1043

PAPERS

Synthesis of 3-Ethoxycarbonyl-3-buten-4-olides and

3-Ethoxycarbonyl-4-butanolides

Frangoise GAUDEMAR-BARDONE*, Margarita MLADENOVA**, RENE COUFFIGNAL

Université Pierre et Marie Curie, Laboratoire de Synthése Organométallique, Batiment F,

4 Place Jussieu, F-75230 Paris Cedex 05, France

This paper describes a synthesis of 3-acyl-2-alkyl-3-ethoxycarbonylpropanoic
acids from ethyl 2-oxoalkanoates and 2-bromoalkanoic acids. These acids are
cyclised via intramolecular dehydration to give 2,4-dialkyl-3-ethoxycarbonyl-
3-buten-4-olides or are condensed with allylzinc reagents to give the 4-alkenyl-
2,4-dialkyl-3-ethoxycarbonyl-4-butanolides.

The ;-lactone structure is found in many natural products
which demonstrate a biological activity and, from this point
of view, the synthesis of such compounds is of considerable
interest. Many methods for the synthesis of simple y-lactones
are known but they cannot be applied easily to the prepa-
ration of functional y-lactones and specially to 3-ethoxy-
carbonyl-p-lactones' ~7. Thus, we report here the synthesis of
two different series of 3-ethoxycarbonyl-y-lactones, 2 and 3,
from 3-acyl-2-alkyl-3-ethoxycarbonylpropanoic acids 1. As
far as we know, compounds 1 and 3 have not previously been
described.
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In connection with our own work, we first developed® a
convenient access to the compounds 1, from the correspond-
ing p-ketoesters and a-bromoacids in the presence of sodium
ethoxide (Scheme A, Table 1).

Rl

Br)\"/OH

0

0 O
+
1)j\/U\OChHs

R

1. C2HsONa/C;HsOH/(CoHg N/ 0 R2

CuBrlcat.}, reflux,7h
2.H;09 R‘/ur\[(OH
70 - 86 %
: CaHs0" 0 ©

1| R 1| r R? la-k
al HiC g| HiC CHy
n-CiH; H h| HiC CaHs
n-CgHy i| HiC i-CyHy
d C><H Hojja| e @‘
e /-C3H7 H k n-Can C2H5
fl¢N H
Scheme A

When R? # H, the yields are obviously improved when
catalysts such as copper(I) bromide and triethylamine are
used. All the structures of these products have been confirm-
ed by spectroscopic determinations. These ketoester acids 1
are slightly soluble in water and sometimes they decompose
to a small extent during distillation. Thus, as the N.M.R.
spectra of the crude products are correct, they were used as
such for further reactions. The compounds 1g—k are mix-
tures of diastereoisomers and it is difficult to assign the con-
figuration of each isomer from the N.M.R. spectrum.

The compounds 2 (Table 2) are relatively little known'-®7.
They are prepared by intramolecular dehydration of acids 1
(Scheme B).
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Scheme B

The cheice of reaction conditions (dehydrating catalyst, solvent, and
temperature of the reaction) is very important here since the dehy-
dration may be accompanied by a transesterification reaction
followed by a decomposition of the intermediate product.
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Thus, the phosphorus pentoxide/phosphoric acid mixture in
dichloromethane solution proved to be the most effective
and general reagent for cyclisation to give 2. The use of sul-
phuric acid, p-toluenesulphonic acid, or acetic anhydride in
benzene, cyclohexane, or toluene affords less satisfactory re-
sults. The structures of the compounds 2 are proved by
I.R.*'” and N.M.R. spectrometry.

We have not been able to hydrolyse the ester function of 2
either in an acidic medium or in a basic medium. Under these
conditions, the lactone ring is opened and the starting acid 1
is obtained. Thus, to avoid this ring-opening when the
butenolides 2 are distilled, the pH of the medium must be
nearly 7.

Our one-step synthesis of compounds 3 (Table 3) consists of
the condensation of allylzinc reagents'! with the propanoic

acids 1 which react only at the carbonyl! function, as shown in
Scheme C.
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Table 1. 3-Acyl-2-alkyl-3-ethoxycarbonylpropanoic Acids 1

SYNTHESIS

Prod- Yield m.p. [°C] or Molecular I.R. (KBr) 'H-N.M.R. (CCl,/TMS)
uct [%] b.p. [°C}/torr Formula® viem 1P d[ppm]°
la 80 126-1287/0.03 CgH,,0, 1735, 1720 1.29 (1, CH,); 2.31 (s, CH3): 2.85 (d, CH,); 3.97 (4,
(188.2) CH, J = 7.2 Hz); 4.25 (g, CH,); 10.7 (s, OH)
1b 75 130--132°/0.03 C1oH160- 1740, 1725 0.90 (t, CH,); 1.26 (t, CH5); 1.4-2.0 (m, CH,); 2.6 (t.
(216.2) CH,): 2.87(d, CH,); 3.90 (t, CH, J = 7.2 Hz); 4.19 (q,
CH,); 10.5 (s, OH)
le 76 134-135°/0.02 C1,H,005 1745, 1730 0.90 (t, CH;); 1.29 (1, CH;); 1.0-2.0 (m, 3CH,); 2.62
(244.3) (t, CH,); 2.87 (d, CH,); 3.90 (t, CH, J = 7.2 Hz); 4.21
, (a, CH,); 9.6 (s, OH)
1d 82 138-139°/0.02 C13H,00< 1745, 1730 1.27 (1, CHy); 1.0-2.2 (m, 10 H); 2.4-2.8 (mr, CH,);
(256.3) 2.86(d, CH,);4.05(t, CH,J = 7.2 Hz); 4.20 (q. CH;):
10.5 (s, OH) '
le 70 126-1277/0.03 C,oH,60: 1745, 1730 1.02 (d, 2CHjy); 1.22 (t, CH3); 2.5--3.5 (m, CH); 2.80
(216.2) (d, CH,); 4.10 (t, CH, / = 7.2 Hz); 4.2 (q. CH,); 10.9
(s, OH)
If 86 147-150/0.02 Cy3H,,0; 1740, 1700 1.10 (t, CH;); 2.50 (s, CH,); 3.01 (d, CH,); 4.10 (q,
(250.2) CH,): 4.78 (t, CH, J = 7.2 Hz); 7.3-8.3 2m, 5H,..);
10.2 (s, OH)
1g 70 133-1357/0.02 CoH,,04 -
(202.2)
1h¢ 80 135-136°/0.02 C1oH 60x -
(216.2)
1if 70 138-140°/0.03 C41H,50¢ -
(230.2)
1j° 85 138° (petroleum  C,,H,,0-
cther) (264.3)
1k 75 140--142°/0.02 C1aH,,05 -
(272.3)
* Satisfactory microanalyses obtained: C +0.31, H 4:0.28.
® Perkin-Elmer R 257 spectrophotometer.
¢ 60 MHz Perkin-Elmer R 12 spectrometer.
4 Mixture of isomers.
Table 2. 2.4-Dialkyl-3-cthoxycarbonyl-3-buten-4-olides 2
Prod- Yield m.p. [°C] or Molecular [.R. (KBr) 'H-N.M.R. (CCl,/TMS)*
uct [%] b.p. [*C]/torr Formula® vlem 1] o [ppm]|
2a' 75 66-67°/0.05 C4H,(0, 1820, 1715, 1675 1.29 (t, CHy); 2.34 (dd, CH;, J = 2.3 Hz); 3.35 (q.
(170.2) CH,), 4.21 (g, CH.,)
2b! 65 70--71°/0.05 CoH,,0, 1820, 1715, 1670 1.31 (1. CHy); 1.46 (d, CH;): 2.38 (d, CH,, J
(184.2) = 2.2 Hz); 3.2-3.7 (m, CH); 4.22 (q, CH,)
2¢! 65 123-125°/20 C,0H140,4 1820, 1710, 1670 0.84(t, CH,4); 1.29(t, CH;); 1.6-2.2 (m, CH,); 2.38 (d,
(198.2) CH,. J = 2.2 Hz); 3.3-3.6 (m, CH); 4.22 (q, CH,)
2d 70 79.-80°/0.1 CoH 40, 1830, 1715, 1665 1.0 (1. CH,); 1.29 (1. CH,); 1.4-2.0 (m, CH,); 2.5-3.0
(198.2) (m, CH,); 3.34 (t, CH,, J = 1.6 Hz); 4.21 (q, CH;)
2e 70 98-100°/0.1 C,,H 60y 1820, 1705, 1655 0.93 (1, CH,); 1.29 (t, CH,); 0.8-2.0 [m, (CH;),J; 2.5~
(212.2) 3.0 (m, CH,): 3.36 (t, CH,, J = 1.5 Hz): 4.21 (q, C1{)
2 60 104-105°/0.04 Cy3H,50, 1830, 1715, 1660 1.5--2.2(m, 10H); 1.29 (t, CH;): 2.5-2.9 (m, CH); 3.33
(238.3) (s. CH,); 4.16 (q. CH,)
2g 50 60° C,H,,0, 1820, 1705, 1635 1.22(t, CH,); 3.55(s. CH,); 4.15(q, CH,); 7.5 8.0 (m,
(petroleum ether)  (232.2) SH,pem)
2h 50 105-106°/0.1 C,.H,,0, 1820, 1705, 1655 0.85(t, CH,); 0.91 (t, CH;,): 1.29 (t, CH): 0.8- 2.4 [m,
(254.3) (CH,);]; 2.6-3.0 (m, CH,); 3.3-3.6 (m. CH); 4.26 (q.

4 Satisfactory microanalyses obtained: C +£0.2, H £0.2.
P Agin Table 1.

It must be pointed out that allylmagnesium bromide, which
in addition to being more difficult to prepare than allylzinc
bromide, is not suitable for this reaction.

Under our experimental conditions the lactonisation takes
place in situ since the N.M.R. spectrum of the crude products
of each synthesis shows no trace of the corresponding acylic

CH,)

compound 4. However, if the reaction is carried out only for
short time (a few minutes), the N.M.R. spectrum of the crude
mixture shows the presence of a small amount of the 3-
ethoxycarbonyl-4-hydroxy acid 4. This latter product is com-
pletly lactonised into 3 under distillation conditions. It is
noteworthy that, within the limits of the precision
of the N.M.R. spectrometry, crotylzinc bromide
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b |He H H CHy f[T|i-CH; H W ™ materials 1 with a complete allylic rearrangement.
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K | Hsc CH o en R* = H, geometric isomers cis-3 and irans-3 were sep-

dime  H @‘ " H:C CHZ HC  H " arated by preparative H.P.L.C. (except for 3¢ and 3g) and
' the corresponding configurations assigned by N.M.R. spec-

€ ©_ HooH Ho flm{Hsc @’ H H trometry. For the compounds 3a-d, the ethoxycarbonyl
group exerts a shielding effect on the protons of the cis-

i @‘ HooH CHs i n | HyC @‘ H O methyl group linked to the cycle (trans-isomer)®>*+!2. This
@_ assignment of the configuration was confirmed in the case of
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Scheme C

Table 3. 4-Alkenyl-2,4-dialkyl-3-ethoxycarbonyl-4-butanolides 3

(Bruker, 250 MHz). A similar procedure was applied for 3h.

For 3e—g, the cis-isomer is the one for which the ethoxy-
carbonyl and the phenyl groups are in a cis-position: in this

Molecular

Prod- Yield cis/trans  m.p. [°C] or Isomer ILR. (KBr) 'H-N.M.R. (solvent/TMS)
uet  [%]  Ratio b.p. [*C]/torr Formula® viem 'T? é[ppm]°
3a¢ 80 30/70 91-927/0.02 C,1H,:0, 3080, 1790, (CCly): 1.31 (1, 3H, J = 7.1 Hz, CH,);
(212.2) 1740, 1650 1.53(s,3H. CH,); 2.1-3.5(m, 5H, 2CH,
+ CH); 4.22 (q, 2H, J = 7.2 Hz, CH,);
5.0-6.3 (m, 3H, H,C=CH—)
trans 3080, 1785, (CCly): 1.26 (s, 3H, CH,); 1.31 (t, 3H, J
1740, 1650 = 7.1 Hz, CH;); 2.3-3.6 (m, 5H, 2CH,
+ CH); 4.22 (q, 2H, J = 7.1 Hz, CH,);
4.8-6.3 (m. 3H, H,C=CH—)
375 40/60 95-97¢/0.05 C,,H 0, 3080, 1780, (CCly): .31 (t, 3H, J=7.2Hz, CH,);
(226.2) 1740, 1650 1.51(s,3H. CH;); 1.80(s,3H, CH,); 2.0—
3.4(m,5SH.2CH, + CH);4.23(q, 2H,J
= 7.1 Hz, CH;);4.6-5.1 (m,2H, H ,C==
trans 3080, 1785, (CCly): 1.24 (s, 3H, CH,); 1.31(t, 3H, J
1740, 1645 = 7.1 Hz, CH;); 1.80 (s, 3H, CH,); 2.2~
3.6(m,5H.2CH, + CH), 4.23(q, 2H.J
= 7.2Hz,CH,);4.8-5.1 (m,2H, H,C=)
3¢ 75 10/90 100-1027/0.07 C.H,404 3080, 1790, (CCl,):1.14(d,3H.J = THz, CH,); 1.27
(226.2) 1740, 1645 (s, 3H, trans CH,);, 130 (1, 3H, J
= 7.1 Hz, CH;); 1.48 (s, 3H. ¢is CH,);
2.2-3.7 (m, 4H, CH, +2CHY; 4.21 (q.
2H, J = 7.1 Hz, CH,); 5.0-6.2 (m. 3H,
H,C=CH~—)
3d¢ 60 20780 140-142°/0.02 Cy-H,,0, 3080, 1795, (CCL): 1.33 (t, 3H, J = 7.1 Hz, CH,);
(288.3) 1740, 1645 1.42 (s, 3H, CH,); 2.5-4.0 (m, 4H, CH,
+2CH); 4.25(q, 2H, J = 7.2 Hz, CH,);
4.9-5.9(m, 2H, H,C=); 5.9-6.8 (m. { H,
=CH); 74 (s, SH,, .}
rrans 3080, 1795, (CCly): 1.05 (s, 3H, CH,): 1.35(t, 3H, J
1745, 1645 =72Hz, CH,); 2.1-39 (m, 4H, CH,

3! 65 50/50 155-156°/0.05; 90°  C,¢H,40,

(petrolcum cther)  (274.3)

trans 3085, 1785,

+2CH); 4.25(q. 2H, J = 7.1 Hz. CH,);
5.1-5.6 (m, 2H, H,C=); 6.1-6.7 (m. 1 H.
=CH); 7.35 (s, 5H,,,,,)
(CCL,): 0.93 (1, 3H, J = 7.2 Hz, CH,);
2.6-3.0 (m. 5H, 2CH, + CH); 3.73 (g,
2H.J=7.1Hz, CH,); 49-6.1 (m. 3H,
H,C=CH--): 7.30 (s. $H,,,,)

(CDCly): 1.33 (t, 3H, J = 7.1 Hz, CH,);
2.0-3.7 (m, SH, 2CH, + CH); 4.27 (q.
2H, J = 7.1 Hz, CH,); 4.6-6.0 (m, 3H,
H,C=CH-—); 7.40 (5. SH

3060, 1785,
1735, 1640

1720, 1640

amm,)
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Table 3. (Continued)

SYNTHESIS

Prod- Yield cis/trans m.p. ['C] or Molecular Isomer [.R. (KBr) 'H-N.M.R. (solvent/TMS)
uct [%]  Ratio b.p. [°Cl/torr Formula® v[lem ™ 1]° d[ppm]©
3 65 75/25 60°° Cy,H,,0, cis 3080, 1770, (CDCl3): 097 (t, 3H, J = 7.1 Hz, CH,);
petroleum ether)  (288.3) 1740, 1640 1.68 (s, 3H, CH;); 2.7-3.8 (m, 5H, 2CH,
+ CH); 3.70 (q, 2H, J = 7.2 Hz, CH,):
4.75-5.05 (m, 2H, H,C=), 7.40 (s,
5 Harom)
66°° trans 3080, 1790, (CDCl,): 1.37 (t, 3H, J = 7.2 Hz, CH,;);
(petroleum ether) 1715, 1645 1.51(s,3H,CH;); 2.2-3.7(m, SH,2CH,
+ CH); 4.33 (q, 2H, J = 7.2 Hz, CH,);
4.5-4.8 (m,2H, H,C==); 7.44 (s, 5H,,0)
3g 60 65/35° 130--133°/0.02 C,,H,00, - 3080, 1800, (CCl,): 0.87 (s, 3H, CH,); 1.00 (¢, 3H, cis
(288.3) 1745, 1645 CH,;); 1.39 (1, 3H, trans CH,); 2.3-4.5
(m, 4H, CH, +2CH); 3.77 (q, 2H, J
=72Hz, CH,); 4.85-6.3 (m, 3H,
H,C=CH—); 74 (s, 5H,,..)
3nd 65 60/40 105-108°/0.03 C,3H,,0, cis 3080, 1790, (CDCly): 097, 0.98 [2d, 3H each, J
(240.3) 1740, 1648 =6.8Hz, (CHy),]; 1.30 (t, 3H, J
= 7.1 Hz, CH,); 2.13 (m, 1H, CH); 2.42
(dd, 1H, J=14.4Hz, 9.2Hz, HCH),
2.77 (dd, 1H, J=144Hz, 5.3 Hz,
HCH); 2.66, 3.02 (2dd, 1H each, J
=18.2Hz, 9.5Hz, CH,); 3.49 (t, 1H, J
=9.5Hz, CH);4.22(q, 2H, J = 7.1 Hz,
CH,); 5.25-5.80 (m, 3H, H,C=CH—)'
trans 3080, 1780, (CDCl;): 0.99, 1.01 [2d, 3H each, J
1740, 1650 =6.8Hz, (CHj),]; 1.30 (¢, 3H, J
= 7.2 Hz, CH;); 2.21 (m, 1H, CH); 2.70
(dd, 1H,J = 18.3 Hz, 10.4 Hz, CH), 3.14
(dd, 1H, J =18.3 Hz, 8.7 Hz, CH); 3.35
(dd, 1H, J =10.4 Hz, 8.7 Hz, CH); 4.19
(q,2H,J = 7.2 Hz,CH,); 5.13, 5.80 (2m,
3H, H,C=CH—)'
3i¢ 55 65/35 108--110°/0.05 C,,H,,0, cis 3080, 1790, (CDCl,): 0.96 [2d, 3H each, J = 6.6 Hz,
(254.%) 1740, 1650 (CH,),}; 1.30 (t, 3H, J = 7.1 Hz, CH,;),
1.80(s,3H, CH;); 2.0-3.5(m, 5H, 2CH,
+ CH); 4.25 (q, 2H, J = 7.1 Hz, CH,);
4.8-5.1 (m, 2H, H,C=)
trans 3080, 1795, (CDCl,): 0.96 [2d, 3H each, J = 6.6 Hz,
1740, 1650 (CH3),1; 1.30 (t, 3H, J = 7.1 Hz, CH,);
1.80(s, 3H, CH3); 1.9-3.9(m, 5H, 2CH,
+ CH); 4.25 (g, 2H, /=71 Hz, CH,);
4.8--5.2 (m, 2H, H,C=)
3j 65 - 100--1029/0.07 C,H,50, - - -
(226.2)
3k 70 - 105--107°/0.07 C,3H;40, - - -
(240.2)
3150 - 100-102°/0.04 C,y3H1004 -
(240.2)
3m 65 - 139--140°/0.02 C,,H 300, - - -
(288.2)
3n 65 - 141-142°/0.05 C,sH,,0, - - -
(302.4)
30 65 - 146-147°/0.04 Cy5H,,04 - -
(302.4)

2 Satisfactory microanalyses obtained: C +£0.2, H £ 0.1.

%¢ As in Table 1.

¢ H.P.L.C.separations were performed on a column (240 x 40 mm L. D.) filled with silica gel H60 under a pressure of 12 bar, elution under a
pressure of 6 bar, solvent: petroleum ether/ether: 60/40 for 3a, 3d, 3h; 55/45 for 3b; 50/50 for 3e; and 65/35 for 3i.

¢ Separated by crystallisation (petroleum ether) from the mixtures of the two isomers.

f Recorded at 250 MHz on a Bruker WM spectrometer.

case, the alkoxy protons of the ethoxycarbonyl group reso-
nate at higher field, while in the trans-isomer, the same pro-
tons resonate at lower field®. The cis/trans-ratio of isomers
can be estimated by means of the integration curve referred

to each signal mentioned above; the previous result was con-
firmed by H.P.L.C. separation of each isomer. Some tests
were carried out with the purpose of changing the propor-
tions of the isomers: variation of the reaction time, influence
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of the solvent (hexamethylphosphoric triamide, dimethoxy-
ethane, dimethyl sulphoxide). Dimethyl sulphoxide is the
only solvent which slightly changes (10 % in favour of the
trans-isomer) the stereochemistry of the reaction. When
R? # H all products are mixtures of isomers.

In contrast to the saponification of compounds 2, the ester
function of 3a and 3b can be hydrolysed in a basic medium
with retention of the lactone cycle: 3-carboxy-4-butanolides
5 are prepared (Scheme D).

0CaHs 1. NaOH/H20, r., 48h o OH
0 2. H;0® N
HaC 00 H2C 0
3b 5b
Scheme D

For both cis-3b and trans-3b, the reaction takes place with a
total retention of configuration and leads to the correspond-
ing lactonic acid cis-5b or trans-5b.

3-Acyl-2-alkyl-3-ethoxycarbonylpropanoic Acids 1; General Proce-
dure:

To a stirred solution of sodium ethoxide (prepared from 4.6 g of
sodium, and 140 ml ethanol) are added the ethyl B-ketoester
(100 mmol) in ethanol (70 ml) then the a-bromoacid (100 mmol) dis-
solved in ethanol (70 ml), triethylamine (3ml), and copper(I)
bromide (0.1 g). The mixture is heated to reflux for 7h. Ethanol is
removed under reduced pressure, the viscous residue is diluted with
water (50 ml) and concentrated hydrochloric acid, extracted with
ether (3 x 50 ml). The ether layer is washed with the minimum
amount of water then dried with anhydrous magnesium sulphate.
After evaporation, the residue is distilled under vacuum. Use of
catalyst is not necessary for R? = H.

2,4-Dialkyl-3-ethoxycarbonyl-3-buten-4-olides 2; General Procedure:
A mixture of phosphorus pentoxide (6 g) and phosphoric acid (4 ml)
is stirred and heated until entire dissolution. After cooling, acid 1
(25 mmol) dissolved in dichloromethane (20 ml) is introduced and
the stirred mixture is heated for 4.5h. The reaction is quenched by
the addition of cold water (40 ml) and extracted with ether (50 ml).
The cther layer is washed with saturated sodium hydrogen carbonate
solution until pH = ~ 7, dried with anhydrous magnesium sulphate,
and concentrated. The residue is distilled in vacuo.
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4-Alkenyl-2,4-dialkyl-3-ethoxycarbonyl-4-butanolides 3; General
Procedure:

All reactions are performed under a nitrogen atmosphere in a 250 ml
flask equipped with a thermometer, a mechanical stirrer and a pres-
sure equalising addition funnel. All allylzinc reagents are prepared
according to Ref.!!. To the solution of allylzinc reagent (50 mmol) in
tetrahydrofuran (25 ml) is added at — 10°C acid 1 (22.5 mmol) in
tetrahydrofuran (5 ml). The reaction is exothermic. The cooling bath
is removed and the stirred solution is maintained at room tempera-
ture for 4h, then hydrolysed with water (30 ml) and hydrochloric
acid (£ ml). The organic layer is washed with water (10 ml), dried
with anhydrous magnesium sulphate, then concentrated. The re-
sidue is distilled under reduced pressure.

4-Alkenyl-3-carboxy-4-methyl-4-butenolides 5:

A mixture of lactone 3a or 3b (2.5 mmol) and sodium hydroxyde
(0.2 g) dissolved in water (5 ml) is stirred until homogeneity then
kept 48 h at room temperature. After acidification (pH = ~ 1), the
water is removed under vacuum, the residue is dissolved in ether, and
then filtered. Evaporation gives a crystalline product.

cis-5b; yield: 90 %; m.p. 130-131°C (CCl,).

CioH,O4 cale. C60.59 H7.12

(198.2) found 60.35 7.29

"H-N.M.R. (CDCl,): 6 = 1.60 (s, CH};); 1.82 (s, CH,); 2.0-3.7 (m,
2CH,, CH); 4.7--5.2 (m, =CH,); 13.3 ppm (s, OH).

trans-5b; yield: 95%; m.p. 122-123°C (CCl,).

C,oH{,0, calc. C60.59 H7.12

(198.2) found 60.81 7.05

"H-N.M.R. (CDCl,): 6 = 1.40 (s, CH,); 1.84 (s. CH;); 2.5-3.8 (m,
2CH,, CH); 4.8-5.2 (m, =CH,); 13.5 ppm (s, OH).

We thunk Dr. Nicole Goasdoue for recording the N.M.R. spectra ai
250 MHz and for their interpretation.
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