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i acetone, cat. H2S04, anhydrous MgS04;
iv PhMgBr—Ti(OCHMe2) «;
viii cinnamyl chloride, DMAP, Et3N;

ii 60% aq. HOAc; iii NalO;
v NalOs; vi PhyP=CHCO2E¢L; vii cat. DBU;
ix 75%aq. HOAc.
Fig 1 Route of synthesis of howiinol A.
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Fig 2 Structures of the analogues.
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XA P i B SR HdE AR 1, 3R 2.
Tab 1 Physical properties of the analogues

Compd  Formula Yield( %>  MPCC) Lely(CHCLy) Caﬁnal( (’I(;jund
I, Cy7H605 86.7 218219 +145(15C» ¢ 0.065> C 72.62 72.27
H 5.88 5.96

I; CasHy3CIOg 85.0 221223 +105(15C, ¢ 0.082> C 66.01 65.68
H 5.09 4.96

I3 CaoHy304g 71.0 169~171 +68(15C, ¢0.052 C 64.92 65.14
H 5.26 5.08

Iy Cy1 Ha4 O 84.2 192193 +48(15C, ¢ 0.037 C 67.73 67.38
H 6.49 6.54

I5 CaHy4O5 83.0 237239 +103(11C s ¢ 0.064> C 67.91 67.78
H 5.70 5. 64

I Cy3Hy ClOg 80.0 261263 +104(20TC s ¢ 0.039 C 64.41 64.55
H 4.93 4.78

I; CayHy3NOg 81.0 223225 +42(11C, ¢ 0.079 C 63.57 63.71
H 35.11 5.08

N  3.09 3.17

I CasHagOg 83.5 182183 +25(15C, ¢ 0.1 C 66.65 66.58
H 6.02 6.13

Iy CogHy6 Oy 82.6 197198 +43(20C, ¢0.083 C 73.35 73.12
H 35.71 5.78

Lig CayHa3CIO;, 82.1 229231 +72(20C, ¢ 0.051 C 62.82 63.14
H 5.05 5.01

I CyCLO;, 83.2 179181 +354(20C, ¢ 0.071 C 58.43 58.36
H 4.49 4.42

Ii> CysHy5CIO;, 83.5 184185 +85(20C: ¢ 0.038 C 63.49 63.22
H 5.33 5.41

Lz CasHasO5 84.0 168 ~169 +68(15C ., ¢ 0.044) C 69.01 68.87
H 6.23 6.31

1L CaaHan O 75.5 120121 +110(15C ¢ 0.042> C 70.92 70.58
H 5.45 5.63

11, CyHioClOg 73.6 166~ 168 +81(15C ., ¢ 0.034> C 63.70 63.28
H 4.62 4.77

I1; CasH24019° HO 62.4 116118 +354(15C+ ¢ 0.083> C 60.70 61.03
H 5.09 4.88

11, CigHa O 73.0 149151 +23(15C, ¢ 0.082 C 65.05 64.73
H 6.06 6.21

115 Cy1 HypO4 71.0 165167 +102(20C, ¢ 0.08 C 65.62 65.27
H 5.24 5.41

L4 CyH;7ClO,*1/2H,0 74.6 181183 +95(20C, ¢0.085 C 60.38 60.71
H 4.56 4.28

11, Cy1HigNOg 76.0 163164 +22(20C, ¢ 0.041) C 61.02 60.84
H 4.63 4.77

N 3.39 3.25

I1g Cy3Hp4 O 74.0 145147 +17(15C ., ¢ 0.046) C 64.48 64.27
H 5.64 5.58

Il CasHy O 73.0 168 ~170 +41(20C, ¢ 0.045) C 71.75 71.62
H 5.30 5.36

I, CyHClO;*1/2H20 68.4 172~174 +62(20C, ¢0.05 C 58.95 59.07
H 4.71 4.54

I Cy HizClL O, 70.6 127129 +52(20C s ¢ 0.069 C 55.64 55.73
H 4.00 3.93

I,  CupHClO;*1/2H,0 68.8 142144 +81(20C, ¢ 0.038 C 59.80 60.17
H 5.02 4.98

Il;; CuHyuO, 72.5 8788 +53(15C, ¢ 0.074 C 66.98 66.64
H 5.86 6.02
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Tab 2 IR, MS, 'HNMR data of the analogues

Compd  IR(KBr)em ™! EI-MS(m/z, %) "HNMR(CDClys & ppm)

I 1713,1730 446(M"',1.27,431(M "' -Me, 2.0, 1.33(3H, s» Me?» 1.36(3H, s» Me)» 4.32~4.39(3H, m» 4-
174(11.8),157¢30.6,97(22.5),91  H,5-H,6-H>,5.96(1H,d>- ] =15.3 Hz, CH=C),6.12¢(1H,
(20.3),56(100) dJ=9.1 Hz, 7-H56.26C1H, ds ] = 9.7 Hz» 2-HD, 6.81 ~

6.89(3H, m,3-H,CH=CH>,7.30~7.46(11H,m,CH=C,
Ph

I, 1726 439 CM' -Me»> 1.2, 165 €100, 97  1.31(6H,s:Me),4.27~4.36(3H, m-4-H, 5-H, 6-H), 6.03
(22.32,91010.83,59(17.6) ~6.41(3H, m, 7-H, 2-H, 2"-H>, 6. 78C1H, m, 3-H>, 7.17 ~

7.64C10H, m, 3"-H, Ph)

L; 1720,1722 536(M"'»1.7),521(M ' -Me» 4.6),  1.30(3H,s,Me),1.34(3H, s, Me),2.25(6H, s, Ac)+4.23~
163(61.5),119(41.0),97(35.8),91  4.34(3H, m» 4-H, 5-H, 6-H>, 6.06 ~ 6.24(2H, m,» 7-H, 2-
(71.67,59(14.25,43(100> 0,6.30C1H, d, ] = 15.9 Hz, 2"-H>, 6.82 C1H, m» 3-H),

7.28~7.73(9H,m, 3'-H, Ph

Iy 1726 357(CM"'-Me, 2.2, 97 (7.6, 91 1.32(6H, s Me?» 1.86C(3H, s» Me), 2.11(3H, s, Me), 4.24
(7.2,83(100,359(3.8> ~4.36(3H, ms 4-H, 5-H, 6-H, 5.66 C1H: brs, 7-H>, 6.00

(1H,d,]=9.4 Hz,C=CH>,6.26(1H.d, ] =9.6 Hz, 2-H),
6.87C1IH, dd» | = 3.2, 9.6 Hz, 3-HD, 7.26 ~ 7.40 (C6H, m»
Ph,CH=C>

I 1715 409(M ' -Mes 1.8, 135(100), 107  1.34(3H,s, Me)»1.38(3H, s, Me)»3.82(3H, s, OMe) 4. 34

(2.6),97(5.2),91(7.6),59(4.4) ~4.42(3H,m- 4-H. 5-H. 6-H>, 6.15(1H, d. ] = 8.8 Hz, 7-
H,6.26(1H,ds ] = 9.7 Hz: 2-H), 6.86(1H. m, 3-H>, 7.25
~7.46(7H,m,Ph>,7.92~8.01(2H, m, Ph>

Is 1716 413(M' -Me» 1.0), 139 (100, 97  1.31(3H, s» Me), 1.35(3H, s» Me)» 4.28 —4.39(3H. m, 4-
(18.25,59(15.4> H,5-H,6-H>,6.16(1H, d: ] =9.6 Hz, 2-H), 6.25(1H, d ]

=8.7Hz, 7-1,6.82(1H: dd» ] = 3.659.6 Hz, 3-H),7.24 ~
7.38(7H, m, Ph), 7.88~7.96(2H, m, Ph>

I 1722,1736 438(M"' -Me» 4.6, 164 (13.2), 97  1.23(6H,s Me)»3.66(2H>s,CH,7,4.05~4.17(3H, ms 4-
(1002,91€46.67,59(61.5) H,5-H,6-H>,5.91(1H, d: ] =8.6 Hz, 7-H), 6.10(1H, d. ]

=9.7 Hz, 2-1,6.69C1H: dd» ] =9.7,3.8 Hz, 3-H,7.16 ~
7.36(7H,m, Ph>»7.99~8.04(2H, m: Ph>

Ig 1732 468(M "' »384),453(M+-Me» 4.1, 1.24C6H, s» Me)» 3.57(2H, s, CH, ), 3.61(3H, s, OMe),
151€100), 97(21.2),91(88.52, 59  3.68(3H, s, OMe), 3.89 ~ 4.42 (3H, m» 4-H, 5-H, 6-H),
(10.3 5.88(1H.d, ] = 8.8 Hz, 7-H), 6.17¢1H, d, ] = 9.6 Hz, 2-

H),6.65~6.84(4H, m» 3-H, Ph),7.25(5H, m, Ph>

Iy 1730 458(M"' +5.2),444(MH' -Me»4.6), 1.15(3H, s» Me?,» 1.20(3H: s» Me?), 3.78 ~ 3.91(3H, m, 4-
168(48.2),141(100),97(28.3),91 H,5-H.6-H),4.03(2H, s» CH, ), 5.86C1H, d, ] = 8.7 Hz, 7-
(78.0),59(6.4) H),5.98(1H:d» ] =9.8 Hz, 2-H>,6.61C1H, dd» ] = 3.7,9.8

Hz, 3-1D,7.20~7.92C12H, m, 75 %0
Lo 1730.1739 458(M "' ,14.0),443(M ' -Me,2.5),  1.27C6H»s> Me)»3.57C1H, brs, 5-H)»4.16 ~4.20(2H, m»

141€56.5,97(66.5), 91 (1002, 59
4.7

4—HY6—H)1462(2HYS1CH2)16Ol(lHdeJ:94 HZ!7—H)1
6.2301H, d, ] = 9.7 Hz» 2-H), 6.78C1H. dd, ] = 3.6, 9.7
HZ!3—H)17. 16”736(9Hymyph)
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Continued
Compd  IR(KBr)em™! EI-MS(m/z, % "HNMR(CDCl;» & ppm)
Iy 1730,1757 492(M "' ,10.27,477(M "' -Me; 2.6, 1.25(6H, s Me),4.10~4.24(3H, m, 4-H, 5-H, 6-H), 4. 64
175(53.8),145(11.8),97(100),91 (2H,sCH,),5.96(1H,d,J=8.8 Hz,7-H>,6.15(1H.d, ] =
(94.7,59(60.3> 9.7 Hz,2-H,6.59~7.26(9H, m, 3-H, Ph
I 1718,1732 472(M "' 523.07,457(M ' -Me, 2.1, 1.26(3H: s, Me), 1.27(3H, s» Me?, 2.28(3H, s» Me)» 3.66
183(5.6),155(42.5),97(53.8),91  (H,t,J=1.9 Hz, 5-1,4.19C2H, m, 4-H, 6-HD» 4. 59C1H,
(1002,59(26.8> d:]=16.5 Hz» CH-H),4.62(1H, d, ] = 16.5 Hz, CH-H)»
6.00(1H.d» ] = 9.4 Hz, 7-H), 6.22C1H,d, ] = 9.7 Hz, 2-
H,6.60(1H,dd, ] =3.0.8.7 Hz, Ph),6.72(1H, d, ] = 3.0
Hz,Ph>,6.79C1H, dd- ] = 3.6,9.7 Hz, 3-H>, 7.16(1H. d, ]
=8.7 Hz.Ph),7.31~7.34(5H, m, Ph>
I3 1720,1761 453(CMH"', 25.6), 438 CMH' -Me, 1.25C6H, s Me)» 2.20C(6H, s» Me), 3.73(1H, brs, 5-HD,
4.5), 163 (7.7, 135 (59.5), 97  4.06—4.15(2H, ms 4-H, 6-H), 4.55(2H, s, CH, > 5.94
(41.07,91(1007,59(14.8 (1H,d, ] =9.2 Hz, 7-H>, 6.12C1H- d, ] = 9.7 Hz, 2-ID,
6.382H, brs, Ph), 6.48 C1H, brs, Ph), 6.68 C1H, dd, ] =
3.8,9.7 Hz.3-H>, 7.27(5H, m, Ph>
11, 1731,3427 406 (M', 1.8, 389 (MH' -H,0, 4.38(1H,dd,]=2.7,3.2 Hz, 5-H>, 4.43(1H, dd, ] = 2.7,
0.5), 174 (28.2), 157 (100, 129 3.7 Hz: 4-HD, 4.53(1H. dds ] = 3.2, 6.8 Hz: 6-H), 6.02
(55.7),97(4.9),77(22.4) (UH,d,]J =15.3 Hz, CH=C>,6.08C1H, d, ] = 6.8 Hz, 7-
H,6.11¢1H,d,J=9.7 Hz,2-H),6.89(2H, m,» CH= CHD,
6.98(1H,dd,]=3.7,9.7 Hz. 3-H),7.31~7.55(11H- m. C
=CH,Ph>
11 1711,3421  397CMH ' -H,0,0.5,165(100), 107~ 4.38C1H:dd»J=2.7,3.2 Hz» 5-HD, 4.43C1H, dd» | = 2.7,
(20.5),97(10.2),77(17.4) 3.7 Hz 4-H), 4.59C1H: dd, | = 3.2, 6.8 Hz, 6-H>, 6.09
(1H,d» ] =9.7 Hz, 2-H>, 6.12C1H- d, ] = 6.8 Hz, 7-ID,
6.45(1H,d>] =9 Hz,2"-H>,6.98(1H, dd, ] = 3.7,9.7 Hz,
3-H>,7.26~7.45(8H,m,Ph>,7.57C1H, m, Ph>, 7.63(1H,
d,]=15.9 Hz, 3'-HD
113 1712,3424 496(M',1.0),453(M"'-Acs 1.5),  2.25(6H, Ac)»4.52~4.63(3H, ms4-H, 5-H, 6-H),5.99 ~
179(45.6),136(71.8),107(33.4),  6.02(2H, m» 2-H, 7-H), 6.37C1H, d; ] = 15.9 Hz, 2"-HD,
97(14.3),43CAc' ,100) 7.01C1H, dds | = 3.2, 9.7 Hz 3-HD, 6.98 ~ 7.54 (8H, m»
Ph),7.64(1H,d, ] =15.9 Hz, 3’-HD
114 1715,3454 315(MH' -H,0, 1.0, 91(7.6,83  1.89(3H, s, Me), 2.12(3H, s, Me), 4.37 ~4.45(3H, m, 4-
(100),77(3.0) H, 5-H, 6-H), 5. 74(1H, brs, 7-H)» 5.95C1H, dd» ] = 3.4, 9.6
Hz,2-H,6.12(1H-d> ] =9.7 Hz, C=CH>,6.97(1H, dd ]
=3.8:9.6 Hz),7.33~7.49(6H, m, CH=C, Ph)
115 1707, 3464 384 CM', 1.0, 135 (100D, 107 3.78(3H,s, OMe), 4.47 ~ 4.58 (3H, m» 4-H, 5-H 6-H),
(5.02,91(5.2) 5.84—~6.07¢2H, m,2-H. 7-H>, 6 .88(1H, m» 3-H), 7.18 —
7.52(7H, m,> Ph>,7.90(2H, m, Ph)
11g 1724,3510 371CMH' -1,0,1.2),139C100), 126~ 4.48~4.56(3H, m»4-H, 5-H, 6-H,5.86 ~ 6. 12(2H, m, 2-

(23.0,97€12.8>

HY7—H)16.94(1H11’H! 3—H)y 723”758(7Hy ms Ph)y 798
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Continued

Compd  IR(KBr)em ™!

EI-MS(m/z, %)

1L,

Ig

&

I,

Iy

Iy,

11,

115

1720, 3450

170151736, 3462

1701,1732,3328

173051751, 3409

171151747, 3454

1689,1753,3327

1730, 3435

396(MH' -H,0, 1.0, 164 (29.5),
143(51.35,107¢(1007,97(13.3, 91
(50.0

428 CM', 17.4), 410 ( M' -H,O,
5.17, 196 (53.3), 151 €100, 97
(5.32,91023.4>

418 (M', 4.6, 401 ( MH' -H,O
2.5, 168 (10.27, 141 €100), 97
(2.82,910(14.8>

418 (M', 7.2), 401 ( MH' -H,O:
2.1), 186 (64.0), 141 (100>, 107
(81.00, 97 (53.8),91(98.02, 77
(92.3>

452 (M', 7.6), 175 (38.6 ), 126
(67.2), 107 (100, 97 (53.8), 91
(77.00

432(M " ,7.6),414(M "' -1,0, 3.1,
200057.72,155(84.67,142(30.2),
107€64.02,97(33.35,91(100>

413 CMH'+ 7.2, 394 (M'-H,0,
2.5, 180(88.45, 163(12.3), 135
(100, 105 (64.0), 97 (25.2, 91
(51.4>

3.86(2H, s»CH, ), 4.24~4.48(3H, m»4-H. 5-H, 6-H), 5.78
~6.01C2H, m» 7-H, 2-H)» 6.92(1H, m» 3-H>», 7.22~ 7.55
(7H, m, Ph),8.03~8.15(2H. m, Ph)
3.54(2H, s» CH, ) 3.56 (3H, s, OMe), 3.63(3H, s, OMe),
4.26~4.47(3H, m» 4-H, 5-H, 6-H), 5.72 ~ 6.04(2H, m, 7-
H,2-H>,6.71(3H, brs, Ph),6.92(1H, m, 3-H), 7.23~7.38
(5H>m,Ph>

3.59C1H, dd, ] =2.5,2.7 Hz, 5-H)» 3.75C1H, dd, | = 2.5,
3.3 Hzs4-H)»4.06~4.15(3H. m, CH,, 6-H), 5.82(1H, d, |
=7.8 Hz 7-H), 5.92(1H, d» ] = 9.3 Hz, 2-H), 6.64(1H,
dd:]=3.3,9.3 Hz, 3-H),7.26 ~7.50(9H, m, 5 %.),7.78
(1H, m» 7550, 7.8301H, m, 5500, 7.93(1 Hy ms 75 200
4.06(1H,dd, ] =2.6,2.7 Hz, 5-H)» 4.19C1H, dd, | = 2.6,
3.3 Hz» 4-H), 4.38C1H, dd» | = 2.7, 7.6 Hz, 6-HD, 4.62
(1H.d»J=16.4 Hz, CH-H), 4.68(1H. d, ] = 16.4 Hz, CH-
H).5.97C1H,d, ] = 7.6 Hz, 7-H), 6.12C1H, d» | = 9.7 Hz
2-H,6.79(2H, d. ] = 8.8 Hz» Ph),6.93C1H, dd. ] = 9.7,
3.3 Hz»3-H)»7.18~7.43(7H. m, Ph)
4.17C1H, dd, ] = 2.4,2.8 Hz, 5-H)» 4.25C1H, dd, | = 2.4,
3.8 Hz» 4-H), 4.41 (1H, dd- ] = 2.8, 7.5 Hz, 6-H). 4.72
(1H.d»]=16.6 Hz, CH-H), 4.78C1H. d, ] = 16.6 Hz, CH-
H).5.98(1H,d, ] =7.5 Hz, 7-H), 6.12C1H, d ] = 9.8 Hz
2-H,6.73(1H, d. ] = 8.9 Hz» Ph),6.94C1H, dd. ] = 3.8,
9.8 Hz»3-H)»7.11(1H, m,Ph),7.36 ~7.45(6H, m: Ph)
2.26(3H: ss Me), 4.01C1H, t, ] =2.9 Hz, 5-H)» 4.19C1H,
dd»J=2.9,3.4 Hz, 4-H),4.44C1H, dd> ] = 2.9, 7.6 Hz, 6-
H),4.59C1H,d, ] =16.5 Hz: CH-H), 4.66(1H, d. ] = 16.5
Hz, CH-H),5.98(1H, d- ] = 7.6 Hz 7-H).6.05(1H, d, ] =
9.7 Hz,2-H)»6.61C1H, dd» ] =2.9,8.7 Hz> Ph), 6. 71 (1H,
d»]=2.9 Hz, Ph),6.88C1H,dd, ] =3.4,9.7 Hz, 3-H), 7. 14
(1H,d»J=8.7 Hz> Ph),7.43~7.50(5H, m, Ph)

2.23(6H: ss Me), 4.05C1H, t, ] =2.9 Hz» 5-H)» 4.16 (1H,
dd,»J=2.9,3.8 Hz, 4-H),4.36(1H, dd> ] = 2.9, 7.8 Hz, 6-
H),4.63(2H,s, CH,),5.93(1H. d, ] = 7.8 Hz, 7-H), 6.05
(1H,d,]=9.7 Hz,2-H),6.47(2H, s, Ph), 6.59(1H, s, Ph),
6.86(1H,dd. ] = 3.8,9.7 Hz, 3-H)» 7.35 ~ 7.44(5-H, m,
Ph)

37,

N

I MTT JriEr X e kA7 1 fut
Te I PR O 22, e DK R 404 & xR A0 T
ANRRE R RAER], b E e & EoR T
BRI, R o R R, ik 4 R WA

3. SPREM, BN EERRE R T LNE
VERGRIAL G2, (EVE TEIFAS 525, i W] 4l
A BREAT — % (R R PR, A Je 118 A i 32 2 )
HXF BEAA 1) 4540 20
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Tab 3
analogues(ICsy» png*ml™ ")

In vitro antitumor activities of the

Compd L1210 Bel7402 HL-60 Compd L1210 Bel7402 HL-60

I, 0.5 0.9 0.3 1L 5.4 5.8 0.5
L 0.5 0.8 0.5 1L 4.5 5.6 5.2

I3 >10 >10 7.2 1 >10  >10  >10
I, 5.2 6.4 4.3 14 5.6 6.7 4.0
Is 5.3 0.7 4.5 s 6.8 7.1 0.5
Iy 5.3 6.6 5.2 g 5.3 6.3 0.4
I5 6.8 3.0 4.9 1L 5.7 7.3 4.5
Ig 5.2 6.3 5.2 g 5.7 6.2 4.1
Iy >10 7.4 5.1 g 5.4 5.6 0.7
Lig 5.5 6.7 5.2 Iy 6.7 6.6 0.9
I 5.4 6.3 5.0 1y 5.7 5.7 5.0
I 5.5 6.4 5.6 1 5.4 6.0 0.7
Li; 5.3 6.5 5.4 4.5 5.7 0.4
SO A

145 5 H Boetius 2 A0% 23 G R , B2 AR KL
1Ee LA Perkin-Elmer 683 21 48 ik
DO 2 o 1% 3t 4k Z R Jeol FX-90Q 2,
Bruker ARX-400 24 H Bruker AM-500 %4 4% W
ARG E « BTk ZAB-2F BUg G E .t
S F Perkin-Elmer 241 BEYGACN & . 2 (0
TEAIAE (O 0% 23 AR HI 77 SR AL T) 1 GF254
AT 100 ~200 H i A i Hy & (057K H
5% AR Z WV 10 % TRIR LIV
1 a3

F/K A 500 ml F 5 O KRBT R 0.9
ml Al o-D-HFRFERR N EE(2) 10 g(48 mmol)»
R RIS NN K BRREE 10 g, 4k
R FE 24 h, b U8, PR AH R Z KA A2 pH 6
~ 7. BLUE, WAL 2 R IR T 100
ml MK 50 ml 7870 P 85, 23 A HLAH, ZKAH
FAPTAIL 2 R(50 ml < 2), FFFATHLAH, HITEK
bl Bk T o 2 ST, B H S0 A0 o ek
Zhidh, /5 (REA 3 10.8 go mp 153~ 155T
Rf=0.30(E,0), [olf = —83.7Cc 0.092,
CHCly)» IR(KBr)em™': 3331COH), 1796 (-
lactone)s '"HNMR (90 MHz, CDCl;) § ppm:
1.37C3H,ssMe)>1.41(3H, s, Me)>1.43(3H, s»

Me), 1.50 (3H, s» Me), 2.63 (1H, brs, OH),
3.78~4.62(7H,m, 5% CH, CH, - EI-MS m/z
(%): 273 (M"'-Me, 28.0), 101 (58.2), 59
(39.5),43(100) . FHRARERH: (O3 (E,0) X
FUEW30.7 g W# 83.2%
2 EY 4

EY 35.76 2020 mmol) ¥ T B R /K 5
50 ml Y, EEBEEE 18 hy IH 2K 100 mls 98
FEZE R, B 2 e AT (0l (R — Y IE 6
TDAFE A 4 4.25 ¢, WE 85.7% - mp 161
~162C, [a B} = —76.8(c 0.175, MeOH), Rf
=0.35(CHCl;—MeOH 4:1). IR(KBr)em ™ ':
1779 v-lactone C = O, 3413(OH). 'HNMR
(90 MHz, DMSO-d ) & ppm: 1.19 (3H, s,
CH;),1.37(3H,s, CH;),3.16~3.44(3H, m, 6-
H,7-H>,3.76 (1H, brss 5-H)» 3.85C1H, brs, 4-
H), 4.23C1H, brs,» 3-H)» 4.54(2H, brss 2-H)»
EIMS m/z(%): 249(MH", 100, 233(M" -
Me, 59.5), 191 (MH"'-Me,C = O, 82.5), 59
(Me,C=0OH",87.0)
3 EWs

EY 4 2.48 ¢ (10 mmol) ¥ T H IE
120 ml™', M A NalO, 2.25 g(10.5 mmol) ]
10 mUKEA, EIRMEE 1 h, s g, B
b AP AL (L5 (R —HEE 8:1), 4K
(A mp 93~96C, RI=0.56C 5 i—H i
5:1). "THNMR(90 MHz, DMSO-ds) 8§ ppm:
1.24(3H, s, CH;), 1.43(3H, s, CH; ), 3.65 ~
3.84(2H, m, 3-H, 4-H), 4.24 (1H, brs, 2-H),
4.46C1H, brs, 5-H>,9.44(1H, s, CHO)» %At
EWIAREE 1A FCH P8Rk R IR 4 19 R e,
TR, AL B T RN .
4 LEYe

551 ERHEECZ) 10 mmoDE T 50 ml
THF ", vK# 2 A1R, W 0 PhMgBr 1) THF %
L 48 3.6 g(150 mmol), IR2K 25.9 ¢
(165 mmol) £ 75 ml THF #4151, 25 0.5 h
T MoEEe, R e 1 hy TF R WY 8 he ¥
ARG BN 40 ml UKIF AT NaHCO, %
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AP HhIE, F GR CWEAHL (50 ml < 3), &9
AHUAE, KR BRAN T . Z8 BRI, e AT
(ISR OBE—A W 1: DS EY 6 I
6 fir 72 o) AR VR G W) 2.88 g0 &RERAE (T
L S R — A 45 DAY 6
0.89 g, B (044, W # 19.8% (LML &) 4
). FEW) A TN B i K 2 A, mp 201 —
203C, Rf=0.27CAD—&MF 98:2), Lol =
+112Cc 0.105, EtOAc)» IR(CKBr)em ': 3454
(OHY. "HNMR(500 MHz, acetone-dg) & ppm:
0.70(3H,s>Me),1.10(3H,s, Me),3.23~3.25
(3H,m» 4-H, 2 X OH), 3.75(1H, dd» ] = 1.1,
7.9 Hz, 3-H),3.87(1H,dd, ] = 7.8, 1.0 Hz, 5-
H),4.01(1H, s, OH)»4.57(1H,d,»J=7.9 Hz»
2-H),4.73(1H, d» ] = 7.8 Hz, 6-H), 7.12 ~
7.44(13Hs m» Ph), 7.74 ~7.76 (2Hs m» Ph)+
EIMS m/z (%): 249 ( M*-Ph,COH-H,0,
5.6, 183 (Ph,COH", 100 ), 105 ( PhCO*,
55.6), 77 (Ph", 28.8), 39 ( Me,C = OH",
15.6), TG 0T Cyy Hyy O W HEAH%: C
71.98, H6.71; EM{H%: C 71.87, H 6.84-
6 7= ) A AR 1.83 g FILIEAA, 2R 40.6%
(LMLEW) 4 vFD . F=Wy 2 TR - A i ek 25 465 b
mp 165~167C,RI=0.29CZi—HEE 98:2),
[« = +123(c 0.114, EtOAc). IR(KBr)
em 't 3475 COH ). 'HNMR (500 MHz,
acetone-dg ) & ppm: 0.84(3H,s, Me), 1.26(3H,
$sMe)»3.23~3.25(4H, m»4-H, 3 X OH), 3.68
(1H>dd»J=1.2,8.1 Hz, 5-H>, 3.75(1H, dd- ]
=7.9,1.0 Hz,3-H>,4.46(1H,d,] =7.9 Hz,2-
H>,4.81(1H,d>J=8.1 Hz, 6-H),7.11 ~7.43
(13H>m,Ph),7.69~7.71(2H, m, Ph)» EI-MS
m/z (% ): 249 (M*-Ph,COH-H,0, 3.4), 183
(Ph,COH"*, 100, 105 (PhCO*, 53.4), 77
(Ph*,26.4),59(Me,C=0H",16.7)- JLZF I}
BT Cy7H30Og» W HAE % : C 71.98, H6.71; 5E
M %: C71.73, H6.91.

J7i% 2: 4E = 15T, ¥ TiCOCHMe, ), 42.7
g( 150 mmol) ¥ M £ PhMgBr # THE ¥ ¥

[ EEE 3.6 g(150 mmol), IR 25.9 g(165
mmol)7E 80 ml THF T #i[#4 1, 25 1 h #n 5%
e, ko E 1 h, W EIAMHEECZ 10 mmol)
) THE ¥ 50 ml, 27 0.5 h N5, ok $
P 1 hy TR EERN 12 he ¥R NIRG P E
A 35 g FAEE TR 150 ml vK/K A, $lE, 9E0F H
50 ml &R LERVES, 7r HAT WL, KA &1
CPEFEEL (S50 ml < 2), & HAHUAH, oK
FRAN T M5 . ZRPRVET, ERERAE (0% LR LB
— A 1:1), AW s K 6 A=
REREW) 2.68 go FHIRERAE (g E—2D /0 &
(FM—ANE 45: DAY S 1.71 o WHE
38% (LMEAH 4 1F); 6 22 iR 0.76 g»
W 17 % CLALE ) 4 7).
5 WEWw7

ED 6 450 mg(1 mmol¥E T HIF 50 ml
L N NalO, 428 mg (2 mmol) 7K % W 8
ml, EWWAEHE 17 h, TLC Rl ok 2k, &0t
AR YE, Pl s ZE BRI A A (R, B
b B EAT BRE R R (0 3 ( LR & g — A7 il dak
2:1), BLEOERY. Ri=0.38CLTR LEF—
A 2:1). "THNMR(500 MHz, acetone-d; )
S ppm: 1.33(3H, s> Me)> 1.36 (3H, s Me)»
3.96~4.06 (2H, m, 3-H, 4-H), 4.77 ~ 4.82
(2H, m» 2-H, 5-H), 7.23 ~ 7.43(5H, m, Ph),
9.55(1H, brs, CHO)» &) 7 A2, 72 B Ak
G R AS 4L, BT Witdg KN
6 L&Y 8

IR (29 1 mmoD ¥ T /K FE 10 ml
L, A% — 15T, A PhsP = CHCO,Et 468 mg
(2 mmol), i+t 3 h, P 28 BR 1, R AR AE (0
L ME—A R 1:1), 19 (4K 8 272 mg»
W 81% (LML & 6 1) . P4 L kA i
MR 25 &, mp 122 ~ 124C» RI=0.32( L lf—
FiilE 2:1), [odi®= +63(c 0.073, CHCL).
IRCKBr) em™': 3395 COH), 1711 Ca, B-
unsaturated ester C=0). "HNMR (500 MHz,
CDCLy) 8 ppm: 1.24(3H, t,J = 7.1 Hz» Me)s
1.43(3H, s> Me)» 1,46 (3H, s» Me)» 3.86 (1H,
brs,5-H>»3.98(1H,dd, ] =1.2,6.3 Hz 6-H),
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4.12(2H>q,J=7.1 Hz, CH,,4.88(1H, d, ] =
6.3 Hz» 7-H), 5.47C1H, dt, ] = 7.1, 2.8, 1.4
Hz,4-H),5.90(1H,dd,]=11.8,1.4 Hz,2-H),
6.30C1H, dd,» ] = 11.8, 7.1 Hz, 3-H), 7.30 ~
7.42(5H; ms Ph)e EL-MS m/z( % ): 321(M"-
Me»8.5),131(52.0), 112(78.8), 105(49.5),
97(1007,59(97.5) TLE AT CigHpu Oy VL
H%: C64.27, H7.19; SEM{E % : C 64.04,
H7.21-
7 tLEW9

EY 8 168 mg (0.5 mmol) & T &
0.05% DBU 1 THF 40 ml %', T 60 ~70C Jx
IV 24 h, ZRBREE A, A0S (L% S BR—A
K 1 DA (AR 9 122 mg, W% 84.1% -
P LR L BR-A i E R 45 i, mp 189 ~
190C - [a o= +101Cc 0.081, CHCl;)» Rf=
0.25C M —A Mk 3:1). IR(CKBr)em s
3396COH), 1695 s B-unsaturated 8-lactone C=
0. 'THNMR (500 MHz, CDCl;) & ppm: 1.35
(6H> s> CH;)»4.05(1H,dd»J =1.4,8.4 Hz, 6-
H),4.34(1H, dd,J =1.8,6.1 Hz, 4-H), 4.48
(1H, brs» 5-H), 5.07C1H, d, ] = 8.4 Hz, 7-H),
6.25(1H,d,]=9.6 Hz,2-H),6.89(1H,dd, ] =
6.1,9.6 Hz» 3-H), 7.29 ~ 7.44 (5H, m» Ph)>-
EIMS m/z (%): 275 (M'"-Me, 11.4), 184
(31.2), 126(62.5), 107(49.5), 97 (100, 59
(51.07,43(42.5). L& HT CgH\sO50 1HH
f%: C66.19, H6.25; SEM{H%: C 66.07,
H 6.34,
8 &Y 10

7% 1 B 9 136 mg(0.468 mmol) ¥
T CH,Cl, 40 ml T, X I = &Kt 5 ml, fiEfL
= DMAP & W HBES 156 mg(0.936 mmol),
IR 24 he RN A RESE - oL E, KRS
), BERAE (0 ( LR L WE—A il 2:3)8 A
(44 10 171 mg, WHE 87% . ~WEE i -A
THEFE 458G, mp 241 ~242C - RI=0.45( 4%
CEE—A S 1: 1. [al® = +102(c 0.089,
EtOAc)» IR(KBr)em ': 1742(C = 0), 1702

(o, B-unsaturated 8-lactone C = O). 'HNMR
(500 MHz, CDCl3) & ppm: 1.33(3H,s, Me),
1.37(3H;s s» Me), 4.00 ~ 4.35(3H, m, 4-H, 5-
H, 6-H), 6.16 (1H, d» ] = 9.1 Hz, 7-H), 6.25
(1H,d,]=9.6 Hz 2-H),6.42(1H, d, ] = 15.9
Hz,2'-H),6.88(1H,dd» ] =5.8,9.6 Hz, 3-H),
7.26~7.51(10H, m,Ph),7.69(1H,d, ] = 15.9
Hz, 3"-H). EI-MS m/z(%): 405 (M"*-Me,
4.77,131(PhCH= CHCO" ,100),97(13.7),59
(7.2« TBEHE I CsHyy Oy W HAH%: C
71.41, H5.75; SEl{H%: C71.70, H5.64-

752 EW 9 87 mg(0.3 mmol) T
CH,Cl, 25 ml ', KM WA R 444 mg(3
mmol), DCC 639 mg (3.1 mmol) & fi {t &
DMAP, I8P 8 he Ja PR J7vk 1, g
82.5% . [FEGH AW 1< 150
9 AFEREH D

1G9 10 168 mg(0.4 mmol) ¥ T 75%
HOAc % 10 ml %', T 80 ~90°C K V. 4 h, I
AR 20 ml, ok Hs 25 B 7, 1 i A (L ( &
MR CER—A sk 1: 10075 3 (R 1126 mgs
CE 82.9% o P L8 IS4 JH ik T 45
mp 178~ 180°C CRAR=H) 176 ~ 178C2), &
AN T . RE=0.23CLR O BE—A Mtk 1:
Do [all¥=+98.7(¢ 0.200, CHCl), R/~
Wlaly = + 97.6 Cc 0.085, CHCL 2. IR
(KBr) em ': 3433 COH), 1709 (C = O)»
'"HNMR(400 MHzs CDCl;) & ppm: 4.40C1H,
dd»]=3.6,1.9 Hz, 5-H),4.45(1H, brs, 4-H)»
4.55(1H,dd»J =3.6,6.5 Hz, 6-H), 6.11(1H,
d,J=9.7 Hz, 2-H),6.13(1H,d, ] = 6.5 Hz, 7-
H),6.45(1H,d, ] = 15.9 Hz,2'-H), 6.98(1H,
dd,J=9.7,3.8 Hz,3-H),7.33~7.57(10H, m»
Ph),7.71(1H,d, ] =15.9,3-H). EI-MS m/z
(%): 363 (MH"-H,0, 2.0, 131 (PhCH =
CHCO",100,97(4.4),77(Ph*,17.5). JL %
DT CruHoy Oy WWEAH%: C 69.46, H 5.30;
SEMME % : C69.21, H5.43. [ANEG TG
L7/ | SR



772 Acta Pharmaceutica Sinica 1998,33(7):502~3511 « 511 -

Z % L W

TSR B o ARK AR, L B AR PR
RO RIEFE . T e 2 R 2 e L o [ R0 5 R R 2
AR, 19961260

MRr 2=, RO, YRR, L i R BN DU A ROR
TWEIT. A EIR, 19985331453

Shing TKM, Tsui HC, Zhou ZH, et al. Stereoselec-
tive synthesis of 2, 4: 5, 6-Di- O-isopropylidene-1-C-
phenyl-D-glycero- D-ido-hexitol and 2 4: 5, 6-Di-O-
isopropylidene-1-C-phenyl- D-glycero- D-gulo-hexitol.

4 Brimacombe JS, Tucker LCN. Reaction of D-glycero-

D-gulo-heptono-y-lactone with acetone. Carbohydr
Res, 1996,2:341

Reetz MT, Steinbach R, Westermann ], e/ al.
Stereoselective addition of organotitanium reagents.
Chem DBer, 1985,118:1441

Valverde S; Martin LM, Herradon B, e al. The
reaction of carbohydrate-derived alkoxyaldehydes with
methoxycarbonylmethylenetriphenyl phosphorane: ste-

reoselective synthesis of B-unsaturated esters. Telra-

hedrons 1987,43:1895

J Chem Soc Perkin Trans 1, 1992,6:885

STUDIES ON THE SYNTHESIS AND ANTITUMOR ACTIVITIES
OF HOWIINOL A AND ITS ANALOGUES

Sun Shaoyi(Sun SY) and Yu Dequan(Yu DQ)

(Institute of Materia Medicas Chinese Academy of Medical Sciences and
Peking Union Medical College s Beijing 100050 )

ABSTRACT Howiinol A1), one of the active antitumor constituents from the root and stem
bark of Goniothamus howii Meer. (Annonaceae) has been sythesized in nine steps from o-D-
glucoheptonic Y-lactone with an over all yield of 13.3% . It shows that all data of the synthetic product
are identical to those of the natural howiinol A, thus the absolute configuration of natural howiinol A is
further confirmed as 1. In the search for new antitumor compounds with high potency, 26 analogues
have been synthesized. In pharmacological tests most of them showed antitumor activities in vitro
some of them are significant.

KEY WORDS Howiinol A:; Antitumor agents; Asymmetric synthesis





