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Abstract—The modified gibberellins, 16-methyl-16,17-dihydro-GAs, 16,17-methano-16,17-dihydro-GAs,
16,17-methano-16,17-dihydro-GAs; and several halogenated derivatives of 16,17-methano-16,17-dihydro-
GA; and GA; were prepared and tested for bioregulating properties in Lolium temulentum. The effects ran-
ged from the promotion of both stem elongation and flowering, the promotion of flowering but not
elongation, and vice versa, the inhibition of stem elongation combined with the promotion of flowering,

and the inhibition of both. T 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

Gibberellins (GAs) are implicated in the induction
of flowering in the long day (LD) plant Lolium
temulentum and are the only chemical compounds
known to induce the initiation of inflorescences of
this species when held in short days (SD) [1,2].
They also induce flowering in vitro in shoot apices
excised from Lolium plants held in SD [3]. Single
applications of floral-promotive GAs to plants in
non-inductive conditions cause an early rise in the
rate of primordium initiation at the shoot apex, as
does exposure to one LD [4]. There is also a rise in
the endogenous level of GA-like substances in the
Lolium shoot apex following exposure to one
LD [5]. While many natural GAs also induce stem
elongation, a recent study [6] on the effects of a
number of 16,17-dihydro-GAs revealed that
elongation was reduced, relative to that by the
parent GA, even though they remained effective for
floral induction. For both the 16,17-dihydro-GAs
derivatives 2 and 3, stem elongation was actually
less than that in the untreated controls. Indeed,
some GA derivatives actually inhibited stem
elongation to an extent comparable with growth re-

*Author to whom correspondence should be addressed.

tardants such as trinexapac-ethyl (5) [7]. Following
these intriguing discoveries, we have explored the
impact of further changes in the D-ring area of the
GA structure with a view to preparing further GA-
based bioregulators with differential effects on
flowering and growth [8]. The present study was
initially focused on derivatives of GAs (1) and
began with the question of how bioactivity might
be altered by the addition of a second methyl group
at C-16 in 16,17-dihydro-GAs. The chosen method
of preparation of the target GA (4) involved
the intermediacy of a C-16 spirocyclopropyl unit,
hydrogenolysis [9] of which, was expected to lead to
the desired derivative. This approach was chosen
for synthetic expediency, but also in the expectation
that the cyclopropyl moiety might serve as a surro-
gate for the 16,16-gem-dimethyl group.

RESULTS AND DISCUSSION

Preparation of GAs derivatives 4 and 11 and their
effects on growth and flowering

The feasibility of introducing an additional
methyl group at C-16 in the GA molecule was first
tested on GA4 methyl ester 3-acetate (6) as a model
substrate, using a standard Simmons-Smith
methylenation [10] followed by hydrogenolysis as
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Scheme 1. Application of the Simmons-Smith methylation to the preparation of 16-cyclopropyl-GAs.

outlined in Scheme 1. The most effective conditions
for the latter step were based on the use of plati-
num oxide as catalyst in acetic acid at 50°.
Methylenation of GAs methyl ester (9) [11] was
examined next and was found to proceed just as
smoothly using either traditional methods based on
a zinc-copper couple [10], or by using copper-
bronze [12]); hydrolysis then afforded 16,17-
methano-dihydro-GAs (11).

Since access to the dimethyl analogue 4 by hydro-
genolysis of 11 was not practical in the presence of
the double bond in the A-ring, we turned to the
cyclopropanation of GAj; (12). After methylation of
the carboxy group and acetylation of the 3-hy-
droxyl, the standard Simmons-Smith conditions [10]
were utilised, and although successful, the desired
product (12) was severely contaminated by the iso-
lactone (14). Rather better outcomes were achieved
with copper-bronze [12], but because of difficulties
in purifying 13, we proceeded to examine the ad-
dition of dihalocarbenes to the 16-methylene group,
expecting that removal of halogen from the
dibromo adducts would be readily achieved. The
sequence that ultimately led to 4, was based on
adduct 16 (Scheme 2), which was readily formed
from the GAj; derivative 15 under phase-transfer

conditions [13]. The dibromide was reduced with
tri-n-butylstannane [14], but this treatment also
induced partial loss of the 3-acetate function, so the
resulting mixture of mono- and di-acetates was
hydrolysed briefly with potassium carbonate in
methanol to give 17. Hydrogenation of the A-ring
double bond in 17 over rhodium-alumina (this cata-
lyst minimises hydrogenolysis of the allylic lactone
function), then hydrogenolysis of the cyclopropyl
ring over platinum oxide, afforded the dimethyl
analogue 18, from which the target GAs analogue 4
was prepared by 1,8-diazabicyclo[5.4.0Jlundec-7-ene
(DBU) induced elimination of the derived 3-mesy-
late followed by hydrolysis of the 13-acetate and 7-
methyl ester functions [15].

A summary of biological effects (flowering
and stem elongation of L. temulentum) based on
25 ug doses of 4 and 11, as well as further synthetic
GAs (see below for preparation) is presented in
Table 1. More detailed bioassays (1, 5, and 25 ug
doses) by compound type are provided in Figs 1
and 2.

The application of 16,17-methano-dihydro-GAs
(11) to Lolium plants promoted flowering to a
degree comparable with exo-16,17-dihydro-GAs (3)
and GAjs (1) itself (Expts 2 and 5, Table 1). In two
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Scheme 2. Preparation of 16-methyl-16,17-dihydro-GAs.

experiments, stem elongation was inhibited to a
similar extent to that observed for exo-16,17-dihy-
dro-GAs (3) (e.g. Expt 2. Table 1), but (11 was
rather more inhibitory in two other experiments
(e.g. Expt 5, Table 1). In the two experiments con-
ducted with 16-methyl-dihydro-GA; (4), there was a
moderate promotion of flowering at a dose of 25 ug
per plant, but stem elongation was strongly inhib-
ited (Fig. 1. Expt 2); moreover, lower doses were
almost as effective.

Preparation of 16,17-methano-dihydro-GA; deriva-
iives 22, 24, 26, 28 and 30 and their effects on growth
and flowering

Given the interesting bioregulating properties of
11, and having established that GA; derivatives
could be satisfactorily cyclopropanated with dihalo-
carbenes, we decided to extend the study to include
the 16,17-methano-dihdro-GA; derivative 30, the
preparation of which is outlined in Scheme 3. The
7-methoxymethyl ester 20 was chosen as starting

Table 1. The effect of a single dose of 25 ug of either GA; (12), GAs (1), their various derivatives or, in one case, trinexa-
pac-ethyl (5) on both shoot apex length (mm) and stem length (mm) at dissection three weeks after exposure of L. temu-
{entum plants to one long day. Shoot apex length is an index of floral induction. Values are means -+ standard errors

Expt No. Treatment Apex length (mm) Stem length (mm)
1. Control 273+.10 194 + 5.7
GA; (12) 295+ .18 319 +13.6
16.17-methano-dihydro-GA, (30) 4.65+.25 248 + 5.5
GAs (1) 3.18+.17 249 + 6.6
2. Control 1.99 + 08 102 + 3.1
GA; (1) 322+.14 190 + 19.5
16.17-dihydro-GAs (exo) (3) 297+ .10 66.3+4.0
16,17-methano-dihydro-GAs (11) 320+ .33 774 +4.0
16-methyl-dihydro-GAs (4) 2.66 + .11 67.3+ 31
3 Control 1.92 + .06 98.1+3.5
GA; (12) 3.05+.14 3824103
16,17-chloromethano-dihydro-GAj; (26) 316+.11 106 + 2.8
16,17-dichloromethano-dihydro-GA; (22) 1.99 + .06 943+ 5.1
16,17-dichloromethano-dihydro-GA; (32) 1.53+ .05 48.7 +4.0
GA; (1) 3.39+.13 209 + 10,7
4. Control 1.89 + .09 1194+ 5.4
GA; (12) 2.69 + .09 379+ 7.2
16,17-chloromethano-dihydro-GA; (26) 331+ .08 135+38
16,17-dichloromethano-dihydro-GA; (22) 1.80 £ .11 119+ 5.6
16,17-dichloromethano-dihydro-GAs (32) 1.48 +.07 579+44
GA; (1) 271 .11 205+ 10,6
s. Control 1.89 + .07 116 + 4.6
GA,; (12) 3.04 + .11 331 +18.6
GAs (1) 3.01 +.20 192 +£10.5
16,17-dihydro-GAs (exo) (3) 2.79211 934 +35.6
16,17-methano-dihydro-GA; (11) 316+ .12 83.0 +3.5
16,17-chloromethano-dihydro-GAs (33) 203 +.04 65.1+2.9
16,17-dichloromethano-dihydro-GAs (32) 1.81 +.06 5504 3.6
16,17-methano-dihydro-GA; (30) 3.05+ .11 158 + .8.6
16,17-chloromethano-dihydro-GAj; (26) 2.69 + .06 129 + 3.2
trinexapac-ethy! (5) 2.34 4 .09 66.0 + 2.5
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Fig. 1. Effect of single dose at the time of the long day with various GAs and their derivatives on shoot

apex length (mm) and stem length (mm) in the same plants of Lolium temulentum. All measurements

were made three weeks after treatment. At the start of treatment stem length was 15 + 2 mm. Control

plants (x) were treated with 95% ethanol:water and were exposed to a single long day. Values are

means + SE (» = 14). Dose rates of 1, 5 or 25 ug/plant are indicated by numbers near the symbols
(data from Expt. 2, Table 1).

material so that liberation of the free GA acids
would be a simple task [16]. Only moderate yields
were obtained on the addition of dibromocarbene,
so we initially based our approach on the intermedi-
acy of the dichlorocarbene adduct 21, obtained in
85% yield. Removal of one chlorine atom by treat-
ment with tri-r-butylstannane proceeded smoothly
to afford 25, but further reduction to 29 was com-
pleted with difficulty. We therefore reverted to the
intermediacy of the dibromo derivative 23. which
was reduced smoothly and in good yield, first to the
monobromo product 27, and then to 29. Liberation
of the target acid (30) was routine, and since the
parent acids corresponding to the series of ester in-
termediates could also be obtained with equal ease,
the set of halogenated methano derivatives was also
screened for biological effects.

The dibromo and monobromo derivatives of
GA;, (24 and 28), were of limited interest, since
they had only a marginal effect on either stem
elongation or flowering in LD-exposed plants.

While 16,17-methano-dihydro-GA; (30) promoted
flowering to the same (Expt 5) or greater extent
(Expt 1) as the parent GA; (12), promotion of
stem elongation by 30 (Expts | and 35) was signifi-
cantly reduced, a remarkable result, given the
strong growth promotion normally associated
with the presence of the 3f-hydroxyl in the GA
molecule [17]. 16,17-Methano-dihydro-GA; (30)
was also highly florigenic on plants maintained
under non-inductive SD, more so than either GA;
or GAs. With a 25 ug dose of 30, shoot apex length
(and floral stage) was at least as great as those of
plants exposed to one LD (SD, 1.09 + 0.03 mm;
LD, 2.2240.11 mm; 16,17-methano-dihydro-GA;
(30), 2.40 + 0.11 mm).

With the chloromethano derivative of GA; (26),
the strongly promotive effect on flowering was
maintained, relative to 30, but the effect on stem
elongation was further reduced to the point that Ilit-
tle enhancement occurred in any of experiments 3.4
and 5, compared with the controls. The presence of
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Fig. 2. Effect of various GA; or GA; derivatives [data from (a) Expt. 3, and (b) Expt. 5, Table 1] on
shoot apex length (mm) and stem length (mm) after three weeks. At the start of GA treatment stem
length was 23 + 5 mm in (b). Treatments and conditions as for Fig. I.

a second chlorine atom, as in 22, however, effec- profile in Lolium for the active GAs in this selec-
tively resulted in neglible bioactivity (Expts 3 and tion of compounds, relative to GA; and GAs, is
4). An indication of the flowering/stem elongation provided in Fig. 2.
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Scheme 4. Synthesis of 16,17-methano-GAs derivatives.

Preparation of chloromethano-dihydro-GAs deriva-
tives 32 and 33 and their effects on stem elongation
and flowering

The major impact on growth promotion and
flowering associated with the introduction of a
halogenated cyclopropyl unit into the D-ring of
GA; naturally prompted us to return to the GAj
series and to examine the effects of analogues 32
and 33. Their preparation was straightforward and
is outlined in Scheme 4.

Although chloromethano-dihydro-GAs (33) had
only a barely significant promotive effect on flower-
ing (unlike its GA3 counterpart), it had a very in-
hibitory effect on stem elongation (Table 1, Expt 5).
This inhibition was confirmed in a further exper-
iment (not shown). Growth inhibition was even
more accentuated with the dichloromethano ana-
logue 32 (¢f. Table 1, Expts 3-5; Fig. 2 and two ex-
periments not shown). This derivative was found to
be highly inhibitory (up to 70%) to the stem
elongation of L. temulentum, an effect that was
greater than that seen (Expt 5) with similar doses of
the growth retardant trinexapac-ethyl (5) [7].
Inhibition by 32 was highly significant, even with
the very low dose of | ug per plant. Rather strik-
ingly for a GA derivative, in two of the experiments
in Table I, at all three doses dichloromethano-dihy-
dro-GAjs (32) significantly reduced the flowering re-
sponse of Lolium to one LD. However, in one
experiment (not shown), although there was a sig-
nificant inhibition of flowering with doses of 1 and
5 ug, there was a slight promotion of flowering at
the highest dose (25 pg per plant).

The first objective of these experiments had been
to identify further structural variants of the GA
molecule which might promote flowering without
additional stem elongation. Our earlier studies {6, 17]
had shown that, in general, florigenicity was
remarkably unaffected by changes in the D-ring
region of the molecule, inter alia, tolerating the
change in the orientation of the methyl group
attached to C-16 in the dihydro-GAs derivatives 2
and 3 [6]. With the introduction of a second 16-
methyl group as in 4, however, the enhancement of
flowering response was diminished relative to both
the simple dihydro analogues. In the case of the
16,17-methano-dihydro GAj; derivatives, however,
high florigenicity is maintained by the parent (30)

and monochloro derivative (26), although lost with
the dichloro- (22) and bromo-derivatives (24 and
28). On the other hand, in the 16,17-methano-dihy-
dro-GA; series. the monochloro-derivative (33) had
largely lost its florigenicity, while the dichloro-de-
rivative (32) was quite inhibitory to flowering, even
at doses as low as 1 ug.

In contrast to the flowering response, stem
elongation in L. temulentum has been shown to be
very sensitive to modifications of the D-ring region
of the molecule. We have previously found the
16,17-dihydro-GAs derivatives 2 and 3 to be inhibi-
tory to stem elongation [6], and can now add 16,17-
methano-dihydro-GAs, and its chloro- and
dichloro-derivatives.

The molecular basis of activity for the growth-
inhibiting effects of 16,17-dihydro-GAs (3) and
16,17-dichloromethano-dihydro-GAs  (32), have
been examined by applying these compounds plus
isotopically labelled GA,; to dwarf rice (Oryza
sativa L. cv. Tan-ginbozu) [18] and to Lolium [19].
The GA,y (34) would normally be converted by
both plants into the growth-active GA, (35). but in

COH

the presence of exo-16,17-dihydro-GAs (3), the pool
of endogenous GA,y was increased 23-fold in
Lolium and GA, was barely detectable; the effect
was duplicated in Lolium with 16,17-dichloro-
methano-dihydro-GAs (32), for which a 12-fold
increase in GA,qy was observed. Furthermore, a
recent study with sorghum [20] also showed that the
application of 32 results in low levels of endogenous
GA,| (8-16% of controls), with GA,, content elev-
ated 3 to 5-fold. It may be concluded, therefore,
that these dihydro-GAs derivatives inhibit 35-hy-
droxylation of GA»g, perhaps by serving as com-
petitive substrates, as opposed to trinexapac and
related cyclohexanetriones which are presumed to
suppress non-haeme dioxygenases by mimicking 2-
oxoglutarate [21].

The experiments reported here, highlight again
the independent effects of various GAs on stem
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elongation on the one hand and flowering on the
other, with examples ranging from the promotion
of both, the promotion of flowering but not
elongation, and vice versa, the inhibition of stem
elongation combined with the promotion of flower-
ing, and the inhibition of both. Promotion of flow-
ering without additional elongation, or even with
reduced growth would have many uses in horticul-
ture. For turf applications, on the other hand, the
inhibition of stem or leaf elongation, with or with-
out the inhibition of flowering, could be of con-
siderable value. Field experiments have been
conducted on turf with 16,17-dichloromethano-
dihydro-GAjs and are reported elsewhere [22].

EXPERIMENTAL

Plants

Plants of the Ceres strain of Lolium temulentum
L. were grown in pots of vermiculite/perlite irri-
gated with nutrient soln each morning and with
water each afternoon. For the first 5 weeks the
plants were held in a glasshouse of the Canberra
phytotron in SD of 8 hr of natural light at 25" fol-
lowed by 16 hr of darkness at 20°. They were then
transferred to the same temp. and daylength regime,
but under light from fluorescent lamps with a
photosynthetically-active  irradiance of about
250 umol m s~ PAR at plant height from fluor-
escent lamps. After 2-3 weeks they were then
exposed to only one LD by a photoperiod extension
of 16 hr of low irradiance light from incandescent
lamps (11-12 ymol m™s™' PAR). All plants were
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dissected 3 weeks after the one LD, before the
beginning of the rapid stem elongation that occurs
in L. temulentum after anther primordia have been
initiated. At dissection, both shoot apex and
stem length were measured and the stage of
inflorescence development was scored. As in our
previous work, floral score was highly correlated
with shoot apex length across a wide range of GA
treatments [17] and only shoot apex lengths are
presented here. There were 14 replicate plants per
treatment.

Gibberellin treatments

All GAs and related compounds were applied
once only in a 10yl drop of 95% aqu. EtOH to the
uppermost fully-expanded leaf blade between 1400
and 1530 hr on the long day, towards the end of
the daily period of high irradiance. Control plants
were treated with 10 ul of 95% aqu. EtOH. The
usual dose rates for all GAs were |, 5 or 25 ug per
plant.

Chemicals

Trinexapac-ethyl (5) was a technical grade sample
supplied by Novartis Crop Protection Inc. (Kansas,
U.S.A.). Gibberellin derivatives were prepared as
outlined below. '*C NMR data of selected com-
pounds are provided in Table 2.

ent-3x-Acetoxy-16,17-methano-20-norgibberellane-
7.19-dioic acid 19,10-lactone 7-methyl ester (7)

To freshly prepared Zn-Cu couple (137 mg,
2.1 mmol) in dry Et,O (1.0 ml) was added CH,l,

Table 2. '*C NMR spectral data for 16,17-methanogibberellins 10, 21, 23, 27, 29, 31 and 33

27 23 21 31 331 10 29
Ci halogen— Br Brs Cly Cly Cl -
1 129.2 129.2 129.1 349t 3491 35.0% 129.1
2 134.0 133.7 133.7 1279 127.7 127.8 134.3
3 70.2 70.0 70.0 132.9 132.5 132.5 70.3
4 52.1 51.9 S51.8 49.7 51.7 51.9 52.0
5 534 533 533 55.9 55.9 56.0 53.4
6 50.9 50.0 50.9 51.2 51.2 50.9 51.0
7 174.5 171.3 171.3 172.3 172.3 173.4 171.6
8 51.2 50.6 49.1 48.0 48.0 47.9 50.9
9 511 50.6 50.2 529 53.0 52.8 S1.6
10 90.3 90.0 89.9 91.6 91.8 92.0 90.2
11 17.0 16.5 16.5 17.0 17.2 17.3 17.2
12 34.9 36.1 359 36.1% 35.0t 351t 354
13 75.6 78.5 78.3 78.7 75.6 75.2 753
14 45.5% 46.4 46.3* 47.8% 47.1 47.6% 46.2*%
13 45.7* 49.1 47.6* 47.6% 42.6 47.0* 47.2%
16 33.8 38.5 39.7 39.0 334 273 28.9
17 19.5 332 30.2 30.1 18.5 10.5§ 11.0
17 27.7 35.5 66.7 66.9 36.8 11.9§ 12.1
18 14.3 14.2 14.1 152 15.2 15.1 14.3
19 177.3 176.8 176.8 177.4 177.7 178.1 177.1
CO,CH2OMe 58.2 58.0 57. 38.1 58.1 - 57.9
CO-CH,OMe 91.1 91.0 90.9 91.1 9l.1 - 90.8
MeCO» 20.6 20.7 20.6 - 20.8
MeCO- 171.0 171.3 169.8 170.0
CO-Me - 51.6 =

* +.§ assignments interchangeable; § Methoxymethyl ester.
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(140 ml, 1.75 mmol) and a crystal of I,. The result-
ing mixture was heated under reflux with stirring
under N, for 30 min, then GA,4 7-methyl ester 3-
acetate (194 mg, 0.50 mmol) in dry Et;O (2.0 ml)
was added. Reflux and stirring was continued for
14 hr, then the reaction quenched with sat. aq.
NH4Cl. The product was extracted into Et,0,
washed with NH4Cl (2x), brine and dried
(Na,S0O,). Chromatography on silica gel (EtOAc—
hexane, 1:4) gave the desired product as a white
solid (132mg, 66%). '"H NMR (CDCl3): & 0.43,
0.58 (4H, 2 x m, H»-17, H»-21), 1.05 (3H, s, H;-18),
2.13 (3H, s, OAc), 2.69 (IH, d, J = 10.7 Hz, H-6),
3.13 (IH, d, J = 10.7 Hz. H-5), 3.70 (3H. s, OMe,
4.96 (LH, m, H-3). EIMS m/z (rel. int.): 402 [M]"
(18) 384 (8), 371 (22), 370 (18), 347 (32), 342 (28),
298 (100), 282 (25), 270 (27), 244 (53), 239 (50), 238
(50), 211 (24), 209 (23), 185 (25), 183 (33), 181 (27),
169 (22), 157 (27), 155 (23).

ent-3u-Acetoxy-16-methyl-20-norgibberellane-
7.19-dioic acid 19,10-lactone T-methyl ester (8)

A soln of ester 7 (39 mg, 0.10 mmol) in acetic
acid (3.0 ml) containing PtO, (10 mg) was stirred
under H, at 50° for 6 hr. The mixture was filtered
through Celite and the pad washed thoroughly with
CH,Cl,. Removal of solvent and chromatography
on silica gel (EtOAc-hexane, 1:3) gave the product
as a white solid (34 mg, 87%). 'H NMR (CDCl;): é
1.01 (6H, s, 2 x Me). 1.02 (s, 3H, Me), 2.13 (3H, s,
OAc), 2.63 (IH, d, J = 10.9 Hz, H-6), 3.08 (IH, d,
J = 109 Hz, H-3), 3.71 (3H, s, OMe, 4.94 (IH, m,
H-3). EIMS mjz (rel. int.): 404 [M]" (10) 386 (14),
373 (13), 344 (22), 316 (17), 300 (100), 285 (27). 243
(48), 241 (38), 240 (45), 185 (20), 183 (21), 169 (11),
157 (17), 155 (13).

ent-13-Hydroxy-16,17-methano-20-norgibbereli-2-
ene-7,19-dioic acid 19,10-lactone (11)

CH>I,  (0.33ml, 4.09mmol), [, (52mg,
0.20 mmol) and Cu powder (520 mg, 8.13 mmol)
were added to a soln of GAs methyl ester (9) [11]
(94 mg, 0.27 mmol) in toluene (5.0 ml) and the mix-
ture heated at reflux, under N,, for 21 hr. After fil-
tering through Celite with an Et,O wash, the
solvent was removed and the residue chromato-
graphed on silica gel. Adduct 10 (62 mg, 63%) was
eluted with EtOAc-hexane (1:2) and crystallised
slowly from EtOAc. '"H NMR (CDCls/dy-MeOH,
4:1): 6 0.23, 0.43, 0.84 (4H. 3 xm, Hx-17, H,-17"),
1.20 (3H. s, H3-18), 2.57 (1H, d, Js.5s=9.0 Hz, H-5),
2.68 (1H, d, J54=9.0 Hz, H-6). 3.55 (3H, s, OMe),
5.62 (1H. br d, J =9.3Hz, H-3), 577 (IH. 4t
J = 9.3, 2.9 Hz, H-2). A suspension of 10 (32.6 mg)
in MeOH (2.0 mil) was treated with 2M NaOH
(2.0 ml) and the mixture heated under reflux for
15 hr. The pH was lowered to 5 by the addition of
5M HCI and the product extracted into EtOAc.
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After washing with brine and drying over Na,SQy,
the solvent was removed and the residue dissolved
in glacial HOAc (0.5 ml). The soln was heated to
100° for 10 min, then the solvent removed and the
residue chromatographed on silica gel. Acid 11 was
eluted with EtOAc—hexane (7:3) and obtained as a
white solid (25.6 mg, 81%). 'H NMR (CDCls/ds-
MeOH, 4:1): o 0.23, 046, 082 (4x1H, 3 xm,
H,-17, H>-17), 1.19 (3H. s, Hs3-18), 2.52 (1H, 4,
Js.5=9.0 Hz, H-5), 2.66 (IH, d, Js6=9.0 Hz, H-6),
561 (IH, br d, J = 93Hz, H-3), 577 (1H, 4,
J = 9.3,29HzH-2). EIMS m/z 326 [M-18]" (75),
314 (35). 299 (30), 285 (55), 255 (56), 254 (100),
225.

Cyclopropanation of ent-3x-acetoxy-13-hydroxy-20-
norgibberell-1,16-diene-7,19-dioic acid 19,10-lactone
T-methyl ester (13)

(a) A soln of ester 12 [23] (1.0 g, 2.48 mmol) in
DME (8 ml) was added to reagent prepared from
CH,I; (800 ml, 10 mmol) as described for substrate
6. After stirring under reflux for 21 hr, and work-up
as before, chromatography on silica gel (EtOAc—
hexane, 1:2) afforded mainly recovered 12. (b) A
mixture of Cu-bronze. (4.73g) and I, (470 mg,
1.86 mmol) in dry toluene (10 ml) was stirred at
room temp for 10min then CH,l, (3ml
37.2 mmol) was added and the resulting mixture
heated under reflux with stirring under N, for
16 hr. The cooled mixture was filtered through
Celite, washing well with Et,O, and the solvent
then removed and the residue chromatographed on
silica gel as before to give an inseparable 9:6:3:2
mixture of 13. 14, 12 and 12-isolactone, respectively
(as estimated from the NMR spectrum).

ent-3a-Acetoxy-13-hydroxy-16,17-methano-20-nor-
gibberell-1-ene-7,19-dioic acid 19,10-lactone T-methyl
ester (13)

'"H NMR (CDCly): 6 0.34, 0.52, 0.59. 0.90
(4 x 1H, 4 x m. Ho-17, H»-17), 1.15 (3H, s, H5-18),
2.11 (3H. 5, OCOCHj;). 2.76 (1H, d, Js.s=10.6 Hz,
H-6), 3.30 (1H, d. Jsc=10.6 Hz, H-3), 3.74 (3H, s.
CO,Me), 5.36 (1H, d, J = 3.2 Hz, H-3), 5.88 (1H.
dd, J»1=9.3Hz, J,;=38Hz, H-2), 643 (I1H, d,
J1~2:9.3 Hz, H~l)

ent-3o-Acetoxy-13-hydroxy-16,17-methano-20-nor-
gibberell-1{10)-ene-7,19-dioic  acid 19,2-lactone 7-
methyl ester (14)

'"H NMR (CDCLy): ¢ 0.30, 0.47, 0.55, 0.88
(4 x IH, 4 xm, H>-17, H>-17'), 1.21 (3H, s, H3-18),
2.12 (3H, s, OCOCHj;), 2.56 (1H, d, J = 6.0 Hz,
H-6), 2.68 (1H, br d, J = 7.1 Hz, H-11), 3.29 (1H,
dd, J = 6.0Hz, J=60Hz J = 2.7Hz, H-5), 3.70
(3H, s, CO,Me), 5.02 (2H, m, H-2 + H-3), 5.74
(1H, m, H-1).
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ent-3x,13-Diacetoxyv-16p,17-( dibromomethano )-20-
norgibberell-1-ene-7,19-divic acid 19,10-lactone -
methyl ester (16)

A soln of NaOH (50%). 2 ml) was added to a
soln of ester 15 [23} (173 mg. 0.40 mmol), choline
chloride (11 mg, 0.08 mmol) and CHBr; (70 gul.
0.8 mmol) in CH,Cl, (4 ml) under N>, and the mix-
ture stirred vigorously for 2.5 hr. Further CHBr;
(50 ul) was then added and stirring continued for
0.5hr. EtOAc was added and the organic layer
washed with H,O and brine, then reduced to
dryness. Chromatography of the residue on silica
gel (EtOAc—hexane, 1:2) afforded the adduct 16
(103 mg, 43%). '"H NMR (CDCl3): § 1.20 (3H, s,
H-18), 1.63 (1H. d, J,7,,7=7.6 Hz, H-17), 2.04 (1H,
d, Jy717=7.6 Hz, H'-17), 2.10 (3H. s, OAc), 2.27
(3H, 5. OAc). 2.82 (1H, d, J45=10.5 Hz, H-6), 3.33
(IH, d. Js,=10.5,Hz, H-5) 3.72 (3H, s, OMe),
5.30 (IH. br s, H-3), 587 (1H, dd, J,,=9.3 Hz,
J21=3.8Hz, H-2), 6.36 (1H, d. J, ,=9.3 Hz, H-1).

ent-13-Acetoxy-3o-hydroxy-16,17-methano-20-nor-
gibberell-1-ene-7,19-dioic acid 19,10-lactone T-methyl
Ester (17)

Dibromide 16 was dissolved in benzene (10 ml),
tri-n-butylstannane (r-Bu;SnH) (340 mi, 1.26 mmol)
and AIBN (10 mg. 63 mmol) were added and the
mixture heated at reflux under N, for 3.5hr.
Additional stannane (350 mi, 1.30 mmol) was added
and reflux continued for a further 18 hr. The reac-
tion mixture was diluted with Et,O, washed with di-
lute NH; and brine, then dried over Na,SO,.
Chromatography on silica gel, eluting with EtOAc-
hexane (1:3), afforded the debrominated diacetate
(74 mg), then, on elution with EtOAc—hexane (1:1),
the 13-monoacetate (17) (64 mg). The diacetate was
dissolved in MeOH (10 ml) and treated with a soln
of K,CO;5 (200 mg) in H,O (0.5 ml) and stirred for
16 h. affording a further 89 mg of product 17
(R=H) (total vield for two steps 51%). '"H NMR
(CDCl3): 6 0.38. 0.49, 0.80, 0.96 (4x 1H, 4 xm,
H>-17, H>-17). 1.22 (3H, s. H;-18). 1.96 (3H. s,
OCOCHs3), 2.79 (1H, d, J,5=10.7 Hz. H-6), 3.19
(1H, d. Js,=10.7 Hz, H-5), 3.70 (3H, s. CO,Me),
4.15 (1H, m, H-3), 592 (1H. dd. J»,=9.3 Hz,
J>3=3.8 Hz. H-2), 6.36 (1H. d, J,»=9.3 Hz, H-1).

ent-13-Acetoxy-3a-hydroxy-16-methyl-20-norgibberel-
lane-7,19-dioic  acid 19,10-lactone  T-methyl ester
(18) ‘

A soln of ester 17 (89 mg, 0.21 mmol) in EtOAc¢
(5 ml) containing 5% Rh-AlLLO; (6 mg) was stirred
at room temp under H, for 22 hr. A further sample
of catalyst (6 mg) was then added and stirring con-
tinued for 50 hr. After filtration of the mixture
through Celite, the solvent was removed and the
residue dissolved in HOAc (3 ml). Pt,O (10 mg) was
added and the mixture stirred at 50° for 16 hr
under H,. The filtered (Celite, CH-Cl> washes) mix-
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ture was evaporated to dryness and the residue
chromatographed on silica gel, eluting with EtOAc—
hexane (1:1). Ester 18 was obtained as a colourless
solid (78 mg. 87%). 'H NMR (CDCl;): & 0.98 (3H,
s, 16-Me), 1.11 (3H, s, 16-Me"), 1.18 (3H, 5. H;-18),
1.99 (3H. 5, OCOCH;). 2.63 (1H. d, Jo5=11.0Hz,
H-6), 3.14 (1H, d, Js,=11.0 Hz, H-5), 3.72 (3H, s,
COsMe), 3.82 (1H. br s, H-3).

ent-13-Acetoxy-16-methyl-20-norgibberell-2-ene-7.19-
dioic acid 19,10-lactone T-methyl ester (19)

To a stirred soln of carbinol 18 (59 mg,
0.14 mmol) in dry CH>CL, (3 ml) at 4° under N,
was added Et;N (78 ml, 0.56 mmol) followed by
MeSO,Cl (95 ml. 1.22 mmol). After 1 hr a piece of
ice was added and the mixture stirred for 15 min.
Further ice was added and stirring continued for
10 min, then the temp allowed to rise to ambient.
The mixture was diluted with EtOAc, washed with
KH,PO, (20%), brine and K,CO; soln (10%), then
dried over Na,SO,4. Removal of the solvent afforded
the crude 3-mesylate which was dissolved in toluene
(3 ml, distilled from CaH») and treated with DBU
(105 ml, 0.70 mmol). The soln was then heated at
120° under N, for 12hr. The cooled soln was
extracted with K,COs; soln and the aq layer acidi-
fied with 1 M HCL. then extracted with EtOAc. The
organic layer was washed with H>O until neutral,
dried (NaSQOy) and reduced to dryness. The residue
was chromatographed on silica gel, eluting with
EtOAc-hexane (3:1), to afford atkene 19 (37 mg,
61%). '"H NMR (CDCL): é 0.98 (3H, s, 16-Me),
1.18 (3H. s, 16-Me). 1.19 (3H, s, H;-18), 1.98 (3H,
s, OCOCHy3;), 2.36 (iH, d. Jos=9.4 Hz, H-5), 2.73
(1H. d. Js=10.5 Hz, H-6), 3.72 (3H, s, OMe), 5.64
(1H, br d. J = 9.3 Hz, H-3), 5.83 (1H, dr, J = 9.3,
2.9 Hz, H-2).

ent-30,13-Dihvdroxy-16-methyl-20-norgibberell-2-ene-
7,19-dioic acid 19,10-lactone (4)

A suspension of ester 19 (30 mg, 0.075 mmol) in
MeOH (2.0ml) was treated with 2M NaOH
(2.0 ml) and the mixture heated under reflux for
15 hr. The pH was lowered to 5 by the addition of
5M HCI and the product extracted into EtOAc.
After washing with brine and drying over NaSOQ,,
the solvent was removed and the residue dissolved
in HOAc¢ (0.5 ml). The soln was heated to 100° for
10 min and then the solvent removed and the resi-
due chromatographed on silica gel. Acid 4 was
eluted with EtOAc-hexane (7:3) and obtained as a
white solid (23 mg. 80%). '"H NMR (d,-MeOH):
1.05 (3H, s, 16-Me), 1.08 (3H, s, 16-Me), 1.24 (3H,
s, H3-18), 2,50 (1H. d, J¢5=9.3 Hz, H-5), 2.72 (1H,
d, Jos=93Hz, H-6) 5.74 (1H, br d, J = 9.3 Hz,
H-3), 5.90 (1H. dr. J = 9.3, 2.9 Hz. H-2). EIMS m/:z
(rel. int.): 346 [M]" (47). 328 (18), 302 (51). 289
(100), 271 (40), 241 (44), 243 (66), 225 (24). 199
(45). 197 (54). 169 (37), 155 (46).



2204

ent-3a-Acetoxy-13-hydroxy-20-norgibbereli-1,16-
diene-7,19-dioic acid 19,10-lactone 7-methoxy-
methyl ester (20)

A soln of gibberellic acid 3-acetate [23] (23 g,
0.06 mol) in CH,Cl, (250 ml) was treated with di-
isopropylethylamine (14 ml, 0.08 mol) and methoxy-
methyl chloride (4.5 ml, 0.06 mol), and the mixture
kept under N, at 4° for 14 hr. Sat NaHCO; was
added and the product extracted into CH,Cl,. The
organic layer was washed with 2M HCI, H,O0,
NaHCO; soln and brine, then dried over Na,SOy.
After removal of solvent, the residue was chromato-
graphed on silica gel and acetate 20 (22 g, 86%)
eluted with EtOAc-hexane (l:1). 'H NMR
(CDCL): 6 1.16 (3H, s, H;-18), 2.10 (3H. s.
OCOCH,), 2.79 (1H, d. Jss=10.9 Hz, H-6), 3.33
(I1H, d, Js¢=109Hz, H-5), 347 (3H, =,
CO,CH,OCHs;), 496 (1H, s, H-17), 5.26 (1H, d,
J = 54Hz, CO,CH,OCH;), 527 (IH, s, H-17),
5.29 (1H, d, J = 6.1 Hz, CO,CH,OCH3), 5.33 (IH,
d, J3,=3.8Hz, H-3), 6.38 (IH, d, J,-,=9.3 Hz,
H-1).

ent-3o-Acetoxy-168,17-(dichloromethano)-13-
hydroxy-20-norgibberell-1-ene-7,19-dioic acid 19,10-
lactone T-methoxymethyl ester (21)

To a soln of ester 20 (5.3 g, 0.012 mol) in CHCl;
(100 ml) under N, was quickly added powdered
NaOH (4.0 g, 0.1 mol) followed by benzyltriethyl-
ammonium chioride (100 mg) and stirring continued
for 40 min. The temp. of the mixture was kept
below 30° by occasional cooling with an external
ice-water bath. Further powdered NaOH (2.0 g,
0.05 mol) was added and stirring continued for a
further 40 min. The mixture was filtered through
Celite, washed with NaH,PO,4 soln (20%), dried
over Na,SO,, concentrated and chromatographed
on silica, eluting with EtOAc-—petrol (40--607) (1:1)
to afford the adduct 21 (4.0 g, 63%) as a white
foam. '"H NMR (CDCly): § 1.17 (3H, s, Hs-18),
1.39 (IH, d, J17V|7:7.5 Hz, H-17), 1.74 (lH, d,
J17.17=7.5Hz, H'-17), 2.09 (3H, s, OCOCH3), 2.81
(IH, d,  Jes=10.5Hz, H-6), 331 (IH, d,
Js6=10.5Hz, H-5), 3.52 (3H, s, CO,CH,OCH,),
5.28 (IH, d, J = 6.1 Hz, CO,CH,OCHy), 5.33 (1H,
d, J = 6.1 Hz, CO,CH,OCH;), 5.34 (1H, s, H-3),
5.88 (IH, dd, J,1=9.3 Hz, J,3=3.8 Hz, H-2), 6.39
(1H, 4, J,,=9.3 Hz, H-1).

ent-16$,17-( Dichloromethano j-3a,13-dihydroxy-20-
norgibberell-1-ene-7, dioic acid 19,10-lactone (22)

Me;SiCl (40 ml), 0.31 mmol) was added to a soln
of ester 21 (20 mg, 0.33 mmol) in THF (2.0 ml) con-
taining MeOH (20 ml) and the mixture stirred for
20 hr. After dilution with EtOAc, the product was
extracted into aq. Na,HPO4 (20%, 5x2ml). The
combined extracts were acidified to pH 6 with
aq. NaH,PO, (20%), then extracted with EtOAc-
2-butanol (3x) to afford the 7-carboxylic acid
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(18.3 mg), which was dissolved in MeOH (1 ml) and
treated with a soln of KHCO; (3.3 mg) and K,CO;
(9.1 mg) in H-O (0.50 ml). After stirring for 2 hr,
aq. NaH,PO4 (20%) was added to pH 6 and the
mixture extracted with EtOAc (2x). Drying
(Na,S04) and removal of the solvent afforded the
desired product (22) (13mg, 72%). 'H NMR
(CDCl3): ¢ 1.24 (3H. s. H;-18), 1.39 (1H, 4,
Ji707=7.5Hz, H-17, 1.71 (lH, d, Ji7,7=7.5Hz,
H’-17), 2.75 (IH, d, J¢s=10.5Hz, H-6), 3.13 (1H,
d, Js¢=10.5Hz, H-5), 409 (IH, d, J = 3.6 Hz,
H-3), 5.87 (IH. ([d, Jg‘l =9.3 Hz, J’_v‘3:3.8 HZ, H-Z),
6.28 (1H, d, J,2=9.3 Hz, H-1). EIMS (**Cl) m/-
(rel. int.): 428 [M]™ (2), 410 (10), 392 (20), 382 (42),
366 (48), 330 (43), 322 (59), 291 (53), 286 (64), 241
(50), 207 (39). 195 (53), 179 (58), 165 (67), 155
(100).

ent-164,17-( Chloromethano j-3,13-dihvdroxy-20-nor-
gibberell-1-ene-7,19-dioic acid 19,10-lactone (26)

A soln of ester 25 (65 mg, 0.087 mmol) in ben-
zene (2ml) was treated with »-BusSnH (26 ml,
0.096 mmol) and a crystal of AIBN. The mixture
was heated at reflux under N-> for 1 hr. After
removal of the solvent, the residue was dissolved in
Et,O and washed with aq. NH; (x3). The dried
(Na»SO,) organic layer was reduced to dryness and
chromatographed on silica gel. The monochloro
product 25 (44 mg, 75%, single epimer with unspe-
cified configuration) was eluted with EtQOAc-hexane
(1:2) and then hydrolysed to acid 25 in 83% yield
as described for the formation of acid 22. '"H NMR
(CDCl3): ¢ 0.69 (IH, m, H-17), L.14 (IH, dd,
J = 8.1, 6.6 Hz, H'-17), 1.24 (3H, s, H;-18). 2.74
(IH, d. Jes=10.5Hz, H-6), 3.15 (IH. d, Js¢=
10.5 Hz, H-5), 4.07 (1H, d. J = 3.6 Hz, H-3), 5.88
(IH, dd, J»,=93Hz, J>;=9.3Hz J,;=3.8Hz
H-2), 6.30 (1H. 4. J;,=9.3 Hz, H-1). EIMS m/=
(°CD) (rel. int): 394 (M — 11" (2), 376 (14), 348
(75), 332 (65), 313 (30). 288 (58), 275 (18), 261 (33),
245 (42), 223 (26), 207 (29). 195 (47). 179 (50), 160
(55), 155 (93). 91 (100).

ent-3a-Acetoxy-168,17-(dibromomethano )-13-
hydroxy-20-norgibberell-1-ene-7,19-dioic acid 19,10-
lactone T-methoxymethyl ester (23)

NaOH soln (50%. 2ml) was added to a soln
of ester 20 (173 mg, 0.40 mmol), 2-hydroxyethyltri-
methylammonium chloride (11 mg, 0.08 mmol) and
CHBr; (70 ml, 0.8 mmol) in CH,Cl, (4 ml) under
N,, and the mixture stirred vigorously for 2.5 hr.
Further CHBr; (50 ml) was then added and stirring
continued for 0.5 hr. EtOAc was added and the
organic layer washed with H,O and brine, then
reduced to dryness. Chromatography of the residue
on silica gel (EtAc—hexane, 1:1) afforded the adduct
23 (103mg, 43%). 'H NMR (CDCly): & 1.19
(3H, s. Hs-18), 1.65 (1H. d, J,7,7="7.6 Hz, H-17),
2.02 (IH, d. Jy7..7=7.6Hz, H-17), 2.10 3H, s.
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OCOCH;), 284 (lH, d Jes=10.5Hz, H-06),
334 (IH, d, Jsx=10.5Hz, H-5), 3.54 (3H. s,

CH,OCH3), 530, 538 (2H., ABd, J = 6.1 Hz,
CH,OCHs3), 5.34 (IH, br 5. H-3), 5.89 (1H. dd,
J21=93Hz, J,3=38Hz, H-2). 639 (lH, d,

J1=9.3 Hz, H-1).

ent-16f,17-( Dibromomethano )-3a,13-dihydroxy-20-
norgibberell-1-ene-7,19-dioic acid 19,10-lactone (24)

Ester 23 (20 mg) was hydrolysed to acid 24 in
95% yield as described for the preparation of acid
22. '"H NMR (CDClsjdy-MeOH, 4:1): 8 1.19 (3H, s,
H;-18), 1.58 (IH, d, Jy7.17="7.4 Hz, H-17), 1.94 (1H,
({,J|7<]7:7.4 HZ, Hl-l7), 2.69 (IH, (/, J(),5: 10.1 HZ,
H-6), 3.31 (IH, d, J5¢=10.1 Hz, H-5), 4.00 (1H, 4,
J=36Hz, H-3), 582 (IH. dd. J»;=93Hz
J>3=3.8 Hz, H-2), 6.23 (1H, 4, J,=9.3 Hz, H-1).

ent-168,17-( Bromomethano )-3u,1 3-dihydroxy-20-nor-
gibberell-1-ene-17,19-dioic acid 19,10-lactone (28)

To a soln of ester 23 (120 mg, 0.2 mmol) in ben-
zene (5ml) was added n-BusSnH (0.065 ml, 86%
purity, 0.21 mmol) and AIBN (one crystal). After
stirring under N, at room temp. for 5 hr, the mix-
ture was reduced to dryness. The residue was dis-
solved in Et,O and the soln washed with dil NH;
(3x). After drying (Na,;SO,) and concentration, the
product was chromatographed on silica gel, eluting
with EtOAc—hexane (1:2, then 1:1), to afford the
monodebrominated ester 27 as a single epimer of
unspecified configuration (74 mg. 71%). A portion
of this product (20 mg) was hydrolysed to acid 28
in 62% yield as described for the preparation of
acid 22. '"H NMR (CDClsjds-MeOH, 4:1): § 0.72
(IH, dd, J =175, 46Hz, H-17), 1.18 (3H. s,
Hs-18), 2.69 (1H, d, Jos=10.5Hz, H-6), 3.12 (1H,
d. Js=10.5Hz, H-5), 3.30 (lH, dd, J = 6.3,
4.5 Hz, CHBr), 4.00 (1H, . J = 3.6 Hz. H-3), 5.82
(1H, dd, J-,=9.3 Hz, J,:=3.8 Hz, H-2), 6.24 (1H,
d, J;=9.3 Hz. H-1).

ent-3a-Acetoxy-13-hvdroxy-16,17-methano-20-norgib-
berell-1-ene-17,19-divic acid 19,10-lactone T-methoxy-
methyl ester (29

To a soln of ester 27 (120 mg, 0.2 mmol) in
benzene (10 ml) was added »-BusSnH (0.13 ml,
0.48 mmol) and AIBN (one crystal). After stirring
under N, at reflux for 2hr, a further crystal of
AIBN was added, and reflux maintained for | hr.
More stannane (65 ml) was then added and heating
continued for a further 2 hr, at which point TLC
indicated only a trace of starting material remained.
The mixture was reduced to dryness, the residue
dissolved in EtOAc and the soln washed with dilute
NH; (3x). After drying (Na,SO,4) and concen-
tration, the product was chromatographed on silica
gel, eluting with EtOAc-hexane (1:2, then 1:1), to
afford the debrominated ester 29 (63 mg, 71%). 'H
NMR (CDClL): ¢ 0.32, 0.56. 0.89 (3 x 1H, 3 xm,
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H-16, H-17), 1.17 (3H, s, Hs-18), 2.11 (3H, s,
OCOCHs), 2.79 (IH, 4. J¢s=10.7 Hz, H-6), 3.32
(IH, d, Jse=107Hz, H-5), 3.50 (3H, s,
OCH,OCH5), 5.22, 533 (2H, ABd. J = 6.1 Hz,
OCH,0CH,), 534 (1H, s, H-3), 588 (IH, dd,
J>y=93Hz, J,3=38Hz, H-2), 643 (IH, d,
J1=9.3 Hz, H-1).

ent-3a,13-Dihydroxy-16,17-methano-20-norgibberell-
1-ene-7,19-dioic acid 19,10-lactone (30,

Hydrolysis of ester 29 (21 mg, 0.047 mmol), as
described for acid 22, afforded acid 30 (11 mg,
65%). '"H NMR (CDCli/d,-MeOH, 4:1): § 0.28,
0.49, 0.83 (4 x 1H, 3 xm, H-16. H-17), 1.19 (3H, s,
Hs-18), 2.67 (1H, d, Jss=10.4 Hz, H-6), 3.11 (1H,
d, Js¢=10.7Hz, H-5), 4.02 (1H, d, J = 3.6 Hz),
584 (1H, dd, J, ;=93 Hz, J,;=3.8 Hz, H-2), 6.28
(1H, d, J,=9.3 Hz, H-1). EIMS mjz (rel. int.): 360
[M]* (18), 342 (100), 314 (52), 298 (38), 269 (29),
255 (34), 240 (55). 225 (38), 209 (33), 155 (58).

ent-16f,17-( Dichloromethano )-13-hydroxy-20-norgih-
berell-2-ene-7,19-dioic acid 19,10-lactone 7-methoxy-
methyl ester (31)

A soln of GAs (1) [11] (194 mg, 0.59 mmol)
in CH,Cl, (10 ml) and Et3;N (250 ml, 0.18 mmol)
was treated with methoxymethyl chloride (54 ml,
7.2 mmol) and the mixture stirred at room temp.
for 15 min. Satd NaHCO; soln was added and the
product extracted into EtOAc. After drying over
Na,S0,, the solvent was removed and half of
the residue (99 mg) dissolved in CHCl; (3 ml).
Powdered NaOH (0.4g, 0.01 mol) was quickly
added under N, followed by benzyltriethylammo-
nium chloride (6 mg) and stirring maintained for
8.5hr. The mixture was filtered through Celite,
washed with NaH,PO,4 (20%). dried over Na,SQ,,
concentrated and chromatographed on silica, elut-
ing with EtOAc-petrol (40-607) (1:2), to afford the
adduct 31 (81 mg. 67%) as a white foam. 'H NMR
(CDCly): o 1.28 (3H, s, H;-18), 142 (iH, d,
.117.17:7.3 Hz, H'17)., 1.73 (1H d, J|7‘17=7.3 Hz,
H'-17), 2.71 (1H, d, J¢5=9.0 Hz, H-5), 2.79 (1H, 4,
Jss=9.0Hz, H-6), 570 (1H, br d, J = 9.2 Hz,
H-3), 5.82 (1H, dt, J = 9.2, 3.0 Hz, H-2).

ent-16p,17-( Dichloromethano )-13-hydroxy-20-norgib-
berell-2-ene-7,19-dioic acid 19,10-lactone (32)

A soln of methoxymethyl ester 31 (20 mg,
0.040 mmol) in CH,Cl, (2ml) was treated with
TFA (0.2 ml) and the mixture stirred at room temp
under N> for 1hr. After removal of the solvent,
acid 21 was obtained as a colourless glass. 'H
NMR (CDCl;/ds-MeOH, 4:1): § 1.27 (3H, s, Hs-
18), 1.38 (IH, d, J;7.17=17.3 Hz, H-17), 1.70 (lH, 4,
Jy717=73Hz, H-17), 2.64 (IH, d. J¢s=9.0Hz,
H-5), 2.72 (1H, d, Js,=9.0 Hz, H-6), 5.67 (1H,
br d, /S =92Hz, H-3), 579 (1H, dt, J = 9.2 Hz,
3.0 Hz, H-2). EIMS m/z (**Cl,) (rel. int.): 412 [M]*
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(1), 384 (1.5), 368 (60), 325 (90), 271 (100). 235
(62).

ent-168,17-(Chloromethano)-13-hydroxy-20-norgib-
berell-2-ene-7,19-divic acid 19,10-lactone (33)

A soln of ester 31 (40 mg, 0.087 mmol) in C¢Hg
(2ml) was treated with #»#-BusSnH (26 ml,
0.096 mmol) and a crystal of AIBN. The mixture
was heated at reflux under N, for [ hr. After
removal of the solvent, the residue was dissolved in
Et;O and washed with aq. NH; (x3). The dried
(Na,S0,) organic layer was reduced to dryness and
chromatographed on silica gel. The monochloro
product (35 mg, 95%, single epimer with unspecified
configuration) was eluted with EtOAc-hexane (1:2).
'"H NMR (CDCl;): 6 0.73 (1H, m. H-17), 1.27 (1H,
dd, J =8.1, 6.6 Hz, H-17), 1.28 (3H, s, H;-18),
269 (IH, d. Jes=9.0Hz, H-5). 281 (IH, d,
Js6=9.0 Hz, H-6), 3.43 (IH, dd, J = 8.1, 4.1 Hz,
CHCI), 3.50 (3H, s, OMe). 5.28 (2H, s, OCH,0),
569 (IH, br d, J =9.2Hz, H-3), 582 (1H. d1,
J = 9.2, 3.0 Hz, H-2). A soln of this methoxymethyl
ester (17 mg, 0.040 mmol) in CH,Cl, (2ml) was
treated with TFA (0.2 ml) and the mixture stirred
at room temp. under N, for 1 hr. After removal of
the solvent, acid 33 was obtained as a colourless
glass. '"H NMR (dg-THF): 6 0.63 (1H, m, H-17),
1.10 (IH, dd, J = 8.1, 6.6 Hz, H'-17), 1.18 (3H, s,
Hs-18), 2.53 (1H, d, J¢5=9.1 Hz, H-5), 2.7 (lH, d,
Js6=9.1 Hz, H-6). 3.37 (IH, dd, J = 8.1, 4.1 Hz,
CHCI), 5.65 (1H, br d. J = 9.2 Hz. H-3), 5.79 (1H,
dr, J =92, 3.0Hz, H-2). EIMS m/z (*°Cl) (rel.
int.): 378 [M—1]" (6), 331 (68), 287 (100), 259
(60), 245 (44), 207 (17).
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