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Abstract—Gochnatia paniculata afforded two dimeric sesquiterpene lactones, which are derived from dehydrozalu-
zanin C, two a-curcumene derivatives and eight kolavane derivatives The structures were elucidated by spectroscopic
methods, especially by highfield *H NMR spectroscopy The chemotaxonomy of this genus 1s discussed briefly

INTRODUCTION ing alcohol which most hikely had the same stereochem-
1stry of the A!® double bond as 1

The molecular formula of both 8 and 9 was C;,H;,0,
which already indicated that these compounds were

So far only four species of the large South American genus
Gochnatia (tnibe Mutisieae, subtribe Gochnatinae) [1]
have been studied chemically In addition to widespread
triterpenes two species afforded sesquiterpene lactones
While G discoidea contains 8,12-germacranolides [2), G
rusbyana afforded zaluzanmin C [3] We have now n-
vestigated a further species, G paniculata (Less ) Cabrera

RESULTS AND DISCUSSION

The roots of Gochnatia pamculata afforded the a-
curcumene derivatives 1 and 2, costunolide (3), -cyclo- 2 R=CH,0H
costunolide (4), dehydrocostuslactone (5), the flavanol 6
(4], the dehydronerohdol dervative 7 [5] and minute
amounts of the dimeric sequiterpene lactones 8and 9 The
structures of 1 and 2 were deduced from their molecular
fomulae and theirr 'H NMR spectra (Table 1) In the
spectrum of 1 two singlets at 69 99 and 9 37 were due to
aldehyde protons The latter indicated the presence of a
conjugated aliphatic aldehyde with the E-configuration
Accordingly, a low field broadened triplet at 6 643 was 5 6
visible, which together with an olefinic methyl singlet
indicated the nature of the side chain Two broadened
doublets of aromatic protons (each two protons) showed o OH
that a para-substituted benzene derivative was present NN
The chemical shifts required a carbonyl group as an
electron withdrawing group, thus mdicating the presence
of a para-substituted benzaldehyde Spin decoupling 7
allowed the assignment of the remaining signals The
chemuical shift of the signal of the methine proton, which
was coupled with the methy! group, required a benzylic
position Therefore, the proposed structure was com-
patible with these data The mass spectroscopic fragmen- 2
tation pattern also supported this assignment The
'H NMR spectrum of 2 was also close to that of 1, except
for the signals of H-10 (527 brt) and H-12 (4 02 br, s),
which showed that we were dealing with the correspond-

*Part 465 in the sertes “Naturally Occurring Terpene
Dernvatives” F or Part 464 see Bohlmann, F, Ates (Goren) N
and Jakupovic, I Phytochemistry (in press) 8 9
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Table 1 'H NMR spectral data of com-
pounds 1 and 2 (400 MHz, CDCl,, TMS as
int standard)

1 2

H-1, H-6 736 brd 735brd
H-2, H-5 784 brd 782brd

H-7 284ddg 280 ddg
H-8 183 dt 165m
H-9 225m 195m
H-10 643brt  527brt
H-12 937s 402 brs
H-13 164brs 1774t
H-14 133d 127d
H-15 999 s 999 s

J(Hz) 1,2=85,7,8=7,14=8,9=9,
10 =7,compound 2 9,13 =10,13 =1

F BOHLMANN et al

1somers of dimeric sesquiterpenes Furthermore in the
mass spectrum of 9 a fragment at m/z 242 (C,sH,,0;)
was present which most likely was the result of a retro-
Diels-Alder fragmentation The 'H NMR spectra
(Table 2) showed that both compounds were dilactones as
could be deduced from the characteristic signals of H-13
as well as from the signals of the protons under the lactone
oxygen In the spectrum of 8 most signals could be
assigned by spin decoupling in the usual way starting with
the signals of H-7and H-7' The unusual downfield shift of
H-7 can be explained by the proposed 10a-hydroxy group,
while the chemical shift of H-5 was compatible with the
proposed arrangement of the double bonds The signals of
the second part showed that here the keto group was not
conjugated The corresponding a-protons {H-2") were ata
relatively low field which may be due to a deshielding
effect of the keto group at C-3 The stereochemustry at C-5
through C-10, C-1" and C-5' through C-7' could be
deduced from the couplings, while that at C-4' could not

Table 2 'H NMR spectral data of compounds 8 and 9 (400 MHz, CDCl;, TMS as it

standard)
8 9 8* 9

H-5 386 brd 386 brd H-1 323 brdd 326 brdd
H-6 373 dd 431 dd H-2, 261 brd 264 brd
H-7 382m 283 m H-2, 335dd 336 dd
H-8 235m — H-5 331 brdd  335brdd
H-9 202 m — H-6' 420 dd 421 dd
H-13, 620d 623d H-7 305ddddd 302m
H-13, 547d 5544 H-13, 6284 6274

H-13;, 561d 557d
H-15, 622 brs 624 brs H-159 506 brs 508 brs
H-15, 602 brs 615 brs H-15, 468 brs 472 brs

*H-8, = 232m, H-8, = 1 5 m, H-9, =261 brd, H-9, = 222 ddd,
J(Hz) 5,6=67=10,7,8=4,78 =10,7,13, =35,7,13, =3,1"2 =15 =9,2,,2;
=13,5,6 =6,7=957,8,=37,8,=10,8,,9, =5 8,9 =1209,,9; =13

D 0

D D

10 1 12 13

CHO CHO CH,OH  CH,OH
CHOM  CHOH CH,OH  CHOH

COCH,Ph Ac Ac COCH,Ph

14 15 16 17 18

H

Me H Me Me
Ac COCHPh COCH,Ph

H H Ac

19 20 21

CH,OH  CO,H COozMe

Ac  COCH,Ph COCH,Ph
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Sesquiterpenes of Gochnatia paniculata
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be determined The 'H NMR spectrum of 9 was in part
very simular to that of 8 However, the chemucal shift of H-
7 differed drastically, since this proton was not deshielded
by the hydroxy group which, therefore, most likely was at
C-2, especially as no signal was visible which could be
assigned to a proton at C-2 In agreement with this
proposal a retro-Diels—Alder fragment occurred (m/z 242)
in the mass spectrum of 9 As the signal of H-5 was shifted
downfield a 2a-hydroxy group was most likely The
stereochemustry at all other centres seemed to be the same
as that of 8 We have named the lactones gochnatiohide A
and B

The aerial parts afforded, 1n addition to squalene, eight
diterpenes, the aldehydes 10 and 11, the diols 12 and 13,
the acids 14 and 16 and the lactones 19 and 20
Compounds 14, 16 and 20 were transformed to therr
methyl esters 15, 17 and 21, respectively, while 17 was
acetylated yielding the diacetate 18 The 'H NMR spectra

lTahIP ‘h of all these rnmnmmde were 1n part similar

mdxcatmg the presence of only one type of dlterpene If
the data were compared with those of different types of
diterpenes 1t was obvious that all compounds were
kolavane derivatives differing 1n the nature of the oxygen
functions From the spectrum of 11 the presence of a
secondary acetoxymethylene group was proposed (54 26
dd and 3 74 dd) A singlet at 9 21 and a broadened triplet at
690 indicated a conjugated aldehyde, while a complex
signal at 3 66 and a methyl doublet at 090 showed that a
hydroxy group was most likely at C-15 A double doublet
at 3 55 required the presence of a further hydroxy group
Spin decoupling allowed the assignment of most signals,
while the proposed stereochemustry agreed nicely with the
couplings observed Compound 10 differed from 11 only
by the nature of the ester group at C-17 The mass
spectium and the 'H NMR spectrum showed that a
phenyl acetate was present The 'H NMR spectra of 12
and 13 (Table 3) indicated that these diterpenes were the
corresponding 18-hydroxy dervatives of 10 and 11,
respectively Accordingly, the signal of the aldehyde
proton was replaced by a pair of doublets and the H-2 and
H-3 signals were shifted upfield, while the other signals
were nearly 1dentical with those of 10 and 11, respectively
The configuration at C-13 of 10~13 and also of 19 and 20
(see below) could not be determined

The 'H NMR spectra of the methyl esters 15, 17and 18
mndicated that the side chain was different from that of
10-13 The chemical shift of a doublet of an olefinic
methyl group indicated a double bond with the E-
configuration Compounds 15 and 17 again differed only
1n the oxygen function at C-17 Accordingly, the 'H NMR
signals of the decalin part were nearly identical with those
of 12 and 13, respectively The !H NMR spectrum of the
diacetate of 17 supported the proposed structure The
spectral data of 19 and 21 (Table 3)clearly showed that we
were dealing with 6,18-lactones which differed 1n the
nature of the oxygen functions at C-15 and C-17 Spin
decoupling allowed the assignment of nearly all signals
The stereochemustry was deduced from the couplings
observed We have given the name gochnatol to 17-
desacetyl 19 and the name gochnatic acid to 17-desacyl 20

All the diterpenes were closely related The optical
rotations indicated that they are kolavane derivatives,
although this proposal could not be established with
certainty The chemistry of this Gochnatia species agreed
m part with that of the other spectes investigated pre-
viously Sesquiterpene lactones were 1solated also from the

F BOHLMANN et af

genera Actmnoseris [6], Cmicothamnus [3)}, Dicoma [7-9]
and Wunderlichia [6, 10} which are all placed 1n the same
subtribe However, so far no diterpenes have been 1solated
from the taxa of this genus Many more species have to be
mvestigated from other genera of the subtribe
Gochnatinae to obtarn a clear picture

EXPERIMENTAL

The air-dried plant material, collected 1n January 1981 1n the
province Bahia, Brazil (voucher RMK 8982, deposited n the
National US Herbarium, Washington) was extracted with
Et,O-petrol (1 2) and the resulting extracts were separated by
CC (Si1gel) and further by repeated TLC (S1gel) Known
compounds were identified by comparing the high field 'H NMR
spectra with those of authentic material

The roots (40 g) afforded 3 mg I (Et,O-petrol, 1 1), Smg 2
(C¢Hg—CH,Cl,-Et;,0,1 1 1), 2mg 3, 2mg 4, 3mg 5, 5mg 6,
4mg 7, 2mg 8 and 2mg 9 (8 and 9 separated with
CsHg—CHCl;-Et,0, 1 1 1) The aerial parts (280 g) gave 20 mg
squalene, 15 mg 10, 5 mg 11, 2 mg12, 4 mg 13, 2 mg 14, 6 mg 16,
7mg 19 and 5 mg 20 Compounds 14, 16 and 20 were trans-
formed to their methyl esters (excess CH,N, mn Et,0, 5§ mn)
Separation of 10, 17 and 21 was achieved by
CsHg-CH,Cl,-Et,O (1 1 1) (several times) and of 11-13, 15
and 19 by CcHg-CHCl;-MeOH (5 5 1) (several times)

a-Curcumene-12,15-dial (1) Colourless oil, IR vgg,l(‘ cm™!
2720, 1705, 1690, 1615 (C=CCHO, PhCHO), MS m/z (rel 1nt)
230131 [M]" (8) (CsH,50;), 212 [M~H,0]* (6), 202 [M
—COJ* (12), 201 [M —-CHO]"* (9), 172 [201 — CHO)* (52),
134 [C,H,,0] " (80) (McLafferty), 133 [CoH,O]" (80) (tropyl-
1um 1on), 105 [133 —CO]* (100)

12-Hydroxy-a-curcumene-15-al  (2) Colourless o1, IR
vgg‘ em™! 3600 (OH), 2720, 1710, 1615 (PhCHO), MS m/z (rel
int) 232146 [M]* (14) (C,5H;,03), 217 [M — Me]* (18), 214
{M—H,0]* (6), 204 (M —COJ* (13), 189 [204 — Me]* (i1},
134 [C4H,,0]" (88), 133 [CoH,0]" (100), 105 [133 - CO]*
{76)

Gochnatiolide A (8) Colourless gum, IR vCCl‘ cm~' 3600
(OH), 1780 (y-lactone), 1705 (C=CC=0), MS m/z (rel int)
502 199 [M]" (20) (C3,H300-),484 [M — H,O]"* (25), 466 [484
—H,0]" (4),456[484 — CO]™* (10),438 [456 — H,0] * (11),423
[438 —Me]* (5), 91 (68), 55 (100)

Gochnatiolide B (9) Colourless gum, IR vES*cm™! 3600
(OH), 1780 (y-lactone), 1730 (C=C-CO), MS m/z (rel 1nt)
502199 [M]* (4)(C30H 300-), 484 [M — H,O1"* (100) 466 [484
—H,0]" (9),456 [484 —CO]" (4),438 [456 — H,O]* (18), 242
[CysH 16031 (8) (RDA)

6a-Hydroxy-17-phenylacetoxy-18-oxo-kolav-3-en-15-0f  (10)
Colourless gum, IR vSS em ™" 3620 (OH), 1735 (CO,R), 2740,
1680 (C=CCHO), MS m/z (rel nt) 456288 [M]" (11)
(C28H4005), 438 [M —H,0]" (8), 409 [438 —~ CHO]" (3), 320
[M —RCO,H]* (7), 302 [320 — H,O]* (10}, 292 320 —CO]*
(10), 274 [302 - CO] " (6), 201 [302 —~ CcH,,0]* (51), 173 [201
—CO}* (74), 119 [PhCH,CO]* (28), 91 [119 —CO]* (100)

580 578 546 nm

[a]de =
—-33 -33 -35
6a-Hydroxy-17-acetoxy-18-oxo-kolav-3-en-15-0l (11) Colour-

less gum, IR vES+em™! 3620 (OH), 1740, 1240 (OAc), 2750,
1680 (C=CCHO), MS m/z (rel int) 380256 [M]* (15)
(C,2H3605), 362 [M —H,0]* (11), 347 [362— Me]™* (6), 320
[M —HOAc]* (6), 302 [320 — H,01* (7),292 [320—CO]"* (8),
201 [302—C¢H,; ;01" (62), 173 [201 —CO]* (100) [a]p=
—38° (CHCly ¢02)

(CHCl;, c062)
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6a, 18-Dihydroxy-17-acetoxy-kolav-3-en-15-0l (12) Colourless
gum, IR vﬁf‘,‘ cm™! 3600 (OH), 1740, 1240 (OAc), MS (CL, iso-
butane) m/z (rel nt) 381 [M+1]" (1), 365 [380 — Me]* (28),
347 [365—-H,0]* (52), 287 [347~HOAc]* (100) [«]p =
—28° (CHCl,, c 03)

6a, 18-Dihydroxy-17-phenylacetoxy-kolav-3-en-15-o0l (13) Col-
ourless gum, IR v${4em™! 3600 (OH), 1730 (CO,R), MS
m/z (rel mnt) 440 293 [M]* (3) (C,5H300,), 425 [M — Me]*
(1), 407 [425—H,0]* (3), 304 [M—RCO,H]* (8), 203
[C.H,50]* (60), 185 [203 - H,0]* (48), 91 [C,H,]* (100)
[®]p = —19° (CHCl;, c013)

Methyl-6a, 18-dihydroxy-17-acetoxy-kolavenoate (15) Col-
ourless gum, IR v§Skem™' 3600 (OH), 1735, 1250 (OAc),
1710 (C=CCO,R), MS m/z (rel int) 358214 [M —MeOH,
H,01" (1) (C;2H300.), 343 [358 — Me] ™ (2), 330 [358 —CO]*
(1), 315 [330—Me]* (05), 57 (100)

Methyl-6a,18-dihydroxy-17-phenylacetoxy-kolavenoate  (17)
Colourless gum IR v$Shem ™! 3600 (OH), 1735 (CO,R), 1720,
1650 (C=CCO,R), MS m/z (rel mt) 448 261 [M —2H,01* (1),
(C29H360,), 312 [448 — RCO,H]" (15), 297 {312 — Me] " (18),
91 [C;H,]* (100), CI (iso-butane) 485 [M +1]* (1), 467 [485
—H,0]" (1), 449 [467—-H,0]* (1), 417 [449-MeOH]" (1),
331 [467—RCO,H]* (8), 313 [331-H,01* (9), 299 [331
—MeOH]"* (8) [a]p= —11° (CHCl;, ¢02) Compound 17
(3 mg) was heated for 1 hr with 01 ml Ac,O at 70° TLC
(Et,O-petrol, 1 1) afforded 2 mg 18, colourless gum, 'H NMR
see Table 3

Gochnatol-17-O-acetate (19) Colourless gum, IR vgf,‘“ ¢cm™!
3600 (OH), 1775 (y-lactone), 1740, 1230 (OAc), MS m/z (rel 1nt)
360230 [M —H,01"* (19) (C,,H;,0,), 318 [M —HOAc]* (6),
300 [318—H,0]% (12), 285 [300—Me]* (6), 217 [318
—C¢H,;,0]* (33), 199 [217—-H,0]* (17) 165 (82), 121 (91),
81 (100)

436 nm
—87

589 578 546
[a]de =

(CHCl,, c013)
—45 —45 -52

Methylgochnatoate-17-O-phenylacetate (21) Colourless gum
IR vgg‘ cem™! 1780 (y-lactone), 1730 (CO,R), 1720
(C=CCO;R), MS m/z (rel 1nt) 480251 [M]"* (1) (C,0H1405),
448 [M —MeOH]"* (18), 344 [M—RCO,H]"* (2), 312 [448
—~RCO,H]* (6), 217 [344 — CH,CH,C(Me)=CHCO,Me]*
(32), 91 [C;H,]* (190) [¢]p = — 10° (CHCl;, ¢ 018)
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