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GUILLERMO DELGADO,~ LAURA ALVAREZ, MANUEL SORIANO-GARC~A, 
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In earlier articles (1-4), the chemical 
constituents of several Viguiera species 
(Compositae) were reported, and the re- 
sults obtained indicate that the ter- 
penoids are useful in discerning in- 
frageneric groups and are in agreement 
with the accepted biogenetic relation- 
ships between members of the Helian- 
thineae (Heliantbus, Tithonia, Syn- 
cretoca?pus, among others) ( 5 ) .  Further- 
more, the presence of sesquiterpene lac- 
tones of advanced biogenetic complexity 
in Heliantbus and Titbonia (but not in 
Viguiera) supports the putative derivati- 
tation of these genera from a Viguieroid 
stock (6). 

In accordance with these findings, 
several novel germacranolides have re- 
cently been isolated from Viguiera bypar- 
gyreu (6).  However, the complete 
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stereochemical expression of 1 and 2 
were not established, because the con- 
figuration of the five carbon ester side 
chain was not determined. 

The two possible diastereoisomers 
(2'R,3'R and 2'S,3'S) ofepoxyangeloyl- 
oxy sesquiterpene lactones are found in 
nature (7), but arguments based on 
spectral data are not reliable guides for 
discrimination. Therefore, an X-ray 
structure determination of 1 or 2 (or a 
derivative) was desirable. The natural 
products did not give suitable crystals, 
but acid treatment of 3 [obtained by 
acetylation of 1 or by epoxidation of 2 
(6)] with HCI afforded the crystalline 
chlorhydrin 4 (see Experimental) which 
was satisfactory for this study. 

Details of this analysis are given in the 
experimental section and listings of per- 

'0 
2 

tinent crystallographic data are available 
as supplementary material. Atomic co- 
ordinates for chlorhydrin 4 are given in 
Table 1 , and Figure 1 is a computer-gen- 
erated drawing of the enantiomer which, 
based on the anomalous scattering of the 
chlorine atom, also represents the abso- 
lute configuration. 

The 2'R,3'S configuration of the ester 
side chain of 4 (Figure 1) indicates a 
2'R,3'R stereochemistry of the 
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epoxyangeloyl residue of 3 (and. there- 
fore. of 1 and 2) due the regio-differen- 
tiated h 2  ring opening of the oxirane 
with inversion at C.3'. 

The I'D, crown conformation 
of the macrocycle depicted in Figure 1 is 
not significantly different from those de- 
termined by X-ray analysis for other ger- 
macranolides with trans-lactones closed 

to C-6 such as hanphyllin (8) and eusero- 
tin (9). although the four extreme con- 
formers (due to diastereofacial arrange- 
ments of the double bonds of their equi- 
valents) are found in the germacrolide 
series (10) . 

EXPERIMENTAL 
8fi-[Epoxyangeloyloxy]- 14-hydroxy-tithifolin 

TABLE 1 . Positional Parameters (X lo4) and Equivalent Isotropic Temperature 
Factors (A2) for Compound 4 

c 1  . . . . . .  
o(1) . . . . .  
o(2) . . . . .  
O(3) . . . . .  
o(4) . . . . .  
o(5) . . . . .  
o(6) . . . . .  
o(7) . . . . .  
O(8) . . . . .  
C(1) . . . . .  
C(2) . . . . .  
c(3) . . . . .  
c(4) . . . . .  
C(5) . . . . .  
C(6) . . . . .  
C(7) . . . . .  
C(8) . . . . .  
c(9) . . . . .  
C(10) . . . . .  
C(11) . . . . .  
C(12) . . . . .  
C(13) . . . . .  
c(14) . . . . .  
C(15) . . . . .  
C(16) . . . . .  
C(17) . . . . .  
c(18) . . . . .  
C(19) . . . . .  
c(20) . . . . .  
C(21) . . . . .  
C(22) . . . . .  

X Y z U.. 
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FIGURE 1. Computer perspctive draw- 
ing of 4 

[I] and 8$-[epoxyangeloyl]- 14-acetoxy- 
euptolide [2] were the substrates for 3 (via acety- 
lation of l or epoxidation of 2) as described in the 
previous work (6). 

@$oxyangeloyloxy]-14-acetoxy-tithifolin 131 
(80 mg) was treated with dry HCI gas in Et20 (75 
d) at - 5" for 2 min. The reaction mixture was 
diluted with H 2 0 ,  washed. with saturated aque- 
ous NaHCO,, and the organic phase dried and 
evaporated. The residue was chromatographed 
over Si gel column using hexane-EtOAc (3: 1) as 
eluent. The product (43 mg) was crystallized 
from Me2CO/iPr20 to afford crystals of 4, mp 
220-222'; ir (CHCI,) 3560, 1765, 1740, 1735, 
1640 cm-'; 'H nmr (80 MHz, CDCI,) 6 6.32 
( lH ,  d,]=3.5 Hz, H-13), 5.72(1H, m, H-8), 
5.62(1H,d,]=3.5H~,H-13'), 5.37(1H,dq, 
/= IO, 1 Hz, H-5), 5.12 ( lH ,  dd,]=9, 10 Hz, 

ACID TREATMENT OF 3 TO 4 . 4 8 -  

H-6), 4.16(1H, d,J=9Hz, H-l4a), 4.01 (IH,  
d,]=9 Hz, H-l4b), 3.25 ( lH ,  m, H-9a), 2.93 
( l H ,  q, J=7 Hz, H-3'), 2.05 (3H, s, CH,CO), 
1.84 (3H, d,]= 1 Hz, ISCH,), 1.48 (3H,]=7 
Hz, 4'CH,), 1.31 (3H, s, 5'CH,); I3C nmr (20 

CH,CO), 168.77 (s, C-12), 144.57 (s, C 4 ) ,  
MHz, CDCI,) 6 173.32 (s, C-l'), 170.69 (s, 

135.41 (s, C-ll) ,  124.93 (d, C-5), 122.21 (t, C- 
13), 77.34 (d, C-3'), 73.75 (d, C-61, 69.93 (d, 

C-8), 59.85 (s, C-lo), 53.21 (d, C-7), 38.23 (t, 
C-9), 35.80 (t, C-31, 24.53 (q, C-5'), 22.11 (t, 

C-2'), 66.88 (d, C- I), 64.85 (t, C- 14), 62.69 (d, 

C-2), 20.81 (q, CH,CO), 18.19 (9, CA'), 17.18 
(q, C-15); cims d z  (rel. int.) 459 (9) IMS I]+, 
457 (29), 439 (151,417 (39,415 (92), 381 (IO), 
379 (32), 305 (331, 263 (42), 246 (IS), 245 (751, 
227 (loo), 107 (5). (Found: C, 58.18%; H,  
6.44. C22H290,CI requires: C, 57.90; H,  6.30). 

X-RAY STRUCTURE m,uYsIs.-The 
chlorhydrin 4 was crystallized by slow evapora- 
tion from EtOAc solution. Crystal data: 
C22H290,CI, Mo=456.9, triclinic, space groyp 
PI, a=7.689 ( 4 ,  b=7.869 ( 4 ,  c= 10.189 (4)A, 
a=75.42 (4), $=70.27 (3), y 8 2 . 1 9  (4)", 
V=561 (l)A3, D,=1.35 g ern-,, F(000)=242, 
T = 2 9 3 K , Z = l ,  p(MoKa)=2.11cm21. Using 
a crystal 0.18XO.27XO.32 mm, lattice param- 
eters were obtained from 25 machine-centered re- 

flections with 5.3C28C21.4'. Reflections in a 
hemisphere of reciprocal space were measured 
with an index range of h 0/7, k+8, I+ 10, using 
o scanning mode with graphitemonoc- 
hromatized MoKa radiation on a Nicolet R3m 
four circle diffractometer, variable scan speed 
(max 29.3"/min; min 3.9I0/min), scan width 1.0 
eo), two standard reflections ( l , l , - l ;  0,1,-2) 
monitored every 50 measurements. The inten- 
sities were corrected for Lorentz and polarization 
effects, but no absorption corrections were ap- 
plied. Ofthe 1595 reflections within the 28 range 
of 3 - 45" collected, 1457 had values of 300) their 
estimated standard deviations, and these were 
used in the final refinement of structural param- 
eters. The structure was solved by direct methods 
( l l ) ,  using 200 phases with IE1>1.2 and 12 re- 
flections in the starting set, and refined by cascade 
matrix least squares techniques with anisotropic 
temperature factors for the non hydrogen atoms. 
The H atoms of the tertiary CH, secondary CH,, 
and primary CH, groups were assigned coordi- 
nates based on the expected bonding geometry. 
All H atoms coordinates were refined with a fixed 
anisotropic temperature factor of U=0.06 A'. , 

The function minimized was %(hF)' with a 
statistical weight of the form o= 
u2(F.J+0.0005 (FJ2 - I ,  whereuis thestandard 
deviation of the observed amplitudes based on 
counting statistics. The conventional R factor 
was 0.035 and oR=0.040 (wR=I%(lFol- 
I F C I ) ~ / ~ I F O I ~ I ~ ' ~ ,  scattering factors for CI, 0, C, 
and H atoms were from International Tables for 
X-ray Crystallography (12), and the isotropic ex- 
tinction parameter x=0.00173. A final differ- 
ence Fourier synthesis revealed no @ higher 
than those assigned earlier to hydrogen atoms, 
and the weighting appeared reasonable. 
As all correction terms allowing for anomalous 

scattering were introduced at the beginning of re- 
finements, a significance test (13) was used to dis- 
criminate between the two possible enan- 
tiomorphs. For comparison with Rg+=.0400, 
the R- of the other enantiomorph was obtained 
by a least-squares refinement calculated with in- 
verted coordinates. The residual for this enan- 
tiomorph was Rg-=0.0402, R-/R+ Hamilton's 
R-factor test showed that the second absolute 
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configuration can be rejected at a confidence level 
>99.0%. 

Although this seemed quite satisfactory, a new 
Hamilton’s R-factor test using data collected 
with Cu-filtered radiation was performed, con- 
firming the last assignment as a high confidence 
leve1(>99.5%), R+=.0957, R-=.1045, R-/ 
R+=  1.092. 

The final atomic coordinates for the nonhydro- 
gen atoms are listed in Table 1, and pertinent 
data are available as supplementary ~naterial .~ 
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