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Abstract The chloroform extract of the aerial parts of Goillcudio powellii atTordcd four known and four new 
helenanolidcs, the latter all oxygenated on C-IS, as well as rhc flavoncs hisplduhn and cupafohn. 
---_ . - . ..-. -- -_. .-.__ - 

ISTRODUCTIOS RkNJLTS AND DISCUSSION 

About a dozen representatives of the North American The entire carbon skeleton of lactonc 6. C20H,00h, 

genus Gaillardia (tribe Hcliantheae, subtrik mp 171’. could be deduced by spin dsoupling of IIS 
Ciailhrdiinae) have been investigated chemically [I+]. ‘H NMR spectrum (Tabk I). beginning with irradiation 
Characteristic constituents are scsquitcrpcnc tactones of at the frequencies of H- 13a.b (narrowly split doubkts at 
the heknanolide class exemplified by spathulin (I). We 66.15 and 5.60) which collapsed the signal of H-7 to a ddd. 
have now studied the aerial parts of the recently described Irradiation at the frequency of H-7 identified the signals of 
gypsophllous spcc~es Gaillardia powellii Turner [S]. In H-6a.b (ddsat 62.05 and 1.52)as wellas that of H-8 (ddd at 
addition IO lactones 2-5 [2.4-6] previously obtained 64.18). Irradiation at the frequency of H-8 simpiifkd the 
from G. a&am, G. grandtpWa and G. pulchella, four new mutually coupkd signals of H-A (t at 6 1.40) and H-9/? (dr 
hcknanolides. 6a, 7r. 8 and 9a. all oxygenated on C-15. at 62.38); each of these was further coupbd IO H-IO, which 
were isolated. The flavones hispidulin (IO) and eupafolin was in turn coupkd to the protons ofa methyl doubkt (H- 
(I 1) were also found. 14), as well as to H- 1 (dd at 6 I .78). H- 1 was also coupkd to 

1 R = AC. R’.Rl = H 6 K, R’ - H. P - ?. Metlu 

2 K = H. R’ - :-YCBU. w’= AC 7a R - ~-M&U. RI. RI = ti 

3 R-H. R’-~val.R’=Ac 7b R - 2-Mcliu. R’.R’= AC 

4 R. RI - H. R’ = ?-MeBu 

5 R. RI = H. R’ = IVll 

8 

9a H = U 

9b R - AC 

IO R=H I2 

II R - OH 
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Tabk I. ‘H NMR spectral dala of 6.71.7). 8. % and 9b (CDCl,. 210 MHz) 
-. - --- _._ _. ~. .~ .- 

6 78 n 7b* 8 9a 9) PI* 
-- - --- ---.- 

H-l 
H-2 

H-h 
H-3b 

H-4 

H-6Q 

H-64 

H-l 

1.18 dd (IO, 7.5) 1.16 dd (I 1.1) 2.11 dd (11.9) 1.62 dd 
4.35 df 11.5. 61 4.28 ddd (IO, I. 3) 5.20 ddd (IO. 9. 31 5.28 ddd . 

216 dd (9.5.6fl 2.02 mt 
2.24 ddd (14, IO. 9.5) 2.31 ddd 

2.01 ddd (14. 9.5, 3) 2.14 ddd 

H-8 

H-Pa 

H-9p 
H-IO 

H-l3a 

H-l3b 

H-IJt 

H-I5a 

H-ISb 

H-Y 

H-3’s 

H-3’b 

H-4,: 
H-5,: 

OH 

kc: 

5.23 I (9.5) 4.24 I 5.16 I 5.00 1 

205 dd (14.5. 5) 2.21 dd (IS. 5.5) 222 dd I.68 lid 
1.52 dd (14.5. 12) 1.38 dd (IS. 12) 1.26 dd 069dd 
285 ddddd 2.81 ddddd 290 ddddd 1.92 ddddd 

(IL IO. 5. 3. 3) (IL I I. 5 5. 3.2. 3.2) 

4.18 ddd (I2 IO. 3) 4.2Oddd(l& II. 3) 4.ISddd 3.34 ddd 
1.40 q (12) l.3a q 1.42 q 0.85 q 

2.38 dr (12. 3) 238 dt 2.38 dr 1.86 dt 
2.03ddqd(Q 10.1.3) 1.89 ddqd l.9Oddqd(l2.Il.l.3) I.41 m 

6.15 d (3) 6.18 d (3.2) 6.18 d 6.02 d 
5.40 d (3) 5.41 d (3.2) 5.44 d 4.14 d 
1.20 d (I) I I8d I.01 d 0.18 d 
3.66 brt 4.22 d (12) 4.13 d 4.01 d 

3.95 d (12) 3.98 d 3.12 d 
240 fq (1.1) 2.34 rq 240 rq 221 fq 
1.70 m 1.61 m I.68 m 1.64 m 

I.40 m 1.48 m I.53 m I.34 m 

0.92 I (I) 0.91 I 0.91 I 0.80 I 

I.16 d (I) I.14 d I.18 d 1.01 d 
2.05 br, 1.88 br 205 br - 

209.2OI 1.64, 1.63 

Loll dd (IO, 8) I.33 dd (IL 8) 1.68 dd (12, 9.5) 1.20 dd 
4.60 ddd (9. 8, 1) 4.13 ddd (9.5, 8. 3) 5.01 rd (9.5. 3) 5.16 rd 
3.00 dd ( 19. 9) 221 dr (IS. 9.5) 236 dr (IS. 9.5) 248 dr 
2.32 dd (19, 7) 205 ddd (IS. 9.5. 3) 2.06ddd (IS. 95. 3) 215 ddd 

4.14 I 5.13 1 4.99 I 
2.46 dd (I 5. 5) 1.93 dd (IS. 4) I.11 dd 1.28 dd 
1.46 dd 1.59 dd (IS. 14.5) I.54 dd 0.95 dd 
288ddddd 3.22 ddddd 3.27 ddddd 214 ddddd 
(I2 IO. 5. 3. 3) (14.5. 8. 4. 2.3. 2.2) 

4.16 ddd (IL IO. 3) 4.11 ddd (12. 8. 3) 4.78 ddd 4.05 ddd 

I.48 q 1.83 ddlw (14.3) 1.83 ddbr I.JSddbr 
2.44 dr 2.15 m 2IOm 265 m 
2OOm I.96 m 2OOm 1.65 m 

6.21 d 6.29 d (2.3) 6.30 d 6.19 d 
5.52 d 5.64 d (22) 5.62 d 5.01 d 
I.31 d I.21 d I.016 0.19 d 
4.25 d 4.19 d 4.13 d 4.05 d 
3.89 d 4.03 d 4.03 d 3.84 d 
2.35 rq 235 rq 241 tq 229 rq 

1.65 m 1.65 m 1.70 m 1.61 m 

1.45 m I.48 m I.53 m 1.38 m 
0.88 1 0.94 I 0.93 I 0.84 I 

I.13 d I.15 d I.17 d I.11 d 
1.95 br 215 br. 2.10 br - - 

208. 2.03 1.65. 1.62 
_--- -_ 

l Run in C,Q. 

t Intensity Iwo prolons. 

: lnrens~ly ha protons. 
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H-2 (dr at 64.35) which adjoined H-3a+b and whose 
chemical shift iadicatcd that it was gcminally coupkd to 
one of the two hydroxyl groups present in the mokcuk. 
Finally, the two-proton signal of H-3a.b was also coupkd 
to a tripkt at 65.23 (H4), whose chemical shift showed 
that it wasgeminal to the 2-methylbutanoyl residue whose 
prevnce was evident from NMR and mass spcctromctry. 
The multiplicities of H-l, H4 and H-6a.b required that 
the remaining two carbon atoms of tbc empirical 
formula-one quaternary (carbon singkt at 650.1- 
Tabk 2), the second a -CH20H residue (carbon tripkt at 
664.8, two-proton singlet at 63.66) -be inserted as shown 
in formula 6. 

The stereochemistry of the lactonc ring could be 
inferred from the coupling constants involving H-6, H-7, 
H-8. H-9 and H-13, which parallel those of belcnanolidcs 
with authenticated stercochtmistry. That the lactonc ring 
is Wan.9fused is also evident from the positive Cotton 
effect in the 250 nm region.* The remaining questions, in 
particular the stcrcocbcmistrics at C-2 and C4, were 
scttkd by NOE difference spectrometry (Tabk 3) and 
consideration of models. Since H-2, H-8, H-10 and H-IS 
arecisandsinceH-8is/?,H-2,H-lOandH-ISarej?aswcll. 
H-I and H4 are cis; the absence of an interaction bctwan 
H-4 and H- 15 shows that H-4 is rrwts to C-15. hcna H- 1 
and H4 are (1. 

Lactose 7a was an isomer of 6; comparison of the 
‘H NMR and “C NMR spectra of tbc two compounds 
(Tabks I and 2) showed that the stereochemistry was 
identical but that the 2-mcthylbutanoyl residue of 7r 

---- 

*That rhc emp~rrcal ruk of SIockhn CI 01. [7], which relates the 

sign of the litclone CoIIon C&I IO Ihedirecuon and nature of Ihe 

nng closure. IS applicabk to compounds of Ihis type has been 

shown m a number of rnstances. 

Tabk 2. “CNMR spectral data of cotn- 
pounds 6. 7a and 91 (67.89 MHz. CDCl,) 

c 6 78 9a 

I 56.3 d 56.5 d 55.9 d 
2 72.7 d 12.6 d 12.9 d* 

3 39.2 I 41.9 I 42.6 I 

4 81.8 d 80.5 d 75.4 d’ 

5 50.1 .s 49.5 s 49.0 s 

6 32.3 I 33.4 I 35.1 I 

7 44.6 d 44.6 d 37.9 d 
8 81.7 d 81.6 d 76 7 d 
9 44.1 I 44.1 I 34.2 I 

IO 28.5 d 28.8 d 29.3 d 
II 140.2 s 140.15 139.2 .r 

I2 169.8 J 169.6 .s 169.4 I 

I3 119.8 I 119.9 1 123.3 I 

I4 20.7 q 20.6 q 21.0 q 
I5 64.8 I 65.1 I 64.8 I 

I’ 175.8 J 116.4 s 176.7 s 

2 41.2 d 41 3 d 41 2d 
3’ 26.8 I 26.6 I 26.5 I 

4’ 16.6 q 16.5 q 16.4 q 
5’ II.5 q II.6 q II.6 q 

l AssimmenIs may be inIcrchangal. 

Table 3. NOE difference spectral data of compound 6 

Saturation Observed NOE (‘3 

H-2 

H4 

H-14 

H-15 

H-3a.b (5). H-IO (8) 

H-l (II). H-3a.b (12). H-6a (13.5). H-15 (0) 

H-2 (l6), H-98 (25) 

H-3a.b(16).H4(0).H-6~(I5LH-8(16).H-10(18) 
._ 

ester&d the primary hydroxyl group on C- 15. This was 
confirmed by the paramagnetk shift exhibited by H-2 and 
H-4 on conversion of 7a to a diacctatc, 7b. Lactonc 8 was 
the corresponding Qketo derivative; noteworthy is the 
characteristically large germinal coupling constant be- 
tween the protons on C-3, the carbons alpha to the new 
carbonyl group. 

Spin decoupling in the manner described for 6 and 
conversion to the diacetate 9b established the gross 
structure of lactone 9a as a stereoisomer of 7a. Whik the 
coupling constants involving the protons of the five- 
membered ring did not differ significantly from those 
exhibited by 71 and 7b. the characteristically small values 
of J ?,,, and the negutiue lactonc Cotton effect showed 
that the ketone ring of !Ja was c&fused. In firt, the 
coupling constants involving the protons in the scven- 
membered ring parallel those of ncopukhcllin (12) whose 
structure has been established by X-ray crystallography 
[81. 

LXPLJIl%iHCNTAL 

Exoocrioa oj G. powellii Above-ground pans of G. powellit 

Turner (0.4 kg), collected by Prof. B L. Turner on II April 

1970. 0.5 m S. of Escaci6n Hermanas along Highway 57. 

Coahuila, Mexico (voucher B. L Turner No. 6035 deposited at 

the herbarium of the UmvmiIy of Texas). were extracted with 

CHCl,. Work-up in Ihe usual fashron [9] gave I4 g ofcrurkgum 

which was absorbed on 309 of uhcr acid (MallinckrodL 

lOOmah) and chromalographed over 3008 of the same ad- 

sorben pocked in hep~anc. 375 ml fracuons being colkcIed as 

follows: fracrions I 4 (hepIane), 5 8 (heptancEIOAc. 9: IA 9 I2 

(hepuntEIOAc, 4:l). I3 I6 (hepIMC-Etok, 2:l). I7 20 

(hep~antEIOAc. 7:7), 21. 24 (hepumc- EtOAc. 2:3), 2>28 

(hepIam_EIOAc. l:4), 29-32 (EtOAcA 33 36 (EIOAc MeOH. 

9: I). Franmn I7 (0.5 8) dissolved m CHCI, on refngerarion 

( -2W) dcposiral 40 mg of hrywduhn (IO). dcntified by com- 

panson with auIbmtic ma~enal. Fraction I8 (I g) was purified by 

CC (heune Et,O, 3: 7) IO give three fractions. The firs1 frocnon 

conuincd a 7:3 mixture of 2 [2] and 3 [6]. which were no1 

separated bu1 rdenIifkd bycompanson ofthe ‘H NMR spectrum 

of Ihe mixlure wiIh data m the IiteraIure. The second fraction was 

purdiod by CC (hexane EtOAc, 7:3) and crysIalluaIion 

(hexanc-EIOAC. 7:3. -2IY) IO give 40mg of 6, mpl71’; 

IRrF*rrn-‘: 35500. 1760. 1730, CD curve (MeOH) [Q,, 

+ 18~0.[B]~~,0.[0]~,~-2910;‘HNMRand’JCNMRspectn: 

see Tables I and 2. The low raolutmn EIMS did not exhibu rhe 

molaular ion; signtin peaks were a1 m/r (rcl. inc.): 348 (0.1). 

264 (3.1). 246 (2.9), 228 (2 51 192 (3.6). I47 (5A 107 (14.61 103 (9.7). 

91 (8.3). 85 (37.n 57 (la)). The posmve CIMS exhiubkd pmks a1 

m/z (rel. in(.): 367 [M + H] ’ (100). 349 (26). 265 (18),47 (20.2L 229 

(6.1). I03 (37.1) and 85 (34.7). 

Puriticalion of the third fracIion by CC (C,H, EIOAc, 3:2) 

gan10mpof8Psa~;IRv‘~~~cm-‘:3530,1771.175~1735; 

CD curve (MeOH) [e],., +6700 (inax) [B]J~, + lwlo (sh), 




