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Reaction of Methyl Gibberellate with Triphenylphosphine and Carbon

Tetrachloride

By James Z. Duri, Braulio M. Fraga, and James R. Hanson, The School of Molecular Sciences, The University

of Sussex, Brighton, Sussex BN1 9QJ

Treatment of methyl gibberellate and its 3-epimer with triphenylphosphine and carbon tetrachloride containing
acetone or pyridine, gave the 18-chloro- and 18,13-dichloro-A2-derivatives respectively as the major products.
The 3-chloro-compounds were obtained as minor products. The 1 -bromo-compounds were obtained with carbon
tetrabromide. The structures of these compounds were established by location of the label in the products from

methyl 3-ep/-[3B-2H]gibberellate.

TRIPHENYLPHOSPHINE-CARBON TETRACHLORIDE ! has
been recommended as a mild reagent for the conversion
of allylic alcohols into their chlorides without allylic
rearrangement.?  We have used this reagent with suc-
cess in the kaurenolide series.? Ring A of methyl
gibberellate (1) is sensitive to attack by acidic reagents.t
Consequently in connection with the partial synthesis of
gibberellins from methyl gibberellate,>® we have con-
trasted the displacement of the axial C-3 hydroxy-group
of methyl gibberellate (1) with that of its equatorial
epimer (2) and examined various reactions for differ-
entiating between the 3- and 13-hydroxy-groups. The
results, some of which have been reported in a lecture,?
form the subject of this paper.

The allylic displacement of the axial 3-hydroxy-group
of methyl gibberellate (1) with the consequent intro-
duction of a 18-halogen, has been noted %8 on a number
of occasions. These reactions have played an important
role in the total and partial synthesis of gibberellins.3-5.9
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Treatment of methyl gibberellate with triphenyl-
phosphine in carbon tetrachloride with acetone as a co-
solvent gave predominantly 1@-chloro-gibberellin A
methyl ester (3).%® The crude material contained a
small amount of the unrearranged 3a-chloride (4) which
could be separated chromatographically. The 1p-
bromide (5) was obtained when carbon tetrabromide was
used but the 3a-isomer was not detected. Although the
13-hydroxy-group is at a bridgehead, it is nevertheless

quite reactive.%® The rates of triphenylphosphine~
carbon tetrachloride reactions show a marked solvent
dependance.l 'When the reaction was carried out in the
presence of pyridine, the corresponding 18, 13- (6) and
3a,13-dichlorides (7) were obtained. Treatment of the
1g-chlorogibberellin A; methyl ester (3) with triphenyl-
phosphine-carbon tetrachloride in pyridine also gave the
18,13-dichloride (6). When the reaction was prolonged,
a small amount of the la,13-dichloride (8) was formed
which was detected by n.m.r. spectroscopy. This
could be obtained by treatment of the 18,13-dichloride
(6) with triphenyl phosphine-carbon tetrachloride-
pyridine and presumably arises by chloride ion displace-
ment. On the other hand the 3,13-dichloride (7) was
recovered unchanged. Cross has described ® the 1p,13-
dichloride as a glass with the 5-H proton resonance as an
unexplained doublet of doublets (/3 and 10 Hz). Inour
hands the dichloride was crystalline and the 5-H proton
resonance, even at 220 MHz, remained a doublet.
Hence we suspect that the earlier material was contam-
inated possibly with the la-epimer. When carbon
tetrabromide in pyridine was used, the 18,13-dibromide
(9) was obtained. Again the 3«-isomer was not detec-
ted. Hexachloroacetone has been recommended 1° as
an alternative to carbon tetrachloride for the generation
of unrearranged chlorides. Howcver treatment of
methyl gibberellate with triphenyl phosphine-hexa-
chloroacetone gave a separable mixture (2:1) of the
18,13- and 3«,13-dichlorides (6) and (7). However in
this instance, it was a less satisfactory system because of
the separation problems posed by the reagent.

Methyl 3-¢pi-gibberellate (10) 1! was prepared by the
sodium borohydride-cerium(t11) chloride reduction 12 of
the af-unsaturated ketone (11).  Previous preparations
using sodium borohydride alone 1 gave mixtures con-
taining 3-¢pi-gibberellin A; methyl ester.  The formation
of the latter is favoured by the use of sodium borohydride
—copper(l) chloride.® In accordance with the 3a-
stereochemistry for the alcohol (10), the 5p-proton
resonance was at higher field than in methyl gibberel-
late.l? This method of preparation permitted deuteri-
ation at C-3 by using sodium borodeuteride as the
reductant. Treatment of methyl 3-¢pi-gibberellate (10)
with triphenylphosphine—carbon tetrachloride in pyridine
gave an inseparable mixture of methyl 1¢,13- and 38,13-
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dichlorogibberellate, (6) and (12), (2:1 n.m.r. assay)
together with a small amount of the 3x,13-dichloro-
gibberellate (7). When triphenylphosphine-carbon
tetrabromide in pyridine was used as the reagent, the
18,13-dibromide (9) was the sole product.

The structure of the 1p-chlorides (3) and (6), were
originally established from their 'H n.m.r. spectrum.®®
The closeness of the olefinic proton multiplet resonances
is normally characteristic %13 of C-2(3)-double bonds in
contrast to C-1(2)-double bonds where the signals are
distinct. In the case of the 1-chloro-compounds,
although the 2- and 3-H proton resonances almost over-
lap at 60 MHz, at 220 MHz they are cleanly resolved (3
595, 2-H; 5.86, 3-H). Examination of the n.m.r.
spectrum of the corresponding 18-bromo-compounds (5)
and (9) where the signals are well-separated (5 6.00 dd,
J 3and 9 Hz, 2-H; 5.66, d, J 9 Hz, 3-H), showed that
the closeness of the olefinic proton resonances is not an
unambiguous criterion of a 2,3-double bond. Hence we
sought a better proof for its location. Methyl [3-2H]-3-
epi-gibberellate (13) was used as the substrate for the
reactions in pyridine. In the rearrangement products
an olefinic C-H (3 5.86 in the 1B-chloro- and 6.00 in
the 1p-bromo-compounds) was absent whilst in the 3-
chloro-compound, the CHCl signal was absent. The
stercochemistry at C-1 was assigned since in the case of
the 1pg-halides, the 5g-proton resonance was deshielded
when compared with the la-epimer (8) (A3 0.12 p.p.m.).
In this connection it is interesting to note that even in
the la-chloro-epimer, the 58-proton resonance is at lower
field than that in gibberellin A, methyl ester (A8 0.20)
emphasizing the importance of comparing epimers in this
series.  The 3a-chloro-stereochemistry was assigned on
the basis of the magnitude of the J, 4, (3 Hz) and J, 5 (1
Hz) coupling constants (c¢f. methyl 3-epi-gibberellate, J, ;3
Hz, J, .1 Hz) and the lack of deshielding of the 5g-proton
compared with the 3p-epimer (A3 0.35 p.p.m.). In the
la-chloro-compound the 2-H resonance (8 5.84, dd, [ 3.5
and 9 Hz) is at higher field than the 3- resonance (8 5.96,
J 9 Hz) whereas in the 18-chloro-compound the reverse
istrue (3 5.95dd, J 9and 3.3 Hz, 2-H; §5.86,d, J 9 Hz,
3-H).

A number of conclusions may be drawn from this work.
IFirst, the reagents based on triphenylphosphine can,
contrary to the literature,? lead predominantly to allylic
rearrangement. Secondly the reaction does not neces-
sarily proceed with a syn-stereochemistry. There is
some evidence that a A%3-double bond is thermodynam-
ically more stable than the AbV%double bond. A
possible rationalization of our results can then be seen in
terms of the combination of a simple nucleophilic sub-
stitution at C-3 with inversion of configuration and
secondly the formation of an allylic carbocation which is
discharged by an axial attack of a nucleophile at C-1.
Attack on the B-face of ring A will also be favoured by
the presence of the lactone ring on the «-face. As the
reaction proceeds a third pathway intervenes involving a
displacement, with inversion of configuration, of the
chloride.
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EXPERIMENTAL

General experimental details have been described previ-
ously.’* 'H N.m.r. were determined in deuteriochloroform
at 60 MHz (Perkin-Elmer R 12, Varian T 60), at 90 MHz
(Perkin—Elmer R 32) or at 220 MHz (PCMU service, R. 34).

Reaction of Methyl gibbevellate with Tviphenylphosphine—
Carbon Tetvachlovide—(a) Methyl gibberellate (1)(1 g) was
dissolved in acetone (10 ml) and treated with triphenyl-
phosphine (1.5 g) and carbon tetrachloride (10 ml) under re-
flux for 1 h. The solvents were evaporated and the residue
chromatographed on silica to afford enf-la-chloro-108,13-
dihydroxy-7-methoxycarbonyl-20-norgibberella-2,16-dien-
19-oic acid 19,10B-lactone (3)%? which crystallized from
ethyl acetate-light petroleum as needles, m.p. 120—120.5 °C
(lit.,8 glass; lit.,® m.p. 112—114 °C) (Found: C, 63.7; H, 6.0.
Calc. for CpoHp,ClOs: C, 63.4; H, 6.1%),v,,,, 3490,1780,and
1710 cm™; § 1.25 (3H, s, 18-H), 2.64 (1H, d, J 10 Hz, 6-H),
3.10 (1H, 4, J 10 Hz, 5-H), 3.70, (3H, s, OMe), 4.48 (1H,
d, J 3 Hz, 1-H), 4,95 and 5.24 (1 H each, 17-H) 5.86 (d, J
9 Hz, 3-H), 5.95 (1H, dd, J 3 and 9 Hz, 2-H). Further
purification of the mother liquors afforded a small amount
of  ent-3B-chloro-108,13-dihydroxy-7-methoxycarbonyl-20-
norgibberella-1,16-dien-19-oic acid 19,10-lactone (4) as
a gum (M7* 378.123, C, H,;33CIO; requires 378.123), 3 1.30
(3 H 18-H), 2.78 (1 H, d, J 10 Hz, 6-H), 3.06 (1 H, 4, J
10 Hz, 5-H), 3.70 (3 H, s, OMe), 4.59 (1 H, 1- and 3-Hz,
3-H), 4.97 and 5.25 (each 1 H, m, 17-H), 5.90 (1 H, dd, J 3
and 9 Hz, 2-H) and 6.25 (1 H, dd, J 1 and 9 Hz, 1-H).

(0) The methyl ester (1) (4.0 g) was heated under reflux
with triphenylphosphine (6 g) and carbon tetrachloride (25
ml) and pyridine (7 ml) for 30 min. The solvents were
evaporated under reduced pressure and the residue was
chromatographed on silica. Elution with 109 ethyl
acetate-light petroleum afforded ent-1o,13-dichloro-10p-
hydroxy-7-methoxycarbonyl-20-norgibberella-2,16-dien-
19-oic acid 19,10f3-lactone (6) (2.0 g) which crystallized
from light petroleum as needles, m.p. 105—107 °C (lit.,®
glass), (Found: C, 60.3; H, 5.5. Calc. for CyH,,0,Cly:
C, 60.45; H, 5.5%), v, 1775, 1735, and 1 660 cm™; &
1.26 (3 H, s, 18-H), 2.65 (1 H, d, J 10 Hz, 6-H), 3.10 (1 H, d,
J 10Hz, 5-H), 3.75 (3 H, s, OMe), 4.55 (1 H, d, J 3 Hz, 1-H),
519 (1 H,t, J1.5Hz)and 5.46 (1 H, t, J 2.0 Hz) (each 17-H),
586 (1 H,d, /9 Hz 3-H), and 5.95 (1 H, dd, J 3 and 9 Hz,
2-H). Further elution gave ent-38,13-dichloro-108-/ydroxy-
T-methoxycarbonyl-20-novgibberella-1,16-dien-19-oic acid
19,108-lactone (7) (580 mg) which crystallized from light
petroleum as needles, m.p. 145—147 °C (Found: C, 60.4;
H, 5.6. C,H,,Cl,,0, requires C, 60.45; H, 5.5%), § 1.30
(3H,s, 18-H), 270 (1 H, d, J 11 Hz, 6-H), 3.05 (1 H, d, J
11 Hz, 5-H), 3.65 (3 H, s, OMe), 4.60 (1 H, dd, J 1 and 2 Hz,
3-H), 5.2 and 5.5 (1 H each, 17-H), 5.82 (1 H, dd, J 2 and
9 Hz, 2-H), and 6.25 (1 H, dd, J 1 and 9 Hz, 1-H). Elution
with 259, ethyl acetate-light petroleum afforded ent-lea-
chloro-108,13-dihydroxy-7-methoxycarbonyl-20-norgibber-
ella-2,16-dien-19-oic acid 19,108-lactone (3} (640 mg).

(¢) Methyl gibberellate (800 mg) in pyridine (6 ml) was
heated under reflux with triphenylphosphine (1.6 g) and
carbon tetrachloride (30 ml) for the following periods:

Amount of Compd.
Time compd. (3) Compd. (7) +(8)
(min.) (mg) (6) (mg) (mg)
15 360 120 90
45 200 270 90 (5%)
75 — 290 80 (10%,)
180 — 290 96 (18%)
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The percentage of (8) was based on the H n.m.r. spectrum
(18-H and CH= signals). Only 1p-chlorogibberellin Aj
methyl ester (400 mg) was obtained pure when the amount
of pyridine was reduced to 1 ml in a reflux period of 75 min.

Treatment of 1B3-Chlorogibberellin Ay, Methyl Ester with
Triphenylphosphine—Carbon Tetrachlovide.—The ester (3)
(300 mg) in pyridine (5 ml) was heated under reflux with
triphenyl phosphine (600 mg) and carbon tetrachloride (20
ml) for 3 h. The solvent was evaporated and the residue
chromatographed on silica. Elution with 7% ethyl
acetate-light petroleum gave the 18,13-dichloro-ester (6)
(290 mg) identified by its n.m.r. spectrum.

Treatment of the 18,13-Dichlovo-ester (6) with Triphenyl-
phosphine—Carbon Tetvachloride.—The dichloro-ester (6)
(500 mg) in pyridine (3 ml) was heated with triphenyl-
phosphine (1 g) and carbon tetrachloride (15 ml) under
reflux for 5 h. The solvent was evaporated and the residue
chromatographed on silica. Elution with 79 ethyl
acetate-light petroleum gave the starting material (250
mg). Elution with 129, ethyl acetate-light petroleum gave
ent-18,13-dichioro-10-kydvoxy-T-methoxycarbonyl-20-norgib-
berella-2,16-dien-19-0ic acid 19,108-lactone (200 mg) as a
gum (Found: M* 396.089. C,H,,0,%Cl, requires M
396.092), 3 1.47 (3 H, s, 18-H), 2.66 (1 H, d, J 9 Hz, 5-H),
298 (1 H, d, J 9 Hz, 6-H), 3.76 (3 H, s, OMe), 4.53 (1 H,
d, /3.5 Hz, 1-H), 5.18 (1 H, t, J 1.5 Hz) and 5.45 (1 H, t,
J 2 Hz) {(each 17-H), 5.84 (1 H, dd, J 3.5 and 9 Hz, 2-H),
and 5.96 (1 H, d, J 9 Hz, 3-H).

Treatment of the 3a,13-dichloro-ester (7) under the same
conditions gave only the starting material.

Treatment of Methyl Gibbevellate with Triphenylphosphine—
Hexachlovoacetone—The ester (1) (500 mg) in acetone (5 ml)
was heated under reflux with triphenylphosphine (1 g) and
hexachloroacetone (10 ml) for 2 h. The solvents were
evaporated under reduced pressure and the residue was
chromatographed on silica. Elution with 10% ethyl
acetate-light petroleum gave the 13,13-dichloro-ester (6)
(60 mg) followed by the 3«,13-dichloro-ester (7) (35 mg).
Each compound was identified by its n.m.r. spectrum.

Treatment of Methyl Gibberellate with Triphenylphosphine—
Carbon Tetrabromide.—The ester (1) (1.5 g) in acetone (10
ml) was heated under reflux with triphenyl phosphine (2.5 g)
and carbon tetrabromide (800 mg) for 5 h. The solvent was
evaporated and the residue was chromatographed on silica.
Elution with 209, ethyl acetate-light petroleum gave ent-
la-bromo-10p,13-dihydroxy-7-methoxycarbonyl-20-nor-
gibberella-2,16-dien-19-oic acid 19,108-lactone (5) (1.2 g) as
a gum (lit.,® gum) (Found: Mt 422. Calc. for C,H,,""BrOg
M 422), "m;;x. 3 400, 1780, 1730, 1 660 cm™; §1.22 (3 H,
s, 18-H), 2.60 (1 H, 4, J 10 Hz, 6-H), 3.16 (1 H, 4, J 10
Hz, 5-H), 3.78 (3 H, s, OMe), 4.67 (1 H, d, J 3 Hz, 1-H),
4.98 and 5.21 (each 1 H, 17-H), 5.66 (1 H, d, J 9 Hz, 3-H),
and 6.00 (1 H, dd, J 3 and 9 Hz, 2-H). When the reaction
was repeated in the presence of pyridine, the gummy ent-
1a,13-dibromo-108-hydroxy-7-methoxycarbonyl-20-norgib-
berella-2,16-dien-19-oic acid 19,10B-lactone (9) was the sole
product (Found: M+ 484. C,,H,,Br,0, requires M 484),
$1.25 (3 H,s, 18-H), 2.60 (1 H, d, J 10 Hz, 6-H), 3.20 (1 H,
d, J 10 Hz, 5-H), 3.78 (3 H, s, OMe), 4.7 (1 H, m, 1-H),
5.25 and 5.57 (each 1 H, 17-H), 5.78 (1 H, d, J 9 Hz, 3-H),
and 6.06 (1 H, dd, J 3 and 9 Hz, 2-H).

Preparation of Methyl 3-epi-Gibberellate (2).—The un-
saturated ketone (11)* (600 mg) in methanolic 0.4m-cerium-
(11) chloride (8 ml) was treated with sodium borohydride
(756 mg) for 15 min. at 0 °C. Water was added and the
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product recovered in ethyl acetate to afford ent-38,108,13-
trihydroxy-7-methoxycarbonyl-20-norgibberella-1,16-dien-

19-oic acid 19,108-lactone (2), (500 mg) which crystal-
lized from acetone-light petroleum as prisms, m.p. 176—
177 °C, (lit., 1 173—176 °C), v ., 3 400, 1 760, 1660 cm™, §
1.26 (3H, s, 18-H), 2.72 (1 H, d, J 10 Hz, 6-H), 2.91 (1 H, d,
J 10 Hz, 5-H), 3.70 (3 H, s, OMe), 4.20 (1 H, m, 3-H), 4.94
and 5.25 (1 H each m, 17-H), 5.86 (1 H, dd, J 1 and 9 Hz,
1-H), 6.22 (1 H, dd, J 3 and 9 Hz, 2-H).

Treatment of Methyl 3-epi-Gibberellate with Triphenylphos-
phine—Carbon Tetrachloride.—The ester (2) (300 mg) in
pyridine (2 ml) was heated under reflux with triphenyl-
phosphine (500 mg) and carbon tetrachloride (10 ml) for 3 h.
The solvents were evaporated and the residue was chroma-
tographed on silica. Elution with 59, ethyl acetate-light
petroleum gave ent-3(,13-dichloro-108-hydroxy-7-methoxy-
carbonyl-20-norgibberella-1,16-dien-19-oic  acid  19,10-
lactone (7) (30 mg). Further elution gave a mixture of ent-
1a,13-dichloro-108-hydroxy-7-methoxycarbonyl-20-norgib-
berella-2,16-dien-19-oic acid 19,108-lactone (6) and ent-
3a,13-dichloro-10-hydroxy-7-methoxycarbonyl-20-norgib-
berella-1,16-dien-19-oic acid 19,108-lactone (12) (120
mg) (ca. 2:1 by n.m.r.). The mixture crystallized as
needles, m.p. 96—98 °C, & (for 12) 1.30 (s, 18-H), 2.60 (d, J
10 Hz, 6-H), 3.35 (d, J 10 Hz, 5-H), 3.71 (s, OMe) 4.50 (m
3-H), 5.14 and 5.40 (17-H), 5.90 (dd, J 3and 9 Hz, 2-H), 6.25
(d, J 1 and 9 Hz, 1-H). Repetition of the experiment with
methyl 3-¢pi-[3-2H]gibberellate gave the same products but
the 3-H signal at § 4.50 was missing in the ent-3a,13-
dichloride. In the 18,13-dichloride the 3-H signal at § 5.86
was missing.

Treatment of Methyl 3-epi-Gibberellate with Tviphenylphos-
phine-Carbon Tetrabvomide.—The ester (2) (150 mg) in
pyridine (6 ml) was treated with triphenylphosphine (800
mg) and carbon tetrabromide (200 mg) under reflux for 3 h.
The reaction was worked up as above and the product
chromatographed to afford ent-1e,13-dibromo-108-hydroxy-
7-methoxycarbonyl-20-norgibberella-2,16-dien-19-oic  acid
19,108-lactone (9) as a gum (70 mg) identified by its
n.m.r. spectrum. When the reaction was repeated with
methyl 3-epi-[3-*H]gibberellate, the dibromide (9) was
obtained lacking an olefinic proton resonance at 3 5.78.

B. M. F. thanks the Fundacion Juan March for financial
assistance (1976) and J.Z.D. thanks the British Council for
financial assistance. We thank the P.C.M.U. for the de-
termination of the 220 MHz n.m.r. spectra and I1.C.I. for a
gift of gibberellins. We thank Professor J. MacMillan,
F.R.S. for discussions and an exchange of manuscripts.

[1/442 Received, 18th March, 1981]

REFERENCES

1 R. Appel, Angew. Chem. Int. Ed. Engl., 1975, 14, 801.

2 E. 1. Snyder, J. Org. Chem., 1972, 37, 14066.

3 J. R. Hanson and F. Y. Sarah, J. Chem. Soc., Perkin Trans.
1, 1979, 2488.

4 B. E. Cross, J. Chem. Soc., 1960, 2044.

5 J. R. Hanson in ‘ British Plant Growth Regulator, Mono-
graph 5—1980, Gibberellins,” ed. J. R. Lenton, p. 5.

¢ Z. J. Duri, B. M. Fraga, and J. R. Hanson, J. Chem. Soc.,
Perkin Trans. 1, 1981, 161.

7 E. J. Corey, T. M. Brennan, and R. L. Carney, J. Am. Chem.
Soc., 1971, 93, 7316.

8 R. E. Banks and B. E. Cross, J. Chem. Soc., Pevkin Trans. 1,
1977, 512; B. E. Cross and I. C. Simpson, J. Chem. Soc., Perkin
Trans. 1, 1981, 98.


http://dx.doi.org/10.1039/p19810003016

Published on 01 January 1981. Downloaded by Kings College London on 24/05/2018 11:00:48.

1981

® J. R. Bearder, P. S. Kirkwood, and J. MacMillan, J. Chem.
Soc., Perkin Trans. 1, 1981, 672.

10 R. M. Magid, O. S. Fruchey, W. L. Johnson, and T. G. Allen,
J. Org. Chem., 1979, 44, 359.

11 B. Voigt, G. Adam, N. S. Kobrina, E. P. Serebryakov, and
N. D. Zelinsky, Z. Chem., 1977, 17, 372; 1. A. Gurvich, N. S.
Kobrina, and V. F. Kucherov, Izv. Akad. Nauk SSSR, Ser.
Khim., 1969, 1805.

View Article Online

3019

12 N. Sheppard, J. Chem. Soc., 1960, 3040; J. R. Hanson, J.
Chem. Soc., 1965, 5036.

13 J. H. Bateson and B. E. Cross, J. Chem. Soc., Perkin Trans.
1, 1974, 2409.

4 J. R. Hanson, J. Hawker, and A. . White, J. Chem. Soc.,
Pevkin Trans. 1, 1972, 1892,


http://dx.doi.org/10.1039/p19810003016



