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Synthesis and Structure-Activity Relationships of Bioactive Compounds Using Sterols
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Sterols are widely and abundantly distributed in nature. It is convenient to utilize them for the preparation of useful
compounds such as pharmaceuticals with steroid and secosteroid skeletons. This paper describes the synthesis and struc-
ture-activity relationships of naturally occurring active forms of vitamin D analogues, sterols having neurite outgrowth
activity, and liver X receptor agonist. The active form of vitamin D, showed similar biological activities but had higher
affinity to the vitamin D-binding protein compared with the corresponding vitamins D, and Ds. This shows that the ac-
tive form of vitamin D, is a good candidate for an agent to replace the active forms of vitamins D, and D;. In the course
of screening for low molecular-weight compounds that exhibit neurite outgrowth activity in the culture broth, we found
that the natural product dictyosterol showed strong activity. From screening of the analogues, it was found that the dou-
ble bond between C22 and C23 in the side chain of the sterol is essential for its activity. Ergost-22-ene-1¢,34-diol was
found to serve as a stronger liver X receptor agonist than 24 (S), 25-epoxycholesterol, which regulates the expression of
genes involved in lipid metabolism. Structure-function study showed that the 1a-hydroxyl group, the saturated steroid
structure, and the double bond between C22 and C23 are needed to function as a liver X receptor agonist.

Key words—naturally occurring active vitamin D; dictyosterol; neurite outgrowth; liver X receptor agonist; structure-
activity relationship
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HxOEMEREETHRADERERMESY 2 > D FifEH, MREEIIEER, RS, &IHIR
H 2 — U o WA R I (Tasess R VECBBERSERREEEEALTY
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EHEIN TS, RETRKRBSA, BEBALDE
BICHMAIN TS, 1219

—4, BRATIEELLASNTWAHEYHFDOE
532D, BHKROES I Dy OIEp, fIEN
Rz BEH 22 Dy, Ds,” Dg,' O DY METE
LTWw5., E¥3X>2D,Ds,Dg, KUD;IZDNT
127y bOHK BFIEHICOW TR S NN, £
DIEHIFENEREINTNS. O EY I DT
WA TIIESY 2 > Dy &M (i 206 13R%
HHRO5T, BETIZ1/10—1/20 TH D Z &0
HMoNTHD, TOREKREL TRB#SEKRLTNDS
EEDNTNS, 1920

TR AL DITES 2 > D FEARN A YiE
RO, EHERICEBINDZNEND .
L7z2>7T, E¥ 3> Dy, Ds, Dg, KU D; 23EME
RN Z5H S N5 £ TITARNBRE U T S 9
OMENHINE, EHEE OIS, K ERGT
5T ET, EERTRWESY X > Dy, Ds, Dg KO
D; DZNETORREIE R 2 EWIEENEE S
NDAEEENH O, F7H U WIS, o
BEAETHREYNAH SN I L WHETE S,
LSEEDY 2 TIRY FY =)L EHD & LU TEEN,
ELTHAZIN TV EMDOHTRAN D 5 Wi
RERW & PRMKICHWZFIZZ W, KARWAT S )
DEWZF> TEMICX> THEAHINILED
13, AMBREDEMITH L THMSNDEBENEZ
ROMRNEmY, L EOBANS, EESIE, Ih
S5RARES 2 > D OIE MR GR O EWY)IE IO
IR ICHLR 2 R 6, TR Z SRR L, EWE

R? 1: R'=R?=H, R®=0H, 1a,25(0H),D;

5: R'=R%=R3:H, 1a(OH)D;

6: R'=CHj, R*=R%=H, 10(OH)D,4
7: R'=R%=H, R%=C,H5 10(OH)Ds
8: R'=R%=H, R%=CHj, 10(OH)D;

HOY

Fig. 1.

2: R'=CHj, R%=H, R®=OH, 10,25(0H),D,
3: R'=H, R2=C,Hs, R3=0OH, 10,25(0OH),Ds
4: R'=H, R?=CH, R%=OH, 10,25(0H),D;

HOY

P, AT KT THEBICOWTESRRMESY 2
> D, FEARK U Dy & Okt 217 - 7= (Fig. 1).
2-1. RIEMRIES I D FEEKDOEK
lo-Hydroxyvitamin D; (5)20 KON D, (12)22LI4L D
EHERESY X FERIT, X700 R & MIsHE 2
ML %7 2 2V AR P FERERWTERL
o, HISHICEAESG 2 A 9 % 1la,25-dihydroxyvita-
min D, (9) KT\ 24-epi-1a,25-dihydroxyvitamin D,
(10) 13 C20- 7 )5 K (17) (Schemel) &7 =
ZIVAJVIR A E K (25a, 25b) (Scheme 2) & %
J1y T T LTRSS 5,7- ¥ T4k (35a, 35b)
O CHRE, BUREMEL THRL 72 (Scheme 3) .29
C20- V)b E R (A7) ME5amkENSd C22- 3— R
R (18) &7 =)V X I)VR FEER (21b, 25a,
25b, 27a, 27b) % 13- DAFINAIFIUD ) >
(DMD) DFET, #al, 9 KO 10 DEAk &R
I U T 10,25-dihydroxyvitamin Dy, (2), 1¢,25-
dihydroxyvitamin D; (4), le-hydroxyvitamin Dy (6),
le-hydroxyvitamin D; (8) &k L 7= (Scheme 4) .24
EHEMES X2 Dy (1) OfEEZHKT 27
ZIV AR iEER 21b) EAFIVT T2V AL
R 19 EAVTFLIFAFIR (200 EDORIG
WWEDEKRLEZ P EERES 2 > DFEK (2,
4,9 XA 10) OISHE (252, 25b) 13 HFEEM R E
ROF AV TFL—bF (22a,22b) ZHWNWT,
F—)l (23a,23b), 7=V AT 1+ ROEIL%E
BTHEM UK. 10,25-Dihydroxyvitamin Ds (3), e,
25-dihydroxyvitamin Ds (11) DI (31b) 3%
FIEHRIRF IR 28) 2IFIVIT R TLT
O RTHERL TR/AEIA =)L (29) % 25a, 25b
DEREFRICU TUHL THRELZ, T2V X
JVIR 2B (24a, 24b Je TN 30) 72 RRAYITHIK,
DWTI/HKERMZIT VY, 6, lo-hydroxyvitamin Ds

R3 9 R'=CHj,R?=H, R®*=OH, 10,25(0H),D,
10: R'=H, R%=CHj, R%=OH,
24-epi-10,25(0H),D,
11: R'=H, R?=CyH5 R*=OH, 10,25(0H),Dg
12: R'=CHg, R%=R3=H, 10(OH)D,
13: R'=R%=H, R?%=C,Hs 1a(OH)Dg

Chemical Structures of 1,25-Dihydroxyvitamin D and la-Hydroxyvitamin D Analogues Derived from Sterols
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Scheme 1. Synthesis of Steroid Moiety
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PhSO,CH;  + \/ /SN ———— OR
2) DHP/PPTS
19 20 49% 21a: R=H
21b: R=THP
1 2 1 2 2
R1 R2 1) DHP/PPTS HOR///"' R 1)TsClipy PhsoR/'"'- R DHP/PPTS oso Rl R
H —_— > > 2 _— A
O~"coocH;  2)MeMgpr OH  2) PhSH/tBUOK OH o5% (for 25 \/Kﬁ<6THP
3) p-TsOH/MeOH 3) m-CPBA
92% (for 25b)
22a o 23a 92% (for 24 24a 25a
22b 84% (for 23a) 23b % (for 24a) 24b 25b
80% (for 23b) 86% (for 24b)
1, R L
24a MsCVEtN PhSOZR 3 H,/PtO, Pnso R~, 23a-27a: R'=CHj, R?=H
or > 2 Coloy p2o
24b  76% (for 26a) 75% (for 27a) 23b-27b: R'=H, R"=CH,
82% (for 26b) 26a 84% (for 27b) o7a
26b 27b
1)TsCl/
HO _CaHeMBriCul g (DTS pnso, _ DHPIPPTS _ phso,
\“/\T// OH  2) PhSH/t-BuOK OH 95% OTHP
62% 3) m-CPBA
29 82% 30 31b

Hy/PtO, 0 ™
30— pnso, — »~ PhSO, Hovﬂ/ Phsozﬁ( PhSOz\/\(
94% 80% OTHP
33b 34

32

Scheme 2. Synthesis of Phenylsulfone Derivatives to Constitute Side Chain Moiety

(7), 8 XU\ lorhydroxyvitamin Dg (13) &RRIZH W JVIZUT'H-NMR ZHE L7z & ZAMPBRH DT
%57 T ZIVAIVEKR VEEK (27a, 27b KT 33b) % Holz.

Bz, HFEEIRFIR 28) OLF > FH T — ¥/, THVITATO—) (14) ©® 4 7 =)
(34) ZHNWTHIET 27 = Z)V AV K > iFERK -1,2,4- U T7VY > -3,5- 04 > (PTAD) ik
(31a,332) Z2HR L. ZZTHESNEZDA =L (37) MuFEIND C22- — Rk (39) 1TIEH

(23a, 23b K 0f 29) 13 —M/KEEE Z MTPA T X 7 ZEALTS,7- LT AK (40a—40g) Z 5k L 7=
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1) n-Buli,
17 2) p-TsOH/MeOH 1) UV
_— —_—
+
25a or 25b 3) 5% Na-Hg 2) heat
4) LiAH, 22% (for 9)
17% (for 35a) 12% (for 10)
15% (for 35b) HOY
35a; R'=CHj, R%=H
35b: R'=H, R%=CH, 9: R'=CHj,, R%*=H
10: R'=H, R%=CH,
Scheme 3. Synthesis of Active Forms of Vitamin D, and 24-Epi-D,
R! g2
. R3
18 1) n-BuLi/DMI
+ 2) p-TsOH/MeOH 1) UV
e —— —_—
21b, 253, 25b, 3) 5% Na-Hg 2) heat
27a or 27b 4) LA, HO 33% (for 1)
1: R'=R2%=H, R®=0OH
1_Rp2- 3_ 25% (for 2) : .
o 36a: R'=R“=H, R°=0OH o . . pio 2_ 3_
70% (for 36a) 1 A 25% (for 4) HOY OH  2: R'=CHj, R?=H, R%=OH
14% (for 36b) 36b: R'=CH3, R?=H, R%=OH 20% (for 6) i mZo 3_
! ! 4: R'=H, R%=CH, R3=0OH
17% (for 36c) 36¢: R'=H. R%=CH. R%=OH 24% (for 8) ] 5 5
21% (for 36d) LT 6: R'=CHg, R>=R%=H
20% (for 36e) 36d: R'=CHj3, R"=R"=H 8:R'=R=H, R®=CH,

36e: R'=R%=H, R?=CH,

Scheme 4. Synthesis of Active Forms of Vitamin D3, D4 and D,

E4 32 DiAEk (41a—4lg) T4, DeLuca
5D HFEIHNI 7 OESY I 2 DFEKR (42a—
42g) O laffiT/KEHEZZEAL, 1,2,3,4,6, 7K
N8xELHLE. C20-7)TER 38) &7z
JVZOVIR > EK (25a, 25b, 31b, 33b) Z T
C2-CBIZ_HEBG%EHT 59,10, 11, 13 ZApk L
7= (Scheme 5). 2620 JEMERIE Y X > D; LU D, (5
KO12) 3HIROESY 2 > Dy KU D, ZHWTH
FRIZERR L 72 .

222, RAFURIESY I DFEXROEMFMLSE
BaEEMAERE A ULAERAREEEEY 2D
FEROEYIEIEIC BT DA DR EZ R,

2-2-1. Vitamin D Receptor (VDR) & D#ESM
EERMESY 2 > DIIBNZAARTHS VDR &G
L THIO TEDEYIEEZRT 2D, TO4EYIEE
X VDR DG OBIITIHFTZEZEZ NS,
UL, ERICEN2S5TLHED TIEHARL, Wb
DEERDEENHSEND T EHLN, 8732

EHEMESY I > DFEAR QKU9) 131 LFE
EOREGHZRTN, 4,1013FN0FH30% & 20%
N oz, HIEH 24 f712 S- A FIVE D& AL

VDR & OFEGEZ T 0D, R- AF)LEDE A
G20 D EEZ SN MKRNRERNE X
5N 5.

2-2-2. Vitamin D Binding Protein (DBP) & D&
Al —mmIZiZmEEd o DBP & OEE N
WIEEMP TOHEMNEN, TROBEERNTRE
ThHHIEZEZRLTVWS, LNLHFICHRTES &
DBP 7 5 Bl U 72 W 72 D 12 A Sk 0 SEBEAE F 23 56 1
TERhWAfEEdd 2 IEHEBEESY I >
24-epi-D, (10) ZFRWT 2,4 KX 9NN b
DBP & O#EAMHIT 1Tkl U THlsR I Nz, MIsH
AND 24- AF)IEOHEAIX RIK, S{k&® DBP &
DFER ZRD =N, C22-C23 i ~AD _HiEA DY
AlZ DBP & DOfEBHZTD D EINA SNz, —
HiEG OFE TN ANICEE S DBP &0
EaNHEI NI D EHEINS.

2-2-3. fHRRIETEINGIER S DL BEER 1€
ROWZEN S 1 OF G LE# Y D HL-60 12Xt
% Al A S SE VR A & (B RA A N B
LT ENHOGNTWE WIEHMESY 2 > D FE
R QK9 131 EFAFEDEEZ/RL, VDR AD
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‘u,

“ 1)PTAD O3/MeS 1) NaBH,
—_—
—_—
2) TBSCI TBSO X
! e 2) TsClipy NNy
3) Nal N,
68% o Ph
Ry, LR 39
1) n-BuLi/DMI or HMPA R3
21b, 25a, 25b, 27a, 2) 5% Na-Hg 1) TsCl/py
27b, 31b or 33b e _—
. 3) p-TsOH/MeOH 2) NaHCO3/MeOH
39 4) LIAIH,
40a, 40b, 40c, 40d HOY 41a, 41b, 41c, 41d
40e, 40f, 40g 41e, 411, 41g
R, R RY, R
R® Rr3
t-BuOOH/Se0, 1) ACOH
- —_—_—

42a, 42b, 42c, 42d
42e, 42f, 429

40a-43a: R'=R%=H, R®=OH 40e-43e: R'=CH,, R%= R3=H
40b-43b: R'=CH,, R%=H, R®=0H  40f-43f: R'=R*=H, R*=C,H;
40c-43c: R'=H, R%=C,H,, R%0OH 40g-43g: R'=R*=H, R*=CH,
40d-43d: R'=H, R%=CH,, R®>=0H

1) n-BuLi or LDA

25a, 25b, 31b or 33b  2) 5% Na-Hg

43a, 43b, 43¢, 43d
43e, 43f, 43g

2) KOH/EtOH

1: R'=R%=H, R%=0H 6: R'=CHj, R%=R%=H
2: R'=CHy, R%=H, R%=0H  7: R'=R%=H, R?%=C,H,
3: R'=H, R?=C,H,, R®*=0H 8: R'=R%=H, R*=CH,
4 R'=H, R®=CHj, R3=0H

RY,
R,

+ - = I
38 3) p-TsOH/MeOH
4) LiAIH,

LRl 2_ 3_ R Pl 2_ 3_
44a: R'=CH;, R%H, R®=OH HO o4 9 R'=CHg, R?=H, R®=OH
44b: R'=H, R?=CHj; R®=OH 10: R'=H, R%=CH; R3=OH
44c: R'=H, R%=C;H; R*=OH 11: R'=H, R®%=C,H5 R®*=OH
44d: R'=R%H, R%=C,H; 13: R'=R3=H, R?=C,H;

Scheme 5. Synthesis of Active Forms of Vitamin D Analogues via Cyclovitamin D Derivatives

BAEE KL UL, 1013 VDR &SN
FNIZHENND ST 1 EFFRFEOEEEZRL, T
B ORERTH > 72,350 [ERE S 2 > D, (4)
1$10 XD H VDR ED#EGHENRNICHHFED ST
FHWEMEZER L2, 413 DBP & D& MNIERICTH
WO TARDOIEENWEIT L 72 & Bb/z. “CaCl,
A5 Raisz DRITHBT B FRIGEME (in vitro),
MG-63 cell z H W /=BG S Rk DRGSR 2R L 7z
(Table 1) .37:3%

224, WL LLERER (n vive) 1f A
TN L ERERZRECL TEERESY 2 >
D; (1) XU'D,s (2) OFEMEEEZT>Z. 1 KU 2

ZONEAERR L 2B HEBIEET IV T v b (Wister &)
W26 (S H/ME) &E5L7&. 1% 0.15ug/kg #%
HELEZy bofmb o) LEEIX 10.5mg/
dlTh-o7 (> ~O—)LEE 9.6mg/dl). 2
IR L T2 % 0.6ug/kg $5- L 7= Tld 10.3 mg/dl
THO, MABREHFENMRWEHESNLZ. 1K
002 ® VDR L O#EEM, BWIHEE (n vitro) 1313
EFR%THD, ZDXEIDBP DEEBICLDEE X
515, EHREESYI>D, (2) 1&gl T
VDR NOEFENRESNERNTIEIH B>k
HEHEDONS.

UERUZEDITHEEMESY X > DiEEEOE
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Table 1. Biological Activities of 1a, 25(OH),D Analogues (% of 1o, 25(0OH),D;(1))
1o, 25(0OH),D analogues
Biological activities la, 25(0OH),D, la, 25(0OH),D, la, 25(0H),D, 24-epi-la, 25(0OH),D,
(2) @) 9) (10)
Competitive binding for calf thymus 100 30 100 20
vitamin D receptor
Competitive binding to vitamin D 500 1280 240 40
binding protein
Differentiation of human HL-60 cell 100 40 60 70
lines
Inhibition of proliferation of human 110 60 80 100
HL-60 cell lines
Bone-resorbing activity 110 — 100 —

YISO — B A OFE, 24 L7 )V FIVH
DI LI I T T B ENgho7z. 2D
ZEFESICHBHEERIT S 2 ETH L WEWZHF
DOFEAR (R#HED ) & RHE 5 REl 2R
LTWw3,

2-3. K@ 22 THRRNAEHEESY I DE
EAROHFTEMEESY 2> D, (2) FEHEMES 2
> D; (1) &Lb#E U THREA D in vitro D AEYIETEC
FFEEAEENRL, DBP & OGN 5 50
ZEMNSERNTERMEEZRT ETPHEIN
%, 3940 Z DRI & MIEH 24 £ X F)L KD BN
ORI KT T HEERRD 28 in vivo T
D2 OEYERE, RHFREE, @Y ZE 1 & e
L7,

EHEMESY I DFERIEEETHD, L&
UG TERWEYD, ERNTEMEL NFEL
IS\, F D7 i HR EEHIE ARSI R U F o L
Zi#E A L7 [26,27-H] -1, 25 (OH),D,4 (50) 7%,
F7z 50 OHFHIIAH, HHREZTHVOTLER
AT704 REHEIZNYFILATIN)MEL 2 [16-
*H]-1e, 25(0H),D, (53) ZRWMMRZB D0 I
L7z, C20- 7))Lk R (A7) DO/KEEHE D R#EH
DOEWH, BrZEZITWC27)La—)L 45 &L,
JeHEGE, ML, E¥ I DiBEKR (46), DNT
C223— Rk 47) &ML, eROF (Y
TFL—bh (22a) #25a DEWMICHELCTT 2L
VIR 2 FER 48) AL =06, NUFTL
TINIEL 727 ) v —il S & ROk, 7KERHE & 7
EL A9 EAMR L. C23— Rk 47) &49 %
Ty TN T, KEEORER, 7))V AR
JVEZEREEEL T 50 2455 L7z (Scheme 6) .

FRIVR (83) 13207 U —)UhrkgERZk L T
£57= 51 & NaB*H, TiEs, kLT LR (52)
ZEVEMEIL L TS/~ (Scheme 7). &KL 7=50 &
HRD [26,27-*H]-1a, 25 (OH),D; Z VT T P F
Lt 7% —7vtA (RRA) JEICXORHINT X —
Y —%HlEL/. DBP L OEEDOHRI NS FHES
NZ@ED, TXTORBM/INT A—F =132 DHNAE
RINT 1ICHEE L TEMBMZEICHEEL TWS I &
Rl BEDHEAERNTHEEL TWEIEEZEE
L, 2 OmBEEYRE G FHE (AUC) 131
D 2—3 1ZI2E L /= (Table 2).

EHRESY 2 D; (1) ORBHREEIEEMICHAN
5NTHD, £ 2447, DWT 23 (DRI
20, PF—IVHEHA, T S5ITEIEI N THREAH
&SN TS calcitroic acid (54) Z £ d 5
ONFEELEMRBRBEINT NS, 449 [FHRE Y
22D, (2) OHFHIX26 (27) (Ld D WIiE 28 iz D
AFIVEEDRFIVIR > £ THIL I Nz 2N E TITH
SR TWARWNHY S5, 567154 42 1:1:10
ERTHOSNZ., NSRBI OIS 2 KU 53
7y MIRO#E L, B2, BEELM, A
FIVTATFIIKREL=DH, HPLC THKH L, 'H-
NMR, “C-NMR, 'H-1H COSY, 'H-13C COSY, <
AARYT NIVORITIZ I T, 55 K56 EHEFEL
Fo. IOITHEEL 255 KTN56 D AF IV AT IR
M NalOy IC K HILHTST & 5825252 &
MO L= (Figs. 2, 3) 44

RBFRERIT 2 D 24 £, 26 (27) LK% 28 frAt/k
feft, SIS THIVE B (55, 56) 1273
HEHEIND, TS MU F—ILFERITID
R#MTHEDENTNDDY, HIVAR > EE7HERITH
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1) KOH/EtOH 1) UV 1) TsCl/Py
17 —8M8M8M8M o ey
2) DHP/ PPTS 2) heat 2) Nal
3) LiAIH,, 43% O %
75% 45
46 47
H 3 H
2a 0 PRS0z A ~OCH: _DCHMI _ phso, A_CHs
2) PhSH/t-BuOK o) 2) Et,SicCl, C3gSIEt3
3 m-CP?A imidazole 3
64% 48 65% 4

47 1) n-BuLi/DMI
+ 2) p-TsOH/MeOH
49 3) 5% Na-Hg

38%

HOY
50

Scheme 6. Synthesis of [26,27-3H]-1¢,25 (OH),D,

MHOZ

60%

1) heat

2) HPLC
5%

B ———————

51

HOY

Scheme 7. Synthesis of [18-*H]-1¢,25 (OH),D,

HINTWRN, 4 QI E{EEGH20WET IV
FOVENEET D Z LK > Th7a 0 RE OB
BB T EHVHEAL /2.

ISR D AWM & ME 2 20 A it
2ol AFINT IV AIEY 19 ETRF
TR (589 (53K ORIETHEISF—IL (60)
DREIRMPIK, KEFEOEZTTY, 722V A
R FHK (62) Zf5/z. C223— KK (63) &

62 Zffity, DWTHRL /= C-28 7))L a—) L8R
(64) % _HMETICEWL TR (65) 25K
L7z, 2Tk (65) =%%5&D m-CPBA Tzt
BILE 5T PTAD T T 5 & 66 & 67 283/2 D
thETHESNZ. (LAY (66 KU 6T) O _HiES
ZIRF AL, MAGRL TOA =), DWTT IV
TER, VKRB ENEREEL, 68 & 69 %15
7z. BITE, 55,56 ~OAE A KFFH TH S (Scheme
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3. HBRREMREAZETZRATO-IILDEK
R UOREEEEAER

S EREITENT VY NA =R N —F
YV IRD XD IR R EE N EINL TH 0, I
SIEEBOREZHNE L THAOY 7 0—Fnfrb
NTWD, ITE, AL ML TS UW S -k
el 22k 0 R iF 7R B AE SR S & 7 (neuro-
trophic factor: NTF) 25t o Ze &R 11

Table 2. Pharmacokinetics Parameters of 1o, 25 (OH) ,D; (1)
and 1o, 25(OH),D,(2) after a Single Oral Administration in
Male Rats or Dogs

(1) a)
Pharmacokinetics la, 25(0OH),D; 1oy, 25(0OH),Dy
parameters @) ()

Trax (hr) 2.0 2.0
Cpnax (pg/ml) 661.9 757.5
T\, 2—12h) 3.5 5.9
AUC(0—48 h)
o b 7107.5 11611.7
AUC(0—48 h)- 3241.2 10517.3

BG (pg * h/ml)

(2) b)
Pharmacokinetics la, 25(0OH),D; 1oy, 25(0OH),Dy
parameters 1) 2

Tnax (1) 2.0 3.0
Crax (pg/ml) 248.0 421.5
T,,(2—12h) 8.1 8.1
AUC(0—48 h)
(pg - h/mD) 3062.5 4595.0
AUC(0—48 h)- 2153.7 4423.1

BG (pg * h/ml)

a) Male rats were orally administered with 0.4 ug/kg of 1 or 2. b) Male
dogs (beagles) were orally administered with 0.4 ug/kg of 1 or 2. Phar-
macokinetics parameters were determined by means of radio receptor as-
say using [26, 27-3H]-1a, 25(0OH),D; or [26, 27-3H]-1a, 25(0H),D,
(50) .

Fig. 2.

55

KOTHRETH A Z &M INZ. Lidio T,
HR R Ze i RAER 26 9 2L a3 A Lz
BEEEEZ O NS, HIAE, NTF 773U —0
1 D Td %Mk E K T (nerve growth factor: NGF)
ERUECFEEENIME T LTy M5 T %&£
NS OKRENWET 2 Z D5 BANEDBRHEE L
TNz 4 LrL, NGFIIRTF RTHh
DRTFH—VBIZE> TEBITHRI N, KRS
TIRIMEMBI D@ S RETH O, FEOIRMI
RELONEETH D, DD IR 2 8
TZ % NGF tk{EH &2 /R9 & % WL NGF D& k%
RET 5K TILEMORRBRMIERIITONTSH
D, INETITHEMORBEYNS A T O AR
) 2,0 K252a0) SO AEYF D ITRTTH
IOWENRHBINTNS .

EF ST v MR T EB ik O g AR 2w g
2K 2 MR ZSE M RAE A 248 & LT, MR ERS
(Dictyostelium purpureum K1001) D FEW
NS NTFEHZE T 2bEMa X s ) -7
WCHRWEEZH T 5K FILamZEEEL 2. tE
P D BC-NMR A7 MV 7 A5 0—)L &KFHE
"ML THESNDRY 72525 /=)L (15b) &
AFTRAY J—)V (15¢) ON, 75b &—FT %

57

Fig. 3.
56

NalO,4 Oxidation Products of Methyl Esters of 55 and

Chemical Structures of Metabolites of 2



No. 11

1147

O . OBz
1) n-BuLi
19 + HO\/<f/ (DB Phsoz&
2) BzCl/py OH
59 86% 60
OSiMe;
62
n,, I
1) 62, n-BuLi/ DMI
_— -
TBDPSO % N 2) 5% Na-Hg
S‘TO 68%
o] “Ph
63
1) m-CPBA .
————— ™ TBDPSO
2) LiAIH,
3) PTAD
44%
66
1) m-CPBA HO_ CH,4
2) 0.1 N H,S0, . oH
3) Py-SO4
66 COOCH,
4) NaClO,/
2-methy!-2- HO
butene 68

5) Me3SiCHN,
6) DBU, reflux in
n-butyl acetate
61%

OH
1) MsCUEt;N, 77% iCl imi
3 PhS OZVL[( Me;SiCl imidazole
2) KOH/EtOH 95%
75% 61

1) TsClipy
_— =

2) Nal N~ =0
3) DBU, reflux SN,
in benzene o] Ph
74% 65

67
_ HO__GOOCH,
' OH

——

———-

HO
44%
69

Scheme 8. Preparation of Synthetic Intermediates of 55 and 56

ZERUVHEHEEL GO T £ FIVAD 'H- KT
BC-NMR Z X7 MV XH G DY 7 FH AT
O—) (74b) OT7 EFINEKE—KTEHENS
74b EIRTE L 725559 BREIICIE A RICE > THS
N7z T4b EAXRY BV F—=IMERIT—H LD
EMSHERL .

ZITIIEBETHO NS DV FA X703k
METH D720, FEMEMEEEBRFT2ICES
BOGRKREENDO AT O—)VikEk & DRSS M
BIZ DWW TR 5,

3-1. SUFFRTO—LOIKEIRBEK
PUFFATO—) (14b) OERIZINETIC
W. Sucraw IZ X > TERINTWSA, X501
RAMSEER DG NNLAGEIR TN Z & R OK G —H
o N —HEGOERWRBZILHLETH >
729 HNOIUIEEEE Y I > Ds LT Dg DAL

WCHW/Z 7 £ Z)V AV 258K (33a, 33b) & X
FrATO—=)L (70) K0FEINS C20 7))
FER M)OEDH YT 2 T7ICE>T 74b KV
Z D24 (LT — (Tde) Z IARBERITERL L 72
PUFAATO—)L (14b) D24 L TE Y — (T4e)
270 DN RaRL—23 >, bV, EITIT
X576 OKBEIEDOBRETHRERSNGZ., AFT
JXATO—)L (70) MHHEEINS L — NEE
&k (17) % LiAlH, TiELY 2B, T—FI)LH T
RIS DHEST L /=A%, THF, DME W Tld KR 1T
®9 76 DAMNEIN S Nz, HEIE MR 2R
L4 DFEREZT O RFER (71 KO
72) &7 2 ZI)VAIVIR EEIR (27a, 33a, 33b, 73a
—c¢) EDORIBTHRZ. LEY (74d) 13 21a 2 i K,
KERIMLU TEZT 2 IV AV 3HER (73a)
ERWTERLZ. 247 oe)l, 7FI)IVHz%E
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BT HHEMAR (Tde, 74f) IZITAHRFI R (28) &7
o)7L THEIR, n- TFIIVYUF I A
EDORIETHE SN 7 £ )V AR iEEK (73b,
73¢) ZHWTHRK L= (Schemes 9, 10).

32, BEEEMNMERE /oYU FAFAT
O—)V R OFEERE Ty MR T H RO W EE 2

1) n-BuLi or LDA

FRREAI AL T K 9™ 2 F8 2 T Nk 2 (i A & B4
Lz, BEa> hbo—)bELTY A hOdA MEE
ki (ACM) ZilBRICINA 7=, Ki& 4—6 HRRITHM
faR D 2 5L E D2k 2 T U 7z i 2 h o >
U, B> hOo—)LpyZE5l0WE=D5, ACM T
KT 2HEE (% of ACM) TiEtEZERLZ. 5D

. CHO
1) NaBH,

_—
2) TsCl/py
3) Nal
75%

TBSO

72

71

33b
73a: R'=R%=H
73b: R'=C,H,, R%=H
73¢: R'=C,Hg, R%=H

2) p-TsOH/MeOH
3) 5% Na-Hg

1) n-BuLi/ DMI or HMPA

74a: R'=CH;, R?=H
74b: R'=C,H;, R?=H
74c: R'=H, R?=C,H,
74d: R'=R%=H

74e: R'=C4H,, R%=R%=H
74f R'=C4Hg, R?=R%=H

44% (for 74a)
48% (for 74b)
44% (for 74c)
26% (for 74d)
49% (for 74e)
44% (for 74f)

27a
33a
33b

Scheme 9.

1) BHyMe,S
—_—
2) H,0,/1N NaOH

75%

70

(:)Ts

77

Scheme 10.

2) p-TsOH/MeQOH
3) 5% Na-Hg

40% (for 75a)
37% (for 75b)
35% (for 75¢)

75a: R'=CHj, R%*=H
75h: R'=C,H;, R%=H
75¢: R'=H, R?=C,H;

Synthesis of Dictyosterol and Related Derivatives

TsCl/py
95%

1) LiAIH,4 74c¢

2) p-TsOH/MeOH
88%

Alternative Synthesis of 24-Epimer of Dictyosterol
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ZOFEE, RKERODZATFO—=)LMiEEZEZRT 20D
WSS A S OFIE, 3MKERENREIN TN
BN ENMEDEMETH 7. 24 L7 IVF )L
B L TIEAKE, AFIVE, TFIVEDIETIEMEN
mEL7Z. UL, TFILEIONIIVF—7270OE
VI, TFINETIIEREZ 2RI B DU
FAATO—)L (74b) IN—FIGVENTRDN S 7273,
24 TEY—(K (T4¢) HIFZFFR CIEEZRL, 24
ML F )V EE DN ARE B TG IO E 2 T S 7o
7= (Table 3).

ISEIC —HEES (C22-C23) ZH T 2{bEWmhik

1, MR O RERRER 7 e A T 04 RR)LE > SH
HEBOFER & LT, ARICES TREBLAMTH
%, AL AFTO—=)VOEENNT > XF, BWMNS
DAL, 7E2F IV CoAn S DAEGHK, MHITEBAD
B, RO L - THRfiahTns,
ORI ORE, fIEENREIL, S5 ME )
IREE(LIEEZ B ER 2 U, Btk oEER, e olE

-

—

Table 3. Neurite Outgrowth Activity of Dictyosterol and
Related Compounds (¢ : 1 ug/ml)

Compounds Activity

YEEZE TS5 EHVHBAL 72D TRIBHD IE 5 DAL P (% of ACM®)
BIC_EHEGEROHREREZAMRL, HEBRBREFL 74a (ergost-22-en-3p-ol) 51
7.9 7 2V ZI)VER S REL (61) EAKEZERI, 74b (dictyosterol) 74
) 74b (dictyosterol) (¢ : 0.1 ug/ml) 39

Ay EE ZH F I\ L.
m&%%ﬁubfﬁtm&ﬁ9%%n,%u@m 74b (dictyosterol, 38-acetate) S
feXez 3 — RFERICER L 205, FiNOr b 74c (stigmast-22-en-34-ol) 68
KE, REBHONBEZTY, 812577+, {LEW 74c¢ (stigmast-22-en-38-ol) (c : 0.1 ug/ml) 36
(39) DDz EMATIT AR (82),39 & 74d (cholest-22-en-3/-ol) 20
_ i . 74e (24-propyl-cholest-22-en-343-ol) 0
62705 83 B &AL L 72 2Bk a it HIE IR e o 12 74124 buty} cholest.22.en-35.0D) o
(Scheme 11) 9 B N B TINITATE—I)LD Campesterol 10
AGRERF A TH 5. 6000 X 70— )L % B RO b Cholesterol 12
N E 1 37
7R DA N E IR K SR B R RIE LTS e :
n, x5 RAFHERDOBRPNDNETH B, 2 Stigmasterol 38
4. PEEIRBLXR 731X PORAR Stigmastanol 4
AT 0O ——)LO)&%«%E’\J{[:Q%'C HAHIVATF0O—) a) Astrocyte-conditioned medium.
1) HofPtO, OSiMe; 1) n-BuLi/ DMI, 38 1) TsClipy
61 PhSOzJ/W/ _
2) Me;SiCl/imidazole 2) 5% Nao-Hg 2) Nal
75% 78 70% 86%
1) DBU .
2) n-BuyNF
61% HO

38

78

Scheme 11.

81
39
* —_—
62

HO
83

Synthesis of Biosynthetic Intermediates of Ergosterol
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&> TWDIE, M, FERFEREEREEE
W, WO AYRY w7 RO—LADEKED
2%, BENTILVATO—)LEEICHERET D &
ZFFAVATO-)VOERRERTORHAZFEL
BNDT, AiIEMETHDLAITL NS 24
(S) ,25-epoxycholesterol (84), I L A FO—)L M5
22 (R) -hydroxycholesterol (85) (Fig.4) NEKS
N, TNSZUHRELTEANLET S —,
X receptor (LXR) MRBRF & L THEMEMT 2.
LXR IFEEORHICB G 2B TFRBEZME L
THY, ZDiEM{LIZ ABC (ATP binding cassette)
NS AR—F—%FEL, L AT0—)LKUE
MATO—)L (74 bAT0O—=)) O/NBITHBTS
WIRZHET S I ENHMEN TS, 68 F 7z,
LXRZO L A 70— )L CHBEE R T DIEMNIT,
M AAHEE T ORBOMEAETIL THD., Gk
LXR 7 I =A b (flZ1X T0901317 (86), Fig. 4)
D GIPEIRELERIET 20, S rEiEm
fE 2 A8 T 5 O ICHRIGHIZ RSN TR, &
L7225 T, I 270—)WRENTHT 2 1ERLEIR
H72 U 7T > ROBFENR =Tz,
EMZATO—)ZiZa L XA 5a0—)UWE FERD®
BZENUFIMSHENTBD, TOAHNZALE
L TNGTOBEHENEZ 5N TWE, &I
ZRIZK D ZDOERN LXR 2419 % alfEtE AR IE &
NTWND, 66N FEFSIFT N Z 70— )V fILE D i K
BEEFTHZAT0—) LM ABC b T > 2R —
% —, ABCG5/G8 (H#ifahoalx5ro—)Lz
JEVFHICHEN L, /NG TEY NSOV AT
O— )V Z T 2) OB THE LXR KF
MICHEEINSD Z &,0660 0L 2570—) )L EREICK
LEIREE L2 CTEERE L THIS N TWey >
IR OEKELETH ABC v T 2 AR—F —D
AT (ABCAL) Thd I &, Bkl M~

liver

84
24(8S),25-Epoxycholesterol

Fig. 4.

85

22(R)-Hydroxycholesterol

DATO—)LEEIZX D LXR OEREE T 5E
INBHZE, LXROEKRNY T > RFFT AT
O—)L%E (84,85 ThHhHILEHDEENS, KA
DA T 0 — )L R OZDFERNY T > RELT
WHEdT 5 Z L2 ML T ZfT> 7. ZRETI
BRLEZATO=)L R ZAT01 RFERD LXR
7 IR MEWEFH N (LXR IR, N5,
fElififk, ~7 077y —2YRECEBLTNVWS
LXRa & 25 DMKICHML T2 LXREDH ).
st L 7={b& Y O d T ergst-22-en-1q,34-diol
(89) 7" LXRa iZxt L THROZNET, HENY T
ERTHERHBENVWEFTDOLNTNS 84 LD HIRWEMH
Zorliz, A7O0—)LiFEk 89) O_HEEAZR
L7290 OyEMIL 89 bR B &K T LA LXRS
W2 BIEMATIE 85 & 89 1X[FZDiEMEZ R L 7=
lafZICKEBEEZAELTWTS 5- T FEMK (91)
DIEHIZF<, 5,7- P L&Y (92) TIIIEHIR
Bo e, lafLiZ/KEEEZH LIS T4a KR D
WHmATO—) (TIVIRY /) —)b, TIVIAT
O—)b, AFF/YA5Fa—), 753 hAFO0—
W, hXZF58—=), - bAFa—)), T
FAATO—)VE) biEHIIAS NN >z (Ta-
ble4). DIEDHEERNS AT 00— )LiFEAKRN LXR
R <IEMALT B 7201213, la ik E2HG T
2 EMERET, XA704 REEPEMENTND
&, T5ITCR-CBIT_EHMADEENERT
HBDZEDNHSNTIEo T,

fbat (89) 134y 12 07 Ok (15) @ H Rk
(91) DOHMRFIFICCPmEE (—30°C) TN—F
BILETOBICEIEL AR TH S, £z, 89
FhUTZ /2 9)BDON—FEILTHSNS 1,3-
CF—I (94) ML FEHEIND C20 T7IINTER
(95) &7 2 Z)VAIVIR VFER 27a) DT v T
T E->THE L (Scheme 12),

CF3

OH
2 0
o
kCF;,

86
T0901317

Compounds Acting as LXR Agonist
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27 0—)LFEER (89 KT 90 (10uM)) ZE b
5 Kl R E SR B Bk SW480 M At 5 L= & 2 5
LXR DFERYEIZ T ABCAL O ERTHBLZE I
FHEL =, A7O0—)ViAEAk 89 (250 mg/kg) KN
JFEATFOA K7 T=Z b T0901317 (86) (10 mg/
kg) ZXTRKROBEGL, /NG, HIRICHBIT 2
IR T O mRNA BHZRF L2, Wb/
% Tld ABCAIL, ABCGS, ABCG8 DO ¥H Z###E L
. LXR7IZ A~ (86) IXFEKHICHIEICHNWT
HPENENGICBEE 9 2B {s T (SREBP-Ic, FAS) %
FELUZN, 8 TRIDLDFEHITA L NN
o7z (Table 5).9 WH I XL LZIL X570~
NHEEH% (12K oalL A50—)Vida >

Table 4. Activation of LXRa and LXRf by Sterol Agonists

ECso” (um)
Compound
LXRa LXRp
84 0.81 1.1
85 — 3.2
89 0.41 1.1
20 1.3 8.8
91 15 —

a) Effective concentration for 50% maximal activation.

KN
30% H,0,/1N NaOH
85%
o
87
H,/Pd-C
—
95%
20
1) 30% H,0,/1N NaOH
87
2) NHg/Li, NH4Cl, -78°C
45%
/1,
¢ “OTHP
1) 30% Hy0,/1N NaOH
o 2) NHg/Li, NH4Cl
36%
93 94

Table 5. LXR Target Gene Expression in Intestine and Liver
of Mice Treated with 86 or 89 (% of Control)
(1) a)

86 89
Gene expressions
10 mg/kg 50 mg/kg 250 mg/kg
ABCALl 350 220 230
ABCG5 440 280 350
ABCG8 7300 1800 3700
LXRo 140 110 110
LXRpA 80 90 100
@)
86 89
Gene expressions
10me/ke  somg/kg 250 mg/ke
ABCAIl 170 120 120
ABCG5 390 110 90
ABCG38 560 110 90
SREBP-Ic¢ 420 130 160
FAS 430 140 160

1) Ac,O/py

2) NBS
PE——

3) quinaldine

4) KOH/EtOH

oTHP 1) Ac2O/py

a) Quantitative real-time PCR from intestinal RNA for ABCAI,
ABCGS5, ABCG8, LXRa and LXRp after treatment with 86 or 89. b)
Quantitative real-time PCR from liver RNA for ABCAIl, ABCGS,
ABCGS8, SREBP-1c and FAS after treatment with 86 or 89. Mice were
orally administered with 10 mg/kg of 86 or 50 or 250 mg/kg of 89. Twel-
veh after administration, total RNA was extracted from intestinal and liver
mucosa.

NH,/Li, NH,CI, -30°C

18%

89

54%

2) HylPtO, 1) n-BuLi, 27a
. _—
3) p-TsOH/MeOH 2) 5% Na-Hg
4)PCC AcO 41%

57% 95

Scheme 12. Synthesis of LXR Agonists (89, 90)
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FO—)VEEIZTH L TENZTN 14% (86), 19% (89)
EWALTW/=, Yd=ZX bk (86) TiEhUZ UL
U RIZKRIEIZEML THB O, mHrEig mE & %%
L, 89 Tlda ho—JLBEENALNEN
S/ PAEOFEHEIZ 89 oL 2T o — )L IRILHNH
WNGRIRFR LXR 2 L72bDTHDH I EER
BIT2H5H5DTHS.70 7 WY AT 0O—)iFEKT
% 891F3/NHFTABC T 2V AR—F —DF Bl %=
FHEL, B EFET 5 OMEIC 4128
ETERVWD, FELTHIFRIIEELTWS
ABCGS5/8 12X D HFH A S N2 JREMENE &
5N%. EAXATO—-)LFHEEK (86) 1L ABCG5/8 D
FEEIZIR S0z, T O NG ACH B R R
TORBZFEL, SHMEEHMEZISEI L
ERbLND. DERLAEZXDICLXRIZERNIL
ZT7O0—=) QR EEREEHELTHD, LT
O — )VEH MR E > T TEERBENL T
¥ —TH5. LXR7ITZA~ (89) 13T
EYOREZRMLZLXR UL > RELTHEM
U, ®ARIMAE, BhAREE(LIEIC %S 5 IRER0 ARy
N5,

Pl E, 25 0—)ViEE RO AYIENE & QI8 E M
WRIFTEEBIIDONWTATE . TOHTHIRICHK
ZDIIMEEO —EIEESDAEDIERICREBREEES
ATCWAHZETHD, VEMBRHEBIZESHD EH
TEINDN, T4, 7 EEFEOIATINT Y
75— L TOREDOREEDEZSND. ESY
SOHCOWTHHEKD ZERNFREES N TY
5. BIZET 2V 5 =4 — )L HkO[IgEZ D
ES 2 2 Ky 1Ak O i & FE 1E H O E N T H R
ERSHIMAERZH/T 505, 71 b—)LHERDOH
EEFOEYI DK BZOLDBRMBIEA SN
W, F2 YISV IS —)Hkorov U
EHETANIMNIIT ) —=I)VIET7 ¢ b—=)VHED ~O
Jrxo—)l (E¥3I2E) XDiZanizmhhikgt
ERZETHL, ST RN—ZAHEEM, b
N AR OEEIFEER S Rd. hayzo—
WIZIZZ DX S EfE <, BT AR F—=ZM
HERZBET S (Jz7ZL, H2BOTZAT), HlA
Lo bI 720 —=)VOINZEBEIATIVIZT R
M=  ZFEERZELTNS). —EEADR
TREINH o EBHSNTIRIUT X ORI YIS
ALY OGO IIREIT R 5 D B AR W,

REIZ, ARGWMXOUECLHLVAERAITHE
EWEWEMEREREE (MPER), HE
kB (HREZEED, ARBCREE L Gor E
wEEE), NEERBEL CohmhEEy) KT
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