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Abdract-Three acidic ent-kauranoid metaholites have heen obtained as the methyl es@s (7, 8, and 9) from 
incubation of the [17-“Cl_labelled dienol(1) with Gibbenlla fujikuroi Spectroscopic studies of the trio1 ester (7) and 
chemical degradation to B-ring cleaved products establish the assigned structure (7). The shuctures of the otha two 
metabolite esters arc indicated 10 be 8 and 9 from the spectroscopic data. 

In some previous papers’3 we have reported briefly 
structures for some of the gibberellin metabolites 
resulting from incubation of the dienol 1 and its 
hemisuccinate 2 with the fungus Gibberella fijikuroi and 
we now wish to discuss a group of ent-kauranoid 
metabolites which have also been obtained from the 
incubation of 1. This substrate and its [17-‘%I-labelled 
derivative were obtained from the diol 3 through the 
intermediates 4, 5 and 6. 

1: R,=H. R,=CH, 

2: R, = - 
fi 

-CHzCHz-COIH.Rz=CHz 

5: R, = - ;-Ph. Rz=CHz 

8 
6: R, = -Ph, R,=O 

HO” 

3: R=H 

4: R= 

From preliminary studies, using the labelled material, it 
was decided to incubate 1 with washed fungal mycelium 

for a period of 7 days, which represented a balance 
between a convenient time and a high percentage 
conversion to acidic metabolities. In fact, the percentage 
conversion was found to be sensitive to substrate loading: 
66% conversion for a load@ of 13.3 m8j400 ml of culture 
medium compared with 12% for a loading of 
200 n&O0 ml. Preparative work was conducted with a 
weakly radioactive substrate to facilitate the isolation of 
metabolites which were most readily purified as their 
methyl ester derivatives. These were obtained by 
treatment of the crude acidic metabolites with diazo- 
methane. Repeated column and thick layer chromato- 
graphy of the crude ester fraction then gave the three 
metabolite esters 7, 8 and 9. 

&Me i3ozMe 

7: R=CHz 9 

8: R= 
,CH, 

-‘OH 

These esters were recognized as C-19 oxidized deriva- 
tives of the dienoll as theii NMR spectra showed signals 
attributed to the 6 and lO-Me groups, a methoxy- 
carbonyl group and the vinylic protons at C-2, C-3 and 
C-17. Table 1 presents a list of the chemical shifts of these 
protons. 

A molecular formula, C2,H~O~, was obtained for the 
most abundant metabolite (the triol-ester, 7) from the 
precise mass of the M-18 ion. The triol-ester showed 
absorptions in the IR spectrum due to hydroxyl, ester and 
oletin groupings. The NMR spectrum measured in 
deuteropyridine showed carbinol methine resonances at S 
3.83 broad singlet), 6 3.95 (d, J = 5 Hz) and at S 4.66 (a 
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Table 1. Chemical shifts of protons (8) 

Protons Solvent 
Triol- Tetrol- 
ester 1 ester 8 

DiOl- 
ester 9 

4-Methyl C&N 1.71 1.71 1.73 
CDCI, 1.51 1.51 1.51 

l&Methyl C&N 1.18 1.22 1.11 
CDCl, *90 90 .95 

17-Protons C,D,N 4.90 1.38 4.88 
CDCI, 4% 1.25 4% 

2-J-Protons C&N Hz: 5.98 Hz: 6.00 5.70 
H,: 5.90 H,: 5.92 

CDCI, s40 5.75 5.61 
Methoxy- C,D,N 3.73 3.60 3.73 

carbonyl CDCl, 3.73 3.60 3.73 

partly obscured doublet of doublets). The latter signal was 
clearly observed, centered at 6 4.15 (J = 2, 10 Hz) in the 
spectrum measured in deuterochloroform. Double reso- 
nance analysis showed that this carbinol methine proton is 
coupled to a proton, resonating as a doublet centered at S 
3.02 (J = lOHz), while the magnitude3 of the coupling 
demonstrates their diaxial relationship. The remaining 
small coupling shown by the carbinol methine proton 
suggests that the other C atom flanking the secondary OH 
group carries a single proton in an equatorial position. 
This proton was shown by double resonance studies to be 
the carbinol methine proton responsible for the broadened 
singlet at S 3-83 in the deuteropyridme NMR spectrum. 
The structuraJ feature shown in Fig 1 is thus indicated for 
the triol-ester 7. 

R 

R 

Fig 1. 

Chemical support for this oic-glycol grouping resulted 
from the sodium metaperiodate cleavage of 7 to give an 
unstable product formulated as the aldehyde (10). This 
product was then immediately converted to the jclactone 
(11) by treatment with sodium borohydride. The high 
resolution mass spectrum of 11 is consistent with a 
molecular formula of C~OH~O,. 

The mass spectrum of 11 also showed a prominent peak 
at m/e 181 which is attributed to an ion, incorporating the 
A-ring, resulting from the cleavage of the C-9, C-10 bond 

OH 
11: R= <H 

12: R=O 

10 

with transfer of a hydrogen. Related ions in the mass 
spectra of B-ring seco diterpenes have been observed for 
fujenaJ’ and a hem&eta&aldehyde derived from enr - 
6a,7a,19 - trihydroxykaur - 16 - ene? The JR spectrum of 
11 showed absorptions due to an OH and a rlactone 
grouping. The Nh4R spectrum lacked resonances charac- 
teristic of a methoxycarbonyl group, demonstrating that 
C-19 is involved in the formation of the rlactone 
grouping. The cis-glycol grouping of 7 can thus be 
confidently located at the C-6 and C-7 positions. A one 
proton singlet at S 4.62 in the NMR spectrum of 11 is 
attributed to a hemiacetal methine proton thus apparently 
accounting for the failure of the 7-aldehyde group to 
undergo reduction during sodium borohydride treatment 
of 11. 

The location and contigurational assignment of the 
remaining OH in 7 follows from an analysis6 of the pattern 
observed for H-l, H-2 and H-3 in the NMR spectrum 
measured in deuteropyridine. H-2 and H-3 appeared as six 
lines forming the AB part of an ABX pattern. The X part 
is attributed to the signal from the proton geminal to the 
remaining OH group which appeared as a slightly 
broadened doublet at 6 3.95 (peak separation = 5 Ha). The 
coupling of H-l to H-2 and H-3 was demonstrated by 
irradiation of the doublet at 6 3.95 which caused the H-2 
and H-3 signals to collapse to a simple AB quartet 
(J- = 10 Hz). It follows that the triolcster (7) possesses a 
I-hydroxy-AZ-system. 

The doublet observed for the allylic carbinol methine 
proton of 7 compares with the doublet (J = 6Hz) 
observed” for the 128 - quasi - equatorial proton of 12a - 
hydroxy - A”” - steroids and contrasts with the 
broadened singlet seen for the 12a -quasi - axial proton of 
the 128 - epimer. Moreover there is a close similarity 
between the values of the allylic-vinylic coupling constant 
(JId) derived from Karplus equations using dihedral 
angles (4) measured from a Dreiding model and 51.2 
derived from a mathematical analysis of the ABX pattern 
(Table 2). The former type of analysis has been found in 
the conduritols9 and the amaryllidaceae alkaloids” to 
yield values of J13 which are in good agreement with 
observed values. Consequently the OH group of 7 is 
assigned a quasi axial l/3-configuration. (Although the 
systematic naming of compounds in this paper follows the 
Rowe proposed system” in which an ent operator inverts 
the stereochemical designation of substituents we other- 
wise. continue the recent practice’2*‘3 of specifying Q- and 
/3- stereochemistry according to the structural representa- 
tions.) 

Table 2. Theoretical and observed coupling 
constants for 7 

Derivation J&W J&W 

‘J=llcos’~ 6.4 3.3 
b J = 10 co? 4 5.8 2.9 
Analysis of 

ABX of I J,, = 5.4 

‘Ref 9. *Ref 10. 
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OH +* 

/; 
[ 1 1 

CO&C 

m/e 142 

---=w +. 
Ions at m/e 142 and m le 110 in the mass spectrum of 7 

are also in agreement with the assignment of a l-OH 
group as they can be derived from the retro-Diels Alder 
fragmentation of the A-ring (Scheme 1). 

The same ion in which charge is retained on the A-ring 
fragment is also obtained from the metabolite ester 8. 
Corresponding ions are not abundant in A’ - ent - 
kaurenes lacking I-hydroxyIation (e.g. 9) as the charge is 
retained on the complementary fragment. 

Additional support for a l-OH group in 7 was obtained 
from oxidation of 11. The MS of the product showed the 
loss of 2 H atoms consistent with the formation of the 
Slactone grouping in the dilactone (12). The &la&one 
functionality is supported by an additional absorption in 
the IR spectrum at 1725 cm- . This verified the hemiacetal 
group of 11 which can most reasonably be viewed to 
involve the 7-aldehyde group and the l-OH group. 
Products of this type have good analogy with the 
chemistry of &caesalpin.‘4~‘s 

The trio&ester was thus fourth as methyl ent - 
Ia,6a,7a - ~y~oxyka~ - 2,16 - dien - 19 - oate (7). 

The mass spectrum of the second ent - kauranoid 
metabolite, the tetrol-ester (8), showed a molecular ion at 
m/e 380. The NMR spectrum showed most of the 
resonances characteristic of 7 and an additional three 
proton singlet IS l-25 in CDCL and 6 I.38 in C&N) 
Crable 1). This coupled with the absence of resonance due 
to the C- 17 viny& protons indicated that 8 is the hydrated 
exocyclic methylene derivative of 7. The base peak (m/e 

43) of 8 supports this assignment as this ion is the base 
peak of the hydrated giiberellins GA2 and GAlo and has 
been attributed’6 to a fragment ion (MeCzO’) derived 
from C-14 and C-17. The configuration of the C-16 OH 
group of 8 is assumed to be exo (a), the same as other 
C-16, C-17 hydrated derivatives previously isolated’“2c 
from the fungus. A notable feature of the NMR spectrum 
of 8 measured in deuteropyridine is the unusually low field 
position (8 298) of a signal attributed to the 13-proton. 
This may be accounted for by the close promimity of the 
16a-OH group to the Ifproton. 

The tetrol ester was thus formats as methyl enf - 
la,6a,7a,lf$ - tetrahydroxykaur - 2 - en - 19 - oate (8). 

The remaining metabolite ester (9) is established as a 

-20 , 

m/e 110 

m ie 202 

dihydroxy ester by the molecular formula (C2,Hm0,) and 
by the spectroscopic data. The carbinol methine proton 
signals in the CDCl; and C&N NMR spectra closely 
resemble those of H-6 and H-7 for 7 and 8. The 6&7@ - 
dihydroxylation pattern thus indicated is supported by 
decoup~ and INDOR me~~ments for the C&N 
solution. These verl6ed the mutual coupling of the 
carbinol methine protons and demonstrated that a doublet 
at S 2.45 accounts for the expected interaction with H-5. 
A further point in accord with the assigned structure (9) is 
the position of the 4&Me signal which is the same as in 7 
and 8 but at lower lIeId than for the diene ester (W) (5 1.51 
versus 6 l-28). This deshieldin8 cart reasonably be 
attributed to a per&like i&era&m between the 4@-methyl 
and the 6@hydroxyl group?‘- 

A feature of the deuteropyridine NMR spectra of the 
metabolites 7, 8 and 9 is the low-field position of the 
S-proton resonance whereas most ent-kaurenes have the 
resonance observed in the “methylene hump”. Table 3 
presents a listing of the chemical shifts for the metabolites 
and for the known 6~,7~~y~xyla~ ent kaurenes 14 
and 15.W An important source of the deshielding is the 
interaction with the 7@-OH since it is known that such 
1,3diaxial interactions in chloroform solution have a 
paramagnetic effect’ which is enhanced in pyridine 
solution.” Comparison of the chemical shifts of 9 and the 

Table 3. Chemical shifts of S-protons (6, pyridine) 

TrioLester 7 3.02 
TetS3l-estff 8 3.02 
Diol-cster 9 2.45 
eat~7a,~~T~y~o~~-l~ (14) 2.22 
ent~7a-~yQoxylaur_16cn_19_oicacid(15) (2.38) 
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A-rinq saturated compounds 14 and 15 demonstrates that 
the A double bond has little effect on the position of 
resonance. On the other hand, a IS-OH group introduced 
alIylical.iy to the A2double bond (7 and 8 versus 9) has a 
marked deshielding influence (0*57ppm). This is not 
surprising because the stereochemical disposition of the 
l&OH group relative to the S-proton is likely to resemble 
a 1,3-d&&l relationship. 

-AL 

For general experimental details see Ref 27. 

Synf~a~ of cnt - Knum - 2,16 - dim - 19 - of (1) curd [l%‘%] - 
kbefled (1) 

ent - 19 - Betuoyloxy - 3/3 - hydroxykaur - 16 - ene (4). cnt - 
3@,19 - Dihydroxykaur - 16 - cne (3,24*0 g) was dissolved in dry 
py-ridioe (200 ml), PhCOCl(l4 g) added and the mixture left at r.t. 
for 24 h. Work up of the mixture in the usual way gave a residue 
(36 g) which was dissolved in benm&ight petrokum (1: 1) and 
absorbed on ALOs (500 gj. Ektion with beuxene-light petrokum 
(1:4) gave e&3&19 - &~yloxy~ - 16 - ene (16, 8.16) 
which crystallized from light petrokum as needles, m.p. 162463” 
[a]D -59” (c, 1.2); (Found: C, 79.7; H, 8.0. C&O. requires: C, 
79.7; H, 7.9%); Y-: MSO, 1720, 166O, 870,71Ocm-‘; NMR (6): 

4.75 (SH, m, CH&R, , ‘C&R, )CXH& 7.46, 8.00 (lOH, 
8 

B 
Phm. Ehrtion with benzene-light pctrok~m (1: 1) gave mt - 19 - 
bcnzoyloxy - 38 - hydmxykovr - 16 - ene (4, 18.Og) which 
crystaked from MeOH aq as cubes, m.p. 13>136”, [ab -48” (c 
1.15) (Found: C, 79.0; H, 9.0. G,HurOs requires: C, 79.4; H, 
8.9%); v,; 3600,3OSO, 172O, 870,71Ocm-‘; NMR (8): 3.22 (lH, 

‘C-OH); 4.27, 4.51 (2H, AB, J = 1 I Hz -C&OR); 746, S+NI 
‘I 

(5 zh@. 
ent - 19 - Benxoyloxykuura - 2,16 - dienc (S). The q onobenz0ate 

(4,14 g) in dry pyridinc (100 ml) was treated with freshly d&tilled 
POCI, (25 ml) and kft at r.t. for 12 b. The mixture was heated for 
1 h at 90”, cooled, and worked up in the usual way to give a residue 
(13.6 g) which was chromatographed on A&O, QOOg). Elution 
with benz.ene-light petroleum (IA) gave the do-~nzoute (5, 
10+2g) which crystaBized from MeOH as prisms m.p. 13&134“, 
;b_ 

. . 
;2;&,;+!& (Found: C, 83.0; H, 8.8. Cz,HuOz,requires: C, 

9 3. ; vaux: 3OSO,3005,172O, 870,710 cm- ; NMR (6): 

4.11, 4.36 (2H, AB, J = 11 Hz _cH&-R); 5.59 (2H, ‘-’ 

HAIf 

), 

7.46, 8.00 (SH, PhH). 
ent-l9-Benzoy&xy-l7-~r-~r-2-en-l6-o~(~.~e 

dien&enzoate (5, 1.6g) in a win of dioxau (lOOmI) and HZ0 
(3O ml) was treated with OsO. (100 mg) and NaIO. (2.6 g). After 

12 h the reaction mixture was worked up in the usual way to give a 
residue (1.5 g) which was fdtered through A&O, (25 g) in benxene. 
The nor-ketone (6, 1*2g) thus obtained was crystaU&d from 
benzene-light petroleum as plates, m.p. 179-180”, [ah -1200 (c, 
044). (Found: C, 79.6; H, 8.3. C&,zO, requires: C, 79.6; H, 
8.2%); v-: 3005, 174O,l720,710 cm-‘; NMR (6): 4.22,4*48 (2& 

‘-’ ). 1.99 (2H, s, AB, J = I1 Hz, -C&-OR); 5.70 (ZH, HT\H , 

H-U); 746, 8~00 (SH, PhjQ 
ent - 19 - Benzoyioxy - [17-Y] - kaum - 2,16 - diene (l%‘% - 

hbdlcd 5). A suspension of Ph,@CH,i (6*8g, 3.7 &) in THF 
(100 ml) under an atmosphere of No was treated with a 1.4 M soln 
of n&H&i (13.2 ml) in hexane. The mixture was stirred for 1 h 
and the nor-ketone (6, ls89g) added. After 15 h at r.t. the mixture 
was refluxed for 5 h, concentrated and worked up to give a residue 
which was c~mato~ph~ on A&O,. Elution with benzene-light 
pet&urn (1:4) gave the ‘%dien&nxoate (5,l.l g, 1.0 e/g) as 
prisms, m.p. and m.m.p. 133-134”. 

ent - Kaum - 2,16 - dien - 19 - 01 (I) and 117 - “Cl hzbeihrd 1. 
The “Cdien&enzoate (1.1 g) was dissolved in q ethanolic KOH 
(5%, 150 ml) and the mixture heated umder r&x for 5 h. Work up 
in the usual way gave the “Cdienol(1,0*75g, 1.35 PC/~) which 
crysta&ed from EtOHaq as needles, m.p. and m.m.p. 73-74’ 
(lit” m.p. 73-Y). 

The unkibeiled dienol was prepared from the unkbelkd 
diene&nzoate in a similar manner. 

Incubations. The mycelium from 400 ml of a 4 day culture of G. 
fujikuroi grown under standard conditions,” was resuspended in 
5 x lOOmI conical flasks each containing a pH4.4 phosphate 
buffer soln (a0 ml), The “Cdiinol(1,2 mg, 2 X 1O cpm) was then 
added to each flask. At the incubation times indicated in Table 4, 
the contents of one of these flasks was worked up in the normal 
way to give a neutraI and an acidic extract. T&e acidic extract was 
methylatcd with diazomethane. The mycclium from each of these 
experiments was homogenized with EtOH (3 X 100 ml) in a Waring 
blender for 10 min, filtered and the ethn0olic ffltrate concentrated 
to give a q ycelial extract. The radioactivity of each fraction was 
determined in the normal way. 

Incubation of the dienol(L,16.4 g, 470 cpmhng) with the tin@& 
at the rate of 2M1 n&OO ml culture for 7 days, gave after the same 
workup a methyl ester fraction (6.73 g). Prekninary investigation 
used a third of this material, while the remainder was cbromato- 
graphed on Al,O, (135 g) to give 7,8 and 9 as listed below. 

Methyl ent - la,61x,7a - Wy&oxykauro - 2,16 - dien - 19 - oate 
(7). Elution of the metabolite ester chromatography with 
CHCl,-benzene mixtures (1: 4-3 : 7) gave methyl ent - 1 (s6u,7a - 
t~hy~xy~u - 2,16 - &en - 19 - oate (7) which crystal&d 
from CHCl~~t petroleum as needles (26 mg, 468 cpn&g), m.p. 
2O7-m, [aID t56’ (c, 03) (EtOH); vau.: N~jal3455,342O, 3370, 

1695, 1670, 89Ocm“; NMR (8): 0.90, 1.51 (C&-c+ 3.73 

(-C&C&); 4.15 (lH, d of d, Jlr = 10 Hz, J,,, = 2 Hz, H-6); 4*86 
\ ‘=’ ). NMR (8, C,D,N): 1.18, 1.71 (/Cc&I; 5.80 ,(H, ,H. 

- 

Table 4. Incubati0n studies with 1. Distribution of recovered 
radioactivity 

12h 24h Zdays 4days 8days 
FraCti0U % % 96 % % 

Methyl esters 5 48 63 66 
Neutrals 21 ; 26 18 16 
My&ium 74 53 26 19 18 
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(C&-C<). 3.73 (COXH,); 466 (IH, d of d, J,A= IOHz, 

Je.,= 2Hz, H6); 3.02 (IH, d, J,.6= lOHz, H-5); 2.98 (lH, m, 

H-13); 3.83 (IH, WkR = 4H2, H-7); 490 (2H, m.)C=CH& 5.98, 

590, 3.95 (ABX pattern, h, = lOHz, J,.l= 5.4Hz, J,, =4Hz, 
H-2, H-3, H-l). (Found: 344.200; CZIH& requires: 344.199. 
Found: 142.062; C,HIoO, requires: 142.063. Found: 110.035; 
C&O, requires: 110.037). MS-m/e 362 (5, M’), 344 (92), 326 (lo), 
285 (42). 267 (98). 203 (89). I85 (100). 142 (68). 110 (72): m/e . , . , . , 
142 + 1 IO metastable ion. Found: trt /e’ 85.2, calculated:’ 85.21. 

Transformations of the trio/-esfer (7). The triol-ester 
17, 16.7mg] was dissolved in dioxan (12ml) and an 
aqueous soln of NaJO, (10% w/v, 4.2 ml) added. After I6 h the 
mixture was diluted with water and extracted with EtOAc. The 
residue thus obtained was treated with NaBH, (50 mg) in MeOH 
(2 ml) for I.5 h. Preparative TLC of the products from this 
treatment in a benzene-acetone (4: 1) solvent gave two compo- 
nents (R, 0.55 and 0.45). 

The less polar product was the gummy mueduced (7+ I) 
cyclohemiacetal of methyl ent - la - hydroxy - 6,7 - dioxo - 6,7 - 
seco - kaura - 2,16 - dien - I9 - oate (10,2.1 mg); Y,: 3580, 1740, 
1725cm-‘; MS: m/e 360 (15, M’), 342, (13), 332 (7) 327 (37), 314 
(25), 301 (42), 283 (IS), 165 (67). 149 (42). I I9 (100). 

The more polar material was the gummy (7+1) cyc- 
lohemiacetol of ent - I a,6 - dihydroxy - 7 - 0x0 - 6.7 - seco - kaura 
- 2,16 - dien - I9 - oic acid 19+6 - &tone (lL5.2 mg); Y-: 3570, 
177Ocm-‘: MS: m/e 330 (IS. M’). 312 (12). 286 (2). 284 (7). 181 
(65) 149 (100) 121 (3l).‘(PoundI 33O.ig-2; C&JdO. &&es: 
330.183); NMR (6): 3.37 (IH, d of d, J,., = 4.5 Hz, Jb.w = I1 Hz, 
Hd,9), 4.63 (IH, d, J,,, = 11 Hz, H-6a), 4.62 (IH, s, H-7). 

The rlactone (lLl4.2 mg) was dissolved in acetone and treated 
for 10 min with Jones reagent”’ (0.80 ml). Work up in the normal 
way and preparative TLC in an acetone-benzene (I :9) solvent 
gave a gum considered to be the dilactone (12,4.2 mg). v,,: 1770, 
$5~;‘; m/e 328 (12, M’), 310 (7) 163 (100). I45 (47). 120 (67), 

Methyl ent - la,6a,7a,l6,9 - fetrahydroxykaur - 2 - en - 19 - oate 
(8). The fraction eluted with MeOH-CHCI, (1:9) from the 
metabolite ester chromatography was subjected to preparative 
TLC (acetone) and recrystallized from CHCl&ht petroleum to 
give the retrol-ester [8, 9.4 mg, 46Ocpm/mg] as needles, m.p. 
148-15l”, [aID -103” (c, 0.7) (THF); NMR (6): 090. 1.25, I.51 

(CH,+); 3.60 (COICH,); 4.21 (IH, d of d, J,.6= IO Hz, 

\/ Je.7 = 2 Hz, H-6); 5.75 (2H, H,=\H); NMR (8, &D&l): 1.22, 

1.38, I.71 (C&C<): 298 (IH, m, H-13); 3.02 (IH, d, J,, = 10 Hz, 

H-5); 360 (C02CH,); 3.95 (IH, Wm = 3 Hz, H-7); 6.0, 592, 3.95 
(ABX pattern, J2, = IO Hz, J,, = 5.4 Hz, J,, = -0.4 Hz, H-2, H-3, 
H-l resp). MS: m/e 380 (21, M’), 362 (70). 344 (26), 326 (18), 303 
(56), 285 (63) 267 (54), 239 (IS), 221 (49), 203 (97), 185 (83), 142 
(98) I IO (72), 43 (100); m/e l42+ 110 metastable ion. Found: m/e 
85.20, calculated: 85.21. 

Methyl ent - 6a,7a - dihydroxykaura - 2.16 - dien - I9 - oate 
(10). In a second large scale metabolism of the “Cdienol [l, 12 g, 
53Ocpm/mg], an additional acidic fraction was obtained by 
extraction with 5% NaOH solution. Chromatography of the 
methyl esters (3 I5 mg) derived from this fraction on AllO, (25 g) 
gave upon elution with benzene+light petroleum (1: I), a residue 
(105 mg) which crystallized from benzene-light petroleum to give 
the dial-esfer (9, 35 mg, 520 cpmlmg) as needles, m.p. 157-159, 
[all, -6” (c, 0.82); Y,: 3560, 3480, 3050, 1705, 1650, 89Ocm-‘; 

NMR (6): 0.95. 1.51 (C&-C<): 364 (IH, s, Whn = 4 Hz, H-7); 

3.73 (CO,CH,); 4.1 I (lH, d of d, J,, = 10 Hz, J,., = 2 Hz, H-6); 

486 (>C=CH,); 5.61 (,>=( ). NMR (6, CsD,N): 1.11, 1.71 
H 

(C&-C<): 3.73 (CO#ZH,); 2.45 (lH, d, J,s = 10 Hz, H-5); 386 

(lH, s, Wbn = 3 Hz, H-7); 4.61 (IH, d of d, J,., = IO Hz, J6.7 = 2 Hz, 

H-6); 488 ()C=C&); 5.70 ( ‘C=C’ 
H’ ‘H 

). MS: m/e 346 (8, M), 

328 UOO), 313 (3). 2% (12), 269 (61), 268 (37), 251 (lo), 270 (Is), 202 
(92). (Found: 328.202; C2,Hu0, requires: 328.204). 
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