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Abstract-Five new diterpene glycosides, two arabinopyranosides and three xylopyranosides were isolated from 
Gutierrezia sphuerocephla. One of the arabinosides contained a tiglate ester at the 3’qosition of the sugar moiety. 

I~ODU~ON 

From the genus Gutierreziu a number of new diterpene 
derivatives [l-S], as well as some highly oxygenated new 
llavonoids [4, S] were reported. Recently, a large number 
of unusual flavonols were encountered in G. gmndis and 
G. micmcephala [6,7l. We report here several new 
diterpenoid glycosides from G. sp~r~ep~ this is the 
first report of this class of compounds from the genus 
Gutierretia. 

RESULTS AND DI!SCU!SSION 

The aerial parts of G. sphuerocephala afforded two 
dite~n~~dehyde arabinosides (1 and 2), one diterpene- 
aldehyde xyloside (3) and two diterpene-methyl ester 
xylosides (5 and 6). 

Electron impact mass spectrometry of all these 
glycosides gave no molecular ion. Even in their CI mass 
spectra, the fragments of highest molecular weight which 
could be observed were [M + H -H1O]+. The IR 
spectrum of 1 showed absorptions for hydroxyl groups 
(3450, 1080, 102Ocm-‘), double bond(s) (3090, 
1650 cm- I), aldehydic function (2720.1700 cm- ‘) and an 
ester group ( 1700.1270 cm- I). Together the spectral data 
indicated a bicyclic system of the ent or normal labdane 
type for 1 since the ‘HNMR and ‘“CNMR of 1 
eliminated the other rearranged labdane skeletons, for 
example the clereodane type. In the ‘H NMR spectrum of 
1 (Table l), an ABX pattern of the type exhibited by 
man001 [S] appeared at S5.91 (lH, dd, J = 11, 17Hz), 
5.22(lH,brd,J=l7Hz)and5.O8(lH,brd,J=11Hz). 
The lack of another gem% methyl signal and the 
presence of a signal at 69.17 were in accord with an 
equatorial aldehydic group attached to C-4 [il. The fully 
substituted C-4 and C-10 positions could also be 
coniirmed by the doublet H-5 signal, a conclusion which 
was settled by irradiation experiments. Instead of 
exocyclic methylene signals for protons at position C- 17 
as in 9 [ 11, compound 1 exhibited a viny& methyl signal 
at 51.74 (3H, br s) for an &methyl group and a vinylic 
proton signal at 5.80 (br s) assignable to a proton at C-7 in 
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accord with a C-7, C-8 double bond system of either an ent 
or normal labdane type diterpene [3]. A tiglate side chain 
was unambiguously indicated in 1 by signals at 66.98 (1 H, 
dq,J=2,7Hz),l.80(3H,brd,J=7Hz)andl.87(3H,brs) 
andmassspectralfragmentsatm/z 100(35%),83(100~) 
and 55 (92%). In the re8ion of 63.61-4.86, there were 
seven proton signals (Table 1) including a typical one- 
proton doublet at 4.25 (J = 7 Hz), which together 
indicated a sugar moiety was present in compound 1. In 
the ‘%NMR spectra of 1, the above conclusions were 
confirmed by an anomeric carbon signal appearing at 
6 106.8 (d), six sp’ carbon signals at 145.1 (d), 112 1 (1) (C- 
14, C-l 5 double bond), 123.3 (d), 138.7 (s) (C-7, C-8 double 
bond), 128.3 (s), 138.5 (d) (tigloyloxy double bond), an 
aldehydiccarbon doublet at 208.1 and another six oxygen- 
bearing carbon signals between 66.2 and 79.5. Among the 
latter six signals, a singlet at 73.5 was attributable to C-13 
and one of the other five signals could be assigned to a 
sugar-aglycone linkage. The other four signals, together 
with the anomeric signal, were consistent with a pentosyl 
moiety. That the sugar moiety was equatorially attached 
to C-6 of the aglycone was deduced by signals at 6 1.9 1 (d, 
J=flHz) and 4.08 (br d, J=llHz) and by spin 
decoupling experiments. The fact that the tigloyloxy side 
chain was attached at the C-3’ position was confirmed by 
the well-separated signals of the pentosyl in the *H NMR 
spectrum (Table 1) as well as on the basis of spin 
decoupling experiments. Irradiation of a doublet at 64.25 
(anomeric proton) collapsed a doubl~oublet at 6 3.09 for 
H-2’ into a doublet. Irradiation at the latter signal 
collapsed not only the anomeric signal into a singlet, but 
also the downfield signal (64.86. dd, J = 3, 9 Hz) into a 
doublet with small coupling constant (ca 3 Hz), thus 
confirming that this signal represents H-3’. Irradiation of 
the signal for H-3’ collapsed the signal for H-2’ into a 
doublet, and sharpened the H-4’ signal at 64.02 The 
transformation of compound 1 into 2 (obtained as a 
natural product in this study) provided further evidence 
for a 3’-tigloyloxy ester. In the ‘HNMR spectrum of 2, 
signals for the tigloyloxy side chain were not present, 
Consequently, the signal for H-3’ shifted from 64.86 to 
3.57. Acid hydrolysis of 2 gave arabinose (co-TLC). 
Comparison of the “CNMR and ‘H NMR spectral data 
of the sugar moieties of 2 and 1 with those reported 
[9-l l] favoured an a+arabinopyranosyl group in both 
compounds. The relative stereochemistry at C-5 and C-6 
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Table 1. ‘H NMR spectral data of compounds 14 [maded at 360 MHz in CDCI,. TMS as 

internal standard (3 in CsDIN at 200 MHz)]* 

3 
H 1 2 3 CsDsN 4 

5 
6 
7 

14 

15a 

15b 

16t 
17t 
18 

19t 
2ot 

1’ 

2 

3 
4 

Sa 
sb 

3” 

4*t 

5”t 

1.91 d (11) 1.90 1.89 

4.08 br d (11) 4.03 4.05 

5.80 br s 5.78 5.66 
5.91 dd (11. 17) 5.90 5.91 

5.22 br d (17) 5.21 5.22 

5.08 br d (11) 5.07 5.08 

1.M s 1.29 1.30 
1.74 br s 1.73 1.74 

9.17 s 9.16 9.09 

1.18 s 1.19 1.19 

0.85 s 0.85 0.84 

Arabinopyranosyl 

4.25 d (7) 4.15 4.56 d (5) 
3.69 dd (7, 9) 3.47 4.52 dd (5, 7) 

4.86 dd (3, 9) 3.57 3.58 t (7) 
4.02 br s 3.90 3.67 m 
3.99 br d (12) 4.01 4.11 dd (4, 12) 
3.61 br d (12) 3.52 3.36 dd (6, 12) 

tigloyl aMyI 
6.98 dq (2, 7) 2.21 st 

1.80 br d (7) 

1.87 br s 

2.0 1.89 

4.35 4.05 

6.08 5.77 
6.21 5.91 

5.60 5.22 

5.20 5.08 

1.33 1.29 

1.82 1.74 
9.45 9.16 

1.50 1.19 

0.85 0.86 

Xylopyranosyl 

4.90 d (7) 4.24 

5.47 t (7) 3.20 dd (7, 9) 
4.10 3.44 r (9) 
4.17ddd(5,7, 11) 3.67ddd(4,9, 11) 
4.85 dd (5, 11) 4.00 dd (4, 11) 

3.71 I (11) 3.27 

acety1 
2.41t 

*Coupling pattern, coupling constants (in parentheses) arc not repeated if they arc identical 
with those in the preceding column. 

tIntmsity is for three protons. 
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couM be followed from the downfield shifted signal of H-5 
which indicated that the oxygen functions at C-6 and C- 18 
and the H-5 must be on the same side; thus, the C-4and C- 
6 oxygen functions must be equatorially substituted [2]. 
The NOE results conducted on compound 5 also 
continned this conclusion. If these new glycosides form a 
labdane series, the 6x-0-substituent in 1 follows from the 
large coupling (11 Hz) of H-6 and H-5, a result confirmed 
by spin decoupling. The “CNMR data for 2 were in 
accord with the structures proposed for 1 and 2. The 
t3C NMR spectra of 14 gave unexpected doublet signals 
for C4 when the off resonance decoupled spectra were 
recorded in the usual manner (high-field, - 8.3 ppm) due 
to the aldehydic proton at C-18 [12]. The APT and low- 
field (9.4 ppm) single frequency off-resonance decoupling 
experiments confirmed these assignments. 

The ‘H NMR spectrum of 5 (and also of 6) gave signals 
for a diterpene derivative (Table 2) similar to those of 1. 
But the aldehydic group at C-18 in 1 was replaced by a 
methyl ester group (63.62, 3H, s) in 5. Also, instead of a 
tigloyloxy side chain an acetoxy group was present (62.19, 
3H, s). Signals attributable to a sugar moiety in the 
63.44-4.68 region were observed, but the chemical shifts 
and coupling constants were different from those 
observed for 1. Upon acid hydrolysis compound 6. the 
alkaline hydrolysis product of 5, afforded xylose which 
confirmed 5 and 6 were xylosides A two-dimensional J- 
correlation experiment located H-l’, H-2, H-G, H-5$ 
H-3’ and H-4’. Irradiation experiments on 5 at 200 MI-Ix 
also supported the above findings. The downfield signal of 
H-2’ at 64.52 (lH, t, .I = 4 I-Ix in CDClJ confirmed that 

the acetyl group was attached at the C-2’ position. The 
observation of J ,,,x = 4 Hx (in CDCls) at first suggested 
an aconfiguration for a xyloside. However, when the 
spectrum was recorded in C,D,N (Table 2). Jr 2’ = 7 Hx, 
or when the acetyl group was removed to f&e 6, the 
spectrum (in CDCI,) of 6 exhibited normal /I-coupling 
namelyJ,.,.=7HzThe ‘“C NMR data (Table 3) of the 
xylose moiety in 5 and 6 were also in accord with /I- 
xyloside [ 13,143. LiAlH* reduction of 5 afforded the diol 
xyloside 7 and acetylation gave triacetate 8. As found for 
compound 1, the 6aconfiguration could also be suggested 
for 5 on the basis of the Js,, (11 Hz) value. In order to 
establish the relative stereochemistry for all these new 
glycosides, further 2D COSY and NOE experiments were 
conducted at 500 MI-Ix on compound 5. The NOE results 
clearly indicated a trans-fused A-B ring system and that 
H-19, H-20 and H-6 were on the same side since 
irradiation on the H-6 signal dramatically enhanced the 
signals for H-19, H-20 and H-7 but not the signal for H-S 
(other reciprocal irradiations also supported this con- 
clusion). From all the available data, compound 5 was 
deduced to be the 2’-acetyl derivative of compound 6. 

The ‘H NMR spectrum of compound 3 also exhibited 
the same ABX pattern and a signal for an aldehydic 
proton. Instead of signals for a tigloyloxy group as 
observed for compound 1, a Iproton singlet appeared at 
62.21 in the spectrum of compound 3. Comparison of the 
signals for 3 with those for 1 and 5 indicated that 3 may 
have the same aglycone as 1 but with the sugar moiety of 
compound 5. This was supported by the 13C NMR data of 
3 and 4 (the alkaline hydrolysis product of 3) when 

Tabk 2. ‘H NMR spectral data of compounds 5-7 [rccoxdai at 200 MHz (5 at 
360 MI&~ with TMS as internal standard]* 

5 5 6 7 
H CDC& CAN CDC13 CAN 

5 244 d (11) 280 238 231 
6 4.05 br d (11) 4.35 4.09 4.54 
7 5.66 br s 6.19 5.77 6.18 
14 5.90 dd (11. 17) 6.21 5.91 6.21 dd (10, 17) 
15a 5.20 br d (17) 5.60 dd (1, 17) 5.21 5.57 dd (2 17) 
15b 5.07 br d (11) 5.20 dd (1, 11) 5.08 5.18 dd (2 10) 
l6t 1.28 s 1.50 1.30 1.49 
17t 1.73 br s 1.77 1.72 1.83 
18a - - - 4.31 d (11) 
18b - - - 3.35 d (11) 

19t 1.28 s 1.49 1.29 1.02 
zot 0.82 s 0.92 0.83 0.90 
OMct 3.62 s 3.74 3.64 - 

xylopyranosyl 
1’ 4.68 d (4) 5.00 d (7) 4.25 5.05 
2 4.52 r (4) 5.32 t (7) 3.14 dd (7, 9) 4.01 dd (7, 8) 
3 3.63 - 4.14 I (7) 3.48 I (9) 4.20 - 
4’ 3.63 - 4.19ddd(5.7 11) 3.70 - 4.20 - 
Sa 4.14 dd (3. 12) 4.45 - 4.00 dd (5, 11) 4.42 dd (4, 10) 
5% 3.44 dd (5. 12) 3.75 - 3.29 I (11) 3.79 dd (9, 10) 
Act 219 s 239 - - 

*Coupling pattent, coupling constants (in pareuthescs) are not repeated if identical 
with those in tbc pruxdiug column. 

tlutensity is for three portions. 
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Table 3. % NMR qxctraidats ofcompounds l-7 [recorded at 22.6 MHz(2 at 90 MHz), in CDCI, 
(7 iu C,D,N) with TMS as internal stand&J* 

C 1 2 3 4 5 6 7 

1 
2 
3 
4 

b 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
OMC 

1’ 
2’t 
3 
4’t 
5’ 

1* 
2” 
3” 
4” 
5” 

38.4 t 38.4 - 38.3 t 38.4 
21.0 f 21.0 p 21.0 f 21.1 
31.5 t 31.5 p 326 I 31.6 
47.7 d 47.7 p 47.0 d 47.8 
49.0 d 49.0 n 49.7 d 49.0 
74.5; d 73.0 n 73.4 d 73.6 

123.3 d 123.4 n 123.6 d 123.4 
138.7 s 138.3 - 138.7 s 138.8 
55.0 d 55.0 n 54.7 d 55.0 
37.6 s 37.7 - 38.7 .r 37.7 
16.6 t 26.7 p 16.9 t 16.8 
44.5 f M5P 44.5 t 44.6 
73.5 s 73.5 - 73.6 s 73.6 

145.1 d 145.0 n 145.0 d 145.2 
112.1 t 112op 112.1 t 1122 
27.7 q 27.8 n 27.6 q 27.8 
22s q 22.1 n 221 q 222 

208.2 d 208.3 - 204.9 d 208.6 
14.4 q 14.2 - 14.8 q 14.3 
15.1 q 15.1 n IS.0 q 15.2 

ai‘abinopyranosyl 
106.8 d 106.1 n 
67.0 d 67.8 n 
79.5 d 79.4 n 
69.0 d 71.5 n 
66.2 t 65.9 p 

tigloyl - 
167.5 s -p 
128.3s -p 
138.5 d -n 
14.2~ -n 
12.1 4 - ?I 

XYlopyran~Yl 
101.6 d 106.3 
74.4 d 76.4 
78.2 d 79.4 
69.7 ii 69.3 
64.1 t 65.6 

scety1 - 
171.8 s - 
21.3 q - 
- - 
- - 
- - 

38.2 38.3 38.8 
20.6 20.9 21.4 
26.3 37.4 38.0 
43,s s 44.2 40.8 
48.5 49.8 49.0 
73.6 73.7 75.2 

123.3 323.5 126.5 
138.7 138.7 137.7 
54.8 fS.2 S4.3 
38.2 38.3 38.5 
17.2 17.S 18.7 
44.3 44.6 457 
73.3 73.6 ‘72.8 

144.8 145.1 147.2 
111.8 1121 111.3 
27.3 27.7 28.2 
22.0 222 221 

179.4 s 183.5 724 t 
17.0 17.0 19.0 
14.7 lS.0 15.6 
51.8 q 526 

101.6 
72.6 
80.0 
69.2 
63.3 

acety1 
171.4 s 
21.1 q 
- 
- 

xylopytandsyt 
106.4 1011 
76.5 78.2 
80.4 78.4 
69.3 71.0 
65.5 67.0 

- - 
- - 
- - 

*Muhiplicities were obtained from high-field (-8.3 ppm) single frequency off rcronsnee 
decoupling experiments and are not repeated if identical with those in the prreeding cohunn. APT 
(attachad proton test) expnimcnts were also conducted on oompounds 1 and Z Results of both 
~~~~s were the same and were given under cornPound 2: p = pcsitive sigual (no proton or two 
Protons attachedk n = negative signal (one Proton or three Protons attache&. 

*These sign& might be interehangaf within each eolutnn. 

corn-g with those of 5 and 6 (Table 3). The acetoxy 
group at C-2’ in 3 could be deduced by i~~tion 
experiments. Acid hydrolysis of compound 4 afforded 
xylose. The ’ %Z NMR data of 3 and 4 were also in accord 
with the structure assignments. 

We have previously observed small differences between 
~~1 and 13-epimanool for the C-14 and C-16 signals 
in their r3CNMR spectra. 

The absolute ~~~~tion for the five new gIycosides 
(l-3, 5,6) could not be assigned with confidence on the 
basis of the available spectral data. Therefore, one com- 
pound (6) was submitted for X-ray analysis. These results 
m. H. Watson, personal commurtkxttion J* which became 
available when page proofs were received, established 6 to 
be a normal labdane; since the xylosyl moiety in 6 is a /I-D- 

xylose (determined by NMR coupling constants and 
standard ~rn~~n~ 6 has the absolute conjuration as 
shown. We assigned the new compounds 1-3 and 5 the 
same configuration as 6. 

Although the tigloyloxy side chain is commonly found 
in the family Compsitae, compound 1 is the first report 
where it is attached to a sugar moeity. It is also of interest 
that the coupling constants of the anomeric proton signals 
in 3,s and 8 in their ‘H NMR spectra recorded in CDCf3 
were found to be strongly affected by the acetoxy group 
attached to the adjacent position. Although methoxyl 
groups in diterpenoids are not co~only found in nature, 
it is considered to be of natural occurrence in this extract 
since methanol was not involved in the extraction and 
separation procedures used to obtain compounds 5 and 6. 
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