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Abstract

The catalytic activation of pro-2-ynylic ethers HC=CCR,OMe towards carboxylic acids is controlled to regioselectively afford the
functional enol esters R*CO,C(=CH,)CR,OMe or R*CO,CH=CHCR,0OMe corresponding to the addition of the carboxylate to either
C(2) or C(1) of the termina triple bond, depending on the nature of the ruthenium catalyst precursor RuCl(PPh,)( p-cymene) or
Ru(n3-2-methyl propenyl).,(dppe), respectively. © 1997 Elsevier Science S.A.
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1. Introduction

Acetylenic compounds have found a considerable
interest in organic synthesis due to the development of
new selective metal-catalysed transformations [1-3].
They have been involved in a variety of catalysed
carbon—carbon bond formation reactions including
dimerization [4-10] and cyclotrimerization [11-13],
coupling with alkenes [14-21], alenes [22-26], car-
benes [27,28], carbonucleophiles [29-31], cross-cou-
pling with halogenated olefins and arenes [32—34], and
carbonylation [35—39].

The formation of carbon—heteroatom bonds from
alkynes to produce functional alkenes is less docu-
mented and besides the direct addition of methanol [40]
or water [41-43] to triple bonds, the most useful exam-
ples concern intramolecular cyclizations which generate
oxygenated and nitrogen heterocycles [44-51].

We have shown that especialy ruthenium(ll) com-
plexes were able to provide electrophilic activation of
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the triple bond of terminal aryl and alkyl acetylenes
towards the addition of ammonium carbamates [52,53]
and carboxylic acids [54-58]. (Arene)RuCl,(PR;) (1)
and even the ruthenium(l) derivative [Ru(n?2-
O,CH)(CO),(PR,)], appeared to be the best catalysts to
promote the regiosel ective addition of the carboxylate to
the internal C(2) carbon of the alkyne and make possi-
ble the preparation of avariety of enol esters, even from
functional and opticaly active carboxylic acids that
have been used for acylation under mild conditions
[59-61] (Eq. (2)).
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More recently, the regioselectivity of the addition
was reversed by using a new class of ruthenium(il)
catalysts containing a chelating diphosphine and two
allylic groups as ligands. (1,4-
Bis(diphenylphosphino)butane)Ru(n3-CH,,CMeCH , ),
Il led to the selective anti-Markovnikov and trans-ad-
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dition of carboxylates to terminal alkynes to afford
(2)-alk-1-en-1-yl esters in high yields [62—64].

ph\H/OH (dppb)Ru(CH,C(Me)CHy) \Y
PPB)RU(CH,C(Me)CHa),  Ph o (2
o + ﬁ \n/
(o]

The utilization of the functional propargyl acohol
revealed that the presence of the hydroxy group had a
strong influence on the reaction as it orientated the
addition of the carboxylate to the internal C(2) carbon
of the triple bond and allowed the formation of B-keto-
esters via an intramolecular transesterification whatever
the type of catalyst, (arene)RuCl,(PR;) (1),
[Ru(O,CH)(CO),(PR,)], or (dppb)Ru(CH,CMeCH,),
Il (Eq. (3)) [65-67].
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To elucidate the influence of the functional group at
the a-position of the C=C triple bond on the regiose-
lectivity of the addition, the catalytic activation was
performed with O-protected propargylic derivatives in
the presence of various ruthenium catalysts in an at-
tempt to selectively produce the functional allyl ethers
R'CO,CH=CHCR,OMe (A), which have potential for
the synthesis of enamines (B) [68] and «-cyanoesters

(©) [69].
R
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We now report the study of the catalytic activation of
propargylic ethers promoted by ruthenium catalysts in
the series (arene)RuCl,(PR;) (1) and
(diphosphine)Ru(bis(2-methylpropenyl) (11 and 111)
complexes. We show that the protection of prop-2-yn-1-
ols as ether derivatives makes possible the regioselec-
tive addition of carboxylatesto either the terminal or the
internal carbon atom of the triple bond, depending on
the nature of the catalyst, and offers a selective access

to the functionalised olefins RCO,C(=CH,)CR'R*OMe
(Eg. (4)) or RCO,CH=CHCR'R*OMe (Eg. (6)).
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2. Results and discussion

2.1. Regiosdlective synthesis of 1-methoxyprop-2-en-2-yi
esters

The addition of carboxylic acids to methyl prop-2-
ynyl ether 1 in toluene at 110°C for 15 h in the presence
of RuCl,(PPh,)( p-cymene) | as catalyst led to the
formation of the esters 2-5 in 73—90% vyields (Eq. (4)).
The reaction appeared to be genera and could be
applied to N-protected amino acids for the preparation
of optically pure enol ester as exemplified by the obten-
tion of compound 5 from the natural (L)-alanine deriva

tive.
I om
(o]

(4)

R. OH {p-cymene)RuCly(PPhj)
+ = R
\n/ \ 140°C/15 h \n/

fo) 1 OMe 5

R=Ph (2) 73% ; iPr (3) 80% ; PhCH,OC(O)NHCH; (4) 90% ; (L)~‘Bu()C(())NHCHMe (5) 87%

2-5

The protection of the hydroxy group of the alkynol
via an ether group does not change the regioselectivity
of the addition of the carboxylate to the triple bond with
catalyst | which is specific of the addition to the C(2)
carbon atom of terminal triple bonds. However, the
reaction requires a higher temperature (110°C) than
from prop-2-yn-1-ols (65°C). It is noteworthy that the
addition of carboxylic acids to the triple bond to give a
functional enol ester is also possible when the hydroxy
group is protected by an ester group. Thus, the addition
of acetic acid to propargy! acetate and propargyl benzo-
ate at 100°C for 15 h in the presence of 1 mol% of
( p-cymene)RuCl ,(PMe;) led to the corresponding 1-
acetoxyprop-2-en-2-yl (6) and 1-benzoylprop-2-en-2-yl
(7) acetates in 93 and 60% yield, respectively.

0,CMe ” Jl\/ochh
MeCOZJI\/ 2 L MeCO,

6 0,CR 7

The efficiency of another catalytic system based on
bis(n°-cyclooctadienyl)Ru/maleic anhydride/trial-
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kylphosphine for the Markovnikov addition of car-
boxylic acids to propynyl ethers, acetates and carbon-
ates has also been demonstrated [70,71].

2.2. Regio- and stereoselective synthesis of 3-metho-
xyprop-1-en-1-yl esters

We had previously shown that (dppb)Ru(2-methyl-
propenyl), 11 was the catalyst precursor of choice to
promote the regioselective addition of carboxylic acids
to the C(1) carbon atom of the triple bond of terminal
alkynes such as phenylacetylene or hex-1-yne and con-
jugated enynes [62—64]. This catalyst was evaluated in
the activation of HC=CCH ,OMe towards the addition
of carboxylic acids. Benzoic acid reacted with 1 in
toluene at 65°C for 20 h in the presence of 1 mol% of 11
to give the enol ester 2 as the main product in 73%
isolated yield and 96% selectivity (Eg. (5)). The regios-

Table 1
Synthesis of (Z)-enol benzoates from propargylic ethers and benzoic
acid®
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*Reactions were carried out by using 10 mmol of benzoic acid, 10
mmol of propargylic ether and 0.1 mmol of complex |11 at 80°C in
toluene under dinitrogen.

®|solated yield.

Selectivity is ((Z)-isomer /total enol esters) x 100.

electivity of this reaction could be completely reversed
by adding 1 mol% of PPh, to the catalytic system and
96% vyield of (Z)-3-methoxyprop-1-en-1-yl benzoate 8
was obtained after 2.5 h at 80°C (Eq. (5)).
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The influence of the addition of PPh; has an effect
on both the regioselectivity and the rate of the reaction.
The utilization of this catalytic system based on the
association of (dppb)Ru(2-methylpropenyl), 11 and
PPh; (1-1 mol%) 2 with aliphatic carboxylic acids did
not lead to ak-1-en-1-yl esters 8 but selectively to
alk-1-en-2-yl esters, and was not efficient enough to
make possible the addition of benzoic acid to more
bulky propargylic ethers. For instance, the addition of
benzoic acid to 4-ethyl-3-methoxyoct-1-yne in the pres-
ence of 11 /PPh; (1-1 mol%) led to the (Z)-benzoate 9
(Table 1), but with a poor yield of 22% after 22 h at
80°C.

A drastic improvement of this reaction resulted from
the use of (1,2-bis(diphenylphosphino)ethane)Ru(2-
methylpropenyl), 111 as catalyst precursor without any
additional phosphine. Thus, the reaction carried out at
80°C for 4 h in the presence of 1 mol% of 111, led to a
complete conversion of the starting reagents and the
isolation of the sole (Z)-benzoate 9 in 81% yield (Eq.
(6), Table 1).
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R’ OR
2 (dppe)Ru(CH,CMeCH),).
ppe)Ru e
. 2 2)2 Ph\n/o y (6)

2

R 80°C
= o 9-16
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The activity of catalyst 11 for the addition of ben-
zoic acid to a variety of propargylic ethers was studied.
Propargy! ethers were converted into (Z)-3-methoxyalk-
1-en-1-yl benzoates 9—15 and the (Z)-3-allyloxyalk-1-
en-1-yl benzoate 16 in good yields and high regio- and
stereoselectivities (Table 1). The use of the catalyst
precursor |11 aso made possible the addition of the less
reactive acetic acid to selectively give 17 in 50% yield
(Eg. (7). These compounds could find applications in
organic synthesis as they bear a leaving alylic ether
group, which is known to be easily activated by palla
dium(0) complexes, and an enol ester group which can
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react with secondary amines to give functionalised
enamines [68] or nitriles [69].
Bu

Et Et OMe
Bu
MeCOH + — _m Me\n/o _ (7
80°C

OMe 17
(o]

We have recently shown that the anti-Markovnikov
addition could even take place in the case of free
akynols as 3-hydroxyprop-1-en-1-yl esters could be
generated by the reaction of benzoic acid with propar-
gylic acohols in the presence of the same ruthenium
catalyst precursor II1. However, in this case, the hy-
droxylated enol esters were very reactive and they
easily released the acid and an enal either upon thermal
treatment or elution over silicagel, and the overall reac-
tion constitutes an excellent method to isomerise prop-
2-yn-1-ols into conjugated unsaturated aldehydes (Eq.
(®) [72].

OH
+ (8
PhCO,H PhCOz\j _\_<

phco2

3. Conclusion

The activation of the triple bond of propargylic ethers
by ruthenium complexes towards the addition of car-
boxylic acids has been achieved and both regiosel ectivi-
ties have been controlled by changing the nature of the
catalyst precursor. This catalytic regioselective reaction
gives access to allylic ethers bearing an ester functional-
ity: Either RCO,C(=CH,)CR'R?OR® with (p-
cymene)RuCl,(PR,) (I) or RCO,CH=CHCR'R*OR?
with (dppe)Ru(methallyl), (I11) catalyst precursor. It
represents a new example of a reaction which satisfies
the atom economy criteria [73]. The presence of the
oxygen atom at the propargylic position does not force
the Markovnikov addition of the carboxylate to the C(2)
carbon atom of the terminal triple bond, as suggested by
the first experiments with catalysts | and 1. Indeed, we
have shown that the addition to C(1) always requires the
presence of a bidentate diphosphine ligand coordinated
to the ruthenium(l1) centre but its nature depends on
that of the substrate: The anti-Markovnikov addition to
simple alkynes and enynes can be performed with dppb
as ligand [62-64], but the above results show that the
use of dppe becomes compulsory for the activation of
propargylic alcohols [72] and their ether derivatives. At
this stage, the mechanism is not established and only

suggestions can be made. In previous reactions with
non-oxygenated alkynes [57,63], we have made clear
that the formation of enol esters does not take place via
insertion of the C=C bond into a (carboxylate) O—Ru
bond. We can postulate that an external addition of the
carboxylate occurs at the C=C bond activated by coor-
dination to the ruthenium centre. The
(Ph,PCH,CH ,PPh,)Ru moiety might allow an interac-
tion of the metal with both the triple bond and the
oxygen atom of the ether functionality in
HC=CCR,OMe or HC=CCR,OH [72] so that the
approach of the carboxylate at the carbon (1) of the
triple bond is favoured. On the other hand, the
(Ph,P(CH,),PPh,)Ru moiety is distorted from pla-
narity and this might have an effect on the coordination
of HC=CCR,OMe which prevents the addition at car-
bon (1) and preferentially orientates the addition to
carbon (2) of the terminal alkyne.

4. Experimental section
4.1. Preparation of 1-methoxyprop-2-en-2-yl esters 2-5

20 mmol of carboxylic acid, 24 mmol of methyl
prop-2-ynyl ether and 0.2 mmol of (p-
cymene)RuCl ,(PPh,) were stirred for 15 h at 110°C in
10 ml of toluene under dinitrogen. After evaporation of
the solvent, the esters 2-5 were isolated by Kugelrohr
distillation under reduced pressure or chromatography
over silicagel with diethylether as eluent.

4.2. 1-methoxyprop-2-en-2-yl benzoate (2)

2.8 g (73%) of the ester 2 were isolated as a colour-
less I|qU|d by Kugelrohr distillation (100°C/2.5 mm
Ho). 'H NMR (CDCl,), 300.133 MH2) &: 339 (s, 3H,
Me); 4.09 (s, 2H, CH§O) 5.10 (d, 1H, *J=1.7 Hz,
=CHH); 5.12 (d, 1H, “J=1.7 Hz, =CHH); 7.33 (m,
2H, Ph); 7.59 (m, 1H, Ph); 8.08 (m, 2H, Ph). IR: 1735
(C=0), 1675 (C=C) cm~*. Andl. calcd. for C;,H,,0,:
C, 68.74; H, 6.29. Found: C, 68.79; H, 6.31. MS(m/ 2)
192 (M*).

4.3. 1-methoxyprop-2-en-2-yl isobutanoate (3)

2.25 g (80%) of the ester 3 were isolated as a
coIourIels liquid by Kugelrohr distillation (70°C/2.5
mm Hg) 'H NMR (CDCl,), 300.133 MHz) 8:1.15(d,
3H, %J=7.0 Hz, MeCH); 1.45 (d, 3H, %J=7.0 Hz,
MeCH); 2.70 (m, 1H, Me,CH); 3.28 (s, 3H, MeO);
3.92 (s, 2H, CH,0); 4.95 (s, 2H, =CH,). IR: 1735
(C=0), 1672 (C=C) cm™*. Anal. cdcd. for CgH,,0,:
C, 60.74; H, 8.92. Found: C, 60.79; H, 8.93. MS(m/ 2)
158 (M ™).
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4.4. 1-methoxyprop-2-en-2-yl N-(benzyloxy-

carbonyl)glycinate (4)

5.02 g (90%) of the ester 4 were isolated as a yellow
oil after purification over silicagel. "H NMR (CDCl,),
300.133 MHz) &: 3.34 (s 3H, MeO); 3.90 (s, 2H,
CH,OMe); 3.98 (d, 2H, %J=5.2 Hz, CH »N); 496 (s,
2H, =CH,); 5.08 (s, 2H, CH,Ph); 5.64 (t, lH 3J=52
Hz, NH); 7.30 (s, 5H, Ph) IR: 1765 (C=0), 1725
(C=0), 1675 (C=C) cm ! Ana. cacd. for
C,H,NO;: C, 60.21; H, 6.14; N, 5.02. Found: C,
60.24; H, 6.17; N, 5.07. MS(m/z) 279 (M™*).

4.5. 1-methoxyprop-2-en-2-yl N-(tert-butoxycarbonyl)-
L-alaninate (5)

4.52 g (87%) of the ester 5 were isolated as aydlow

oil after purification over silicagel. "H NMR (CDCl),),
300.133 MHz) &8: 142 (s, 9H, Me,C); 1.49 (d, 3H,
%)= 7.1 Hz, MeCH); 3.28 (s, 3H, MeO); 3.90 and 3.91
(25 2H, CH,OMe); 4.32 (m, 1H, CHMe); 4.93 (d, 1H,
?J=24Hz, =CHH); 498 (m, 1H, =CHH); 512(br
s, 1H, NH). IR: 1770 (C=0), 1715 (C=0), 1675
(C=C) cm™*. And. cacd. for C;,H,,NO,: C, 55.58;
H, 8.16; N, 5.40. Found: C, 55.78; H, 8.20; N, 5.37. MS
(m/z) 203 (M-CH,=CMej).

4.6. (2)-3-methoxyprop-1-en-1-yl benzoate (8)

From 1.22 g (10 mmol) of benzoic acid, 1.1 ml of
methyl prop-2-ynyl ether, 64 mg (0.1 mmol) of bis(2-
methylpropenyl)(dppb)Ru and 26 mg (0.1 mmol) of
triphenylphosphine at 80°C for 2.5 h, 1.4 g (73%) of the
ester 8 was isolated after purification over silicagel. *H
NMR (CDCIg) 300.133 MHz 5: 3.30 (s, 3H, MeO);
4.22 (dd 2H, %1=67 Hz, “J=1.5 Hz, CH ,0); 5.12
(dt, 1H, *J=6.5 and 6.7 Hz, =CHCH,); 73- 7.6 (m,
4H, Ph 4+ =CHO); 8.00 (m, 2H, Ph). IR 1735 (C=0),
1670 (C=C) cm~'. And. calcd. for C;;H,;,0;: C,
68.74; H, 6.29. Found: C, 68.79; H, 6.31. MS (m/2)
192 (M™).

4.7. Preparation of (2)-3-methylprop-1-en-1-yl esters
9-17

10 mmol of carboxylic acid, 10 mmol of propynyl
ether and 0.1 mmol of (dppe)Ru(CH,CMeCH,), were
stirred at 80°C in toluene under dinitrogen. After evapo-
ration of the solvent, the esters 9-17 were isolated by
Kugelrohr distillation under reduced pressure or chro-
matography over silicagel.

4.8. (2)-4-ethyl-3-methoxyoct-1-en-1-yl benzoate (9)

259 g (81%) of the ester 9 were isolated as a
colourless liquid by Kugelrohr distillation (177°C/3

mm Hg). "H NMR (CDCl,), 300.133 MHz) é: 083—
0.96 (m, 6H, 2 Me); 1.23-1.53 (m, 9H, 4 CH
CHCH,); 3.32 (s, 3H, OMe); 432(dd 0.5H, 3= 89
and46Hz MeOCH); 4.34 (dd, 05H 3J=89and 4.6
Hz, MeOCH); 4.95 (ddd, 1H, %J=95 and 6.5 Hz,
*J =05 Hz, =CHCH(OMe)); 7.45-8.11 (m, 6H, Ph +
=CHO). IR: 1735 (C=0), 1670 (C=C) cm i MS
(m/2z) 191 (M—CH(EtC,H{).

4.9. (2)-3-methoxy-3-methylbut-1-en-1-yl benzoate (10)

1.80 g (86%) of the ester 10 was isolated as a
colourless liquid by Kugelrohr distillation (145°C/3
mm Hg). 'H NMR (CDCl,), 300.133 MH2) &: 150 (s,
6H, Me,C); 3.25 (s, 3H OMe); 4.94 (d, 1H, ®J=7.3
Hz, =CH); 7.33(d, 1H, °J = 7.3 Hz, OCH=); 7.44-8.12
(m, 5H, Ph). IR: 1765 (C=0), 1670 (C=C) cm™ 1. MS
(m/2z) 205 (M-Me").

4.10. (2)-3-methoxy-3-methylpent-1-en-1-yl benzoate
(11)

1.71 g (73%) of the ester 11 was isolated as a
colourless liquid by Kugelrohr distillation (145°C/3
mm Hg) 'H NMR (CDCl,), 300.133 MHz) &: 0.91 (t,
3H, %)= 75 Hz, MeCH) 1.46 (s, 3H, MeC); 1.74
(gd, 2H, 3)=57 HZ ‘=17 Hz, CH,); 3.21 (s, 3H,
OMe) 484(d 1H, %J=7.3 Hz, =CH); 7.34 (d, 1H,
) =7.3 Hz, OCH=); 7.43-8.10 (m, 5H, Ph). IR: 1735
(C=0), 1668 (C=C) cm™*. MS (m/2z) 202 (M-
MeOH™).

4.11. (2)-3,5-dimethyl-3-methoxyhex-1-en-1-yl benzoate
(12)

252 g (74%) of the ester 12 were isolated as a
colourless liquid by Kugelrohr distillation (140°C/3
mm Hg) 'H NMR (CDCl,), 300.133 MHz) 8:0.95 (d,
3H, *J = 6.6 Hz, MeCH Me); 0.97 (d, 3H, *J = 6.6 Hz,
MeCHMe) 1.52 (s, 3H, MeC); 1.64 (dd, 1H, J 14.1
Hz, J—64Hz CHHCHMe,); 1.72(dd, 1H, ?J = 14.1
Hz, J = 6.4 Hz, CHHCHMe,); 183 (m, 1H, Me,CH);
3.22 (s, 3H, OMe) 4.92 (d, 1H, *J=7.4 Hz, =CH);
7.33 (d, 1H, ®J= 7.4 Hz, OCH=); 7.46-8.12 (m, 5H,
Ph). IR: 1738 (C=0), 1667 (C=C) cm™*.

4.12. (2)-2-(1-methoxycyclohexyl)ethen-1-yl  benzoate
(13)

150 g (58%) of the ester 13 was isolated as a
colourless I|qU|d by Kugelrohr distillation (170°C/3
mm Hg). 'H NMR (CDCl,), 300.133 MHz) &: 1.40—
187 (m, 10H, C¢H,); 3.23 (s, 3H OMe); 4.77 (d, 1H,
3J=73Hz —CH) 7.38 (d, 1H, ®J = 7.3 Hz, OCH=);
7.44-8.13 (m, 5H, Ph). IR: 1735 (C=0), 1672 (C=0)
cm™?
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4.13. (2)-3-methoxy-3-phenyl but-1-en-1-yl benzoate (14)

2.67 g (95%) of the ester 14 were isolated as a
colourless I|qU|d by chromatography over silicagel
(hexane—ether). *H NMR (CDCl,), 300.133 MH2) &:
1.79 (s, 3H, Me); 3.21 (s, 3H, OMe) 5.27 (d, 1H,
%J=72 Hz, =CH); 7.22-7.73 (m, 11H, 2 Ph+
OCH=). IR: 1736 (C=0), 1668 (C=C) cm™'. MS
(m/z) 161 (M—PhCO3)

4.14. (2)-3-methoxyoct-1-en-1-yl benzoate (15)

1.29 g (98%) of the ester 15 was isolated as a
colourless liquid by Kugelrohr distillation (190° /3 mm
Hg) 'H NMR(CDCIS) 300.133 MHz) §: 0.84 (t, 3H,
%J=6.9 Hz, MeCH,,); 1.27-1.57 (m, 6H, (CH,);Me);
1.67 (m, 2H, C(OMe)CH,); 3.31 (s, 3H, OMe); 4.31
(dt 1H, *J=9.1 and 6.2 Hz, HC(OMe); 4.88 (dd, 1H,
3J=9.2 and 65 Hz, =CH); 7.42-8.08 (m, 6H, Ph+
OCH=). IR: 1738 (C=0), 1665 (C=C) cm '. MS
(m/z) 191 (M—(CH,),Me").

4.15. (2)-3-allyloxyoct-1-en-1-yl benzoate (16)

3.16 g (96%) of the ester 16 were isolated as a
colourl%s liquid by Kugelrohr distillation (180°C/3
mm Hg) H NMR (CDCl,), 300.133 MHz) §: 0.85 (1,
3H, %J=68 Hz, Me); 1.17-1.32 (m, 4H, (CH,),);
1.40-1.50 (m, 2H CH,); 156 1.75 (m, 2H, CH,);
3.88 (ddt, 1H, 2]J=128 Hz, %J=6.1 Hz, “J= 13 Hz,
HHCCH CH,); 4.08 (ddt, 1H, 2J=128Hz %J=51
Hz, ‘=13 HZ HHCCH CH,); 4.50 (dtd, 1H, 3=
9.3 and 6.4 Hz, “J=0.8 Hz, —CH CHO); 493 (dd,
1H, %J=93and 6.4 Hz, =CH); 5.12 (ddt, 1H, 2J=13
Hz, °J=10.3 Hz, “J= 1.8 Hz, CH=CHH); 5.22 (ddt,
1H, 2J=13 Hz, *J=172 Hz, “J=18 Hz
CH=CHH); 5.91 (dddd, 1H, ®J=5.1, 6.1, 10.3 and
17.2 Hz, CH,CH=CH,); 7.43-8.08 (m, 6H, Ph+
OCH=). IR: 1735(C=0), 1672 and 1684 (C=C) cm™".
MS (m/z) 217 (M—(CH,),Me*).

4.16. (2)-4-ethyl-3-methoxyoct-1-en-1-yl acetate (17)

1.14 g (50%) of the ester 17 was isolated as a
colourless I|qU|d by Kugerohr distillation (125°C/3
mm Hg). ‘H NMR (CDCl,), 300.133 MHz) &: 082—
0.94 (m, 6H, 2 Me); 1.03-1.47 (m, 9H, 4 CH,
CHCH,); 201 (s, 3H, MeCO); 3.18 (s, 3H, OMe)
406(dd 1H, *J=5.2 and 9.3 Hz, MeOCH); 473(dd
1H, *J=6.4 and 9.3 Hz, =CH); 7.18 (d, 1H, *J=6.4
Hz, OCH=). IR: 1736 (C=0), 1666 (C=C) cm*.
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