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Design and synthesis of an antitubercular compound, 24-ketoarguesterol
MA Ting, XU Chang-rong, ZHOU Xiang-dong (Department of Medicinal Chemistry, College of Pharmacy, Third Military Medical

University, Chongqing 400038, China)

Abstract: Objective To design and synthesize an antitubercular compound, 24-ketoarguesterol. Meth-

ods The target compound was synthesized via 8 steps, including methyl esterification, grignard isopropyla-

tion, deportation, etc. , using hyodeoxycholic acid as the starting material. 3 3-tert-butyldimethylsilyoxyl-5@-hy-

droxyl-6 8-di-me-thoxylmethyl-24-keto-B-norcholanate was the key intermediate and grignard isopropylation as

the key step. Results The target compound was synthesized in a total yield of 42% and identified by mass

spectrometry ( MS) , proton magnetic resonance spectroscopy (' HNMR) , carbon magnetic resonance spectros-

copy, ("CNMR) and infrared spectroscopy (IR). Conclusion The synthetic route is characterized by atomic

economy and high efficiency and laid the foundation for development of novel antituberculous drugs.
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SERZIRIE NG AN BEA AR 0 S RAR 22, (H i o %2
14 S PRI e PR A P R 45 4% 93 245 900 S M R 4RF-
MR TOE JH | 0 JHe T Tt B 3R M B8 B /KA TR B A5 X 4%
BT R R M 250 o B AR R A 0T 454 L g
RS 245 8 9 0 45 408 265 © o B AT A pF ge d s
Wei 2520 AHTEEREAT 1 16 k0 10, DI He i 8 &2
AR B PIMAR T B G 4R 4 ( Svenzea zeai) W53 15
SIS B HAT 5(6—7) abeo-AB FRAI A {4 25
R 2 5 AL S W IE A% 51 B A (Parguesterol A ) Al
MEH% (S 2 B ( Parguesterol B) , 2008 4F, Wei 257" A
RIRAIIFIE S B AL G K 3 56 W T AR
MsE AR ST AE S ARSI A B2,

EETA . %K AARH#5E4: (2007BB5053)
Supported by the Natural Science Foundation of Chongqing (2007BBS053)
EERN S 05, L, I TAYIHT A B OFFEAE |, 322 e ik
BT B . E-mail ; shk200297@ sohu. com
BIE1EE R M4, E-mail; zhouxd88@ 126. com
158 B #7 :2009-01-18 ; & 5] B #8:2009-03-05

it — LT AAR H B S R B BL A AT
YERL, AW deit& A B4 it ik a9
24- [ EAS B, B LASH 25 SRR 0 JSORE, DAMS R N
AL g S AP IR R SE B M B , i3~ 22 T B
L 24-BRDARS 5 8, B AT S 2 R T R AT R
22

1 #RSH®

1.1 22X A 505

JEORE % 25 SRR R e B UL R K A A T AR (4
95% ) , SRPRIEAR 06 2 P B T S g (732 S RIER IR )
UM ) A

JIe A R R LA 2 TR AT BB ol A 45 T 2 5 B 55 ek RO
S ARER | A 5 ) e RO 2 E T RE IR A (LS GF-254) , W4
PR . HRERE R AT TR T A2 7 R R B (10 ~
40 pm) , JZHT A BE (Pet) 227705 AR(60 ~90 C) o PU S I
FERRAPT LABAN 25 R [ 3 22 (0 28 Hh o Tl s R U
TRAPT DL I BO N J5 28 A s P e L = S A
Bl RN SR ZE A



510 19

Oy e A PUERALE ) 24-FRIAKS 6 B R BT E K 903

COOCH,
COOCH,
I MeOH H.SO,
2 TsCl Py _ 0, CHClL-MeOH
3 KOAc DMF-H,0 VieS —78 C 85%w ALO,
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1o 2RI ;2: ASB3R- A AN R T B ;3 3B -5-80-5 ,6- W 6-BR A4z BR P B ;4. 6p-F BE A 3B, 5B -= % A -B-% B2 d5 8k 7 85538, 5p-
AL OB FALETRE BRI TE; 6.3-R T A F AL SB-ALOB-FARLEFTE-B- 2 BB FE;7:38-RT AT L2
H5B-5# K 6B-= F AL T L 24-B7-B-k s IE 4738 :38,5B-= & L -6B- T BRI 24-87-B- 2k 25 A2 5 b2

El1 3B,5p-"E-6p-FEE-24-H1-B- LBk AB & ke (24-FRIAME & E2) MG RUBREE (B EA 42%)

G S LR BRI A IR A R B WRR E
SEASCIRE | BT AT 45 05,35 R R G IE . HNMR A1 CNMR i 26 [H
Varian 2 F] £E£ 7 # Mercury Plus-400 4% 24 35 {1 52 , TMS
YEPIFR , AR Ui B, 3 F CDCL AR5, & {H 50724 ppm,
JRTE 5 QPSO50A # 5 3iE {SC F HPS989 A # Ji 33 {3l &, 21
AN B A S 2T AN e B T FTIR-8700 € (KBr A7) o
G i Perkin-Elmer Moder 341 Polarimeter FEYGAS %E .
1.2 &M%

AL ILE 1,

1.2.1 A°3B-FRIEANLERR G 2 OB Fscik[ 4], UG

AR 1 RO, 22 F G Ak X Y A il E SR AL L SR A% UG-

RHERR 3 A kG 2,

1.2.2 3B-F2H-5-1-5, 6-Wr-6-FE B &2 2 P R 3 Y& hk

250 ml= Ff M A 3. 635 g (9.368 mmol) A°-3p-5 KA LS

R PG 2, BRI A 150 ml 48 F A R G 7K R iR &

Wi (CH,CL: MeOH = 4:1),F -78 CF, WA KA 30 min,

TR LIRS (0, 45 1R3BSR A, AU CBE Y 40 min, i1 8 ml

ZH RS 10 ml —EFREMIRA WG, AT EE R, T

o WARFRMLEL 5.325 g PEMEZMT (Pet: EtOAc = 1.75:1)

BRI AR 3.355 g,

1.2.3  6B-HEERE-3B,5p-f23-B- ek IR Ie 2 WY B 4 (1) i
£ 100 ml A A, A 191 mg (0. 453 mmol ) 3B-#5%E-

5-Mi-5 ,6-Kr-6-FENR LR H S 3, 1 8 ml T2RVSf#, A 1.923 ¢
B AR, IR TR, i UE , LR SR VRS, W HESHL
203 mg, PEHAEENT (Pet: EOAc =2.5:1) 5T A 177 mg,
1.2.4 3B,5p-F5L-63-— F 4 3L H 5L-B-2 e IR e 12 R 5
MG 7E 100 ml GEESE A, IABEREF A 40 ml 455}
BV ARIY) 1. 023 g (2.424 mmol) Ry 6B-H BEFL-3B,5B- 0 2%-
B-JCBiAR ¢ iR HY i 4, 1. 578 g 732 S MR g A 3.2 ml
(24.240 mmol) JFH R = W5, = R4 HE 6 ho HiIE, L L1
VRS, URBRIERIIRY) 1. 538 g, PREAEJEAT (Pet: EtOAc =
3:1) MBI 1.047 g,

1.2.5 3R-8UT 3 I SERER-58- 0 55-68- I RS H 25-B-2%
fARe 2 F g 6 By 6k 7E 25 ml Fi B, A 760 mg
(1.631 mmol) 3B,53- -6~ F 4 5t A J6-B-2k ik JIN e iR
HEE S5, 3 ml N, N-ZH 358 F G e s £, Jn A 955 mg (14. 044
mmol ) BRI, REF AR IS, T 3 ml 5 733 mg (4.863 mmol) AT
FE IS RELE A N, N- 3 BRI R, B IR BT R
30 ml Z, 1R ZLEE M, 4> I 3 x 30 ml 7K ,3 x 30 ml #fa FlfRHR &
BV ,3 x 30 ml AR AN AL AT e 2 P vk, TOAK R R A T
TR LIS AL 1,353 g, PREEAEZEHT (Pet: EtOAc =25:1)
13 ALK A 901 mg,

1.2.6  3R-HUT 3 LR L -53- ¥ 36 8- H 4 3L P 324~
Fi-B-SRBR AL BE 7 A A 76 50 ml =S H, A 90 mg
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(3.750 mmol) £, [ H: 10 R < A L AL B, LS
KHGT W NRTR S B PN A 4 ml T DU Sk IR A1
—/NRERL, BEFET A L S R, R RV TR S TE v
WG, 0.4 ml(4. 125 mmol ) 575 5L ZE ik, 5 min YN
56, RIR IR 1 h ZBE g AW O, N KA ., B R E
A 2.8 m1(20. 000 mmol) = Z 1%, thIR (A (A ITE, KT
BAEWETKBT(0~2C), e 725 mg (1.250 mmol)
3B-RUT 3 T RIS B-F3E-6 8- AL Y 3 BRI b
i IS 6 (PO 9.0 ml, HARFFE 2=, KB T
2% 1) HCL, A i B , 8 25 0 A I 6 B 88 Wl I 2%
KABsr WK ,3 x 20 ml £, 7R £ BEHEEL,3 x 60 ml {1k ik
E4N,3 x 60 ml 1A G AL BT 2 P, TG KRR R A T AR, VB
FHFAFAR T 0. 925 g, PR AL ZHT (Pet: EtOAc =35: 1) 15
537 mg JCEERR AR

1.2.7 3B,5B-" 5 H-63-H Ik 24 - -B- 25 e IH 5 4% 8 196
% £ 25 ml Jifi B, i A #E T M 6 ml £ 50 mg
(0.084 mmol) 3B~ T 3 — /! KAk 3E-5B- 4 H-68- S K H
FE-24-[7-B-2 AR 55 ot 7 AY TN ER-ZK (5: 1) W, A 51 mg
(0.268 mmol) X H ZHAER , FIRBEFE 24 ho WREFREER, A
15 ml R B8 ,3 x 15 ml (R FRIR 2807 W, 3 x 15 ml (&l
LA R, JCK B R 4H T 1, U Bk 25 VS 77U A5 [ 44k 43 mg,
PHEAEENT (Pet: EOAc =4: 1) 153060 R MK 33 mg,

2 #R

2.1 A3B-# Al FEs 2

W% 4% , 15 45.:143.4 ~144.3 °C, [a]? = -42.3°; EI-
MS (m/z):388 (M), 370 (M-H,0); IR(KBr J& ) em™';
3489 (OH), 1 716 (COOCH,) ; "HNMR (400 MHz, CDCL,)
8, 0.679 (s, 3H, 18-H,), 0.925 (d, 3H, ] =6.4 Hz, 21-
H,), 1.006 (s, 3H, 19-H;), 3.526 (m, 1H, 3a-H), 3. 665
(s, 3H, COOCH,), 5.359 ( d, 1H, J=3.6 Hz, 6-H)
2.2 3B-FHK-5-BA-5,6-0-6-HE A2 bz B B 3

W2 85% , [l +82.3°(C, 0.53, CHCL,) ; IR(KBr &
K em™': 3443 (OH), 1740 (CHO), 1713 (C=0); ESI-
MS (m/z): 443 (M +Na®); "HNMR (400 MHz, CDCL;)3,,,
0.676(s, 3H, 18-H,), 0.918 (d, 3H, J =6.4 Hz, 21-H,),
1.002(s, 3H, 19-H,), 3.654 (s, 3H, COOCH,), 4.480(m,
1H,30-H), 9.610 (s, 1H, -CHO) ,
2.3 6B-WELL3B,5B-=H A -B-k ek R Vs 4

WK 2% o H505:93.3 ~94.4 C (SCEE[5]mp: 95 ~96 C);
[a]? +31.5° (C, 0.53, CHCL,) [ CAR[S] [l +34.6°(C,
1.0, CHCL,) ]; ESI-MS(m/z) ; 449(M +Na*); TR(KBr JEH)
em™': 3539 (OH), 3493(0H), 1 726(CHO); "HNMR (400
MHz, CDCl;) §,,,: 0.717(s, 3H, 18-H,), 0.925(d, 3H, J =
6.4 Hz, 21-H,), 0.93(s, 3H, 19-H,), 3.636(s, 1H, 6-H),
3.660(s, 3H, COOCH, ), 4.119(m, 1H, 3a-H), 9. 698 (d,
J=3.2 Hz, 1H, -CHO)

2.4 3B,5B-=—#AL-6B-—F AL FAE- B-k B ALl R
WS
WK 92% , [«]? +37.5°(C, 0.4, CHCL) [ CHk[5]
[@]® +41.5°(C, 1.05, CHCL,)]; ESI-MS(m/z) : 489 (M +
Na*); IR(KBr A )em™': 3 470 (OH), 1 738 (COOCH, ) ;
"HNMR (400 MHz, CDCL,)3,,,: 0.681(s, 1H, 18-H;), 0.924
(s, 3H, 19-H,), 0.940(d, 3H, ] =6.4 Hz, 21-H,), 3.429(s,
3H, OCH,), 3.441(s, 3H, OCH,), 3.666(s, 3H, COOCH,) ,
4.286(d, J=6.0 Hz, 1H, 6-H)
2.5 3B-MTA_FTEAAELSB-HZLOB-—FTALT
- B-k m e b B W BS 6
WK 95% o W 71.3 ~72.4 C[ CHR[5 ] mp: 71 ~72 C);
[a]® +9.7°(C, 0.54, CHCL,) [3c#ER[5] [«]¥: +9.3°(C,
1.30, CHCL,) ]; ESI-MS (m/z): 603 (M + Na®); IR (KBr J&
H)em™ ;3 492(0OH), 1 744 ( COOCH, ) ; 'HNMR (400 MHz,
CDCL)8,,,: 0.050(s, 3H, Si-CH;), 0.058(s, 3H, Si-CH,),
0.679(s, 3H, 18-H,), 0.844 (s, 3H, 19-H,), 0.905[ s, 9H,
C(CH,),], 0.921(d, 3H, J=6.4 Hz, 21-H;), 3.39%4(s, 3H,
OCH,), 3. 438 (s, 3H, OCH,), 3.661 (s, 3H, COOCH, ),
4.042 (m, 1H, 30-H), 4.415(d, J =6.0 Hz, 1H, 6-H) ,
2.6 3B-RTA-_FHRALSB-AELAOB-ZFTALT
K 24-FR-B-% e kx 7
W 1% o 45 45:63.5 ~64.8 C; [a]d: +23.8°(C,
0.56, CHCL,) ; ESI-MS(m/z): 631 (M +K*); IR(KBr JE &)
em™'; 3508 (OH), 1728(C=0); "HNMR (400 MHz, CDCI,)
8,m: 0.060(s, 3H, Si-CH,), 0.071(s, 3H, Si-CH;), 0.679
(s, 3H, 18-H,), 0. 860 (s, 3H, 19-H,), 0. 907 [ s, 9H,
C (CH;);],0.924(d, 3H, ] =6.8 Hz, 21-H,), 1.227(d, 6H,
J=6.4 Hz, 26-H, and 27-H,), 3.394(s, 3H, OCH,), 3.439
(s, 3H, OCH,), 4.044(m, 1H, 30-H) , 4.415(d, ] =4.4 Hz,
1H, 6-H) ," CNMR (400 MHz, CDCl;) 3, : 173.805(C-24),
107.070 (C-6), 80.780(C-5), 68.626(C-3), 67.226(C-7),
55.885(C-14), 55.664(C-17), 49.937(C-9), 45.566(C-10),
44.621(C4), 43.276 (C-13), 40.391(C-8), 39.290(C-12),
35.388(C-20), 35.289 (C-22), 31.737(C-25), 31.116 (C-
23), 28.277(C-16) , 28.205 (C-2), 26.715(C-1) , 25.663(C-
15), 21.826(C-26), 21.799(C-27), 18.755 and 18. 488[ Si-C
(CH,), ], 18.682(C-21), 18.332(C-19), 12.760 (C-18),
-4.864 and -5.134(Si-CH,) ,
2.7 3B,5B-—#H-6B-FBLA-24-87-B-% 52 § 47 8
W 91% , 5 /5. 133.7 ~134.0 C; [a]® +8.2°(C,
0.45, CHCL,) ; EI-MS(m/z) : 402(M-1-CHO) ;: TR(KBr JE J)
em™': 3503, 3 425(0H), 1 742 (CHO), 1 697 (C =0);
"HNMR (400 MHz, CDCl,) &, : 0.706(s, 3H, 18-H,), 0.872
(s, 3H, 19-H,), 0.908(d, 3H, J =6.8 Hz, 21-H,), 1.222(d,
6H, J =6.4 Hz, 26-H, and 27-H, ), 4. 120 (m, 1H, 30-H),
9.696(d, 1H, J =2.8 Hz)."” CNMR (400 MHz, CDCL;)3,,,:
204.439(C-6) , 173.676(24-C) , 84.214(5-C), 67.382(C-3),
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63.938(C-7), 56.198(C-14), 55.649(C-17), 50.600 (C9),
45.536(C-10), 44.812(C-13), 44.343(C4), 39.915(C-8),
39.751(C-12), 35.304(C-20), 35.182(C-22), 31.730(C-25),
31.063(C-23), 29.680(C-11), 28.186( C-16) , 28.007(C-2),
26.909 (C-1), 24.547(C-15), 21.837(C-26), 21.571(C-27),
18.541 (C-21), 18.351(C-19), 12.520(C-18) .

3 iFig

Wei 2550 730 2 LI SR K U8 1 045 435 4 A T 114
N B3B-FRHEAR S B R R, 2 AL R BEK 3
AB ki, L 30% ~50% (UG 8 T 5 AN MiAS &
B2 A BRI JEOREAS By AR A5 0% 45 4 55y [ 2, AN
T B 2548 Z2 FE AL A% B B U ok HE1 140
SERLTE TR o

FATBLT 24- B Eks S BER & U L&l 1 R,
RPLAFR & A 0 B 0 (55 AR 9 I —— L IR 1
Sl , 28 H Ak 0T FE R o SR Ak SRR - TR B
S, Lh 94% (R A A -3 3-8 5 B i R H R 2, 7%
SCHRLS T, A -4 BAAALTTF IR L 85% [ ir %
P33 5-F-5 , 6-Wr-6-[E 4514 1) 3B-)3 £L-5--5 , 6-K7-6-
R ARBE R R 3, P28 rh ok Ak AR i AL T 1Y 20 F N B
BG5S, LA 92% HWse %15 2] 63-H [ 3E-3B8,53-—
FRHE-B-R ik IBLE 2 G 4, #9E 5(6—7) abeo-AB ¥
ik SR HEE Y 4 AT R 4R OR A, FHSCHER LS
BTk, O R 2% WORAK . F SR 30 6 B OR
Tk i Rt B S AR ST e MR AR ), 15 9K I i &R
= WCRAL, fe)a, H 732 SomER I BH B T3S A g 1E
HEAEH) SR RE 6 h, I Bk B R RS,
DL 92% H AR 3] 33, 5B- 52 H-6 8- H A -
B-Jet BB 2 O BR S A SO BAG e I B e 7 )
Bal R T A ST AR ) R A Al A LA
TEY) S 2 TBS 4537 L) 95% Fh ir %45 3] 56 4 o ] {4
3R-AUT B T B RE -5 3-8 L -6 8- Y AR BE H AE-B-
RNBERR s 6, 4% 3Ck (7] 071k, Sk 16 £t =
SRR A B BLH Y 3 f5 5 iPrMgBr H, F7E 0 ~
2 C AT 3B-BUT 3 = H ik H-53-7% K-
63- A HL-B- Rk B R 6, HAT 2=
IR, LLT1% (UCRA I T 3R-AL T 3k LAk BE-5B-
YR A6 8- W A L Y 24 - -B- R A IR S be 7. B
TE N - 7K rh F PTS (O HE 2R R ) It 2 HH 4 1
TBS {43, DL 91% W= 1531 38, 5B-— F2 k-6B-
P 3241 -B- SR A M 5§ e 8.0 M A0 :133.7 ~134.0 C;
[a]} +8.2°(C,0.45,CHCL) ; EI-MS(m/z) :402 34y

TR T 2 5 B i A (M-1-CHO) ;IR %+
1 742 em ™" UG Ay SR A RRAIE I I ' HNMR 3% 58
B2 B S, 9. 696 [ B Sy i B (1Y W i 0 ;
PCNMR 3§, 204. 439 4b i BREE L6 . Hop b A
W78 A,

b AT AR 1 1%, DL 3R-#U T 3
FH e L -5 B- 2 5L -6 B - — H A8 ik FHY L -B- ¢ IR e e Y Tl
6 Sy B [RIAA A FCR ) S N J L SE B IR, 46 8
RN, LA 42% 1 e, i it & ok 1T B bR g
To AL IRE 0  JFOR IR 2 15 L B o 45
o RN SR AN B TR, H e R bR T8 2 AR
R N SE , th 24-H g — 25 & & 24-10, 15 A TR F &0
Yoo 5 Wei 20 g0 vk Al 1L, 4540 BoA RIG . L
24 RS 555 B 00 A B Ry S, T 22 24T 3 1 B RE A
A B — R FNEE A ] Y L 45 K 22 R Ak B 48 45 44 1)
AR F55 B o 24-TRMAAK 55 B G B I ST, o
AR 55 B2 9 & R M A BOC R IESEAT R T 5
Bilt, A M £55 B B L2 AL ke Je B ol Bt 485 4% 24 1
W T YIS B AT, 24-FARS (S BT ah 2T m s v
(R FE IEFE A T2

(BOHE: Bl T 4 F- 202 B s 3UIE Ak A3t
B EBEEXWEIESN T RETOH Y, BMT =
FRKAETHRTELTHIET!)

SE Lk

(1] BB, WhAR. HUaiMmTs dt RN A B[ T]. Hrie =
2, 2006, 36(1): 170 - 172.

[2] Wei X, Rodriguez A D, Wang Y, et al. Novel ring B abeo-sterols as
growth inhibitors of Mycobacterium tuberculosis isolated from a Caribbe-
an Sea sponge, Svenzea zeai [ J]. Tetrahedron Letters, 2007, 48
(50) : 8851 —8854.

[3] Wei X, Rodriguez A D, Wang Y, et al. Synthesis and in vitro biologi-
cal evaluation of ring B abeo-sterols as novel inhibitors of Mycobacteri-
um tuberculosis [ J]. Bioorg Med Chem Lett, 2008, 18(20) ; 5448 —
5450.

(4] # %, #RKae, MR, Hii LXRs Foik—F ARSI s —
KWt A E R =B REEH, 2001, 23(9) : 1091 -
1093.

[5] Liu B, Zhou W S. The first stereoselective synthesis of orostanal isola-
ted feom a marine sponge Stelletta hiwasaensis [ J ]. Tetrahedron,
2003, 59(18) : 3379 —3384.

(6] TAEME, 2T, 7327 3R MR PH 8 7 3 #a il fig A T 4 T A0 45 T 1)
HRLT]. BT e ST, 1998,14(2) : 156 - 159.

(7] BRI, FZR. R 1) 24 -3 F L AR [ A ) s e [ ]
SR KSR, 2008, 30(7) : 621 -624.

(¥ R¥E)



