mixture was extracted with hexane, dried over MgSOs,
filtered, and concentrated to provide the silyl ether, which was subjected to the next
reaction without purification.

To a solution of the residue thus obtained in MeOH was added 10% Pd/C (5 wt%). Under
H, atmosphere (1atm) the suspension was stirred for 12 h at room temperature or 40°C and
filtered through a pad of Celite. The filtrate was concentrated to provide the reductant of
silyl ether, which was subjected to the next reaction without purification.

To a solution of the residue thus obtained in THF was added n-BuyNF (1.5 eq) at 0°C.
After stirring for 3 h at room temperature, saturated aqueous NH4Cl was added, and then
the mixture was extracted with ether. The organic layer was dried over NaySOq, filtered,
concentrated and chromatographed on silica gel (hexane/AcOEt) to give 4-7 (ortho) in
80% yield (dr 92:8). 4-7 (ortho) 'H NMR (600 MHz, CDCls) 8 7.15 (dd, J = 7.8 Hz, 1H,
Ar), 7.12 (dd, J= 7.8 Hz, 1H, Ar), 7.08 (dd, J= 7.8 Hz, 1H, Ar), 6.96 (dd, J = 7.8 Hz, 1H,
Ar), 5.20 (dd, J = 6.3, 10.5 Hz, 2H, CH,OCHj3), 3.96 (ddd, J = 3.6, 12.0 Hz, 1H, CHOH),
3.49 (s, 3H, CH,OCHs), 3.22 (ddd, 1H, J= 3.6, 13.2 Hz, CHAr), 2.38 (ddq, /= 3.6, 7.2 Hz,
1H, CHCH3), 1.91-1.72 (m, 3H), 1.56-1.44 (m, 3H), 1.38 (brs, 1H, OH.), 0.66 (d, J = 7.2
Hz, 3H, CHCHs); *C NMR (150 MHz, CDCl;) 8 154.5, 133.2, 128.1, 126.8, 121.2, 113.7,
94.5,73.7,56.1,39.1,38.2,28.7,24.4,23.2,5.9.
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OMOM

OH 4-7 (meta)

(IR,2S,SS)-3-(3-(méthoxymethoxy)phenyl)-2-methylcyclohexan-1-01 (4-7 (meta)).

In a similar manner to that for the synthesis of 4-7 (ortho) from (R) 4-6 (ortho), target
compound 4-7 (meta) was obtained from (R) 4-6 (meta) in 91% yield (dr 96:4). 4-7
(meta): "H NMR (600 MHz, CDCls) 8 7.21 (dd, J= 7.8 Hz, 1H, Ar), 6.88 (dd, J=2.4,7.8,
1H, Ar), 6.85 (s, 1H, Ar), 6.83 (d, 1H, J = 7.8 Hz, Ar), 5.20 (d, /= 1.2 Hz, 2H, CH,OCHa),
3.92 (ddd, J = 3.6, 11.4 Hz, 1H, CHOH), 3.48 (s, 3H, CH,OCH3), 2.79 (ddd, J = 3.6, 13.2
Hz, 1H, CHAr), 2.25 (dq, J = 3.6, 7.2 Hz, 1H, CHCH3), 1.88 (ddddd, /= 3.0, 13.2 Hz, 1H,
CH,), 1.73 (dddd, J = 4.2, 12.6 Hz, CH,), 1.73-1.70 (m, 1H, CH,), 1.59 (dddd, J = 3.0,
13.2 Hz, 1H, CHy), 1.55 (brs, 1H, OH), 1.49 (dddd, J = 4.2, 12.6 Hz, 1H, CH»), 1.40 (dddd,
3.6, 13.2 Hz, 1H, CH»), 0.66 (d, J = 7.2 Hz, 3H, CHCHa); BC NMR (150 MHz, CDCl5)
8§ 157.2, 146.4, 129.0, 121.1, 115.7, 113.4, 94.5, 73.7, 55.9, 45.5, 41.4, 28.4, 24.1, 22.9,

5.5.

OH 4-7 (para)

(1R,25,3S)-3-(4-(methoxymethoxy)phenyl)-2-methylcyclohexan-1-ol (4-7 (para)).

In a similar manner to that for the synthesis of 4-7 (ortho) from (R) 4-6 (ortho), target
compound 4-7 (para) was obtained from (R) 4-6 (para) in 97% yield (dr 94:6). 4-7
(para): "H NMR (600 MHz, CDCl;) 8 7.09 (d, J= 7.8 Hz, 2H, Ar), 6.97 (d, J = 7.8 Hz, 2H,
Ar), 5.16 (s, 2H, CHOCHj3), 3.92 (m, 1H, CHOH), 3.48 (s, 3H, CH,OCHjs), 2.77 (ddd, J =
3.4, 12.9 Hz, 1H, CHAr), 2.21 (dq, J = 3.4, 6.9 Hz, 1H, CHCHj3), 1.88 (ddddd, J = 3.0,
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13.1 Hz, 1H, CHy), 1.72 (dddd, J = 3.6, 13.2 Hz, 1H, CHy,), 1.56 (brs, 1H, OH), 1.49 (dddd,
J=13.8, 12.6 Hz, 1H, CH,), 1.41 (ddddd, J = 3.9, 13.1 Hz, 2H, CHy), 0.65 (d, J = 7.8 Hz,
3H, CHCH;); *C NMR (150 MHz, CDCl3) 8 155.4, 138.1, 128.4, 115.9, 94.6, 73.8, 56.0,
44.9,41.6,28.5,24.2,23.2, 5.4.

OMOM

.
.
‘

o) cis-4-8 (meta)

(25,35)-3-(3-(methoxymethoxy)phenyl)-2-methylcyclohexan-1-one (cis-4-8 (meta)).

To a solution of 4-7 (meta) in CH,Cl, was added PCC (1.5 eq) and Celite at 0°C. After
stirring for 3 h at room temperature, the solid material was filtered off and concentrated to
provide the cis-4-8 (meta), which was subjected to the next reaction without purification.
cis-4-8 (meta): 'H NMR (600 MHz, CDCl;) 8 7.22 (dd, J = 8.2 Hz, 1H, Ar), 6.91 (dd, J =
1.8, 8.2 Hz, 1H, Ar), 6.81 (s, 1H, Ar), 6.77 (d, J = 7.8 Hz, 1H, Ar), 5.16 (s, 2H, CH,OCH3),
3.48 (S, 3H, CH,OCHs), 3.30 (ddd, J = 4.5, 9.0 Hz, 1H, CHAr), 2.73 (quint, J = 6.6, 13.2
Hz, 1H, CHy), 2.56 (ddd, J=5.4, 9.7, 15.0 Hz, 1H, CH,), 2.40 (ddd, J= 5.4, 15.0 Hz, 1H,
CHb), 2.10-1.98 (m, 3H), 1.80-1.70 (m, 1H, CH,), 0.94 (d, J = 6.6 Hz, 2H, CHCH3;); "*C
NMR (150 MHz, CDCls) 8 214.7, 157.4, 143.6, 129.3, 121.5, 116.3, 114.0, 94.5, 56.0,
49.8,47.6,38.7,27.1,23.9,12.1.

OMOM

o trans-4-8 (meta)

(2R ,35)-3-(3-(methoxymethoxy)phenyl)-2-methylcyclohexan-1-one (frans-4-8 (meta)).
To a solution of the residue thus obtained in MeOH was added K,COs (3.0 eq). The
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mixture was stirred at room temperature for 24 h and the added H,O. The combined
organic layers were extracted with hexane, dried over MgSOs, filtered, and concentrated to
give trans-4-8 (meta) in 97% yield. trans-4-8 (meta): "H NMR (600 MHz, CDCl3) & 7.24
(d, J=8.4, 1H, Ar), 6.92 (dd, J=2.4, 8.4 Hz, 1H, Ar), 6.87 (s, 1H, Ar), 6.85 (d,J=7.2 Hz,
1H, Ar), 5.18 (d, J = 1.8 Hz, 2H, CH,OCHz), 3.49 (s, 3H, CH,OCHz), 2.61 (sext, J = 6.1
Hz, 1H, CH,), 2.51 (ddd, J= 4.2, 12.0 Hz, 1H, CH,), 2.55-2.43 (m, 1H, CH»), 2.47 (dq, J=
6.0, 13.8 Hz, 1H, CHCHa), 2.14 (ddddd, J = 3.0, 13.8 Hz, 1H, CH,), 2.01-1.99 (m, 1H,
CH,), 1.93 (ddd, J = 3.6, 13.8 Hz, 1H, CHAr), 1.75 (ddddd, J = 4.2, 13.2 Hz, 1H, CH),
0.83 (d, J = 6.6 Hz, 3H, CHCH3); C NMR (150 MHz, CDCl3) & 212.3, 157.6, 145.6,
129.6,120.8, 115.3, 114.1, 94.5, 56.0, 53.1, 50.5, 41.8, 34.4, 26.5, 12.3.

o
o

O  trans-4-8 (ortho)

(2R,3S)-3-(2-(methoxymethoxy)phenyl)-2-methylcyclohexan-1-one (trans-4-8 (ortho)).
In a similar manner to that for the synthesis of #rans-4-8 (meta) from 4-7 (meta), target
compound trans-4-8 (ortho) was obtained from 4-7 (ortho) in 91% yield. frans-4-8
(ortho): '"H NMR (600 MHz, CDCl3) 8 7.22 (d, J = 7.8 Hz, 1H, Ar), 7.18 (dd, J = 7.8 Hz,
1H, Ar), 7.09 (d, J= 7.8 Hz, 1H, Ar), 7.01 (d, /= 7.8 Hz, 1H, Ar), 5.19 (dd, J = 6.0, 16.2
Hz, 2H, CH,OCH3), 3.46 (s, 3H, CH,OCH3), 3.15 (t, J =10.5 Hz, 1H, CH»), 2.76 (sext, J =
6.0 Hz, 1H, CHy), 2.52-2.50 (m, 1H, CH,), 2.48 (dq, J = 6.0, 13.2 Hz, 1H, CHCH3), 2.13
(dddd, J= 3.2, 6.0 Hz, 1H, CHy), 2.02-1.92 (m, 2H, CH,), 1.78 (ddd, J = 4.2, 13.2 Hz, 1H,
CHAr), 0.83 (d, J = 7.2 Hz, 3H, CHCHz); 3C NMR (150 MHz, CDCl;) 8 212.3, 157.6,
145.6, 129.6, 120.8, 115.3,114.1, 94.6, 94.5, 94.4, 56.0, 53.1, 50.5, 41.8, 34.4, 26.5, 12.3.
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e
o

o) trans-4-8 (para)

(2R,35)-3-(4-(methoxymethoxy)phenyl)-2-methylcyclohexan-1-one (rans-4-8 (para)).

In a similar manner to that for the synthesis of trans-4-8 (meta) from 4-7 (meta), target
compound frans-4-8 (para) was obtained from 4-7 (para) in 91% yield. trans-4-8
(para): '"H NMR (600 MHz, CDCls) 8 7.11 (d, J = 8.4 Hz, 1H, Ar), 7.00 (d, J= 8.4 Hz, 1H,
Ar), 5.17 (s, 2H, CH,OCH3), 3.49 (s, 3H, CH,OCHzs), 2.58 (sext, J = 6.2 Hz, 1H, CHa,),
2.50 (dddd, J = 3.0, 11.4 Hz, 1H, CH»), 2.53-2.47 (m, 1H, CH,), 2.47 (dq, /= 6.0, 13.8 Hz,
1H, CHCH3), 2.13 (ddddd, J = 3.0, 13.8 Hz, 1H, CHb), 1.99-1.95 (m, 1H, CH,), 1.91 (ddd,
J=13.6,13.8 Hz, 1H, CHAr), 1.75 (ddddd, J = 4.2, 13.2 Hz, 1H, CH>), 0.81 (d, /= 6.0 Hz,
3H, CHCH3); “C NMR (150 MHz, CDCl3) 212.4, 155.9, 137.3, 128.1, 116.3, 94.5, 56.0,
52.4,50.8,41.8, 34.6,26.4, 12.2.

e

I
Br trans-4-9 (ortho)

2-((1S,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenol (¢#rans-4-9 (ortho)).

To a mixture of PhsP"(CH,Br)Br (3.0 eq) and THF was added LDA (1.0 M in THF, 2.9
eq) at -78°C. It was allowed to warm to 0°C and stirred for 1 h. After cooling to -78°C, to
this was added a solution of frans-4-8 (ortho) and the mixture was stirred for 12h at 0°C.
The mixture was filtered through a short pad of silica gel, washing with hexane. The
solvent was removed under reduced pressure to provide the bromide, which was subjected
to the next reaction without purification.

To a solution of the residue thus obtained in MeOH was added 3N HCI was added at 0°C.
After sttired for 24h, the reaction mixture was quenched with saturated aqueous NaHCOs3

and extracted with Et,O. The combined organic layers were washed with brine, dried over
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Na,SOy, filtered, and concentrated. The residue was purified by column chromatography
on silicagel (hexane/AcOEt) to give trans-4-9 (ortho). trans-4-9 (ortho): 'H NMR (600
MHz, CDCl;) 8 7.17 (d, J= 7.8 Hz, 1H, Ar), 7.07 (d, J=7.5 Hz, 1H, Ar), 691 (d, J= 7.5
Hz, 1H, Ar), 6.72 (d, J = 7.8 Hz, 1H, Ar), 5.94 (s, 1H, C=CH), 4.67 (brs, 1H, OH),
3.12-3.09 (m, 1H, CH,), 2.68 (ddd, J = 3.6, 10.8 Hz, 1H, CH,), 2.47 (sext, J = 6.0 Hz,
CH,), 1.76 (ddd, J = 3.6, 12.6 Hz, 1H, CHAr), 1.95-1.84 (m, 3H), 1.76 (ddd, J = 3.6, 12.6
Hz, 1H, CHAr), 1.46 (ddddd, J = 4.2, 12.6 Hz, 1H, CHy), 0.87 (d, J = 7.2 Hz, 3H,
CHCH;); C NMR (150 MHz, CDCl3) 8 153.0, 148.5, 131.1, 127.8, 126.9, 121.1, 115.5,
98.9,45.4,43.1, 33.6,32.4,26.6, 15.3.

t‘\ j:

Br trans-4-9 (meta)

3-((15,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenol (trans-4-9 (ortho)).

In a similar manner to that for the synthesis of #rans-4-9 (ortho) from frans-4-8 (ortho),
target compound #rans-4-9 (meta) was obtained from frans-4-8 (meta). frans-4-9 (meta)
'H NMR (600 MHz, CDCl3) 8 7.16 (dd, J = 8.1 Hz, 1H, Ar), 6.74 (d, J= 7.8 Hz, 1H, Ar),
6.68-6.65 (m, 2H, Ar), 5.93 (s, 1H, C=CH), 4.83-4.75 (m, 1H, OH), 3.10 (brd, J =12.6 Hz,
1H, CHp), 2.32 (sext, J = 5.8 Hz, 1H, CH,), 2.18 (ddd, J = 4.2, 11.4 Hz, 1H, CHAr),
1.94-1.86 (m, 3H), 1.67 (dddd, J = 3.6, 12.6 Hz, 1H, CH,), 1.43 (dddd, J = 3.6, 13.2 Hz,
1H, CH,), 0.83 (d, J = 6.0 Hz, 3H, CHCHs); °C NMR (150 MHz, CDCl;) 8 155.6, 148.3,
147.3, 129.6, 120.0, 114.2, 113.2,99.1, 53.2,43.7,35.2,32.4,26.6, 15.7.
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r
|

Br trans-4-9 (para)

4-((1S,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenol (¢#rans-4-9 (para)).

In a similar manner to that for the synthesis of frans-4-9 (ortho) from trans-4-8 (ortho),
target compound frans-4-9 (para) was obtained from frans-4-8 (para). trans-4-9 (para):
'H NMR (600 MHz, CDCl3) 8 7.03 (d, J = 8.4 Hz, 1H, Ar), 6.77 (d, J = 8.4 Hz, 1H, Ar),
5.92 (s, 1H, C=CH), 4.65 (brs, 1H, OH), 3.10-3.08 (m, 1H, CH,), 2.28 (sext, J = 5.8 Hz,
1H, CH,), 2.17 (ddd, J=4.2, 11.4 Hz, 1H, CHAr), 1.94-1.85 (m, 3H), 1.65 (dddd, J = 3.0,
12.6 Hz, 1H, CH,), 1.42 (dddd, J = 4.2, 13.2 Hz, 1H, CH), 0.81 (d, J = 6.0 Hz, 3H,
CHCHs); °C NMR (150 MHz, CDCl3) 8 153.8, 148.5, 137.7, 128.4, 115.2, 98.9, 52.5,
44.1,35.5,32.4,26.6, 15.7.

resoT )

t‘\

l
Br” 4-10-C2 (ortho)

((4-2-((1S,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenoxy)-2-methylbutan-2
-yl)oxy)triethylsilane (4-10-C2 (ortho)).

To a solution of alcohol #rans-4-9 (ortho) in DMF was added K,CO; and
triethyl((4-iodo-2-methylbutan-2-yl)oxy)silane. The mixture was stirred for 24 h at 50°C.
After addition of H,O, the mixture was extracted with ether. The combined organic layers
were washed with brine, dried over MgSOy, filtered, and concentrated. The residue was
purified by column chromatography on silica gel (hexane/AcOEt) to give 4-10-C2
(ortho).: "H NMR (600 MHz, CDCl;) 8 7.16 (d, J = 7.8 Hz, 1H, Ar), 7.15 (d, J = 7.8 Hz,
1H, Ar), 6.91 (d, /= 7.2 Hz, 1H, Ar), 6.87 (d, J = 8.4 Hz, 1H, Ar), 5.92 (s, 1H, C=CH),
4.10 (t, J= 6.9 Hz, 2H, CH,0Ar), 3.10-3.09 (m, 1H, CH,), 2.80 (brs, 1H, CH>), 2.47 (brs,
1H, CH,), 1.95 (t, J= 7.2 Hz, 2H, CCH>CH3), 1.91-1.86 (m, 2H, CH,), 1.81-1.66 (m, 2H,
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CH,), 1.46-1.40 (m, 1H, CHy), 1.30 (s, 3H, C(CHs),), 1.29 (s, 3H, C(CHs)y), 0.95 (t, J =
7.8 Hz, 9H, Si(CH,CH)s), 0.82 (d, J = 7.2 Hz, 3H, CHCH3), 0.59 (q, J = 7.8 Hz, 6H,
Si(CH,CH;)3); °C NMR (150 MHz, CDCL) 8 156.6, 149.0, 133.4, 127.4, 126.9, 1204,
111.5,98.6, 72.4, 64.8, 43.8, 43.0, 33.8, 32.5, 30.5, 30.4, 26.7, 15.4, 7.1, 6.7.

TESO)I\/\/O
Q

“\

l
Br” 4-10-C3 (ortho)

((5-(2-((1S,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenoxy)-2-methylpentan-
2-yDoxy)triethylsilane (4-10-C3 (ortho)).

In a similar manner to that for the synthesis of 4-10-C2 (ortho) from frans-4-9 (ortho),
target compound 4-10-C3 (ortho) was obtained from #rans-4-9 (ortho) and
triethyl((5-iodo-2-methylpentan-2-yl)oxy)silane. trans-4-9 (para): 'H NMR (600 MHz,
CDCl3) 8 7.15 (d, J= 7.8 Hz, 1H, Ar), 7.14 (d, J=7.8 Hz, 1H, Ar), 6.90 (d, /= 7.8 Hz, 1H,
Ar), 6.87 (d, J= 7.8 Hz, 1H, Ar), 5.92 (s, 1H, C=CH), 3.94 (t, J = 6.6 Hz, 2H, CH>OAr),
3.11-3.08 (m, 1H, CH,), 2.78 (brs, 1H, CH»), 2.51 (brs, 1H, CH»), 1.92-1.72 (m, 6H, CH>),
1.58-1.56 (m, 2H, CH>), 1.48-1.40 (m, 1H, CHs), 1.24 (s, 6H, C(CHs),), 0.95 (t, J = 7.8 Hz,
9H, Si(CH>CHs);), 0.83 (d, J = 6.0 Hz, 3H, CHCH3), 0.57 (q, J = 7.8 Hz, 6H,
Si(CH,CHs)3); °C NMR (150 MHz, CDCls) & 156.7, 148.9, 133.5, 127.7, 126.9, 120.5,
111.7,98.6, 73.0, 68.7,42.9, 41.7, 33.6, 32.5, 29.9, 26.7, 24.6, 15.4, 7.1, 6.8.
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0/\n,OMe
(0]

“\ ::

Br 4-10-C1-OMe (meta)

methyl-2-(3-((1LS,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenoxy)acetate
(4-10-C1-OMe (meta)).

In a similar manner to that for the synthesis of 4-10-C2 (ortho) from trans-4-9 (ortho),
target compound 4-10-C1-OMe (meta) was obtained from frans-4-9 (meta) and methyl
2-iodoacetate. 4-10-C1-OMe (meta): 'H NMR (600 MHz, CDCl;) 8 7.22 (d, J = 7.8 Hz,
1H, Ar), 6.81 (d, J= 7.8 Hz, 1H, Ar), 6.77 (s, 1H, Ar), 6.72 (dd, J = 2.4, 8.4 Hz, 1H, Ar),
5.93 (s, 1H, C=CH), 4.63 (s, 2H, CH»(O)CH3), 3.81 (s, 3H, CH»(O)CHz), 3.11-3.09 (m, 1H,
CH,), 2.32 (sext, J= 5.9 Hz, 1H, CH,), 2.20 (ddd, J = 3.6, 10.8 Hz, 1H, CHAr), 1.96-1.87
(m, 3H, CH,, CHCH3), 1.67 (dddd, J = 3.0, 13.2 Hz, 1H, CHy), 1.47-1.40 (m, 4H, CH),
0.82 (d, J = 6.6 Hz, 3H, CHCHs); "C NMR (150 MHz, CDCl3) 8 169.4, 157.9, 148.2,
147.2,133.4,129.5, 121.0, 114.3, 111.7,99.1, 65.4, 53.3, 52.2, 43.7, 35.3, 32.4, 26.6, 15.7.

o/\)é)TES

o‘\ i:

Br 4-10-C2 (meta)

((4-(3-((18,2R,E)-3-(bromomethylene)-2-methylcyclohexyl) phenoxy)-2-methylbutan-2
-yDoxy)triethylsilane (4-10-C2 (meta)).

In a similar manner to that for the synthesis of 4-10-C2 (ortho) from trans-4-9 (ortho),
target compound 4-10-C2 (meta) was obtained from trans-4-9 (meta) and

triethyl((4-iodo-2-methylbutan-2-yl)oxy)silane. 4-10-C2 (meta) : 'H NMR (600 MHz,
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CDCls) 87.20 (d, J = 7.8 Hz, 1H, Ar), 6.75 (d, J=7.8 Hz, 1H, Ar), 6.74 (d, /= 7.8 Hz, 1H,
Ar), 6.71 (s, 1H, Ar), 5.93 (s, 1H, C=CH), 4.12 (1, J = 7.2 Hz, 2H, CH,0Ar), 3.11-3.09 (m,
1H, CHy), 2.33 (sext, J = 6.1 Hz, 1H, CHy), 2.19 (ddd, J = 3.0, 12.0 Hz, 1H, CHAr), 1.94 1,
J=17.2 Hz, 2H, CH,0Si), 1.95-1.86 (m, 4H, CH,, CHCH3), 1.69 (dddd, J = 3.6, 12.6 Hz,
1H, CH,), 1.47-1.41 (m, 1H, CH,), 1.30 (s, 6H, C(CHs)), 0.95 (t, J = 7.8 Hz, 9H,
Si(CH,CH;)3), 0.83 (d, J = 7.2 Hz, 3H, CHCHs) , 0.59 (q, J = 7.8 Hz, 6H, Si(CH,CHs)s);
13C NMR (150 MHz, CDCls) 8 159.4, 148.4, 146.9, 129.4, 119.6, 113.9, 111.8, 99.0, 72.4,
64.7,53.4,43.8,43.7,35.3, 32.5, 30.4, 30.3, 26.6, 15.7, 7.1, 6.7.

Br 4-10-C3 (meta)

((5-(3-((1S,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenoxy)-2-methyl
pentan-2-yl)oxy)triethylsilane (4-10-C3 (meta)).

In a similar manner to that for the synthesis of 4-10-C2 (ortho) from #rans-4-9 (ortho),
target compound 4-10-C3 (meta) was obtained from frans-4-9 (meta) and
triethyl((5-iodo-2-methylpentan-2-yl)oxy)silane. 4-10-C3 (meta): 'H NMR (600 MHz,
CDCl3) 8 7.19 (d, J= 7.5 Hz, 1H, Ar), 6.74-6.71 (m, 3H, Ar), 5.93 (s, 1H, C=CH), 3.95 (4,
J=17.2 Hz, 2H, CH,0Ar), 3.11-3.09 (m, 1H, CH,), 2.34 (sext, J = 5.9 Hz, 1H, CH,), 2.19
(ddd, J = 3.0, 10.8 Hz, 1H, CHAr), 1.94-1.85 (m, 6H,), 1.69 (dddd, J = 3.6, 12.6 Hz, 1H,
CHy), 1.59-1.56 (m, 2H, CH,), 1.49-1.40 (m, 1H, CH,), 1.24 (s, 6H, C(CH3)2), 0.95 (t, J =
7.8 Hz, 9H, Si(CH,CHs);), 0.83 (d, J = 7.2 Hz, 3H, CHCHs) , 0.58 (q, J = 7.8 Hz, 6H,
Si(CH,CHs)3); °C NMR (150 MHz, CDCl3) 8 159.3, 148.4, 146.9, 129.3, 119.6, 113.8,
111.8,99.0,73.0, 68.4, 53.4,43.7,42.3, 41.3, 35.3, 32.4,29.9, 26.6, 24.4, 15.7, 7.1, 6.8.
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4-10-C1-OMe (para)

methyl-2-(4-((1S,2R,E)-3-(bromomethylene)-2-methylcyclohexyl)phenoxy)ace
tate (4-10-C1-OMe (para)).

In a similar manner to that for the synthesis of 4-10-C2 (ortho) from frans-4-9 (ortho),
target compound 4-10-C1-OMe (para) was obtained from trans-4-9 (para) and methyl
2-iodoacetate. 4-10-C1-OMe (para): 'H NMR (600 MHz, CDCl;) 8 7.08 (d, J = 8.4 Hz,
2H, Ar), 6.85 (d, J = 8.4 Hz, 2H, Ar), 5.92 (s, 1H, C=CH), 4.62 (s, 2H, CH,(O)CH3), 3.81
(s, 3H, CH,(O)CHa), 3.11-3.08 (m, 1H, CH,), 2.30 (sext, J = 5.9 Hz, 1H, CH,), 2.19 (ddd,
J=13.6,12.0 Hz, 1H, CHAr), 1.94-1.85 (m, 3H, CH,, CHCH3), 1.66 (dddd, J = 3.6, 13.2
Hz, 1H, CH,), 1.46-1.39 (m, 4H, CH,), 0.80 (d, J = 7.2 Hz, 3H, CHCHjs); >C NMR (150
MHz, CDCls) 8 169.5, 156.3, 148.4, 138.7, 128.3, 114.7, 99.0, 65.5, 52.5, 52.2, 44.0, 35.5,
32.4,26.6,15.7.

4-11 (meta)

TBSO" OoTBS

3-((1S,2R,E)-3-(2-((3R,5R)-3,5-bis((tert-butyldimethylsilyl) oxy)cyclohexylidene)ethylid
ene)-2-methylcyclohexyl)phenol (4-11 (meta)).

To a mixture of boronate 2-63 (1.2 eq), aqueous 3N KOH and THF was added dropwise a
mixture bromide trans-4-9 (meta) and PdCl(dppf) (8 mol%) in THF at room temperature.

The resulting mixture was stirred for 12 h at 60°C. After addition of Et,O, the mixture was
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washed with IN HCI and brine, dried over MgSOs, concentrated, passed through a short
silica gel column with 1 % ether in hexane, and then concentrated to provide the coupling
product 4-11 (meta). 4-11 (meta): "H NMR (600 MHz, CDCl3) 8 7.15 (d, J= 8.4, 1H, Ar),
6.75 (d, J = 7.2 Hz, 1H, Ar), 6.67-6.66 (m, 2H, Ar), 6.19 (d, J = 10.8 Hz, 1H, CH=CH),
6.05 (d, J = 10.8 Hz, 1H, CH=CH), 4.90 (brs, 1H, OH), 4.11-4.06 (m, 2H, CHCH,CH),
2.96 (m, 1H, CH,), 2.41-2.27 (m, 4H), 2.19-2.12 (m, 2H), 1.91-1.78 (m, 4H), 1.71-1.60 (m,
3H), 1.44-1.36 (m, 1H), 0.89 (s, 9H, SiC(CHjs)3), 0.88 (s, 9H, SiC(CHs)3), 0.83 (d, J =6.6
Hz, 3H, CHCHj3), 0.07 (s, 3H, Si(CHs),), 0.06 (s, 6H, Si(CHs)), 0.05 (s, 3H, Si(CHs),);
BC NMR (150 MHz, CDCl;) & 155.6, 148.6, 143.9, 134.9, 129.4, 122.0, 115.6, 114.2,
112.9, 68.3, 68.0, 53.9, 46.0, 43.7, 43.6, 37.1, 35.7, 29.7, 27.6, 25.9, 18.2, 15.9, -4.7, -4.8,
-4.9.

4-11 (meta)
(diastereomer)

TBSO" oTBS

3-((15,2R,E)-3-(2-((3R,5R)-3,5-bis((tert-butyldimethylsilyl)oxy)cyclohexylidene)ethylid
ene)-2-methylcyclohexyl)phenol (4-11 (meta) (diastereomer)).

In a similar manner to that for the synthesis of 4-11 (meta) from #rans-4-9 (meta) and
2-63, target compound 4-11 (meta) (diastereomer) was obtained from trans-4-9 (meta)
(diastereomer) and 2-63. 4-11 (meta) (diastereomer): 'H NMR (600 MHz, CDCl;) &
7.15(d, J=17.5, 1H, Ar), 6.75 (d, J= 7.2 Hz, 1H, Ar), 6.67-6.65 (m, 2H, Ar), 6.19 (d, J =
10.8 Hz, 1H, CH=CH), 6.05 (d, J = 10.8 Hz, 1H, CH=CH), 5.00 (brs, 1H, OH), 4.14-4.06
(m, 2H, CHCH,CH), 2.96-2.95 (m, 1H, CH,), 2.41-2.26 (m, 4H), 2.19-2.11 (m, 2H),
1.92-1.76 (m, 4H), 1.71-1.62 (m, 3H), 1.40-1.33 (m, 1H), 0.89 (s, 9H, SiC(CHs;)3), 0.86 (s,
9H, SiC(CHs)3), 0.83 (d, J =7.2 Hz, 3H, CHCHjs), 0.07 (s, 3H, Si(CH3),), 0.06 (s, 3H,
Si(CHs)y), 0.05 (s, 3H, Si(CHs),), 0.04 (s, 3H, Si(CHs),); “C NMR (150 MHz, CDCl;) &
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155.6, 148.6, 144.1, 134.8, 129.4, 122.1, 120.0, 115.4, 114.2, 112.9, 68.2, 68.0, 53.9, 46.0,
43.7,43.5,37.2,35.7,30.0, 27.7,25.9,25.8, 18.2, 15.8, -4.7, -4.8, -4.9.

4-11 (para)

TBSO" oTBS

4-((18,2R,E)-3-(2-((3R,5R)-3,5-bis((fert-butyldimethylsilyl)oxy)cyclohexylidene)ethylid
ene)-2-methylcyclohexyl)phenol (4-11 (para)).

In a similar manner to that for the synthesis of 4-11 (meta) from #rans-4-9 (meta) and
2-63, target compound 4-11 (para) was obtained from trans-4-9 (para) (diastereomer)
and 2-63. 4-11 (para): '"H NMR (600 MHz, CDCl3) 8 7.03 (d, J = 8.4, 1H, Ar), 6.77 (d, J =
8.4, 1H, Ar), 6.19 (d, J = 12.0 Hz, 1H, CH=CH), 6.04 (d, /= 12.0 Hz, 1H, CH=CH), 4.80
(brs, 1H, OH), 4.11-4.06 (m, 2H, CHCH,CH), 2.96-2.94 (m, 1H, CH»), 2.41-2.32 (m, 3H),
2.28-2.23 (m, 1H), 2.15-2.11 (m, 2H), 1.90-1.77 (m, 4H), 1.71-1.60 (m, 2H), 1.42-1.36 (m,
1H), 0.89 (s, 9H, SiC(CHj3)3), 0.86 (s, 9H, SiC(CHjs)3), 0.81 (d, J = 6.6 Hz, 3H, CHCH,),
0.07 (s, 3H, Si(CH;),), 0.06 (s, 6H, Si(CH3),), 0.05 (s, 3H, Si(CHs),); °C NMR (150 MHz,
CDCl;) 8 153.6, 144.2, 138.9, 134.7, 128.4, 122.0, 115.4, 115.1, 68.3, 68.0, 53.1, 46.0,
44.0,43.7,37.1,36.0,29.7,27.6,25.9,18.2, 15.9, -4.7, -4.8, -4.9.
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BHE VDRESBEFMH

FHREZILDHFERT AT T —L L THEZELE, 16-oxafit # I U DFEME
Ldes-DELE X I U DFHEMEDin viroTDE X I VDZREZ 7 E (VDRFEE
REREM 2 M Lz, AR THWEFMERIL, ¥ IVDERELY LRI E
(Vitamin D Receptor: VDRI D FFME A FEM T 27 R B X I VD2 FMEH
& 7 » & A (fluorescence polarization vitamin D receptor competitor assay
(PolarScreen™, Invitrogen))” &, VDRIZXI 2 #E & 6E & 5EAM 4 5 "BF R 0 AR SOt Hh0g
TRNLVFXF—EBEYIVDRAREKaT 7 FX—F—7 v & A (time-resolved
fluorescence resonance energy transfer (TR- FRET) VDR co-activator assay

(LanthaScreen®, Invitrogen)” & %, * (Figure 5-1
g

Figure 5-1
1) FIGbFoseanes PolaElzatiarn 2) TR-FRET VDR
: VDR competitor assay co-activator assay
N\ e
VDR

47 D. K. Stafslien, K. L. Vedvik, T. De Rosier and M. S. Ozers, Mol. Cell. Endocrinol., 2007, 264, 82—89.
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5-1. VDR#E & 88 @ # # B4l

AWRTHEAT DT v A Fy bOMEEBEZHERT 5720, TRO1a,25(0H),VD;
(Aldrich) % V7= OTHARTAR 2 AR AT L7z,

5-1-1. MR EZ I VDEREEEST oA

EHREEE X I U DZREHHET v A (fluorescence polarization vitamin D
receptor competitor assay (PolarScreen™, Invitrogen))id, 584t M VDR (HEZF%) &
"YU A K (Fluoromone™ VDR Red)DEAMEIZH LT, FMERNRTH D E X
VDEFEEEINZ, BHE LZEREZENRY T Rer LTEBRIZTT D,

WY T FEERESGFLART L, ZOBRTTOT I U EBNTIREL,
BTSN RAEDBRE L ThromAEFRET 2 E TIZoF23EE L TEEDORIEH
FRIEESN D28, BRVWMERE mP)PERI SN D, S LT, &) T R)
VDR & DEEEER LIREEE RE RS FLHRTE, ZNDOT T U BB/
SV, RIEHEEE S Ic< <, mVWMRIEE mP)2AER S5,

e, Y A Fe v s I UDREEEMPHERICVDR & OESBTAREAT 2
ETCTRIARMAMEOEEZ X I U DFEEORERINHS L TRIEZITS Z
T, VA FOVDRIZH T B EFatE (ICso, ECso) &R 5, (Figure 5-2)

Figure 5-2

VDR O:SI{ 100 |- ?t« S AU S,

ws 1|

&

Polarization (mP)

VDR VD3 &

1000 [nM]
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DT vEAFy NOPEEFHME L LT, 1a,25(0H),VD: & AV 7= E 21T - 7=, A
5, 10,25(0H),VD; D& % 5 (& : 0.21pM~1,000nM) (2 VDR (1.4 nM),
Fluormon (2.0 nM)Z437E L, HiR T2RHA F 2 X— 3 D%, RIEEOHEIE
Z4T > 72 (0=3: blue, red, green), (Figure 5-3)

Figure 5-3
600 1
P's

550
£ * % 9
E ¢ o
e 500 1 ® £ Y
.0 3
= * =
N
g 450 & . ° " - e 3

400 A . ® L

. .
350 " log [nM]
4 3 2 1 0 1 2
FEATIREDODRESCHEEBEDEFHUHBZESELZE D, MENHELRATZL D

D, BOTEL IEA Pﬂﬂn‘vﬁ (gray)lI/F o N T, BHREGERNRWER TH -7,
WIAZ, BITEHEES TP D Tecan infinit™ F200 pro (Tecan Japan)DHERESEAM % HH &

L C, MRDFluorcein DR FERFNINZ % B RILEEDEIE #1T - 72, Bl'H, Fluorsein®
JREHIFA1.0 nM2> 5 100 naMD /N 7 7 —IRIR DR IEAE 2 BIE L7~ (Figure 5-4)
Figure 5-4

700=
600 g¥, -
= et @ Buffer
% 500= Fluorescein (1.0nM)
9 £ Fluorescein (10nM)
.§ 400 * Fluorescein (50nM)
i; Fluorescein (100nM)
300 l—:'l
A N o N N
esz\% (\9@‘ (9& @Q(s QQ(S‘
5 & & &
0900 <°(’° &96 z"&\
Q\o°§ P \QO P \00 {(\\)0“
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S DFE R, Fluorsein DRI, RAEMETTHERENELN, FD
BIEME S BRESBENORR ThH o7z, Lo T, Z0ORIEHEBICLARESITRL,
IS v N OBFBRMEICHEEDRH B w7, U EORREEE 2T, Z O
RTIE, VA FIBEL000 nME—RETEHMELITS Z L BfE LT,

El%, VDR (1.4 nM)-Fluormon (2.0 nM)DHEAED L &, = HiZ1a,25(0H),VD;
1,000 nM% 537E L 722 D > 7 N D B 7l 21T - 72, (Figure 5-5)

Figure 5-5

550

mP =530

Y S~ [
o v o
<] o S

Polarization (mP)

w
Q]
o

300

Fluormon-VDR

Fluormon-VDR 10,25(0H),VD,

FEHEOFESR, U A FOEMATE T, RILE (mP)IZHMEZRZE (AmP=156)13% 5
n, BRELBNAIBR THo720, 20T viA %y MIE—EE (1,0000M)
DHTOREEITH Z & & LTz,
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5-1-2. REEI RN LB RNV F BB I VDSREaT I FR—F—F vk A

R DR E N EB T RN BB X I UDERE T 7 FR—F—T vk A
(time-resolved fluorescence resonance energy transfer (TR- FRET) VDR co-activator
assay (LanthaScreen®, Invitrogen)i, BHFME ERIEDTbF L — FBGSTH 7 %2/ L
TIEFHSNTZVDRE B I U DFFEE, 2 LT, #{LAYITco-activator & L THEAT
% FEEH~T7"F R (Fluorescein peptide) & VBT v ¥ A 2 Th 5,

Bit, ToZ L — MEF S IN7ZVDRBZEDIREE (apofR) TiE, TbxX L — b2 H—F
D (Donor Emission : 495nm) DA NEH X b, 2R L TE X I U Def#ERk
ZMZ % & VDR-LigandBE &K% % L, co-actibator3 5 & AT HE & 72 B 4REE (holofF)
BRI ITToN D, fitiT T, ZDHEAMIZco-activator & L CTHEEELAIIZE <
Fluorescein peptideS VDR-LigandfE &K DR F - 7= 481 (LXXLLIOEBIRISHE ST
52 LT, ZTORETbF L— O D®E T X /)L X — N Fluorescein peptide |Z E5 %
(FRET)T 5 Z & T, ZOXTF R HDOENFEE (Acceptor Emission : 520nm) A3 38

KBHlEND, Zhzbv ¥ I U DHEEROBERINCH L CRIEZITI Z LT, B
EERFEMNIZELND, ToX L— b2 D O EIHE (Donor Emission : 495nm) &
Fluorescein peptide & 5 Y58 % (Acceptor Emission : 520nm)DHEZ Kb 5 = & T,
U7 ROVDRIZXT A FEEEE (ECso)ZHIET 5, (Figure 5-6)

Figure 5-6
Th) High TR-FRET
§GST VD, # (1 e s SR
VDR - VDR VD3
€
=
wn
(=]
¥
E
=
(=]
N
o)
GsT
VDR VD, O T e ——
1000[nM]
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FEAlE 2 EME L7z, BN D,

10,25(0OH),VD; (JREEFE: 0.21pM~1,0000M)DFFZFNZVDR (1.0 nM), Tbx L —
Rl (2.0 nM), Fluorescein peptide (100 nM)Z 437k L, =R T2E/A v F 2 _X—3
g 1%, 2TEFE DK (Donor Emission: 495 nm, Acceptor Emission: 520 nm) T D |E

#4T-7-, (Figure 5-7)

Figure 5-7

09 7
0.8 1
0.7 1
0.6 1

0.5 1

(520nm/495nm)

0.4 1

03

3

4 log [nM]

BIEDKESR, VA ROREKRFOICELREL (520nm/495nm)73 %5 5 41, ECsg
I$10~15 nMOEFE THIRAMELEON-7-20, FHEFEMERIC OV TS REOERIEIC

XDREZEITO Z

& & L7,
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5-2. R EZ I U DEEE DO VDRE S BT

AT B TO2REE O MM R 4 EIC, 16-0xafl &% I U DFFE(K L des-DFI &
ZE /Dﬁ?%ﬁi@/% MR Z M L7z, £ LT, Z OVDRFSABERIM OfEF & 5
&R EHZ AV 72 AutoDock ™vina program® < I = L—3 3 VSR L OFERERIC
WThH ?% E%4T57-, AutoDock™vina program|Zflexible dockinglZ434E S 5 7=
INZERAWEZETIE, VDRIFRAIEE LTERYES b oL+ 5,

5-2-1. 16-oxaf ©* 7 I DK D VDR 2 B2 5L

ATEOHEEMEFFH OB R E B L 12, 16-0xafl! ' % I U DFFE KD VDRAE S BEET
fifi 2247 > 72, A4 T, VDRAES ﬁé?’?fﬂﬁ&li@ﬁﬁ FIEETH - 7z16-0xafl &% I L DFFE
1%, LATSTEE (3-32, 3-33, 3-36, 3-35-14-¢pi, 3-36-14-epi) Th %, HE=ETO N
X7 Ialb—ra ERLHFELT D, (Figure 5-8)

Figure 5-8

16-oxa-Vitamin D derivatives

OH 1O OH

3-33 (3-35)

HO" OH HO' " "OH
16-0xa-10,25(0H),VD3 16-0xa- 19-nor-10,25(0H),VD4 -hydroxy-16-oxa- 19-nor-
VDR Affinity:-11.5 kcal/mol VDR Afflmty -11.2 kcal/mol 10,25(0H),VD3

VDR Affinity: -11.2 kcal/mol

OH “ OH

3-35-(14epi)

3-36-(14epi)

HO" OH HO™ OH
) 7-10,25(0H),VD3 » 1a25[(0H)2VD3 .
VDR Aff""ty 0.3 Kealimol VDR Affinity: -10.8 kcal/mol

* VDR Affinity: 1a,25(0H),VD3, 19-nor-10,25(0H),VD;=-11.3 kcal/mol (PDB ID: 1S19)
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WDOIZ, BHRHEF I U DZREERET v 112 L 5 VDREFPESE % 325 L
Tz VAV RIZIK, 7727 & L Tla,25(0H),VD; & 19-nor-10,25(0H), VD3 & AV,
16-oxal % I U DFEEREZELETO U H > FEEL, 1,0000MOBE—BE & L
72> VDR-FluoromonfE & &) LRI SN A REME mP)X 9 HEV mPEE R~TFHE
EVDRIZH T 5 BAMEEZH T 2FHEAE TH D, (Figure 5-9)

Figure 5-9

550

N
: 1- g
Y l I
:

FEOMKR, ETOFEERTRLE @P)OBABR RN, RILY
10,25(0H), VD3 & 19-n0r-10,25(0H), VD DR HEAE DI I (AmP: 222~152)7° Erak Y
REL, FNITHEE16-0xaBl B F I U DFEK3-32, 3-33DREIEMEOR BEE IR
N7z (AmP: 119~101), Z DVDRIZXT D FAMEDZEITL, 16ALICHRIR T2 EA L7
LD, TORKEDERK L B U TR RE2SMIKEEDOE T OBEE(LE
ETWLZLDFEHATHH EE R D,

Z DD, 16-oxat’ # I DFFEAE T H 52-alkoxyHl3-36-°14{iLepif3-33 (14-epi),
3-36 (14-epi) DR ICE DR RIT/ NS WFERTH -7z, (AmP: 86~71), 2-alkoxyZ &5
% X UDFEA3-36010,25(0H), VD & DA — 3 —F o FEF )L T, BELeEl
LTHBEFRERYVDPBELINLTWVAN, NKBELKEEETIT I /VBEE

500
450

400

Polarization (mP)

'/."‘ I
2L
(o)
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(ARG-274, SER-237)3, F72IZEB A LT=2M KB & L AKFBREET AL R o
Do ZD XD BREFTIKBER‘EMA DB EEOEMRBEOA L ZE L SELRFL
20, FHFMEAET S8 e FRILTW5, (Figure 5-10)

Figure 5-10

HO' " OH
10,25(0H),-VD;

*green: 10,25(0OH)2-VD3, pink: 3-36

BB TR L DT, 2-alkoxy® B X I VDB EMEIZARERLIMLO T L UL
RIGZERE LT, ARTANICEREEZEALZFERE LTOBENEEINS, B
HEIREE TH HED-TIEm VVERRIEA 2R 2AH-1* D 16-oxafk & L TOFHE
B EEEF OEMARSFEFRBEICLHENFE TS,  (Figure 5-11)

48 M. Matsuo, A. Hasegawa, M. Takano, H. Saito, S. Kakuda, T. Chida, K. Takagi, E.
Ochiai, K. Horie, Y. Harada, M. Takimoto, M. Kamimura, K. Takenouchi, D. Sawada and
A. Kittaka, ACS. Med. Chem. Lett., 2013, 4, 671-674.
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Figure 5-11

disilylation

Y

N ]

01 o f
) ”.‘q 0k

Semif 0l TF

L
ASPi144s, 3.

PDB ID: 4ITF

cis-t KA VXU B TH A 14-epilEFHFERDOA—N—F v TEFT L TIL, &
Lz b—a VORE E1,325M OKEEER 71T —E L TW A28, CDEREN & AZRHED
ELDERVIIERERALPELTNS,

IO e, EBIZIZZOFEEDOVDRA TDI,3,250 D KEREEER 43 D Z2 D
B, VIa2b—val EREFERDZERTFRISN, 2D, 14-epifADVDR
X TAEFENBE B TH Y, R0E DV rans-& Fa A U X U BROBEMED S
IS A%, (Figure 5-12)
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Figure 5-12

.,
%

OH

10,,25(0H),-VD;

* green: 10,25(0OH),-VD3, pink: 3-35-(14epi)

WIZ, BRRHE X I VDZRREHAET v AL VREEORD NEEIZA D
N7z, 16-oxal v % I U DEFEMR (3-32, 3-33) DR fifws eibiE = XL X —iER v
ZIVDRREDT I FR—F—T AL HVDRESENMEZ EiE LTz, 77
YU EIRD Y H Y NITiE, & RIEE1a,25(0H),VDs & 19-nor-10,25(0H), VD3 % F U
7z, (Figure 5-13)
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Figure 5-13
1.5
0
(=2)
(=] A -8
S 1.0- g °
e
[
g 0.5 &
» ,
2 [ %
IE et
0-0 L) L] L] L] I L] L] L] L]
-5 0 5
Concentration (log[nM])
Ligand ECsy (M)
¢ 1a,25«(0H),-VD,4 16.20
19-nor-1 a,25-(0OH),-VD,4 574
16-oxa-10,25-(0OH),-VD, (3-32) 39.87

16-oxa-19-nor-1a,25-(0H),-VD, (3-33) 67.13

BIE DFER, 16-oxall B ¥ I DB ERDECs)IE, 10,25(0H),-VDs & FiE LT, 2~4
BIRE CVDRIZXH T 5+ 072G EE R LTz, ZORERIL, FyF o /v Ial—
va Al kY, 16-oxa X I U DFFER OIS RIRER Sy 28, KR & Hrik L
T, ETERLIEMEBETRLTCVWAZ & LEREMITS Z LN TE 5, (Figure
5-14)
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Figure 5-14

OH

HOY OH
16-oxa-19-nor-10,25(0H)2-VD3

*green: 10,25(0OH)2-VDs3 * green: 19-nor-1a,25(0H)2-VD3
white: 16-oxa-10,25(0H)2-VD3 pink: 16-oxa-19-nor-10,25(0OH)2-VD3

LN LR2 6, 16-oxal B % I U DFFEEMAR O HI E#E F 12 RARELIZ tb ~partial
agonisttI R ZHEENRE LN T WS, ZOEHE LT, Vo7V I RETHWNTY
HERE PORHERL LTOERMBICLIEE L (HEKEEDEER L
NEZ N5, (Figure 5-15)
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Figure 5-15

Bpin
o | 1), base
R + ) —_— >
Br' H o oo\ Aop 2 TBAF

HO™

an
y

V4
/

10,25(0H),VD; /[
(full agonist) /

/
y

Concentration [log(nM)]

Emission ratio (520/495)

e

INHDORRMBADD, FEBIZTAR L, BEAEEET210,25(0H)-VD;
(dr=90:10) & = DBERLS (Aldrich) DVDRAEAREFEDLLE 21T o 72, = DOFElIL, &
v 7V RO TERT 5 BEEERT APAMEEIC L 2RELRET DI L&
HAY L L7=, (Figure 5-16)
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Figure 5-16
1.5
)
g *
S ? s
S 1.0- $ &
Qo
©
6 0.5- s
]
2 )
g S S s a s = aad
0-0 L] L L] L] l L ] L) L] L]
-5 0 5
Concentration (log[nM])
Compound ECs, (M)
* 10,25-(OH),-VD, (aldrich) 16.2

10,25-(OH),-VD, ( ) 171

P OFER, &A% L7210,25(0H),-VDsiE, Z OBERLG & e~ T111.1 nM2>51,000
nM O TOENIRE N ZMEWEBIEZ LS S DD, ECsoffl1X16.2nM & 17.1 naM T
HV1.0 sMiTDRRZEIZ L EEo7ele®d, FEMOERLMHCERERE 2 L 0mic
MRRIL 22V & LT,

wIZ, 10,25(0H),-VD3 F 721319-n0or-10,25(0H),-VD3 & ABRER A3 6 hin 3~ 5 16-oxafil
B4 I UDFHFEMR (3-32, 3-33) T T CTORE SRR 2 3£ Lz, Z OFHEIL, 288
DOFBEARILTE T Tfull agonistE L COFEEINE LN NOHEREZENE LTERL
7z, (Figure 5-17)
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Figure 5-17

Emission ratio (520/495)

full agonist

full agonist

+ full agonist

_ r.*._._.m_s'\

Emission ratio (520/495)

Concentration [log(nM)] Concentration [log(nM)]

B, 10,25(0H),-VD; (A) & ZD19norBl B2 2 VDFFEML (C), LTI bD
16-oxa®l &' % I U DFEL (B, D)DE—RE1,0000M TFRETZHIE L, Z OFHE%
FNZ, FNENRIET DHEEMR (ALB, CED)Z, A\VIZ1,0000MEINH, EiE T2
REfE A ¥ 2= 3 V&ITV, BUFRETZRIET A2 L T, ZOXEBZHEL
7z, (Figure 5-18)

Figure 5-18

Emission ratio (520/495)

1.4+

1.2+ |

0.8~

1.04

-a ok - - - | S » Full agonist
 10,25(0H), VD,
- 16-oxa-1c1,25(0H),VD; (3-32)
C : 19-nor-1c,25(0H),VD,
D : 16-oxa-19-nor-1a,25(0H),VD; (3-33)
* Ligand: 1,000 nM

A A+B B B+A C C+D D D+C
A A \_A \_A

+D +C
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A DFER, 10,25(0H)-VDs (A) & Z D 19norBi v % 2 U DFELR (C)ldxtind 5
16-oxa® &' % I DFER (B, D)DIRMATHR T, TOHNRENKRE BT S
1372 <, full agonist: L COIEMEMERFT DR Th 7=, 16-oxafilt’ ¥ I L DH
BK (B, D)Xt L TRAREL, 19-norBl v & I U DFER (A, BRI L7250 Ti,
S EOERE TN T 5 L DO D, full agonist& L THIET T X 313 & DW IR D1
MMTIFEL D30Tz, BIH, Zh LFHEABEEOFTMER TS CIE, £ 3T 5 VDR (1.0
MK LT, EDIZEAEIZU Y RBFEA LIZRERZ L > TV LHEEITX 3,

LLEDFERNG, 16-0xall B % IV DFFE KD partial agonist? 72 258 %= L 7=
BH&LT, 1) BEDI16-0xal B4 I VDFHERICE T 5 BMELN, KEETYH
VDRIZXf L THRVWEEREZ A L, FRETOMELHIT & 22V " WDR-Ligand#E &1 % Rk L
122 &, 2) HE9D16-oxal % I U DFE A H D VDR-Ligand & 16753 & S holo
e L TOBEEEE 7 D, co-activator & DFEA N LIZ WEEZ & - T
52 & T, FRETOBRA 53D Z ERERTH D EHBISNh S, BEOHEBIC LS
LOPHENTHIUL, ZIUIEHOBERIEY, 10,25(0H),-VDs & 1T R BIEME %R
THERE LTHRERRTO LD TH B,
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5-2-2. des-DFEL v &% I L D E K DO VDRAE & BELH

des-DFL B X I U DFEMRIT, T E CICHFEREEEORHE MR HLBT R
WXL I LVDRREaT 7 F_X—F—T v A FMC LY, —FEDVDRAE
BREZFOZLEZME L TV DD, T bETOFHFEMKILpartial agonist: L TDEE
garmLTWe, ZORRAIE, ZE TIZAREINZdes- DA E X I DFEEERDC
BRERA FNEEMEBFIER S DY T AT LAY —HANL1IOFERE L 72 - T
T EBNBEBThHo T, ZHEFEWRINIE, —FF O RFEEEE LTS /agonist &
LTEAL, b9 —FDHEEMEME )N antagonist & LT DOEENZ/RT RIGEMEZ -
ERHRERTHDEE XD, MUITH, MEHFTFERS OEEREMEE (A, B)YDFIELD
VDRFEBREICEHE L TWAZ L FPRILTWS,  (Figure 5-19)

Figure 5-19

(A) (B)

Emission ratio (520/495)

Concentration [log(nM)]

ARIFZ2 CVDRIE S FEELMIZIT T X Fodes-DEI U Z I U DFBEMKIL, LITEET
bbH, FLTINOHEEDONLFEME ()L, 94:6~82:18DFIFHTH 5, FNETD
RodorZvIalb—ya #BRLIFLT 5, (Figure 5-20)
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Figure 5-20

| dr=94:6 dr=82:18

HO" OH HO" OH
4-12- -C2
4-12- -C2 ( 4-12- -C3
VDR Affinity: -11.7 kcal/mol VDR Affinity: -11.3 kcal/mol VDR Affinity: -11.7 kcal/mol

dr=85:15

HO" OH

4-12-0rtho-C2 4-12-0rtho-C3 4-12- -CO
VDR Affinity: -11.1 kcal/mol VDR Affinity: -11.3 kcal/mol VDR Affinity: -11.0 kcal/mol

des-DFLE & I U DFHEMRIT—EDOVDRESHEEZ RT ZLEZHREL TWVDH D,
SRR EBE T RN F BB X I VDRRE T I FR—F =T A D
LAl & EHE LT, FMEORSR, 4B DOFHER TECs=12.8~48.6 nMD&i[H TVDR
BERENESNZ, U Ay FEBESHEI, 0.21pM~10,0000MTH %, (Figure 5-21)
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Figure 5-21
o~ 1.1 : &
=
8 #
2 -
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O 08 X 4
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‘é 0.7
c
.g 0.6 : Fy
7]
= s = 1
IE 0.5 ¥ ] p
0.4
2 3 -2 1 0 1 2 3 4 log [nM]
Ligand ECs (NM)
1¢,25(0H),-VD, 2.7
® 4.12-meta-C2 12.8
- 4-12-meta-C2 {diastereomer) 48.6
4+ 4-12-meta-C3 35.8
4-12-para-C0 -
4-12-ortho-C2 -
4-12-ortho-C3 30.1

BIE UTzdes-DEIL % X U DFFEEDOF T, 4-12-meta-C2 (A)DSECsfE12.8 nM &
EbLIWVDRESREE R LZ, 4ET7Z 7 & LTHVZ10,25(0H),-VDs
DECsfEi32.7 nMTH VD, i & BT 5 L SERE CRBOVDREGREZ R
BERTHD, LHLARBS, 2 E TITo TE7210,25(0H),-VD; D VDRAE A BEFFH
T, ZDECsfEIF10~15 nMOBEEFH THA Z L BRBRMEL LTIZFLAETH S,

T L EEETNIE, des-DEIEZ X U DFHEMAE 4-12-meta-C2 (A)DECsofE12.8

M & W D EE I, 10,25(0H),-VD; & A% DOVDRIESEEEZ T & b E XD, des-DE!
EZ I UDFEMR 4-12-meta-C2 (A)DNEWVDRFEERELZ R LIZERIL, Py 7
YIal—TarORRELEEANEONI/RTHD, FyF 7 Ialb—v
g 2 CIXVDRIZRT B FFED-11.7 keal/molZ R L TRV, ZIhDT7 77 Th
%19-nor-10,25(0H),-VD3 D3 2 = L—3 7 U FERIE, -11.3 keal/mol & [F1% D VDRE
fofEE2 =L TW5, LT, 25 Doverlap model T, B4 I UDEHEDI, 3, 25
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MDOKBEENFREOEMEEEZRL, ¥ I UDEREE OIREMEEE L O BIFZ
HRUPEoNTND,

INDOCEEAFNVELUEFEFET SO T AT VA —KTHLFHER
4-12-meta-C2 (B)DVDRFE A BEITECsfE48.6 nMTH Y, 4-12-meta-C2 (A) & LLEE T
5 e, HAMSEE CVDRESHEEZ RIBR CTHD, THOBEHIE, RyFrrvia
L—3g b, 1, 3, 25AL D /KEEEENT & 1319-nor-1a,25(0H),-VDs & 1E & A ERERD
ZREZ R LTSN, CIREONAEEDENND, B I VDEEREMEDIE
WHBELIZXLVLDNECTWAEZENERTHD Z EBHRAIS NS,

4-12-meta-C2 (A) & F DV T AT LA~ —{K4-12-meta-C2 (B) 1L, AV DOFE
EEI0%RESTHHFERTH LD, T DCERERILIREE DL X 5 AR VDR
AR OHBEBERIZELN TV, L LARNRD, BITORFEMEIZBWV TS,
Z DECsfEITITRMEDENRBE LN TN D, ZONFMEICET HMEIL, UTE
BETHETOFTERICHBEHEIND LD TH S, (Figure 5-22)

Figure 5-22

(A)
meta-trans-C2
-11.7 kecal/mol

HO"

(B)

meta-trans-C2
(diastereomer)
-10.2 kcal/mol

L S 7;" 2

Ho\. Rt Ao 3 288 & &
%k green: 19-nor-10,25(0H),-VD3, white, pink: des-D type VD;
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des-DFI "% X U DFHE(E 4-12-meta-C2 (A)DKRIZVDRAESREAR R L7 55 ER,
4-12-meta-C3 (C), 4-12-ortho-C3 (D)DECsfEiXZ i1 %41, 35.8/2 U830.1 stMTH > 7=,
“hi, WEDO Ry X7y Ialb—i g i8NG, fIEEBSY DA — 1 —F v
ETFNDAVPRMRENTZHRTH D LA X 5, BIb, FE{£4-12-meta-C3
(C)iF4-12-meta-C2 (A) & B L T, IS DRFBHDPIRRLWVWHFERTHLH -
D, EDH2AIKEEET S DEMEBED AL BE LT TN,
HiE(K4-12-ortho-C3 (D)IZCERENIZ 5 L TorthofiZ 7> HAAIBENMEE L TV A B EK
TH Y, 19-nor-10,25(0H),-VD; DRIBE DR E 5\ &t 5 L BF X VTR ITm
ZRLTWAD, L L Z Dorthofir > HMET AT, MEFMOILVEMM D LD
IZ LT, 25 KBEE VDR & DS R AL VEDICEL ZEHEES & > TW5,
(Figure 5-23)

Figure 5-23

éWH © 7

(©) :
meta-trans-A-C3 RS
-11.7 keal/mol SN

HO"

OH

(D) "
ortho-trans-A-C3 RE¥ S
-11.3 kcal/mol o

HO" OH

des-DFL B % X U DFFEE 4-12-ortho-C2 (E) & 4-12-para-C0 (F)IZVDRIZ%4 %
BEENTV, FLITEARERIARVWFEEARTH S, ZHEFHEENVDRIESRE
RERWVWERIE, Roud /v Ial—ra v b25MKkKBEICAET 250
725, VDR E DFEE R AL VITBEWVWTWRWZ ENRERTHD L FHRITE S,
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Bl %, 4-12-ortho-C2 (E) T ortho (L IZHIE Z B+ 2 FEE TH 2720,
19-nor-10,25(0H),-VDs & DRIE DR T M 272 5, £ L TE ORISERBHIT2R
RTHDHID, KEDISNLKEEE E VDR E DOFEES R A A NKBREN BV TV
WZEREE & Lo T B,

4-12-para-C0 (F)i%, & OVDREHFIPEN-11.0 kcal/molDEEZ R L TE Y, HE
& LTI VDRESENEIFHRAFTERTHHN, 20— N"—F v 7E
TNERDE, TIVXVEERZ2W T =— /) —NEORAIEEZETHHFERTH
D7, 250 KERE: & VDRE R R A A VERIZAKBRED BTV 722 WZ &R E T
HHZ LIIHBTH D, (Figure 5-24)

Figure 5-24

(E)
ortho-trans-A-C2
-11.1 kcal/mol

(F)
para-frans-A-C0
-11.0 kcal/mol

'54_;:-;(,:,

*kgreen: 19-nor-1a,25(0H),-VD3, white, pink: des-D type VD,
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S E D VDR G BEFHME DFE R D D, ECsofE A ~E+nME&H OFHEAE TH LT
full agonist& & L TOEEMMNEON D Z L FEH SN 7=, {AIEHE 4 HimetafiZ, ortho
ALOFBEMEILZ DOFERES DEERC L 0 ISR KEEEALE AN R 72 % [EldE B
(A, BIRTEET B2 LR TRHIENZ LD, ZH 5FEMAI full agonisté LT D
ZBENE R LT L, RuF /v Ial—2arTELNLTWVWAVDRANTHZE
WEE®EE, 2L T, ©¥ I VDFEERNVDRATRELEHBL TE RN &b, &
PEEADMERRIZVDRIZH T A BFMEEZ R L CWA Z ERNTFHRITE S, 2L T, =
DIEDFH B DVDRAE S REFAN T, BMEEA, BOBSZRZEM & VDRIZSKT
DR EFRA R BFEOBRMEN H D & FHI L T3, (Figure 5-25)

Figure 5-25
Thermodynamic control

Kinetic control

4 \
§u Con ~D
} VDR { ”5// o
.{{’,’
4 Me 7] holo-form
/
OH OH
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5-3. W

AETIE, 16-oxall % I VDFEM L des-DEI Y ¥ I L DFHEEDOVDRIZ R

LEFER OFEERERIMM 21T 5 Z & T, L FOfER%ZS7-, (Figure 5-26)

1)

2)

3)

4

16-oxafl "5 I LV DFEER (3-32, 3-33) DM R EHILG = KL X —EZfE U &
RVDRBEEIT I FR—F—7T v A TOECsHIE (39.9, 67.1nM) 1%,
10,25(0OH),-VD; DECsofE (16.2nM) & HeB: U C, 2~MEEE ThH o7, LN
5777 LHBLUTHUCEBEA—F —TECENE LN TWATED, +457%
VDRFEERELZAT2HEETHDIEEXD,

16-oxa®l &' 7 I UDFEEDOE RN ¥ I VDZAEFEST v A 1L, H—E
T ORMMEDRANE & BT 5 DA T - 12208, 14fepifk (3-35-(14-epi),
3-36-(14-¢pi)) °2-alkoxy T D FHEAR (3-36, 3-36-(14-epi)) DR YLAE D BB 13/
S < VDRISH T 2EAEMBVERIE OS2, 2o DfERN S, CDEH D
trans-t R0 A U F U EEIZEETH Y, 2-alkoxyBFFE A& L L COEEITIT, 2
NKBREE~DF =R BERREZEA L HEKBENEEN S,

des-DEI LY I VDB BEA OB S RE LB T XN F— B e ¥ I VDRRK
AT T FR=F =7 vEA TIL, sBEOFHEMR (4-12-meta-C2, 4-12-meta-C2
(diatereomer), 4-12-meta-C3, 4-12-ortho-C3)) TECs,=12.8~48.6 nMD&i[f] TVDR
FEERENR/ DIz, FFIZ, (IS ZmetaliL & T 2 FHE(R (4-12-meta-C2) DECsfl
1212.8nMTH ¥, 10,25(0H),-VD3;DECsofE (2.7nM) & Felk U CTHISHFEE CTh -
o ZNOBEMIDT AT LA — b2 YET S 2 & T, ECsofEA L 0 (R
THON D AL RO,

AutoDock™ Vina programZz VN2 Ry ¥ /LI 2 b—3 g i, SPEEE L
TOVDREFIM: & overlap modelZ AV 5 Z & T, VDRGSR & #HES 23 B
DRERTH -T2, BB, a) FHFEAEDOVDRNTORE FAA L Th B, 3,25
NKBEEEDZERBEIEN —ET5Z &, b) B4 I U DEREA DABIN b CERL
ZHNTCOEE LT AREMEEES — BT 52 L, o) B4 I UDEHKIL, 3, 25071
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FY T HKBREENC, KFER-EETHIERELZEIRWVWIE (1, 3, 25AZDKER
ELISMZIVDR E DFES RAA &2 AT 5, VDR-ligandE &K fEsaT — 4 (PDB)
WITE A L2V, d) VDRIZK B8R (kcal/mol) DEHEEDN, 77 7 Th
5 U H ROBEFME L £0.5kcal/mol DFEFNTH 5 Z L, T 64D DR %1
7~ TFHEARTHNIT, 10,25(0H),-VD3X°19-n0r-10,25(0H),-VDs & [E] Ui E A —
X — TVDRFEARENE B IV REMED &V,

Figure 5-26

16-oxa-Vitamin D derivatives des-D-type Vitamin D derivatives

0/\)<)H

OH | OH

3-33 (3-35) dr=86:14
HO" OH HO" OH
HO" OH
16-oxa-10,25(0H),VD;  16-oxa- 19-nor-10,25(0H),VD; 4.-1_2-meta-C2
VDR Affinity:-11.5 kcal/mol VDR Affinity: -11.2 kcal/mol VDR Affinity: -11.7 kcal/mol
EC50=39.9nM EC5¢0=67.1nM EC5,=12.8nM

4-12-meta-C2
(diastereomer) 4-12-meta-C3 4-12-ortho-C3
VDR Affinity: -11.3 kcal/mol VDR Affinity: -11.7 kcal/mol VDR Affinity: -11.3 kcal/mol
EC5=48.6nM EC50=35.8nM EC5¢=30.1nM
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Experimental section (Chapter 5)

Evaluation of the VDR-binding affinity of the 16-oxa type VD3 and des-D type
VD3 derivatives

VDR-binding affinity of 16-oxa type VD3 and des-D type VD; derivatives were
evaluated using a fluorescence polarization (FP) VDR competitor assay
(PolarScreen™, Invitrogen) and a time-resolved fluorescence resonance energy
transfer (TR-FRET) VDR co-activator assay. Each assay was performed under in
vitro conditions in 384-well black polystyrene plates (Corning® 384-well Low
Volume Black Round Bottom Polystyrene NBS Microplate (Corning 3676)) using a
total volume of 40 mL/well.

Fluorescence polarization (FP) VDR competitor assay (PolarScreen™",
Invitrogen)

Vitamin D; receptor (VDR), Fluormone™ VDR Red (Fluormone), VDR Red
Assay Buffer and DTT solution were purchased from Invitrogen (PolarScreen
Vitamin D Receptor Competitor Assay). VD3 analogues were dissolved in dimethyl
sulfoxide (DMSO, for molecular biology, Sigma Aldrich) and diluted with VDR
Red Assay Buffer with 1% DMSO to arbitrary concentrations. Receptor-tracer
complex was added to VD3 solutions to final concentrations of 1.4 nM for VDR, 2.0
nM for Fluormone and 1.0 mM for VDs analogues in total volume of 20 mL/well.
This mixture was incubated for 2 h at room temperature. FP was measured on an
Infinite® F200 Pro microplate reader (Tecan) using a 535 nm excitation filter (25 nm
bandwidth) and 590 nm emission filter (20 nm bandwidth). Finally, the AmP for
VD; analogues was calculated to compared with mP value of VDR-fluorescent

ligand complex.

Time-resolved fluorescence resonance energy transfer (TR-FRET) VDR
co-activator assay

VDR ligand-binding domain tagged with GST (VDR-LBD (GST)),
fluorescein-TRAP220/DRIP-2 co-activator  peptide  (Fluorescein-peptide),
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LanthaScreen® Tb-anti-GST (Goat) antibody (Tb-anti-GST), TR-FRET co-regulator
buffer G and DTT solution were purchased from Invitrogen (LanthaScreen®
TR-FRET VDR Coactivator Assay Kit). VD3 analogues

were dissolved in dimethyl sulfoxide (DMSO, for molecular biology, Sigma
Aldrich) and diluted with TR-FRET co-regulator buffer G with 1% DMSO to
arbitrary concentrations. Receptor-tracer-antibody complex was added to VD;
solutions to final concentrations of 1.0 nM for VDR-LBD (GST), 2.0 nM for
Tb-anti-GST and 100 nM for Fluorescein-peptide in total volume of 20 mL/well.
This mixture was incubated for 2 h at room temperature. TR-FRET was measured
on an Infinite® F200 PRO microplate reader (Tecan) using a 340 nm excitation filter
(30 nm bandwidth), terbium emission filter 495 nm (10 nm bandwidth) and tracer

emission filter 520 nm (25 nm bandwidth). Finally, the ECsy of VD3 analogues was

calculated.
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BAE RELRE

AR TIE, FyF o7/ Ial—ar2AVAEHEE Y I U DFHEMEROEE
RETD B AR, € L TVDR (Vitamin D Receptor)f& & BEFEM 2 EfE L1-, F DFEE,
FHAEZ I UDFERE LT, 16-oxall B4 2 U DFFEIR & des-DREL L # I L DFFE
EOTATT ) —BEEFREL L, 2 b—EFE K |Zagonist& L T+472 VDR
AN ELIT,

16-oxad "% I UDFFEMRIY, = A VERIFEEONMHDOF Z o T raFxy Ko
2E BOGrignardRUSHIN BREAT 3 ZMF ¥ U RKIEEI E ODRIGEICE BT v =
NFEZDERE, i CuCNZfEE L L7277 U A7 eI KEDT7 YA bR, Ru
PRI K DBAR A & B ARG, EaEAKEILRG, ERFMTF & oI X 537
BRI =R X2 FD T U U BTRIE SRS & L T16-oxa®lC, DB~ = »

M (329, 330) L L, XI5 T D 16-0xaBlCDBRIM EABHI= v FD
Suzuki-Miyaura Coupling, Horner-Wadsworth- Emmons Reaction(Z J ¥ #(f&%H D 16-oxa
ey I UDFEREEM LT,

16-oxa#l E" & I VDB E(R (3-32, 3-33) D VDRIZ®F T 5 & REECs B 1%, 39.9,
67.1nMTH VY, ZDEET Z 7 & LTHZ10,25(0H),-VD; DECsfE (16.2nM) &
BT 2 L2MERETH LD, AUEREAS—F —ThoT2720, +4572VDRES
ERELN TS EE XD,

Z DFE, partial agonisti) 72 2B %R L7 FROREEITIZE > TWAR2WR, RKak s
LT, SHIDERNEY 1IMLICEBERTFEEA LI & TR 2EHTOEEE(L,
holof& & L TDOVDR-LigandE & F2EDOEEIC L EET 5 Z & T, co-activator 3
BT OBENEIT LIS R EDTFRIZITTND, T L TINNEETHN
i, 10,25(0H),-VD; & 13872 5 A FIEH 2 R T 2HEAR TH 5 TREM 2+ 128
D, (Figure 6-1)
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Figure 6-1

Synthesis of 16-oxa-C,D-ring

A r 1)2i-PrMgCl |, R R R
L\>_.< H TIO--Pr), 1) Ru-cat. , H
0 - | _J o —— 0 —» L °
MeSi—=— 2) ~_Br 2) H, PdiC “0
335  cat CuCN-2LiCl  'MSs SiMeg
Ti(o-i—Pr)4 R R R Ph3P+(CH2Br)Br- R
TMSCI, Mg . H H  [O] .'H KHMDS H
e O + o —> | 0] > 0]
- [ B H
oH! oH! 0 trans-3-30 By
major minor 3-29 (E:Z=79:21)
A-C,D Coupling

TR-FRET VDR co-activator assay

AEEREERRNRERERRERNNENRERRNRERREE S S S ESE S
e

® Suzuki-Miyaura Coupling
® Horner-Wadsworth- Emmons Reaction

f'/" E
HO" . :
(OH) Concentration [log(nM)] ¥

o e ECso

16-oxa-VDj3 derivatives 3-32: 16-oxa-10,25(0H)2VD3 39.9nM

3-33: 16-oxa-19-nor-10,25(0OH)2VD3s  67.1nM

VDR-bindin assay

apo form

holo form
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16-oxafil ' % I VDB E(RIZ—EDOVDRESELEONTZZ &0 b, SHOEE
= LT, INEEELTAMEEITARTFEE L L COBRICHFNTE B,
Z, ABFFETVDRIZKTT B EAME DK D> 72 2-alkoxy™ ¥ ¥ 2 U DFEMIL, Z
D1, IMLAKBEEDOBR T > VLRI ZITZ D AEENEL, ThEaEBE LT,
FHERIBEE TH AED-TIREWERAIER Z R DAH-1 & FRDARIFHESLK &
L COEER CICH/HEN S TH, (Figure 6-2)

Figure 6-2

|j H || H
—_— I I
HO" OH HO" OH
X=C: calcipotriol (MC903) X=C: tacalcitol (TV-02)
1, 3-disilylation\ )

X=C: AH-1
X=C: ED-71

des-DEL ¥ % I VDEFEMRIL, = / K (4-5) D Corey-Bakshi-Shibata (CBS)
ReductionlZ K A RFEIT &, 2T /Va— LV OIRELZ KRB T 2 BARILES, 25
73— DAL IR Do-methylZ D ZMHEAL, i < Wittig-olefination|Z & ¥V, CER
M=y b @9ZEBEL, ST HCEE EART = =~ b & D Suzuki-Miyaura
Coupling M Z £V, des-DFLE % I U DFEMLEZ AR LT, ZHOFHEMKIL, CRED
ARFEDOCBSEL & BAUKFRISOEEIZLY, VT RA7T LA ~—Ltk (dr)
94:6~82:18DFEAR L 70> TWVWH AT, KFEMEOCWENHRETH D,
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des-DFI % I U DFFEEARDOVDRIZKH T A EEEIL, T OHFHEIER NI H D
2340 57, EC5ofi12.8~48.6 nMOEFH TH 1, 1 LFHEEMRITL Thull agonistE LT
DEBMPFE LN, KT, FEAE (4-12-meta-C2) DECsfEIL12.8nM ThH D +43 72
VDRFEGENELINTZ, ZOKET T 7 L LTHVWZ10,25(0H),-VD; DECs fE
(2.7nM) & BT 5 EHISEBE TH D, ZD1a,25(0H),-VDs & AV 7= [ D VDR
& B BEFEAT TOECsofE L, Z DT & A EPRERME L L T10~15nM O TE 5
T2, ZOZLZ2BETHIL, ZOFEXRIRBMERBENZL 2D ST
10,25(0H),-VD; & R DfEEEE RS> L L E %2 5, (Figure 6-3)

Figure 6-3
Synthesis of C-ring
OP OoP OP
Z /| modified //I 1) silylation //I
S CBS reduction N 2) Hydrogenation O“‘ N
- - 3) deprotection B} 7y
o] OH OH
4-5 85~90%ee dr 94:6~82:18
opP oP
//I //I
1) [O] ~X’ Wittig-olefination R
2) a-Methyl-
isomerization (o)

A-C,D Coupling
Suzuki-Miyaura Coupling

TR-FRET VDR co-activator assay

EEIREENNEESSENSUNENENENE B
&

ECsy=12.8~48.6 nM

-
b i1l moois by /
8 (Uil agonist) }/
o, EC50=2.7nM //
2 /
=] /

o /

[

) ;‘f

[7;] £

2

=

L

R S SR TSI ST T

des-D type VD; derivatives

Concentration [log(nM
dr 94:6~82:18 [log(nM)]
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des-DFRE 2 I U DFEEDOSHZDOREL LTE, SORIFEEXRTIATTY —
DL L NFMEDOUETH D, FEETAT 7 ) —OEEL W IETIE, TTIC
des-DEIE' S I VDORIEFEME L L TEHOFEEEELTREL LILCRH 2=
v FEERLTEY, Zhvba=y F2LAEMTE 2HEROVDREEAREM %
175 2 & T, ISHHE - OVDRIZK§ 2 BEEEMABEZ I L T Z &2 TE
LTW5, (Figure 6-4)

Figure 6-4
MeO\n/\o
0 (¥ I
; RN
I
Br
4-10-C2-C1 (meta) 4-10-C1-OMe (meta) 4-10-C2-OEt (meta)

4-10-C1-OMe (para)

| | @i
HO/\/Ej ) c>|/\°© n é

HO" HO" OH
HFEMEOREL VWIETIE, Iy 7YV IHBRAETHICEIH L=y ME, B
RECIVARESEAELNTEY, THOBEEDOLERFNICIVNENR
rEND,
EBIT, RFETHHRVDRIEAEEL T Lides-DH Y # I L DFHEAL
(4-12-meta-C2) L T DV T AT LA ~—IE, T L TINDAREZ KRR L L1-3%
BEROHPLCIZ L 5 FEHAEL L TOSBREKR A TEBY, ZUO3EEOFER
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DVDREBRETFMAEITHI FETH D, ZDOFAIT LY, des-DEIE & I U DIFER
(4-12-meta-C2) & =DV T AT L A~ — KD IKBLE DEZ L 5 VDRFEERE~D
HELHAICT S, ARTZRKARE L LEHERERIZONTHE, ®ST 519-norBld
FHER (4-12-meta-C2) T, HFEMEENMENIT B 230vb 5 T4 72 VDREA RENN &
HNTVWEZ D, ZOFERDVDRERRERIZIIRWICHIFFTE %, (Figure 6-5)

Figure 6-5

HO™ OH HO"
4-12-meta-C2
. 4-12-meta-C2
4-12-meta-C2 (diastereomer)
EC5,=48.6nM (19-exomethylene)

Z D, HHFFEE TIIRARD L ZMIZAFFEE TH HearvonZ JFEE & L 7z des-D
BMEZ I UDBEEROARICHLEFTLTEY, ZhEREREE T FELRSKTIL,
HZEFE T Dearvon DM ZHERF L2 £, BHEHA L L THFEERGKE
19 Z ERFREE 725, ZHIZHOWTHE, BRI —HFHEER DA & —EDVDRFES
REEZRELTWVDP, BF I UDERIOLICHE T 5 Y 71 £ /LEDVDRE
M EARICRIETRES, FEAL LTORBMEORRBLREEL LTS, ©
(Figure 6-6)

18 2019 FEE AR CF ML FR)IKF)
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Figure 6-6
/OP
OP Z
J o Ar-Li o fv/ pcc . S
L O Qs —
1, 2-addition o
(S)-carvone '
100%ee 1) Hydrogenation
2) a-Methyl-
O/\)QO H isomerization

< o o
% Z/
)l: RA\S )1 (AN I
- : : 1) Wittig-olefination " -
B | - 2) deprotection

(o)
dr 100:0 ? X
OH

HO"

AutoDock™ Vina program#% I\ /2 Ry ¥ 733 2 L—3 3 o L VDRSS HESTE
i OAEEARAMRIL, MARHBES BN DR TH -7z, VDRIZAWEEL LTHW, U H
R1ZChem3DD 5+ H13GEHE (MM2)IZ L 2@ ERBILEITToT-b DX AN TE -,

EREDOV I 2 b—v 3 UERIZ, VDRIZHT S U B ROBEFMME (keal/mol)23%k
BEFRIND, ZORERMAT 5#ERIL, rmsd (root mean square deviatuion, S —
FIRE)POTHY, 7707 L LTANRAALTEY D RF—Z LHHRI T Fo
overlapp model T, B4 I VDEK DI, 3, 25 /KBEEDBE I —E = & 245444t
LT, ZOERBEMETHFRY v R ThhE, BRIERVDRIZKT 2 A3 5
LIOFHEEMR L 72 D FREENE,

T+ 72VDRIEGREZ /AL Z L2 B L LIZBAICIE, 205402 5, Blb,
a) FIHBEERDOVDRNTOREE KA L Th A1, 3, zsmmﬁg%@z‘zﬁaﬁﬁaﬁm—ﬁz
5 &, b) X I UDERKREEE DARED O CEREICHT TOR i LI IEAMAE
ER—ETHI L, c) X I UDERKL 3, 2T Y T 5 KEEEESNNC, KERKES
TOHEREZRAIRWVWI L (1, 3, 25 OKEEELISMZIVDR E DFEE RAL V%K
4%, VDR-ligandBE & #ESR T — 4 (PDB)WZIFEA L 72V, ), d) VDRIZ %3 2 B0
P (kcal/mol) DEIEMED, 7T 7 ThHhD U A KoOFEFME L £0.5kcal/mol D & FH
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NTHHZE, ZOFBEEMEZTHRY Vv FTHNIZE, 10,25(0H),-VD; & 7 U
EA—% —CVDRIEAREEZ T I RAIREMEN B,

INETHMEZRICTHEELZ, FREZ I UDHFEMRIL, EXRRELEEF I D
XBEHEET vEA LR ORI LB IR LT BB Y I VDRRKaT 2
FR=F =T vEAIZLY, FRFEEDOVDRIZH T D EFME L FEAREEFE L
TS, TNOREBEL LT a7y 72T —FLR—EZ—T oA I2 L 58
CFEEEEFMOEREE BHE L T\ 5, (Figure 6-7)

Figure 6-7
1) FIuorescence Polarization 2) TR-FRET VDR
. VDR competitor assay : co-activator assay
VDR |:> VDR Lf) VDR

L N L e L L E RN

. 3) Dual-Luciferase Repoter Assay

- \ 7\
% ’ ;" ‘ii N
I 2 mRNA :
“Protein Synthesis”
e

YLANYL NVINVI NV NVINVI NV NVINYINTY NV N

Target organs Vltamm D Response Element

(Intestine, Bone, Kidney, Parathyroid etc) (VDRE)

FTaTNMNVy T 2T —FEULHR—HF—7T v ¥ (Dual-Luciferase*Reporter
(DLR™)Assay System)|Z, 2FEEDNL L 7 =5 —PBEFEZAVDLFEETHY, —F
DNy 7 =7 —BEBEEFIHRECEEREHERL 7 n—=0 7L, Zh&zHian
(ZHLAIAS, HIFEEERE DL Y 7 2T =B 2 L b DORELAET S, &5 —
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FONY T =T —BEBETFIET be— VL R—F—L LTHWAS,

b, BBEASIAIRNLLT, REALYT =T —PEETICVDR-RXRES
EOEEFREIEEL Td 5 VDRE (Vitamin D Response element)% 7 1 —=1 2 L 7=~
7 H—LERBEHM TSI AIRN (avybe—biR—4%—)¢ LT, EERREE
ZROEBBEREIEKE 7 0 —= S LI A LT T 2 T — BB FONR
7B —DRBEN~D NT VA7 27 v a &7, ZOMPATH LT, —FERBED
B2 I UDFFEEROIRIN & MR ZIDBEON Y 72T —B 2 N HEDR
Y EEGHNCHIET D,

MOz, Vo7 rEERERE (LARIDZMZ, BHEEEZITH, ZOBENX
TNy T2 U NIRENANNY T 2T —8BE X7 OfEERIC L VB bS5 2
& T, FI560nmDFENBER SN D, L ZORNEIL, © ¥ I UDHEKRDELETF
EREFMEICRET D b D TH D, WIZ, Stop&Glo®HES M %, HXBEEITH, =
DREIL, RENVNT T 2T —BHZ T OfEIERAZEILSE 5 LRI, L
VTIVVEMBTE, DR LUT I VNI I VA EINT T 25— Dfififit
ERIC L VERb &5 Z & T, F4800mD ¥ Z 45, ZhiE, REALLY T =
T—EBOEHEDa L Fr— L LR —F—L LT, MIERERL NI VAT 27 Y
3 VRIRR I DEREDIILSE 2 K/IBICIZ D, U EOERBIEIZLY,
B % I UDFEEROBETESEIEEOFMZ1T 5, (Figure 6-8)
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Figure 6-8

Protein Synthesis

Vitamin Dj

'd ! %

transfection @ mRNA

N S 0|-|
/©: 4 ] +ATP + 0O,
HO S N7"co,H

M92+
N S
@SSy
'0 S N 'lo-
+CO, +

+ AMP + PPi + CO, +

;13:‘< Onm

AT, —EOVDREBRENEOLNTZFERTHIL, 72TV T 2T —
BLR—F—T v I LV EETEBEEEENGEONDAIEEN RWVIZH Y, &
BOBREIZHF L TWDS, LLEEZARMEOKRIEL T B,
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