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As a co&matioa of our work on aatineop&tic agents 
from plants, we wish to report on the isolation and X-ray 
crystal structue of a new antikukaemk quassinoid un- 
dulatone (1) from Hannoo imif&a’ Altbo@ a number 
of 6-oxygeaated quaasinoids are known,’ thin ill the firat 
example of eater substitution at C(6) co&ii with tbc 
well known cater moiety at C(u). Iq addition to 1,a 
kaown q uassinoid aikathino~~e (2)’ was also isolated 
Ernst. 

~~~of~~e~of~~~p~ 
guided by assay in 9KB and P388 kukacmia systems,’ 
&owed tbat the alhtumoIu activity was comamad 
successively in the .chloroform layer of a chkroform- 
wa@rpartitionandthemetbanoIlayerofanaqueoas 
methanol-pet&mn part&ion. cokmm chroumtogmpky 
~~~~~~~~ky~~~- 
CAR cc-7 using cbkroform with ilKr&ng amounts of 
methanol yielded aa active fraction coo* a mixture 
of1and2Purther~~yofthi5mixtureona 
WateraAmocia@PrepLC/System500~agradknt 
of1%methanolinmethyknechlorideto4%methanolin 
methykne cbkride f&wed by fractiouai crystal&&ion 
from methanoI gave s (0.~) and 2 (0.~1%). These 
twoqnas&oiiwerciascpambkbyTU:usiugavarkty 
of d&rent solvent systems aad their bomogeaeity bad 
to be &ablisbed by analytical HPLC. 

Tile mokcakr composition of undukto~ (1) was 
found to be t&H&, by cumbdon tmdysis and high 
edtio~~ mass speetrometry. A comparison of the 
s~p~~~,P~~~of1~2 
suggestalthattheformerwasaquas&oiisimikrto2 
butwithanadditioaalun&watedcatermoiety.TbeIR 
spectrumof1showcdtbepreseace of co ablloQtions at 
1740 (8-kctoae and acetate ester), 1700 (qsunuturatsd 
ester), and l68Ocm-’ (a,/3- ketone). The UV 
spectrum showed maxima at222(t 17,i~)~~~ 
tsh, l 13$#) which co&km& the preaena of a& 
U~~tel8IldkCtO~lDD~illuaduhrtone.ThC 
presence of a 2-methyl-2-buta~&e estex was iadkat& 
bythelossof lOOamuinthemaaaapcctrumaadthe 
pnsence of peaks at m/c 83 [(#;I(Me)&cHMer and SiT 
(MeC=cHMe)+. In the PMR spectrum of 1, the doubkt 

duetothec625)Meandthe~ctduetothec(23)Me 
appeand at 8 1.81 (3 = 6 Hz) and 1.84 nxpcctively. T&e 
quartet doe to the vioyl protoa at C(24) appear& at 8 
7.02 (J = 6Hz) which is characteristic of a tmnr 2- 
methyl-2-butenoate (ti$ate) ester.’ The siqgkt due to the 
acetateMeappear&at82.08. 

The location and stereocltemi5try of the two ester 
moktks ia 1 were established by PMR sod mass spectra. 
~P~S~~Ofl~~~~Of2~ 
displayed a doubkt at 8 S.56 (3 = f0 Hz) assignabk to the 
protoo at C(15) bearing M ester function. In addition the 
presence of a doubkt of doubkts at the same position (8 
5.56, J=2, 1OHz) sugge&d tbat the second ester 
function was probably Iocatal at C(6). IO agreement with 
~~s~nt~c~p~~n~~a~~~ 
84,62(J=IZZIz)ratherthanatripietasin2and~ 
doubktcoikpsaltoasiagk-tupon&diationofthe 
signalat8556,IfitbeaJsumadhrombiogeneticcoasi- 
deratiolu that the Stereochemi8try of riag jlmctiolls in 1 
ia the same as in 2, tbcn the large coupliag constant 
(Ju = JlS.14 = 10 Hz) of protons at C(6) and C( 15) would 
~t~~p~~~~~~~~~~f 
~~~ mst therefore be equatori& That the tigkte 
ester was located at C(6) was indicated by the M 
spectral flagmeat ion 3 at m/c 345: The acetate ester 
must therefore be located at C(U). 

Partial hydrolysib of 1 gave dcsacetylunduktone (4). 
TbePMRandmassspectraof4akosupportutthe 
above ux&usiins. In the PMR SpectNm of 4, the doa- 
bletU=1O~)QetotheprotMt~C(1~~wapocgnd 
at a higher Be&i at 8 4.71 whik the doubkt of doubkts 
~J=2,11Hz)daetotbeprotonatC(6)stilleppeandat8 
5.56. The Me group at C( 13) was considerably deahklded 
andIrppepr#lasadoubkt(J=6Hz)at81.24.Tbe~ 
~bumof4showedthesamcfmgmcntion3atmlc 
345. 

unequivocai proof that the stnlctllre aad relative 
atelwchanktryof- areasrepnseatedbyl 
was provided by siaglacrystal X-ray analysis of the 
mcthmml aoIvat@. The absohlte co&uration, alao 
regresented by 1, follows from @ expaimentally 
proven Q&gpe&d bioge&c origin of quassinoida.* 
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The solid state conformation and atom numberin 
scheme are shown in Fi8. 1, and the packing of these 
units in the crystal is iJh~strated in Fii 2. Fractional 
atomic co-ordiges and thermal parameters are in 
Tabks 1 and 2; interatomic distances, valency and torsion 
a@es are in Tables 3 and 4. 

Means of chemically equivalent bonds in 1 compare 
welt with accepted values: C(sj+C(sp~ 1538, C(sp% 
c(SP3 1.513, c(SP36(sp3 1.453, c(sp?=asp~ 1.32% 
asp’)-0 1.436, qspw 1.~6 MIMI C=O 1.189 A. The 
C(39)-0(40) bond leq$h of 1.311(12) A in the methanol 
of solvatioa is foreshortened probably as a consequence 
of some disordering of this mole&e which is readily lost 
from the crystals when they are exposed to the open 
atmosphere. 

The structure of 1 closely resembles that of 8lau~~ 
bin p-bromobenxoate’ (5) and so it is not surptisii to 
hnd that the overall shapes of these molecuks are quite 
similar with the mt ditferences occtming in the A 
ring and S-lactone ring conformations. The presence of 
the 2-keWA3 moiety in ring A of 1 might be expected to 
result in an approximately planar delocalixed C-CO- 
@C-C system which consequently would produce an 
envelope conformation with C(10) as the out-of-plane 
atom. However, structural information for this type of 
system, derived from X-ray analyses on the anab8ous 
3-ke@A’ moiety of steroid mokcules~ clearly shows 
that in those compounds the C-CO-C=C-C units are not 
conformationaUy &id as manifested by the fact that 
their C(3)-C(4) ring A torsion at@ often &parts 
s@fkantly from o”, and the associated ring shapes 
consequently vary between haif-chair and envelope 
forms. Analysis of the deviations of the torsion 
a@es (w) in ring A of 1 from ideal half-chair 
(ACrHC = 14 + lo,2 - w + IOI.IO- cvul= 31.77 and 
ideal envelope (AC-E = 0~1 t ImA t Ial t m,_,/ t 
IYld W.lGj = 45.27 

? 
conformations indicates that 

the ring adopts an internKd& form which lies slightly 
closer to the former type. This conformation nmy be 
altematively descni in terms of C(5) and C(10) dis- 
placements of 0.272 and 058OA to the a and /? sides, 
respectively, of the W-C(4) least-squares plane. 
Adoption of this intermedia& form serves not only to 
alleviate non-bonded intera&ns between C(17) and 
o(30) but also to produce a more accept&k 
O(28). . . O(31) intran~lecular hydrogen bonded 
geometry. In 5, A+HC = 1-4 t Ia - ~31 t lu13 - 

r Y 

Fe 2 Crystal structure of uadutstonc methanol sotvate, viewed 
in projectiun atollg the c&s; o-H...0 hydloxerl bond!3 are 

rku&edbybrokentincs. 

~,,d = 130 for tin8 A which thus approximates to a 
‘half&air form with the Cs axis bisecting the C(3M4) 
bond rather than the C(2)-C(3) bond as in 1. 

The cycbhexane B and C rings in combination with 
the tetmhydrofuran ring formed by their C(8). . . C(11) 
epoxymethano bridge make a fairly rigid structural unit 
andthustheconformationsoftheser@sin1andSare 
not substantially different. Detailed analysis of the 
en&cyclic torsion at@es characte&ing the B and C ting 
conformations of these two compounds indicates that 
both~consistentlyadoptchairforms.RioeBinlis 
bestdescniasaftattenedchairforminwhichthe 
approximate ptane of symmetry passes through C(6) and 
C(9) (AC,-= Ima+ W.!ol + Iwr •t ~.uJ + llujd + 4 = 
223”; the altembve clmce of C(5). . . C(8) as the sy,” 
metry plane direction is only slightly poorer (AC, = 
.IW7, + 4 + I%,, + W.14 + 1-s + *.,d = 31.57. In ring 
($f9f3atoms C(9) and C(l3) lie in the symmetry phtne 

* = Ias + ~.lll+ IWl4 + 011.12/ + Im3.14 + ~1r*d= 

3.6 of a chair form which is mote puckered at C(9) and 
more Wetted at C(13) than a regular cyclohexane rin8; 
co~ndin8 calculations for 5 yield AC,-= 480, 
AC,” = 2YPir1ringB,andACP’~=14”inrin8C.The 
small variations between the B rinq conformations of 1 
ad !i probably result from conformational transmission 
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Tabk 1. lbcfio~I atomic ctmhtca (X10+) and ankotmpk themal pameted (xl@) for noa-by~n atoms 
with catirmtsd ati lledions in parulthw 

19 

c (1) 40600) 

Ci2) 4300(4) 

C(3) 4059(S) 

C(4) 3551(4) 

C(5) 3151(4) 

C(6) 2732(4) 

C(7) 2260(4) 

C(8) 2794(4) 

C(9) 3413(4) 

C(10) 3838(4) 

C(U) 3977(4) 

C(12) 3518(S) 

C(13) 2756(S) 

C(l4) 2215(S) 

C(15) 1688(4) 

C(l6) 1223(4) 

C(17) 3388(S) 

C(18) 3408(S) 

C(l9) 4618(4) 

C(20) 2285(6) 

C(21) 1970(4) 

C(22) 1408(S) 

C(23) 1217(a) 

C(24) 1119(S) 

C(25) 550(7) 

C(26) 903(S) 

'X27) 275(7) 

O(28) 4710(3) 

O(29) 4693(4) 

O(30) 2136(3) 

O(31) 4776(3) 

002) 4109(3) 

O(33) 3316(3) 

O(34) 1054(3) 

O(35) 1570(2) 

O(36) 572(3) 

O(37) 2277(3) 

O(38) 1251(4) 

CO9) 3168(6) 

O(40) 3644(4) 

5492(-l 

4426(6) 

3622(6) 

3791(S) 

4846(5) 

5055(6) 

6032(6) 

6944(6) 

67570) 

5681(S) 

7692(6) 

8675(a) 

8848(6) 

7871(6) 

7588(6) 

6592(7) 

2927(6) 

7232(S) 

5534(4) 

9816(6) 

4091(4) 

3232(S) 

3066(8) 

2641(S) 

1728(7) 

8580(S) 

9428(7) 

6146(3) 

4279(4) 

4245(3) 

7646(3) 

7702(3) 

8595(3) 

8343(4) 

5870(3) 

6427(S) 

4602(S) 

8195(6) 

11166(9) 

10507(5) 

3434(8) 43(3) 

4068(10) 54(3) 

2620(U) 65(4) 

821(10) 48(3) 

343(9) 39(3) 

-1805(10) 42(3) 

-1985(9) 44(3) 

-1206(9) 54(3) 

8@6(8) 37(3) 

1144(9) 36(3) 

701(9) 51(3) 

1063(10) 54(4) 

-606(il) 70(4) 

-1036(9) 71(4) 

487(U) 41(3) 

-40(12) 390) 

-612(l)) 74(S) 

-2587(9) 69(4) 

183(10) 40(3) 

-186(15) 83(S) 

-4539(10) 52(3) 

-5202(11) 52(4) 

-7511(15) 134(8) 

-3951(14) 63(4) 

-4374(18) 108(7) 

2381(12) 52(4) 

2191(19) 97(S) 

4504(7) 52(2) 

5747(7) 84(3) 

-2539(6) 50(2) 

2022(7) 39(2) 

-1309(6) 70(2) 

3010(6) 600(2) 

537(7) 55(2) 

-950(6) 41(2) 

433(10) 78(3) 

-5644(7) 94(3) 

3870(8) 82(3) 

507O(l5) 91(S) 

4378(l2) 70(3) 

460) 40(3) 

44(4) 45(3) 

37(4) 71(4) 

40(4) 55(3) 

37(3) 40(3) 

50(4) 40(3) 

60(4) 31(3) 

42(4) 36(3) 

41(3) 29(2) 

38(3) 44(3) 

41(3) 40(3) 

46(4) 47(3) 

40(4) 58(4) 

44(4) 33(3) 

42(4) 58(4) 

63(S) 81(S) 

45(4) 86(S) 

72(4) 36(3) 

50(4) 66(3) 

52(4) 95(6) 

72(S) 47(3) 

88(S) 64(4) 

169(10) 77(6) 

78(S) 87(S) 

96(7) 142(8) 

79(S) 74(4) 

69(6) 1580) 

54(3) 52(2) 

62(3) 53(3) 

51(2) 46(2) 

51(2) 64(2) 

63(3) 49(2) 

39(2) 44(2) 

59(3) 76(3) 

49(2) 69(2) 

80(3) 153(4) 

120(4) 49(2) 

160(6) 72(3) 

105(6) 127(6) 

93!3) 212(S) 

20) 

6(3) 

7(3) 

-3(3) 

-3(3) 

-11(3) 

-4(3) 

S(3) 

-4(3) 

-S(3) 

-8(3) 

-13(3) 

-l(4) 

2(4) 

lO(3) 

-3(4) 

9(4) 

-16(4) 

-8(3) 

2(4) 

-17(4) 

-15(4) 

-67(8) 

-24(4) 

-45(a) 

7(4) 

25(S) 

-l(2) 

12(3) 

-13(2) 

-10(2) 

-20(3) 

-S(2) 

15(2) 

-3(2) 

-10(3) 

-51(3) 

29(4) 

14(S) 

-3(3) 

T(2) -9(2) 

lO(3) O(3) 

17(3) l(4) 

19(3) -14(3) 

15(2) -10(3) 

12(2) -11(3) 

2(3) I(3) 

14(2) 40) 

13(Z) -6(3) 

20(2) -12(3) 

13(3) -2(3) 

9(3) 4(3) 

15(3) 4(3) 

-2(3) S(3) 

l(3) O(3) 

20(3) -S(4) 

13(4) -27(4) 

17(3) -2(3) 

26(2) -20(3) 

-2(S) 18(4) 

13(3) -15(3) 

2(3) -26(4) 

7(6) -51(6) 

n(4) -21(S) 

U(6) -47(6) 

15(3) -19(4) 

37(S) -25(6) 

-l(2) -9(Z) 

-9(2) 8(3) 

13(2) -12(2) 

9(2) -11(2) 

2812) -4(2) 

9(2) -6(2) 

l(2) -8(2) 

16(2) -7(2) 

55(2) -31(3) 

20(2) -18(3) 

9(2) -19(4) 

32(4) -37(S) 

12(4) -87(3) 

"In the form: Bd.n’O/A= - 2~=!V,,h=af’ + v~~k’bf= + U..l’o*= + 2(1,&k&b* + 

Wx.hhfo* + W..klb*o*) 

Table 2. CakulaM hydrogen atom fractioaal coohata 

Atam t Y s 

E(l) 351 565 390 
E(3) 429 289 301 

E(5) 267 490 118 

E(6) 318 506 -269 

R(7) 200 617 -350 

E(9) 310 685 197 

wl2) 394 929 ill 

at131 295 900 -191 

Atan t Y 

Nl4) 183 799 
at151 207 750 

amM 358 656 

a(l8B) 308 772 

E(19A) 509 608 

E(19B) 448 567 

aww 491 482 

ac2Ou 175 997 

* 
-248 
189 

-328 

-375 

78 

-131 

50 

-132 

Atm t y 

E(2OB) 263 1052 

E(2OC) 207 969 

a(241 124 281 

a(28) 474 672 

a(311 498 826 

E(33) 344 930 

a(401 424 1074 

* 
-ir 

115 

-237 

355 

286 

352 

479 



(a) Bond lsngths 

C(lFc:(2) 1.493(E) 

C(l)-C(10) 1.549(E) 

C(l)-w28) 1.438(6) 

C(Z)-CO) 1.445(11) 

(X2)-0(29) 1.206(9) 

C(3)-C(4) 1.348(10) 

C(4)-C(5) 1.536(10) 

C(4)-CU7) 1.486(11) 

C(S)-C(S, 1.508(9) 

C(S)-C(lO) 1.579(9) 

C(6)-C(7) 1.486(10) 

C(6PX30) 1.455(E) 

C(7)-C:(8) 1.509(10) 

C(7)-0(35) 1.457(7) 

C!8)-C(9) 1.544(E) 

C(8)-C(14) 1.556(11) C(15)-0(34) 1.434(a) 

C(8)-c(l8) 1.553(10) C(16)-0(35) 1.322(9) 

C(P)-c(lO) 1.569(9) C(16)-0(36) 1.186(9) 

C(9)-C(U) 1.543(10) C(18)-0(32) 1.423(9) 

C(lO)-c(19) 1.553(a) C(2l)-C(22) 1.462(12) 

C(llbc(12) 1.537(10) C(21)-0(30) 1.350(8) 

C(llbO(31) 1.418(8) C(21)-0(37) 1.193(9) 

C(ll)-o(32) 1.430(8) C(22)-C(23) 1.557(13) 

C(12)-C(13) 1.514(10) C(22)-C(24) 1.309(12) 

C(12)-0(33) 1.435(8) C(24)-C(25) 1.506(U) 

C(13)-C(14) 1.548(U) C(26)-C(27) 1.497(14) 

C(13)-C(20) 1.540(12) C(26)-0(34) 1.366(9) 

C(14)-C(15) 1.521(10) C(26)-0(38) 1.170(10) 

C(lS)-C(16)' 1.517(11) C(39)-0(40) 1.311(12) 

115.8(4) 

107.0(5) 

114.2(4) 

118.1(6) 

118.8(6) 

123.1(7) 

122.0(7) 

119.6(6, 

117.7(71 

122.7(6) 

117.2(6) 

108.4(5) 

110.7(5) 

111.1(6) 

109.6(5) 

108.0(5) 

114.1(5) 

105.4(5) 

112.8(5) 

114.0(6) 

109.7(6) 

111.9(5) 

110.4(5) 

101.4(5) 

109.1(6) 

117.4(5) 

96.6(5) 

118.5(5) 

103.7(4) 

107.2(4) 

111.5(5) 

108.5(I) 

110.2(5) 

115.2(5) 

110.5(5) 

C(9)-C(l1)-0(31) 114.1(5) 

C(9)-C(ll)-OO2) 105.0(5) 

C(12)-c(l1)-0(31) 110.1(5) 

C(12)-C(11)-0(32) 108.7(5) 

c(1l)-c(1z)-c(13) 110.7(6) 

C(llbC(12)-0(33) 107.3(5) 

C(l3)-C(12)+(33) ll3.6(6) 

'X12)-C(l3)-C(14) 111.1(6) 

C(l2)-C(l3)-C(20) 110.0(7) 

C(14)-C;13)X:(20) 115.9(7) 

C(B)-C(14)-C(l3) 109.7(6) 

C(8)-C:(14)-C(l5) 107.0(0 

C(l3)-C(l4)~:(15) 116.7(6) 

C(14)-C(15hC(l6) 111.8(6) 

xX14)-C(l5)-0(34) 110.7(6) 

C(lS)-C:(l5)-004) 106.1(5) 

C(l5)-C(16)-0(35) 119.4(6) 

C(15)-C(16)-0(36) 121.4(7) 

0(35)-cU6HG66) 119.1(8) 

C(8)-CU8)-0(32, 105.40) 

C(22)-C(2lPX30) 114.2(6) 

C(ZZ)-C(21)-0(37) 123.6(6) 

0(3O)-C(21)-007) 122.1(7) 

C(21)-C(ZZ)-C(23) 113.7(a) 

C(21)-C(22)-C(24) 122.6(7) 

C(23hC(22)-c(24) 123.7(9) 

C(22)-C(24)-C(25) '129.4(9) 

C(ZI)-C(26)-0(34) 109.7(8) 

C(27)-C(26)-0(38) 126.5(9) 

0(34)-C(26)-0(38) 123.7(a) 

C(6MX3O+C(2!) 116.0(5) 

C(ll)-O(32)-CU8) 109.0(5) 

C(15)-0(34)-C(26) 116.4(6) 

C(7)-0(35)<:(16) 124.5(0 

. 
Cc) latermolecular l eparation~ ( 3.50 A. 

0(31)...0:29') 2.67 0(27)...0(36? 3.31 C(39)...0(28') 

0(33)...0(40) 2.69 C(2)...0(37") 3.33 0(29)...C(l9") 

0(40)...0(28') 2.75 o(31)...C(17'Lx) 3.33 0(33)...C(l8~~) 

0(40)...0(29') 3.16 C(12)...0(29') 3.34 0(28)...C(18*') 

3.39 

3.47 

3.47 

3.49 
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Tabk 3. (Chrd) 

o(33)...o(291) 3.29 C(5)...0(3711) 3.35 o(32) . ..C(3III) 3.49 

C(l)...O(37IT) 3.30 

Roman ?umeral rupsrscripts refer to the followin transfornotioas pf 
the coordinatea of Table 1: 

I 1 - t. + + I/. l-s III I-z.++y.-a 

II t. 1/, 1 + a IV -t.++y,-* 

T&k 4. Torsion an$ea (deg.). u range 0.5-l 2 

-19.2 

160.d 

-147.7 

31.4 

52.6 

167.3 

-66.0 

177.6 

-67.7 

59.0 

-7.5 

173.4 

-5.4 

176.0 

168.4 

42.2 

-13.1 

-139.3 

171.1 

51.8 

-63.9 

176.9 

-61.9 

-175.8 

57.5 

168.2 

54.4 

-72.3 

57.7 

-66.7 

177.9 

53.6 

-154.3 

84.5 

-43.3 

-167.8 

71.0 

77.0 

-47.3 

-168.7 

150.6 

25.4 

37.0 

163.9 

161.1 

-72.0 

-83.4 

43.5 

-169.9 

-30.0 

86.5 

-153.5 

-42.0 

81.9 

91.1 

-157.4 

-33.5 

72.6 

-162.8 

-44.4 

-161.3 

-36.6 

81.7 

-65.1 

59.4 

167.9 

-67.6 

49.6 

174.0 

27.8 

-90.4 

150.0 

48.4 

178.1 

-72.4 

57.3 

-47.5 

74.3 

-174.1 

-52.3 

-53.9 

-172.0 

-1T7.1 

64.8 

32.6 

-151.2 

153.4 

-30.3 

-140.7 

97.8 

-17.5 

166.2 

1 . .' 

179.7 

-2.6 

-2.1 

175.6 

176.5 

C(7)-C:(S)-C(14PC(l5) 62.6 0(37)-C(21)-OOO)-C(S) -1.i 
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Table 4. (Chrd) 

C(9)-C(8)-C(14)-C(13) 63.5 c(zl)-C(22)-C(24bC(zs) -179.2 

C(9)-C(8FCU4)-C:(U) -63.9 C(23)~:(22)-C(24)-c(25) -1.7 

C(l8)-C(8)-C(l4)-C(ls) -47.1 C(27)-C(26)-0(34)-C(l5) 175.8 

C(l8)-C@)-C(l4)-C(l5) -174.5 0(38)-C(26)-0(34)-C(ls) -1.1 

C(7)-C(S)-C(l8)-0(32) -151.9 

The torsion angle A-B-C-D is defined (18 positive if, when viewed along 

the bond B-C. atop A muat be rotated clockwise to eclipse atom D. 

effects due to the different forats adopted by tiag A ia 
each of these compounds (f&f& supm) since the hugest 
torsion angle difference (s”) occurs around the C(S)- 
C(l0) boad. In both 1 and 5 the tetruhydrofuraa tiag, 
presunmb1y formed biogenetically by the liakuge of a 
hydroxymethyl group at C(8) to C(ll), adopts ua ea- 
velope coafommtion in which C(9) is the out-of-plane 
atom. Oae factor contributing to the pronounced .&tten- 
iag of ring B arouad C(8) and C(9) is the epoxymethano 
linkage the presence of which not only produces pucker- 
iag of ring C centered about C(9) but also results in 
flatteaiag around C(12) owing to the refiex effect.‘o Ring 
B is further flattened to relieve severe @-face inter- 
actioas between the bridge atoms and the Me group at 
C(10) such that the uxuhing coafommtiot~ po%sesses 
acceptable C(10). . . C(N) and C( 19) . . . o(32) 
separ&ns of 3.30 and 3.08A respectively, in coatrust 
to those of ca 2.75 and 2.62 A measured oa a Dreiding 
molecular model. 

It has been noted elsewhere” that while the preferred 
coafommtion of a d-lactose ring coataiaiag a plaaur 
C-CO-O-Caroietyuppearstobeahalf&tirforma 
bout form may be adopted in response to the hapositioa 
of certaia steric coastraiata Fusion of the S-la&one to 
riagsBuadCialresultsinalurgeendocyclictorsion 

angle of -53.9” about the C(M)-(C(ls) bond a feature 
which renders impossible any shape approaching a boat 
form siace such a coaforamtioa would demand sautll 
values for both the C(8)-C(14)X(lS’)X.(16) and C(ls)- 
C(16)-tX35~(17) torsion angles. Moreover, the latter of 
theJetworineaneksassumesavalneof-175”inland 
coasulueatly the atoms comprising the C-oC0-C 
moiety are not coplanar. To obtain the best description 
of the 8-lactose ting coafommtioa ia 1 the eadocyclic 
torsion aagk~ were analyzed in terars of their deviations 
from syaunetry-related v&es for half-chair (AGHC = 
IW3Sj + bhsJ - Q)UJ$ + b* - b)WI& and flattened chair 
(AC, -C = laclu + CUWSI + I@, + r,~.,d + lwu+ cu,4.,5D 

forms; the approximate a@ity of the calculated devia- 
tions (ACrHC = 31.2, AC,-C = 31.4”) indicates that the 
ring adopts an intermed& coaformatioa. Corresponding 
&viatioas for 5 (AGHC=9”, AC,-C =W) demon- 
strate that the Muctone ring ia that compouad lies much 
closer to a half-chair forar probably in order to * 
the more severe aoa-bonded interactions iavolviag the 
methyl group at C(13) and the bulkier substitueat at 
C(U), ahhough some coatributioa to tlm observed cob 
fomtatioa amy also arise from the effects of inter- 
aroleculnr H-bonding involviag the C(U) side chain ia 
crystals of 5. Aa intermed& Mactoae ring confor- 

1: R=OH, R,= 

0 

6: R = p-BrC.H.CO 
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matiollsimilartothatfomldin1hasbeenencountered 
in 17B-hydroxy-17a-metbyl-2~~~-~~-~12 
(AC& = 21.1, ACrHC = 38=J. 

Ineachofthesecondaryeatersidechainstheatoms 
are, as expected, approximately coplanar. By use of the 
observed vahles of -140.7 and 97.8” for the c(14c(l* 
OWW26) and C(W-C(l5W04)-C(26) torsion angks, 
respectively, the C(26)-0(34)-C(ls)_H(ls) torsion angle 
is calculated to be -21.5O; a corresponding calculation 
for the C(21)-0(3Q-C(6~H(6) torsion angle yields a 
value of -34.9”. Both of these cakulatcd vfhea arc in 
gad accod with those found at other secondary ester 
groups.” 

All of the OH groups in 1 as welJ as that of the 
methanol of &ration participate in 0-H.. . 0 hydrogen 
bonds for which the geometrical details are provided in 
Table 5. Hydroxy groups on C( 1) and C(l1) are linked by 
an intran&cular 0(28kH(28). . . O(31) H-bor~I (0.. . 0 
2.61 A). The OH group on C(11) is then further involved, 
as a hydrogen donor, in an 0(31kH(31). . . o(29) inter- 
molecular H-bond (0. . . 0 2.67 A) to an adjacent mole 
cule of 1 related by the 2, screw axis at x =I The 
H-bonding scheme is completed by the involvement of 
the methanol of salvation which also bridges mokcuks 
oflrelatedbythe2,screwaxisatx~fthrough0(33~ 
H(33). . . o(40) and 0(40~H(40). . . O(28) H-bonds 
(0. . . 0 2.70 and 2.75 h respectively). The net effect of 
theseinteractionsleadstoaregioncontainingamaximum 
number of H-bonds lying around one of the 21 screw axes 
(at x =b and a region involving only weak 
van der waals type intaactions around the other 2, 
screw axis (at x = 0). 

Table 5. Gwmeti invol* the hym scheme 

A-B...C B...C 6) A-E...C (*1 

C(l)- O(28). . .0(31) 2.61 104.1 

C(ll)-0(31)...0(295 2.67 118.2 

C(l2)-0(33)...0(40) 2.70 110.7 

c(39)-0(40)...0(281) 2.75 108.0 

0(33)...0(40)...0(26') 119.4 

0(26)...0(31)...0(295 106.7 

The Roman numeral s&n&t refers to the tnnsformation 
l-x,i+y,l-tofthecoordic&sofTabkl. 

-AL 

M.pswerc&tewlbcdu8iDgrKo~hot-8Iagemknmwpeaod 
are-IRspectrawereawsiMwioCHCbsolawithr 
Perkin-Ebncr 267 spl?ctro+otomcter. PMR spectra w&e mr- 
dedooaVarianModelHA-1winCDCI3usinpTMS~m 
iOtanalstSl&X$Cbl?micalsbif&pnupnuedilldlmit&Mass 
spectra were detumioed using aa Associated Electrical Industries 
MS-902 instlumeot. w absolptioo spectra wcn obtained in 
MeoH sola usin# a Cary 14 spectropbotometer. optical rotations 
were detmmined 00 a Pakio-Elmer 141 automatic polarimeter. 
Mimoanaiyses were carried out by Micro-Tech Labon&& 
skokie. Jniaois. 

Extra&n end &&t&r of end&tone (1) and 0Uanthinoac 
(2). Milled root bark of Z&nnoa wdidute (Guillem. and Perr.) 
Plaoch. (19.Okg) was extracted by cwtiauous per&&m with 
95%sq~MEHlH(Ml)dming2daytrt~.Tbkextnctwrs 
evapolatedtodrylKaainuacuoat~andthen?aidoe(1.4kg) 
was partitbcted between M&i-water (19) aml crfa’ (751 
each). The aqueous phase was nextracted with CHCI, (7.5 I) aod 
tbc comb&d CHCI, layers were evaporated to a thick syntp in 
wcuo.nissyIup(0.4k&wastben~betweenpetrdeum 

uha (b.p. 35-W) and 10% wrta ill MeoH (2.5 I each). Distwbn 
fotbwedbytntEadryineoftbeaqueuusMeOHphaseyi&kda 
solid (0.3 k&. 

_ - _ _ 

A poftbo of the above residue (950) was chnXlmtographed on 
SilicAR CC-7 (1.8 W uain~ 1% MeOH in CHCl, as eluent (9 I). 
Fmctiws of iml &I wire colkcted and cor;lbinatioos were 
m&basedon9KBactivitya&lT_.C[silicagelF-w;CHClr 
acetoo+MeOH (7: 1 :Os)]. The active fmctioos from this column 
and a similar column chromatography 00 the remainder of tbc 
reriduefrom~~MeOHyie~10Jgofecrude~~ 
contain& 1 aod 2, both ha+ an RI 0.63 in the above TLC 
system. 

Partial pur&atbn of the above mixture was accomplished in 7 
nms on a Waten Asrociws Prep LC/System 500 using one 
3Ox5.7cm Prep Pak-Hw) columa. loOml/min Bow rate and 
cofkctiog lOOmi fractioas. The mixtme was iojected in CHgC 
solnPDdelutcdwithanradieatofl%MeOHin~4Dto446 
MeOH iu CH$&(4I).~Fractions were monitored by ‘analytical 
HPLcfortbcpresemXof1and2.An@kalliquidc~ 
graphy(HPLC)wascuriedoutusingaWatersAssociatesM 
6M)o pump; a C-lS/Corasil (37.SOh 1 mx 2.1 mm) column; a 
!lctid Spcctmfbw Moaitor SF 7iO detwtor set at 254 om, 0.1 
AUFS: a solvent system consisti of 30% MeOH in a solution 
of 054b NH&PO; in water: and a flow rate of 2 ml/min. 

Fmctbo A (4.3 B), consistiag of 1 and 2 (iosqmrabk by TLC) 
was fractionally aysta&d from aqueous &OH. Due to its bw 
soIubility iu m MeOH, pme 1 (0.4g, 0.0021%) with an 
HPLCntentiootimof5Plinwoatbe~tcropofneedks;m.p. 
232-23p; [a]D=+zoss (c 0.1455, MeoH); IR (CHaJ) 3300 
@road OH), 1740 (&la&one ami acetate ester), 1700 (a@~- 
satmaW &ter) and 1680 (u&unsaturated ketone) cm-‘; UV 
(Meow 222 (t 17.100) and 240 (sbolddcr: c 13.800) Ml: PMR 
icDclj 8 i.ti id, j, J = 6 Hz, c(lj)]. 1.29 [s, 3. Cciojl, 1.81 [6 3, 
J = 6 Hz, C(Dl, 1.84 6. 3, C(u)], 2.01 [s, 3, C(4)]. 2.08 (s, 3, 
OAc). 2.76 [s, I. C(9)], 3.58 [m, I, C(lZ)], 3.74.4.14 (d, 1, J = 8 Hz, 
CHtO), 4.18 (a. 1. C(l)]. 4.62 (6 1. J = 2 Hz, CO], 5.56 Id of d, 2, 
J = 2,lO Hx, c(6). C(l5)], 6.lti [s, 1, C(3)] and 7.02 [q. 1,-J = 6 Hz, 
C(24)l. Ipound: C. 57.81: H. 6B m/r 534.m. Reauired for 

~1 ._ . . . . . . 

CnH,,O,, * 1.5 Ha: C, 57.75; H, 6.61; III/C 534.2099). Other 
major ions were obsaved at m/r (46 relative intalsity) 375 (18), 
345 (37), 317 (18). U5 (99), 217 (35), 20101). 151(31), 135 (U), 83 
(100) and 55 (63). 
~A~latacropofoeedksfromthefmctbafdcrystGntion 
viekkd wn 23 (0.2E. O.allO%) m.D. 232-235’ witb au HPLC 
&ten& t&s oi 3.7ymin. lI&i&ty of 2 was umlhmed by 
rap., [~)a IR, W, PMR and higb-resdutioa mass spectrometry. 

15-&.sacuyIen&z&nc (4). A titum of 1 (15Om.9, 
028mmol)and1%KOHinMeOHwasst&edatODooderN~for 
45 min. The mixtme was acid&d with cone HCl(0.6 ml) and 
evsponted to dryness in wclw. The residue was cbromat~ 
grapbad on silica gel d 1% MeOH ia CHCl, to give uo- 
cbpnosd 1 (137 II& 91%) and 15desa&ybmdulatone (4, 9 mg, 
75% based 00 recovered 1). 

An adytkal mmplc of 4 was prepared by cryst&xatioo from 
CH&bexarte; m.p. 180-1~; IR (CHQ) 3300 (broad OH), 
1740 (a l&one), 1700 (&uo&uated ester) and 1680 (a$- 
mu&mat& ketone) cm-‘; UV (MeOH) 223 (e 17,600) and 240 
(shouti; c 14.100) MI; PMR &DC&) 6 1.24 [d, 3, J = 6 Hz, 
C(U)], 1.30 (8, 3. C(lO)], 1.83 [d, 3, J=6Hx, C(25)], I.86 [s, 3, 
W)l. 2.03 Is. 3, C(4)], 2.69 Is. I, C(9k 3.58 Im, 1, C(1211, 3.78, 
4.13 (d.2, J=8Hz.CHfi), 4.12 [s, 1, C(l)],4.56[d,‘l, J=2Hx, 
C(7)],.4.71 [d, I, J=lOHx, C ;)I, 5.56 [d of d, 1, J=2, llHx, 
C(6)l. 6.14 Is. 1. C(3)l. 7.03 16 1. J = 7 Hz, C(24)l. (Found: WI/C ._. 
492.1993.RepuiradtorC~nO,olmlc492.1995).-- 

Crysrol data C~H~O,,CH,OH, M = 566.6, Monoclinic, a = 
16.215(s), ) = 13.13q5). c = 6.8220) A, 6 = lOl.!Xt(~, U = 
1422 A’. Z = 2. D. = 1.323 P cm-’ FtOW) = 604. Cu-K, mdiatbn. 
A - l.wl8 & b(&-K_I =!I.8 cm-‘. .Sp&e goup PZ;(C23 from 
systematic m olro when L22n. and tbc fact that Ub 
dulatooe is a chiml mokcuk. 

CrystaUogmphic measurements. Crystals grown from MeOH 
quickIy k&e solvent of crystau&ioo once they are removed 
thorn the mother liquor, and for all crystalbgmpbic mcasum- 
meats individual crystals were sealed inside tbioYwalkd glass 
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Lxpilhk~udt~dimcPsionsand$pwcgroup 
infomtstion wcro obtainal from oscillation and Wcisscnbap 
pbotognpbrtakenwitb~R,radi&ooandfrompnxe&oo 
pbotogr& taka~ with Mo-& radia& (A = 0.7lO74. For 
inten!& measurements a sin& crystal of dilMMiorM ca 0.22x 
0.34x0.90mm was oriau to nltatc Ivitb tbc long dimeoIl 
p+Ieltotbc~&ofmEaraf-NoaiusCAD3automatcd 
ddkbm&ZQMttC&CU-~ndhtioa;PtrLbod*). 
RctIucdonitscUparamctcnwcxccdcaMalbylart-m 
tmltaKatoftbe8,~lmd~aD&afor4Olligbor&rleacc~ 
widetysqmlatedinreciprocalsprcc.GIleoctMtofdatato 
8-6P was surveyed by tbc. 0-20 acan tccbaique with saa- 
widttui of (1.20+0.3Otanb)O; rtationary becLgoood mcumc- 
mentrweretrLaartacbeadoftbe~rpneefor_timaepurl 
tohalft!Edura&0ft&acaaneintauity031rdk!&o, 
cbeckalpe&dMy~dntacolk#Jolltomonitorayatll 
aodiwtntmat&bility,akiwalao&ni5cantv&tion.Froma 
totalof2667iudql&otintanity-~nbodythoso 
1860 for which f>2.odn. wbae hn=(- c0lmt+t0td . . 
b&gmlmdcumt),warectnMedfor‘tbe;glplLonntzaIbd 
pohrintioneffect8priortotbcirluciatbcstruchve~. 
A~comctioar,determinedfromtbe+depc&nceof 
tk 201 lekction lnmauled at x=w, were also applied to 
tbucda. 

.%cf~aady&.Tbestn&urewuldvedbydinxtp#aae 
dctum&me&odawingMULTAN”witbtbeh&t246B 
vahK&tbcproglambcinganowultosek.ct6vea&ownsin 
8ddithtOtbCfhWOlighmdUlUl~ 

rdlectk.TkEnmpevahmtaibyucoftbataetofplmsca 
whkbyk!kk?dtkbweatmidualalbwc4Jplacaaltof3loftbe 
38 WbbYdrosen -atom Adikcmx Fourier 
ayntkaia, p&aed by this pnrtid ataturc, provided positkins for 
thercm&ing7&ydmgenatomBoftJlequaskidaadwbml 
stnemrefactomwcreevahmtedfortimo&lRwaa0.236. 
PlktiOlldmdiWtIopktkXllUl pvrmetnr wcm &ned by 
scvaalcychym~kut~~nstoR~ 
O.lU. Examum& of a dilTereQce Foluier am0 rev&d Llosi- 

for8lltbcHatomssavetlklaeontbeMe ~andwitbtbe 
inch&mdtbereIbmr,~witbiJ=O.O44~.iatotbeocxt 
stractmefactor c&nhtion R decreued to 0.125: Furtha kast- 
squarea adjuatmmt of positiorml and &obnpic thermal 
purmcten of the aon-H atoma cooverged at R = 0.074.” 

Atomicsatt&gfactonu8edill8ntbcs~f8ctorc8l- 
co&tiawarethoseforCandOkomKd. 16andforHKcf. 17. 
Jo tbc kast-aquam calculationa SwA’ WM minimi&; the 
wcigbtiug 8cbcmc usuk g/r=1 wba Jp~c12.3 aIMi g/Is= 
12.3IIFd wbea IFd> 125, abowed only random vkatioas of 
(WA’) wbea umlyzed in m of IFd. 
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