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Abstract

The absolute configuration of the decipicne diterpencs has been detcrmined by degradation to
4R-4-(2-methoxy-4-methylphenyl)-pentanoic  acid.  Photolysis  of

1.18-dtacctoxy-1 3-oxodecipi-14-ene

proceeds through a novel photochemical reaction. formally a [2 + 2] cycloreversion, to generate a key

intermediate for the degradation.

In previous reports we have presented evidence for the
structure and relative configuration of some new
diterpenes from Eremophila decipiens'? and a related
species.> During this work we observed that the mass
spectra of a number of decipiene derivatives containing
the cyclohexenone system (A) showed base peaks
which could be rationalized as arising from the
following fragmentations.

It seemed reasonable to expect that a process
analogous to A - C might be induced photo-
chemically resulting in the formation of a phenol (C)
which constitutes an isoprenologue of the oxygenated

x-curcumenes.* Apart from the intrinsic interest 1n
achieving this transformation. the compound
generated would allow simple degradation of the
decipicne skeleton and provide a means of cstablishing
the absolute stereochemistry of this new group of
diterpenes.

Achievement of both of these objectives is described
in this report.

For the photochemical study we chose the enone (3)
as the substrate. Theenone (v, : 1725and 1650cm ™! ;
fmax: 2370m, & 9500) was prepared by CrO,/pyr,
oxidation of the diacctate (2) which in turn can be
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obtained® from the dihydroxy acid (1), the major
diterpenc constituent of Eremophila decipiens var.*
Irradiation of an ethanolic solution of the enone (3) at
254 nm for 20 min gave a product which was shown to
contain mainly starting material and the photoisomers
(4)1n a 2:3 ratio. To facilitate separation the reaction
mixture was treated with Ac,O/pyridine and the
photoisomers {4) were isolated uas the acetoxy
derivative (5). The NMR spectrum of § showed
resonance signals for an aryl methyl at ¢2.20 and for
threc aromatic protons (36.67 7.11). whose multip-
licity was characteristic of a 1.2.5-trisubstituted
benzene. as well as a benzylic proton at 0 2.76. That the
photolysis product was a mixture of E and Z 1somers
was cvident from the signals for the allylic
acctoxymethylene protons which showed two
resonances at 4.37 and 0 4.42 (Integral ratio 3: 1) and
from the broadness of the vinyl proton signal (4 5.33)
which appeared as two superimposed triplets (J 7Hz).
This strongly suggests that  photolysis  of the
vinylogous cyclobutyl carbonyl system proceeds
through a diradical intermediate arising from fission of
the C-7 1o C-16 bond and is analogous to the first step
involved in the photochemical rearrangement of
verbenone.?

The photoisomers contains only two of the seven
chiral centres originally present in the cnone (3) and
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oxidative cleavage of the C-7 to C-8 double bond
should produce an optically active 4-substuituted
pentanoic acid. a relatively simple svnthetic target. For
this purpose. in a repeat photolyvsis, the photoisomers
werc isolated as the methyl cthers (6). Treatment of 6
with OsO, gave a mixture of diastereomeric diols
which was oxidived with NalO,. The resulting
product on oxidation with Jones reagent afforded the
pentanoic acid (7) ([ ], = + 3.6 ) identical with that
synthesised from R-( + )-citronellal as described below.
For the synthesis of optically active 7 we used the
mixture of diastereomeric enoncs (8) prepared from R-
citronellal as described” previously. We envisaged that
aromatization of this mixture followed by methylation
and cleavage of the side chain double bond should
provide 7. In practice. attempts to aromatise the
enoncs 8 with DDQ. chloranil. Pd-C or SeO, were
unsuccessful although piperitone was shown to form
thymol on trecatment with chlorunil over 8 days.
The vinyl bromide (9) prepared by dchy-
drobromination of the dibromide available from the
bromination of piperitone has been reported” to give a
thymol on trcatment with base. Investigation of this
reaction showed that with longer reaction times both
the dibromide and the vinyl bromide disappeared from
the reaction mixture from which a phenolic fraction
(45",) could be isolated. This was shown 1o contain
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thymol and 4-bromothymol. the latter probably
arising from thymol during the rcaction.

The corresponding mixture of phenol and
bromophenol (10 and 11) could be obtained either by
bromination of the enones 8 with two equivalents of
Br, followed by base trcatment or by trecatment of 8
with three cquivalents of pyridinium  bromide
perbromide” followed by base trcatment. The latter
mcthod pave increased yicld of phenolic matenat (75,
compared to 40" ) and a higher ratio of bromophenol
(11) to phenol 10 (3:2 compared to 2:3). This is an
important consideration since tt was found that the
methyl ether of 10 does not survive trcatment with
050, 'NalO,. In both cases dehydrobromination of
the tertiary Brin the side chain occurred probably as a
result of partitiomng the phenolic material with
Claisen’s alkali. The mixture of phenols (10 and 11)
was methylated and the product treated with
05O, NalO,. The only product that could be isolated
from this reaction was the z-ketol (12). Neither
unchanged phenol (10) nor any ether-soluble product
derived from 10 could be detected. Treatment of the x-
kctol (12) with Jones reagent gave the bromo-acid (13)
which on hydrogenolysis with Pd:C/NaOAc yiclded
the required 4R-4-(2-methoxy-4-mcthylphenyl) pen-
tanoic acd (7) which after purification had
2], + 3.0 . The p-bromophenacy! ester derivative of
7 could not be crystalliced but 7 gave a crystalline S-
benzyl-iso-thiouronium  salt. The spectral and
chemical properties of 7 and its derivative were
identical with those for the corresponding compounds
derived by degradation of the photoisomers (4). The
specific rotations of the two sets of samples were of the
same sign and magnitude.

These results show that the acid (7) obtained by
degradation of 1.18-dihydroxydecipi-t4-en-19-oic
acid (1) has the R-configuration at C-11. Since the
relative configuration of 1 is known from X-ray
crystallographic analysis,” the absolute configuration
of 1 15 as shown. Furthcrmore since 1 has been
interrclated?* to the decipicne diterpencs from E.
decipiens, it follows that they have the same absolute
configuration.

General cxperimental details have been described ©

1.18-Diacetoxy-13-oxodecipi-14-ene (3) A soln of 2 (1.7 g)
in anhydrous CH,Cl, (160 ml) under N, was treated with a
soln of CrO,.'pyr, complex, prepared by mixing CrO, (1.8 g)
with pynidine (2.8g). 1in CH,Cl, (30 ml). The mixture was
stirred 1n the dark for 300 hr with further addition of the
complex every 24 hr. The organic layer was decanted and the
tarry residue washed with ether (2 x 100 ml). The combined
organic solutions were washed with 10°, NaOH. 10, HCI
and brine. Removal of the solvent gave 3 (1.2 g) as a colourless
oll [x]p =29 (. 0.7) (Found: C. 71.40: H, 923, M~
404.2564. C,,H, O. requires: C, 71.25; H, 987", M~
404 2562). NMR (CDCl,. 60 MH7): 0 5.90 (brs. W; SHs. 14-
H). 4.22 (brs. 18-H,). 3.90 (AB part of an ABX. 1-H,). 2.15
and 2.05 (acctoxymethyls). | 86 (brs. 19-H,) 1.36 (d. J 6 Hz.
20-H,). 092 (d. ] THz. 3-H ) v b 1725, 1650cm ' 2110H:
210 (£, 10000) and 257 nm (¢, 9500). MS:m ¢ 404 (M " 5% ).
344 (12), 161 (20). 159 (15). 135 (100). 108 (30)

Photolysis of 1.18-diacetoxy-13-oxodecipi-14-¢ne (3)

ta) A soln of 3 (350 mg) in EtOH (50 ml) was flushed with
N, for 20 min and then irradiated with UV light (254 nm) in
an Oliphant photochemical reactor for 20 min. Evaporation
of the solvent gave a residuc which from TLC was shown to be
a mixture of two major components (2:3). To faclitate
separation the mixture was treated with Ac,0:CH.N and
the product was scparated by preparative tle to give 3 (90 mg)
and 5 (100 mg)asanoilbp 180 (bath)02mm, (2], — S (c.
20)(Found C.699.H, 88 C, H,,0, requires: C, 69.9: H.
8.6",). NMR (90 MHz. CCl,): 6083 (d.J7Hz 3-H,) 1.12(d,
J 6.5H2 20-H;), 1.94 (6 H. acctoxymcthyls), 2.20 (s, 19-H ),
2.28 (acetoxymethyl), 2.76 tm. 11-H), 3.80 (m. i-H,). 4.36 (br
s. 18-H,). 5.33 (1. J 7Hz. 8-H), 6.71 (brs, 14-H). 691 {br d. ]
8Hz, 16-H). 707 (d. J 8H/, 17-H). Extra signals were
observed at 0.87 (d. ] THz, 3-H ). $4.42 (s, 1¥-H ;) and 5.25 (1,
J7THz 8H). MS:me¢ 386 (M° —60.10",). 344 (8). 177 (80).
135 (100): <1 1750, 1740em ™ "z 22OH 208 (s, 10500).
268 nm (¢, 800).

(b)Asolnof 3(1.0g)in EtOH (120 m1) was purged with N,
and then irradiated with UV light (254 nm ) as described in (a)
for 2 hr. The solvent was removed under reduced pressurc and
the residue in acclone (40ml) was treated with dimethy]
sulphate (2.2g) and anhyd K,CO, (2.0g) and the mixturc
refluxed for 18 hr. The product (1.1 g) obtained was adsorbed
on a column of silica gel (40g) Elution with S- 10", ether-
hight petroleum gave 6 (400 mg) as an oil, [x], — 3° (¢. 0.7)
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(Found: M 3182785 (C,(H O, requires: M7, 418.2719)
NMR (CDCl,). 6089 (d.J 6 Hs. 3-H ). 1.25 {d. ) 7 Hz. 20-
H ). 2.01 (6 H. acetoxymethyls). 2 28 (brs. 19-H (1. 3.1 (m. 11-
HYL 272 (50 OMel ARS () 6 Hz 1-H 1 4 3%abrs, 18-H L.
S256(brt. ) THZ 8-H1 65 7.1 (ABC system. 14, 16-,17-
Hi Extrasignuls associated with the 8- and 1K-11, resonances
were observed vy 1740em T MSTm e IR (M T 370 376
(1) 359 (1), 358 (2. 149 (1001 135 (151, 119 (12). Continued
elution with S0, ether-hght petroleum gave 3 (250 mg).

Orrdutemof 6. A solnof6 28O me)indry pyodime (Rmlywas
treated with OsO, (172mg). The soln was surred for 3hr.
then a soln of sodium metabisulphite 1294 mg) 10 pyndine
(1 8mh and H,O 283 ml was added and the minture was
stirred for 3hr Recovery of the product gave the minture of
diastereomenie diols 1286mg) as an oil: v 0 3300
1740cm ' ENMR (CDCT,): 0089 (d.J THz 3-H L) 1.27 (d.)
THz, 20-H ), 2.01 (6 H. ucctovymethyls), 228 (br s, 19-H ).
27¢brs, OHL AT M 11-H). 373 (s, OCH ().385¢d.J6 1.
H 4 0mU 18-H ) 6.6(brs 14-H)L 6 65 (brd JXH/ 16-H).
696 (d. J 8 Hz 17-H). A soln of the diols (210 mg)in dioxan
dmb) and H,O (Sml) was treated with NalO, 1103 mg) and
the mixture was stirred for 30 min. The product recovered was
dissolved in acetonce (10 mly and treated with Jones reagent at
0 for 1 hr The product was partitioned into a neutral and
NaHCO  soluble fraction. Recovery of the organic material
from the latter gave an ol (60 mg) which was punficd by
preparative e to give 7 as an ol [2]32, 4 36 1 x]id,
37, jalio- 4 xR 1100 (e 190 CHCI,.
dentical in all respects with a sample of 4R-4-(3-methoxy -3-
methylphenyl)-pentanoic aad (7)) prepared as described
below. The p-bromophenacyl ester of 7. oil, %333, + 2.1,
(x)3%0+ 260 [x])i3, + 3. [xi3i, < 77 .40 25 CHCLy
and the S-henzyl-iso-thiouromum sali of 7. mop. 110 111 .
mixed mop. 110 VI, [x )23, + 220 (235, + 59, [x)i;,
4+ 74,0 ‘233, + 107 0 (. 050 FLOH) had chenucal and
spectroscopic properties identical with those prepared from a
sample of 7 as described below.

Preparation of thymol and 3-bromodivmol from piperione. A
stirred 1ce-cold soln of piperitane (3.04 gy in CCl, (S0 ml) wis
treated with a soln of Br, (3 2y CCI, (30ml). Removal of
the solvent guve the dibromide (6.2 g) as an o1l which slowly
climinated HBron standing NMR (CCl,): 0089 and 095 (d.
J 7 Hz. secondary Mes) 203 (s, bromomethyl). 447 and 4.30
{s. bromomcthine). A soln of the dibromide 160 g) cioxan
1230 ml}and 2", aq KOH {150ml) was stirred for 48 hr. The
product recovered was fractionated into neutral and 107,
NaOH soluble fractions  Preparative tle of the neutrul
fraction gave (a) pipenitone (0.73g) and {b) 6-hydroxy-6-
isopropyl-3-methyleyclohex-2-enone (0.63g) (Found: M°,
168.1170. C,,H,, 0, requires: M. 16X 1150) v, |
3500 3300. 1630cm ' NMR (CCl,: 9OMH/): 0065 and
0.95(d. J 6.5 Hz. secondary methyls) 1.94 (br s vinyl Me). 3.3
{ OH)5.7& tbr s, vinyl proton). MS:m ¢ 168 (M (471, 140
(10) 126 (181,125 120). 98 123). 82 (100). 71 (25). The alkahine
washing were aaidified with 107, HCl and extracted with
cther. Preparative GLC of the oil recovered gave (i) thymol
(0.90g) und 4-bromathymaol (O XKg), m.p. and mixed mp.
55

Aromatization of the enones (8)

{a) A soln of Br, (6.4 g)in CCly (60 ml) was added dropwise
with stirring to an ice-cold soln of 8 (4.3 g2y 10 CCI, (SOM.
Removal of the sulvent at room temp gave the tetrubronude
(10.7 ) us an o1l which elimimated HBr on standing. NMR
(CCly): 0094 and 1.03 (d. secondary Mc's), 1 80 and 2.02 1.
bromomethyls), 4.2 and .82 (br s bromomethines). A
mixture of the tetrabronmude (4.1 gy, dioxan (170 ml) and 2",
g KOH (100 ml) was heated on a steam bath for 18 hr. The
product recovered with cther was dissolved in light petroleum
and washed with Claisen's alkah 13 x 50ml). The alkaline
washings were diluted with H,O (300 ml) and extracted with
hght petroleum. Removal of thesolvent gave 10and 11110 g,
3:2 respectively )

tb) A mnture of the enones 8 (210myg) and pynidimum
bromude perbromide (916 mghin AcOH (S ml) was surred at
room temp for Shro The product recovered with ether was
tahen up in hght petroleum (20ml) and cxtracted with
Claisen’s alkab (4 < 15mly The extracts were acidified (10,
HC) and re-entracted with hght petrolcum Remaoval of the
sohvent pave 10 and 11 (220myg. 2:3 respectivelyl. NMR
(CCL o 119 1d. 3 THy secondary Me's), 156 and 1.79 (s,
vinyl Me'sk 221 (scanyl Mes) 299 (m. benzylic methines),
6.41 and 708 45, p protons of 1), 6 S 10 7.1 (ABC system for
aromatic protons of 1y MS- m ¢ 374,376, 378 (M of 11,
06703700296, 298 (M7 of 10010, 101, 295,297 (3.5), 217
1350 2030 218 25.25) 148 1. 138 (1000, The minture of
phenols 110 and  11) 11.0g) was methyvlated  with
dimethylsulphate und anhyd K,CO, 1n acetone 1o give the
methyl ethers (1.0p)

Oxidation of the methvl cthers devtcataes of 10 and 11 wigh
0OsO, NalO,. A soln of the methyl ethers of 10 and 11 (0.7 )
m dioxan (80 ml) was treated with OsO, (20 mg) and a soln of
NalO, (2.1 ghin H.O (2Sml) was added. The soln was stirred
for 20hr and then estracted with cther. The product
recovered was filtered through a plug of Act I Alumina to
give 12 (03g) as an ol [x], — 9 (. 0.5) (Found: M
344.0802. C, H,. 0, "'Br requires: M7 3M340810). v
3600 -3300. 1720em 't NMR (CCl,): o101 1.2 (9H,
sccondary and hydroaymethylsi 2.3 (s, aryl Me), 3.0 (m,
bensylic methine), 3.7 (s, OCH ). 6.53and 7.04 (s. p protons).
MS:m e 342,344 (M 7R 7). 300, 302 (10), 2%, 286 (201, 240,
242 (60). 227. 229 (1001, 205 (45)

4R-3-2- Methonv-4-methyviphenyl)pentanoic acid (7). A soln
of 12 (100 mg) n acctone {2 ml) at 0 was treated with Jones
reagent (0.15mi). The minture was surred for 3hr and the
aadic product was extracted with sat NaHCO , aq. Recovery
of the product gave 13 (73mghas an oil, [x), = 11 (. 10)
(Found: M" 302033 C, H,-O, “'Br requires. M~
302.0341). v, 35003400, 1760, 1720cm 't NMR (CCl,:
90 MHz): 0 1.21 (d. J 7H/ bensylic methylh 188 (m, 3-H ),
205 . 2401, 2233 (broscaryl methy ) 3 1S (mL 4-H), 3.76 (s.

OCH).662 .3 -H)L 719 (5. 6-H) 107 110(br, CO,H).
MS:m e 300, 302 (ML 307, 240, 242 (15). 227,229 (100).
L6 (200 148 (200 146 (131 TTREISL 117 (20). 11 5(251. 78 (20).
Pd C (107 20myg)and unhyd NaOAC2S mg)were added to
asoln of 13460 mg) in LTOH (6 ml). The nuxture was stirred
under an atmosphere of H, until H; uptake had ceased. The
soln was filtered through a pad of Celite and the residue was
wished with cther The filtrates were combined and the
solvent removed to give 7 (d0mg) as an oil. bp. 120
(tbath) 001 mm,  [x]32, + 20 (e, 4. CHCl,) Specific
rotations {values corrected for optically pure matenal).
)R, 40 (2, A2 T 449 (2] 120
(tFound. M " 2221289 C H,,O, requires: M " 222.1256).
Vasr s 3300- 3000, 1765, 1715em ' NMR (CCl,. 90MHz):
a1.20(d.J 7Hz benzyhie Men 1 87 tm, 3-H 1. 2.12(m, 2-H,),
228 brs,arykMey Y16 m 4-HL 3 7S (s, OCH (L 655 (brs,
Y-HLOOIbrd, J75H/A S -HL7061d.J75H2 6 -H) The p-
bromophenacyl ester. prepared  from p-bromophenacyl
bromide and the sodium salt of the aad. was purnified by
preparative tle and was a colourless oil, [x], = 2.4 4o 1}
CHCI). Speaitic rotations (values corrected for optically
purc matcnal), 1x)g, b 32 0 [2035, ~ 37 2 iy, F A
[2133, — 105 . (Found M~ 4200723 C, H,,0, "'Br
reguires: ML 3200739 v o 17850 1715em ', NMR
(CCLYo 118 1d I 6 H benzylicmethyl) 1.7 22im.4H. 2 |
.ioll.h. 225 s any! Men 3.0 m. 3 H 372 Me) 497 (s,

n
SC=CHL O ).648 700m, 3= 5§ 6-H), 73 7RIAABB.
aromatic protons) MSom ¢ 4184201 (M 7 K" ), 221 (640). 205
(431,203 (30} 18I TRS (45). 175 (50), 149 (100) The S-benzyl-
iso-thiouronium — salt.  prepared  from  S-bensyl-iso-
thiouromum chlande and the sodium salt of the aad. was
recrystallised  from  acctone-n-pentane as  needles, m.p.
110 111, (2], 4 27 1. 04, EOH) Speatic rotations
{values corrected for opucally pure materiahy, (2153, ~ 3.3 .
(x5 + 60, x 32 + 73,0 x)55. + 109

RN



The absolute configuration

Acknowledgemenis - The authors are grateful to CSIRO for a
postgraduate studentship (10 ADS) and to the Austrahan
Research Grants Comnutiee for financial support.

REFERENCES

"FooL Ghisalberti, P R defleries und P NL Sheppard.
Tetrahedron Letiers 1775 (1975)

‘E. L. Ghisalberu, PR, Jetferies and P. N Sheppard,
Tewrahedron Letrers 36, (1980) Ms. No. 3092-9038.

of the deapene diterpenes 387
*K D.Croft. L L Ghisalberti, P.R. Jefferies, D. GG. Marshail,
C L.Rastonand A H. Whic. Aust. J. Chen. 33,1529 (1980).
*I-. H. Bohlmann and M. Lonitz. Chem. Ber 111, 843 (1978).
‘G. W. Shatter and M. Pesaro. J. Org Chent. 39, 24%9 (1974),
“F. L. Ghisalberti, P. R. Jefferies and A. D. Stuart. ust. J
Chem. 32, 1627 (1979).
O. Wallech and A, Hallstein, Lichig's Ann 414, 287 (1917).
"W L Mever, G B Clemans and R A Manning, J. Org.
Chem 40, 3686 (19735).



