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ceyclic double bondé, which can only arise from the A5«~7~ketone and
showsg that the hydroxyl group is at CB or C‘9., Treatment of hexa-
hydro-Y with methyl magnesium bromide followed by dehydration
afforded 1, 2, 3, 5-~tetramethyl map?fhaJ’eme.28 The absence of a
cationic centre precluded the possibility of rearrangement during
dehydr'ogenaffoneg and places the keto group uneguivocally at C‘,/_,.
Compound Y was oxidised by chromic acid to a mixture of a

{ -lactone (40) containing an 4B -unsaturated keto~group and an
acid, both possessing the molecular formula C],/_,HE#OJ. The acid
was shown to contain an extra double bond by hydrogenation and
was not decarboxylated at 250°C; it is thus Jd —rather than
/Bluunsat':urated. The formation of (40) showed that the hydroxyl
group in compound Y is altached at C9 in support of the spectral
data from dehydrohexahydro-Y.

The mass spectrum of compound Y is consistent with structure
(38).

Compound Y was related to marrubiin (5) through a common de-
gradation product as follows.

Reduction with lithium in ammonia furnished the transfused six
membered ring ketone (4l) which was oxidised with chromic acid to
a mixture of an oifly acid (42) and a neutral { -lactone (43) con-
taining a saturated 6 membered ketone, The keto group in (43)was
converted Into the thioketal which on desulphurisation with Raney
nickel afforded a product shown to be identical with a sample of iso-
ambrienolide (4l) thus confirming the structure of compound Y (38).
The stereochemistry of (44), which has been convincingly eétabw
Iz'sheay,jl’jg’ 33}40and that of compound Y therefore follows for all

centres, except C where keto-enol tautomerism could have taken

83
place during lithium-ammonia reduction. The stereochemisiry at CB
follows from obgervations of solvent ghiffs in the NMR for the proton

and methyl group adjacent to the carbonyl function. In this

way, the methyl at C was shown to be egquatorial
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oxidation with chromic anhydride in pyridine. However, oxidation
with Jones reagent yielded the maleic anhydride (50).

The presence of the J-Iactone in (4°) indicated by the I R
spectrum was confirmed by alkaline hydrolvsis of (49) to the hydroxv
acid (51). The latter. on heating with anydrous solvents reformed
the original lactone (49). Esterification of (51) with diazomethane
vielded the corresponding methyl ester (52) which on oxidation with
chromic acid gave the oilv keto-methyl ester (53). This compound
{53) lacked resonance in the NME spectrum attributable to a proton
of the type H-C~QF. The presence of a ketone in peregrinine (49)
was indicéted by ite UV and IR spectra and confirmed by the cor-
responding thiosemicarbagone.

Reduction of (49) with Lz'AJ‘H4 in tetrahydrofuran gave a tetrol
(54) which on acetylation yielded the oily, tracetate (55). Sodium
borohydride reduction of (4/9) afforded the dihydroxylactone (56)
which with chromic anhydride in pyridine reformed (49). The com-
pound (56) was converted to a mono-acetate (57) by acetylation at
room temperature,

Tosviation of the dihvdroxylactone (56) vielded the correspond-
ing sulphonate derivative (59) whick when heated in refluxing pyri-
dine vielded the unsaturated compound (58).

The catzlyvtic reduction of (58) with Pd-C in dioxane yielded
among other products, a dihydroderivative (60), identical with

1, 31,32,33,
marpubiin (5), the stereochemistry of which has been established. L0

From the above results, (49) can be formulated as a keto-
marrubiin, The presence of the keto-group at position three was
established on the basis of the following regults.

Ozonolysis of (49) afforded a keto-dilactone (61). BPromination
of the latter yielded the corresponding d—bromo—ketone (62).

When peregrinine was reacted with N, NaOH in refluxing

methanol~water, it afforded the nor-ketone (63) whick on oxidation
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These diterpenes possess a rearranged enantio-labdane skeketon
of the type exhibited by the cascar-z'ﬂz’ns.56

a) Diterpenes from Dodonaea aftenuata

{
The ether extract of D, attenuata 5 gave the acetoxy-hydroxv-

acid (79), C23H3006’ as the major acidic constituent, From NMR
studies a P—Euran ring, a ﬁ-vz'nyl proton in an o(/B -unsaturated
carbonyl grouping having a methylene group adjacent to the vinyl
proton, a tertiary methyl and an acetate group were determined.

Saponification or LfBHA reduction of the natural acid gave a
dihydroxy acid (80) which lactonized when heated with N,N-di-
cyciobexy]carbodﬁmz'de57 in pyridine, to give the hydroxy-lactone
(82), Similar treatment of the natural acid (79) or acetylation of
(82) with acetic anhydride gave the acetoxy lactone (83) establish-
ing chemically that the ester grouping In (79) was an acetate. The
IR spectra of (83) confirmed the presence of an c('/Q ~unsaturated
- 4 -lactone and acetate groups.,

Reduction of (79) with sodium in ethanol saturated the A3
olefinic linkage and gave a mixture of the hydroxy-lactone (85) and
the dihydroxy-acid (90). These two products were formulated as
epimers at CZ,L since methylation of (90) gave the methyl ester (91},
which gave the lactone (85) after treatment with sodium metho.xfde
in methanol and saponification. Oxidation of (85) with chromic acid
in pyridine gave the lactonic acid (89) and .he aldehyde (86).

The NMR spectra of (85) indicated that the C19~methylene
group was attached to a fully substituted carbon atom and that the
carbon atom adjacent to the C}7~protons bears one proton,

The relative position of the acetoxymethyl group and the -
substituted furan ring in (79) was establisked as follows. Acety-
lation of the hydroxylactone (85) gave the acetate (87) which,

when oxidised with ozone followed by Jones>% reagent gave the



~l9-

tris-nor-acetoxy acid (92). Saponi fication of (92) gave the hydro-
xy-acid (93) which was oxidised with Jones reagent to the corres-
ponding diacid, heated with acetic anhydride and then at 280° to give
the keto-lactone (94) (shown by IR to be !—Iactone, cyclopen-
tanone” " ).

Treatment of the lactone aldehyde (86) with boiling Ac20/
NaQCAc followed by oczonclysis and Jones oxidation of the resulting
enol acetate gave the lactone-keto-acid (95). Methylation of the
latter gave (96) which showed IR absorptions attributed to §-lactone,
egter and cyciohexanone gr‘oupfngs,59 Bromination and dehydro-
bromination of (96) rave the conjugated ketone (97). The NME
spectrum of (97) showed fwo clefinic protons as an AB quartet
indicating a cis-disubstituted clefinic Ilinkage. Treatment of {97)
with NaOH liberated formaldelhyde presumably by a retro-aldol
fission of the C'5 substituent since the keto-lactone (95} did not react
in this manner. This indicates the relationship between the lactone
and conjugated ketone functions in (97) and hence the number and
nature of the carbon atoms linking the hydromethyl and acetoxy~
methyl groups in (7G).

Evidence of the side chain in (79) followed from a Barbier-
Wieland type degradation of a suitably protected tris-nor-acid (98),
Elvidence for the decalin ring system was obtained by dehydrcgena-
tion of the lactone (88) with selenium to give 1, Z-dimethylnapthalene
isolated as the trinitrobenzene adduct., This result together with the
evidence summarized in partial structure (99) requires the natural
acid to have the constitution (79). The absclute stereochemistry of
the above compound was also established through degradative and
spectroscopic studies of compound (79).

The lactone (84), C20H26O was obtained from methylated

3’

acidic axtract of D. attenuata. Saponification gave the hydroxy






















































































































































TRANSMITTANCE (%)

4000 3000 2300 2000 1500 1400 1300 P00 1160 oo qoo 100 To0 bas
od WAVENUMBER M~ 1 w0
qo»ﬂ {9
01 O
70} 11
sl | 'w
s0p ? ”»
o} 4z
30 0
wf L »
12 R 0
°r _ WAVELENGTH IN MICRONS , ) _ . ) R . ’

2 * 5 é 7 [ 4 [] ) H 3 [X) " i g »

FIG 1 (k &r)

INFRARED SPECTRUM OF §— HYDROXYMARRUBIIN




o AT T AR et e e at e —

NHONYSY HAXCHTAH~8 40 WNHLO3dS SSYW 2 9/d

o

oot cbl

@34

L2idl

oM CD Tt ot gol Ob
Y Y . 4 T

0% oL

ald

T

¥

T

o T
@/m\
+

bod

1ot

{0t

los

).}

i

09

{08

1o

_lon






W

"NIIENUEVIA 20 WNY1034dS W N '€ 913

s L ? . 5

-+






















(202)

O¢ (2070)

=0
- " . H
CL(}%MLDL) COMPOUND '
mp. 275° ndme

(204

o
)

{192)

(08) (209q) (209b)

{2075)






G

F A guartet (2H) a;: [5.77 (T="%c/s) attribuiead to the Cop-
methylene group.

G A poorly zesolved triplet (I1H) at [ 5.32, attributed to the
Cg-equatorial (£ ) proton.

_Tab]e 7

Comparison of the NMR spectra (100Mc/s) in CDCI? of compound

X ERd &SR
GROUP COMPOUND X | LEONITIN
17-Me T9.16(d) (7=6.5¢c/s) 7 9.:2(d) (F=6c/s)
18-Me 8.72(s) 8.75(=)

22-Me - 7.98(s)
u,,..c:*He 7.27(q) (T =17c/s) 7.25(g) (T=18c/s)
16-CH, 5.81(g) (J=%c/s) 5.83(q) (J== Sc/s)
20~CHy - 5.77(q) (T= 7c/s)
6-H 5.32(t) 5.352(t)
s =gsinglet; d = doublet; t = triplet; g = gquartet,

The singlet [3F) in coripound X ai [8.90 iz abseat in leoni-
tin and is replaced by a singlet (3H) at 1 7.89 attributea to tho
methy! group of the acetoxy function. A pair of overlapping
quartets (4) &b 5.83(J=9c/s) and 5.77(J="7c/s) ‘n leonitiu
accounts foi tke C}G-— and Cgonma-thylene groups respectively.

The i\TMR spectra of vo.npound X (39), mar.ublian (5) =nd
leonitizz (210) are almost identical with repsect to tke 19, 6 @-lactone.
The assignment of the 19, 6 -s.ereoclemistry to tne . ’ng A/B
lactone in leonitin follows from the NMR signal at 15.32 aric.ng
trom an equatorial (%) proton at C6 having one equafoz‘fa.-]- equatorial
I

and two axial-equatorial spin-gpin couplings ar in marrubiim” and

24

I
compound X’ The very large coupling constant (JT=16c/s) four

the Cm—methylene protons, virtually idenvical to compound X, is
typical of geminal protons in a 5-membered ring next to a carbonyi

grcup and that for ths C'Jéh- ana ', ~methylene proions iz normal

1,24
for the type of system shown. ’ (See Tabl: 7)., FEFvidence for

20



WAVENUMBER CM

Lo kYileld] 2500 Z000 IEEp  ihot 1300 18£8 1o {dgp {00 §oo 7o #av 23
100 [

J0

20
oot Y
Ly

oF :-__g o
oy
Lo

] 40
3

s ©

F o

Ll o

L

Ei

e o

L 13

- £.0

_J o

f [ Sp— 1 ] A L 'l J—y
25 3 FA " "

L2

&

5 6 .1 s ‘ a “ “
WAVELENGTH IN MICRONS " FIG.5 INFRARED SPECTRUM OF LEONITIN (cHeR)




ANNOJKOY =0 WNULJIALS ¥ WWN

59id

(» a4y W s g W5 %5
T — _ :
Hwty
' Sa2 g =
_. .‘ —. ._
rx _ ,q.
l.ﬂ—__U\.r__U II~IUIEU

sov g af B9




_ m.
H H i _




agt,

13

o

NILINOTT 40 WNH1D3dS SSVIN ‘89ld

oy Gr ey gre oY Ny
v T T T

o

(%1

(&l

o o4

o gu 4 ool G
T T ¥

Qo orv
Y -

oRf =14 el

_ T

[ar 4

n“.

we™

o
v

ak
Y

ol

0b

g
















@MR=0H )

3 GIDR=04C (213)
N HydH
o Hyon [i
HON C Q9 KON
HOH O won o4
(214) (215) (216)
o®
f!‘H, o i“‘
'ﬁ.—-- .
(277) (‘218) (2’9)

oxidation

)

CHO 0

Compound X (39} 6 Thioketal
" @Raney Nickel






























